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This docum ent  is produced for the NWO evaluat ion of the FOM Inst i tute for Subatom ic Physics. It  descr ibes the act ivi t ies in  the 

period 2005–2010. Nikhef is the Nat ional Inst i tute for Subatom ic Physics in  the Netherlands, in  w hich the Foundat ion for Fundam ental 

Research on Mat ter, the Universi ty of  Am sterdam , VU Universi ty Am sterdam , Radboud Universi ty Ni jm egen and Ut recht  Universi ty 

col laborate. Nikhef coordinates and supports the act ivit ies in  experim ental part icle and ast ropart icle physics in  the Netherlands. The 

Foundat ion for Fundam ental Research on Mat ter (FOM) is part  of  the Netherlands Organisat ion for Scient i� c Research (NWO).

Nikhef part icipates in experim ents at  the Large Hadron Col l ider at  CERN, notably ATLAS, LHCb and ALICE. Astropart icle physics 

act ivi t ies at  Nikhef are fourfold: the ANTARES and KM3NeT neut rino telescope projects in  the Mediterranean Sea; the Pierre Auger 

Observatory for cosm ic rays, located in  Argent ina; gravitat ional-w ave detect ion via the Virgo in terferom eter in  Italy, and the projects 

LISA and Einstein  Telescope; and the direct  search for Dark Mat ter w ith  the XENON detector in  the Gran Sasso underground labora-

tory in  Italy. Detector R&D, design and const ruct ion take place at  the laboratory located at  Science Park Am sterdam  as well  as at  the 

part icipat ing un iversi t ies. Data analysis m akes extensive use of large-scale com put ing at  the Tier-1 faci l i ty operated by the Grid group. 

Nikhef has a theory group w ith  both  i ts ow n research program m e and close contacts w ith  the experim ental groups.

Colophon
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1 General Int roduct ion
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Poster for the documentary –sponsored by Nikhef– about Peter Higgs and the hunt for the eponymous particle. 
Image © Peter Tuffy | graphic design Studio HB



s e l f – e v a l u a t i o n  r e p o r t  2 0 0 5 – 2 0 1 0 N i k h e f

7

FOM-Nikhef, located at the Science Park  Am sterdam , is the 

� agship of the Nikhef Col laboration w ith  as other m em bers four 

un iversi t ies: the Universi ty of Am sterdam  (UvA); the VU Universi ty 

Am sterdam  (VU); the Radboud Universi ty Ni jm egen (RU); and the 

Utrecht Universi ty (UU). Nikhef coordinates and supports act ivi-

t ies in  experim ental subatom ic physics in  the Netherlands. FOM-

Nikhef is an in tegral part  of the FOM organisation, the Foundation 

for Fundam ental Research on Matter.

The h istory of Nikhef goes back to 1946 w hen FOM, Phi l ips’ 

Gloeilam penfabrieken (l ight  bulb factor ies) and the ci ty of  

Am sterdam  (for the un iversi ty) founded the Inst i tute for Nuclear 

Physics Research (IKO), that  would bui ld Europe’s � rst  synchrocy-

clot ron. Nikhef i tsel f w as established of� cial ly in  1975 as a join t  

nuclear and h igh–energy physics nat ional research inst itute w ith  

the leading partner being FOM. The nuclear physics research com -

m unity em barked on the const ruct ion and subsequent  exploi ta-

t ion of an on–site 500 MeV elect ron l inac (MEA) fol lowed by a 720 

MeV st retcher and storage r ing (Am PS) (1992–1998). The research 

act ivi t ies of  the h igh–energy physics com m unity were pr im ari ly 

focused on the European part icle physics laboratory CERN near 

Geneva. With  the shutdow n of Am PS in  1998, Nikhef redirected 

i ts focus from  nuclear and h igh–energy physics research to ac-

celerator–based h igh–energy physics research, in  part icular w ith  

the Large Hadron Col l ider (LHC) at  CERN, and to research in  the 

em erging � eld of ast ropart icle physics.

By the end of the 2005–2010 review  period, Nikhef ’s experim ental 

act ivi t ies were focused on three runn ing experim ents (ATLAS, 

LHCb and ALICE) at  the LHC at  CERN and four endeavours in  as-

t ropart icle physics (neut rino telescopes, gravitat ional waves, cos-

m ic rays and dark m at ter). During the review  period two act ivi t ies 

(ZEUS and HERMES) at  the HERA elect ron-proton faci l i ty at  DESY 

were concluded after m ore than a decade of successful operat ion. 

Also the three experim ents (DØ, BaBar and STAR in  the USA) w hich 

Nikhef joined in  the n inet ies to gain  experience (or better: to make 

discoveries) in  hadron col l ider physics, B–physics and heavy–ion 

physics w hile LHC-detector const ruct ion w as st i l l  in  ful l  sw ing, 

were basical ly term inated. Nikhef ’s experim ental act ivi t ies bene� t  

from  direct  in teract ions w ith  theorists of  Nikhef ’s in -house theory 

departm ent  and m em bers of Nikhef ’s large detector R&D group. In  

addit ion the Netherlands provides ‘Tier–1’ gr id com pute services 

to the LHC experim ents and thereby gives the physicists at  Nikhef 

engaged in  data analysis act ivit ies access to state-of-the-art  local 

com put ing services. Of course, each of these three com m unit ies 

(theory, detector R&D and gr id com put ing) also pursues i ts ow n 

independent  scient i� c research program . Nikhef ’s detector R&D 

act ivi t ies also proved successful in  at t ract ing the in terest  of in -

Nikhef m ission  statem ent in  the year 2007

The m ission of Nikhef is to study the in teract ions and st ruc-

ture of al l  elem entary part icles and � elds at  the sm allest  dis-

tance scale and the h ighest  at tainable energy, and to connect  

the � ndings of today’s research in  a qual i tat ive and prefer-

ably quant i tat ive m anner to the � erce processes occurr ing in  

the early Universe, 13.7 bi l l ion  years ago. 

Two com plem entary approaches are fol lowed:

•  Accelerator-based part icle physics 

 Experiments studying interactions in particle collision processes 

at particle accelerators, in particular at CERN;

•  Astropart icle physics 

Experiments studying interactions of particles and radiation 

emanating from the Universe, w ith the Earth.

Nikhef coordinates and leads al l  Dutch experim ental act ivi-

t ies in  these � elds. 

1.1  Int roduct ion

Figure 1.1.1. A breakdown of the 2010 Nikhef budget 

over the various research programmes.
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Table 1.1.1. 

Overview of Nikhef personnel in fte (2010).

dustr ial  partners. E.g. PANalyt ical  nowadays sel ls a com m ercial  

product  based on a detect ion un it  co-developed by Nikhef and two 

start -up com panies have begun to m arket  sensors developed at  

Nikhef. The relat ive share of Nikhef ’s act ivit ies is show n in  the pie 

chart  (Fig. 1.1.1) for 2010. Note that  the rat io for accelerator-based 

and ast ropart icle-physics experim ents is now  close to the 2:1 goal, 

as set  in  the Nikhef Strategic Plan 2007-2012.

In  the last  years educat ion and notably out reach act ivi t ies have 

pro� ted from  the huge m edia at tent ion surrounding the start -up 

and runn ing of the LHC. As a result , a very large fract ion of the 

Dutch populat ion is nowadays aw are of Nikhef ’s research act ivi-

t ies, in  part icular of the LHC project . Nikhef i tself  is very act ive 

in  areas ranging from  publ ic lectures, m ovies (such as the “Mass 

Mystery”  and “Higgs – into the heart of imagination”  featur ing Peter 

Higgs and a leading Nikhef physicist ), m asterclasses and CERN 

visits for secondary school teachers and students to regular in ter-

view s for new spapers, radio and television. Regarding educat ion, 

Nikhef staf f  physicists lecture at  al l  Dutch regular and technical 

un iversi t ies w ith  a science departm ent  (and som et im es even 

at  secondary schools and pr im ary schools). Nikhef hosts the 

‘Part icle- and Ast ropart icle Physics’ m aster program m e as wel l  

as the nat ional ‘Research School for Subatom ic Physics’ in  w hich 

about  75 PhD students are enrol led.

In  the fol low ing sect ions of  th is chapter � rst  the recom m enda-

t ions of  the Evaluat ion Panel review ing Nikhef in  2007 and the 

conclusions of ECFA w hich visi ted Nikhef in  2005 are presented. 

Next , stat ist ical  in form at ion regarding publ icat ions and PhDs 

is sum m arised. The last  sect ions sum m arise Nikhef ’s in ternal 

organisat ion, personnel and � nancial  in form at ion. Chapters 2 

and 3 give the ach ievem ents and h igh l ights of Nikhef ’s runn ing 

and com pleted program m es, respect ively. Chapter 4 deals w ith  

Nikhef ’s know ledge t ransfer act ivit ies. In Chapter 5 Nikhef ’s in -

volvem ent  in  outreach, com m unicat ion and educat ion is sum -

m arised. Final ly, in  Chapter 6 Nikhef ’s technical and support  

in frast ructure is presented. Even though the review  on ly covers 

the period 2005–2010, often plots give in form at ion from  2000 on-

w ards, th is to re� ect  that  m any of Nikhef act ivit ies have a m uch 

longer scope than just  six years.

I – Scienti� c

(f te – 2010, FOM-Nikhef & un iversi ty groups)

Perm anent  scient i� c staf f 60.1

PhD students 75.2

Post–docs 30.6

Total I 165.9

II – Managem ent, techn ical and general support

(f te – 2010, FOM-Nikhef)

Management

Director 1.0

Inst i tute m anager 1.0

Personnel/HRM of� cer 0.8

Subtotal 2.8

Technical

Elect ron ic technology 25.5

Com puter technology 22.8

Mechanical engineering 16.7

Mechanical workshop 15.6

Project  m anagem ent 1.8

Subtotal 82.4

General

Financial  adm in ist rat ion 3.8

Personnel/HRM adm in ist rat ion 1.0

Library 0.6

Technical and dom est ic services 8.6

Secretar iat  and recept ion 4.4

PR & com m unicat ion 1.8

Occupat ional health  & safety

Educat ion (HiSPARC)

Staff

1.0

2.3

1.3

Subtotal 24.8

Total II 110.0

Total I & II 275.8

III – Other groups (persons 2010)

Guests (researchers, ret i red staff) 30.0

Master students 59.0
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The NWO-in ternat ional review  panel evaluated Nikhef in  2007. The 

overal l  conclusion of th is panel is best  sum m arised in their  ow n 

words: “The committee was very impressed with the scienti� c achieve-

ments of the SAF/Nikhef institute. Nikhef has an excellent reputation in 

particle physics as a world-class partner, w ith strength in breadth and 

depth, from detector development and construction to physics analysis, 

w ith a � rst class record of innovation and leadership. The close collabora-

tion with the four Universities within the Nikhef consortium allows the 

Netherlands to make major contributions to large projects, and enables 

them to take on highly visible leadership positions. This experience is 

now being used in the development of a new programme in astroparticle 

physics, where Nikhef has established itself in a remarkably short time.”

The undisputed crucial  issue in  th is review  was w hether or not  

Nikhef would succeed to de� ne a sustainable program m e in  the 

new  and prom ising � eld of ast ropart icle physics w ithout  jeopard-

izing the ful l  exploi tat ion of the enorm ous discovery potent ial  of-

fered by the LHC project . To do so the panel st rongly recom m ended 

an increase of Nikhef ’s basel ine funding i.e. ‘Mission ’ budget . Th is 

resulted in  a 450 k€ st ructural increase of the Mission budget  by 

FOM, and two lum p sum  subsidies from  NWO covering each three 

years: 1350 k€ for 2008-2010 and 3400 k€ for 2009-2011 (st r ict ly 

speaking, the 3400 k€ was not  related to Nikhef ’s m ission evalu-

at ion, but  granted as so-called ‘dynamiseringssubsidie’). Th is not  

on ly al lowed Nikhef to becom e a prom inent  partner in  four ast ro-

part icle physics experim ents but  also to replace ret ired personnel 

in  i ts R&D and theory departm ents by young talented physicists, 

in  accordance w ith  the recom m endat ions of the review  panel. 

These very posit ive developm ents also indirect ly led to three new  

FOM-program m es for Nikhef: “The origin of cosmic rays” ; “Theoretical 

particle physics in the era of the LHC” ; and “Gravitational physics – the 

dynamics of spacetime” . Moreover, NWO awarded a large (8.8 M€) 

investm ent  subsidy for the const ruct ion of KM3NeT, the next  

generat ion neut r ino telescope at  the bot tom  of the Mediterranean 

Sea. The on ly dissonant  am ong al l  these posit ive developm ents is 

that  the incidental NWO subsidies expire in  2011, w hich effect ive-

ly would reduce the Nikhef Mission budget  by about  1 M€ per 2012.

The panel encouraged Nikhef to cont inue to capital ise upon 

i ts know ledge t ransfer act ivi t ies in  the broadest  sense i .e. both  

towards other research discipl ines and towards indust ry. In  the 

review  period Nikhef establ ished contacts w ith  NIOZ (“Royal 

Netherlands Inst itute for Sea Research”), th is led NIOZ to becom e 

a m em ber of both  the ANTARES and KM3NeT consort ia work-

ing pr im ari ly on deep-sea research (ANTARES) and cont r ibut ing 

innovat ive deploym ent  concepts (KM3NeT). Through the ‘BiG 

Grid’ project  –the Dutch e-science gr id– Nikhef is in  contact  w ith 

num erous Dutch com m unit ies to provide them  access to the 

Dutch com put ing gr id. Vis-à-vis indust ry, two start -up com pa-

n ies are being establ ished: one using Nikhef ’s renow ned RASNIK 

al ignm ent concept  (“Sensi� ex”) and one (“Am sterdam  Scient i� c 

Inst rum ents” , ASI) aim ing to provide CMOS based im aging detec-

tors to the l ight  source (XFEL at  DESY/Ham burg and LCLS at  SLAC/

Stanford) com m unit ies. Final ly, Nikhef has prel im inary contacts 

w ith  a few, large Dutch com panies such as Phi l ips (large area 

X-ray detectors for m edical appl icat ions) and Shel l  (huge sensor 

networks both  land-based and in  the deep sea). 

Since the shutdow n of Nikhef ’s 720 MeV elect ron accelerator com -

plex in 1998 m any review  panels have repeatedly urged Nikhef 

to revive i ts accelerator technology act ivi t ies (including t rain ing). 

Nikhef joined the ‘CLIC test  faci l i ty 3’ (CTF3) col laborat ion in 2010 

and w i l l  del iver al ignm ent system s. Nikhef establ ished contact  

w ith  a Dutch indust ry (VDL), w hich del ivers very h igh-precision 

prototype CLIC RF-st ructures to CERN. Nikhef also fol low s w ith  

great  in terest  the am bit ion of  KVI to build a com pact  soft  X-ray 

Free Elect ron Laser (ZFEL) using CLIC technology.

1.2  Recom m endat ions of external evaluat ion boards

A quote from  the Netherlands Observatory of Science and 

Technology (NOWT) report  “Science and Technology Indicators 

2010” :

“ Joining forces, through specialized inter-university partner-

ships and other R&D networks seems to be a success formula for 

creating economy of scale and hence to reach world top class. A a 

result , some research Leading Technological Inst itutes (TTI's) and 

Nikhef have a big citat ion impact on internat ional science.”

A quote from  the SAC report  of February 2011:

“ Dutch scient ists, after making important contr ibut ions to the 

hardware, have kept their  prominent posit ion in all collaborations 

w ith a very signi� cant (even outsized) role in producing the � rst 

physics results. They are very visible and well represented in a 

number of leadership and management posit ions, including the 

posit ion of ‘upgrade coordinator ’ in both ATLAS and ALICE. The 

SAC congratulates Nikhef and all LHC teams for this outstand-

ing success and looks forward to an excit ing and productive LHC 

exploitat ion, which should last  well into the next decade.”
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ECFA EUROPEA N COMMITTEE FOR FUTURE A CCELERA TORS

Minister M. van der Hoeven
Ministry of Education, Culture and Science
P.O. Box 16375
NL – 2500 BJ Den Haag

ECFA/Secr./05/1350 Geneva, 15 November 2005

Subject: 2005 ECFA visit to the Netherlands

Dear Minister,

It wasa great pleasure for theEuropean Committee for Future Accelerators, ECFA,
which I have thehonour to chair, to visit theNetherlands on September 23rd and 24th 2005.
ECFA visits successively the different European communitiesof partrr icle physicsand related
disciplines, with three countrtt iesa year. On behalf of ECFA, I would like to thank the Dutch
government, theDutch physicscommunity and in particular NIKHEF for their hospitality.
After an inspiring welcome address, by Dr. C.A. van Bochove, we were guided through the
Dutch activitiesand organization, through a seriesof well prepared presentations. We were
also given guided tours of theNIKHEF technical departmentsand the facilities of the
national computing centreSARA.

The committee concluded that the Dutch activitiesare well organized with NIKHEF as
a focal-point that is well connected to the Universities, and with University faculty often in
coordinating roles. This structure hasproduced an effective leadership allowing clear
priorities to be set, in a way that isanchored in thecommunity. The committeeagreed with
the prioritizations that have been made. This organiaa zation hasalso resulted in an
international impact significantly above what would be commensurate with the available
resources. The Netherlandsuses well itsmembership of CERN and hasalso been strongly
engaged at DESY (the German national accelerator laboratory in Hamburg); the combination
of research at theLEP accelerator at CERN and the HERA accelerator at DESY hasresulted
in the formation of around 80 new researchers.

Overall, thecommittee wasvery impressed by thequality and impact of theDutch
activities; nevertheless it would like to indicate four areas where actionscould further
improve the Dutch research.

ECFA Secretar iat Tel: (41 22) 767 28 34 or 767 39 83
CERN - DSU Fax: (41 22) 782 30 11
CH - 1211 Geneva 23 E-mai l: sylv ia.martakis@cern.ch

Figure 1.2.1 Letter sent by the international ECFA committee to 

the Minister of Education after the visit in 2005.
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- CAN, the recently established Committee for Astroparticle physics in the
Netherlands, has defined a strategic plan, and NIKHEF has correctly given this a
high priority, second only to the Laraa ge Hadron Collider at CERN. ECFA would like
to emphasize the importance to ensure that existing funding-structures do not
attenuate this initiative, as is often the risk for new interdisciplinary activities. It
would also be good if thisexperimental initiativewere to be backed by a
corresponding increase in theoretical research.

- Europe is building up an increased networked program on accelerator R&D
including CERN and DESY. It would probably bebeneficial for the Netherlands if
the accelerator physics at theTechnical University of Eindhoven joined this activity
in coordination with NIKHEF.

- The average timefor doctoral (Ph.D) studies (4.7 years) is too long. Werecommend
this to be shortened to a maximum of 4 years. Furtr het rmore, young people areneeded
to enter research for tomorrow’s successes; a sufficient supply of post-doctoral
fixed-term positions is thereforeessential to identify these researchers who are the
future of the field; there is however a tendency to reduce the number of such
positions.

- Despite the ramp-down of the Dutch research at HERA in Hamburg, it would make
sense to use the Dutch investment in this infrastructure for some moreyears, in
particular for thesis work of graduate students.

The committee was impressed by the collaboration with industry on thedevelopment of
pixel detectorsand on grid computing. Regarding grid computing, thecommittee welcomes
the Dutch ambitions to realize aTier-1 for LHC data analysis as part of a large national
facility serving many disciplines.

Finally I would again like to emphasize our very positive evaluation of theDutch
research on all fronts: Theoretical and experimentalaa research, technical research and
development, deployment of grid-technology, technical development together with industry,
and the outreach projects, notably the successful HiSPARC project bringing modern particle
physics research to high school students.

The Netherlands can be proud of their achievements in this field and of the clear
evidence of high-quality leadership at all levels.

I remain, dear Minister, yours sincerely

Torsten Åkesson
Chairperson of ECFA

Cc: Prof. Dr P. Nijkamp (Chairman NWO)
Prof. Dr R.P. Griessen (Chairman FOM)
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In  the 2005–2010 review  period, Nikhef publ ished 1280 scient i� c 

art icles in  refereed in ternat ional journals, according to the SPIRES 

database, and 76 PhD degrees were awarded. See for a detai led 

breakdow n of the scient i� c publicat ions Table 1.3.1 and for break-

dow ns per experim ent  of the theses and publicat ions Tables 1.3.2 

and 1.3.3, respect ively. The dif ferences between the num ber of 

SPIRES database ent r ies in  Table 1.3.1 and that  as counted by the 

experim ental groups in  Table 1.3.3 are due to di f ferences in  de-

term inat ion of publ icat ion dates, m issing journals in  the SPIRES 

database and conference cont r ibut ions not  counted in  the SPIRES 

database.

Nikhef ’s scient i� c papers publ ished in  th is period are col lected 

in  a separate docum ent . Typical ly, experim ents in  a bui lding 

phase produce relat ively few  papers per year, on design studies, 

hardware, elect ron ics, and beam  tests. Running experim ents, 

however, produce a large num ber of papers per year. Apart  from  

1.3  Im pact : publ icat ions

Journal num ber

Phys. Rev. D 286

Phys. Rev. Let t . 269

Phys. Let t . B 127

Eur. Phys. J 93

Nucl. Inst rum en. Meth. 76

Phys. Rev. C 67

JHEP 50

Nucl. Phys.B 34

J. Phys. Conf. Ser. 33

Nucl. Phys. B. Proc. 31

JINST 23

Class. Quant . Grav. 20

Ast ropart . Phys. 18

AIP Conf. Proc. 18

J. Phys. G 14

J. Cosm . Ast ropart . Phys. 12

Acta Phys. Polon. 9

Nucl. Phys. A 9

Com p. Phys. Com m . 7

IEEE Trans. Nucl. Sci. 7

Other 77

Total 1280

papers in  scient i� c journals, speci� c cont r ibut ions of Nikhef 

physicists are docum ented in  in ternal notes, w hich are also peer 

reviewed. These are t radit ionally not  l isted in  overview s, but  are 

gain ing im portance. 

PhD students at  Nikhef are enrol led in  the accredited Dutch 

‘Research School for Subatom ic Physics’ and fol low  i ts educa-

t ional program m e. Typical ly, 15–20 theses are produced per year. 

The extraordinari ly low  num ber of  PhD theses in  2010 is because 

m any were deferred to 2011 to take advantage of the � rst  year of  

LHC data. 

Figure 1.3.1. 

Cover of Science 

magazine showing 

the correlation 

between the origin 

of high-energy cosmic 

rays as measured 

by the Pierre Auger 

Collaboration and 

the location of active 

galactic nuclei. 

Image by Kelly 

Krause/Science.

Table 1.3.1. A breakdown by journal of scienti� c 

publications in the SPIRES database.
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Table 1.3.2. 

Number of PhD 

theses produced 

per programme 

and per year.

2005 2006 2007 2008 2009 2010 Total

ATLAS 2 2 1 2 8 3 18

LHCb 3 3 2 1 2 4 15

ALICE 1 2 3 1 7

Neutrino Telescopes 1 1 1 1 1 5

Gravitat ional Waves

Cosm ic Rays

Theoret ical Physics 1 2 5 2 4 1 15

Detector R&D 1 1 1 2 5

Grid Com puting

ZEUS 1 1

HERMES 2 3 5

Miscel laneous 1 5 6

Total 10 9 16 16 18 8 77

Table 1.3.3. 

Number of publications 

in peer-reviewed jour-

nals (incl. conference 

proceedings) produced 

per programme and 

per year.

2005 2006 2007 2008 2009 2010 Total

ATLAS 35 30 38 66 51 76 296

LHCb 57 71 73 66 54 42 363

ALICE 36 35 26 16 28 33 174

Neutrino Telescopes 3 4 4 4 5 8 28

Gravitat ional Waves 6 14 4 19 43

Cosm ic Rays 3 4 4 10 21

Theoret ical Physics 19 25 26 28 40 67 205

Detector R&D 4 9 8 3 10 5 39

Grid Com puting 4 3 2 4 2 2 17

ZEUS 10 2 23 7 13 11 66

HERMES 6 6 6 5 4 9 36

Miscel laneous 33 41 22 15 25 8 144

Total 207 226 237 232 240 290 1432

Bibl iom etr ic Studies
A quote from  the bibl iom etr ic study of  Nikhef publ icat ions 

by the Cent re of  Science and Technology (CW TS) of Leiden 

Universi ty in  2007:

“Remarkably, the impact of NIKHEF is signi� cantly above the world 

sub� eld average (FCSm) in every single year, varying between 

49% and 222% above average. In the most recent year of the trend 

analysis, citation impact is 185% above the world sub� eld average, a 

signi� cant difference. Moreover, NIKHEF publications are published in 

rather high impact journals during the whole period. In the large ma-

jority of years, NIKHEF citation impact is also signi� cantly above the 

citation impact level of their journal set. On the crown indicator (CPP/

FCSm), the � eld-normalized citation impact of NIKHEF peaks above 

2.5 (150% above the world average) early on in 1989 and 1991, and 

very recently in 2001 and 2003.” 

Quotes from  the Netherlands Observatory of Science and 

Technology (NOWT) report  “Science and Technology Indicators 

2010” :

“Also among the non-university research institutes, we � nd a signi� -

cant growth in output for almost all public-funded institutes, while the 

large R&D-intensive � rms show a downward trend. Some institutes 

score very well with their citation impact, including two of the Dutch 

Technology Institutes (TTIs). This is also the case for NWO’s Amolf 

FOM Institute, Academy’s Hubrecht Institute, and Nikhef. Nikhef 

shows a marked increase in citation impact as well.”

“Among the non-university, non-TTI institutes, with an impact score 

above 2, NWO’s Amolf FOM Institute, KNAW-Hubrecht’s Institute, 

and Nikhef receive twice the world average of citations.”
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The Nikhef director is appoin ted by FOM for a 5-year term  w ith  

the opt ion of  a second 5-year term . During the ful l  per iod covered 

by th is review  prof.dr. F. Linde has been re-appoin ted as director 

w ith  a m andate ending in  Decem ber 2014.

The m ain research act ivi t ies are organised as ‘program m es’ w hich 

fol low  the FOM–funding schem e. Each program m e has a pro-

gram m e leader (PL), appoin ted by the director, w ho is responsible 

for al l  act ivi t ies and personnel in  h is/her research l ine, including 

the share cont r ibuted by the un iversi ty groups. In  2011, FOM-

program m es cover: three LHC experim ents (ATLAS, LHCb, ALICE); 

three ast ropart icle physics experim ents: neut r ino telescopes 

(ANTARES/KM3NeT); gravitat ional w aves (Virgo/LISA/ET); cos-

m ic rays (Pierre Auger Observatory); and theoret ical physics. The 

Nikhef-m ission budget  is used to (tem porari ly) support  research 

act ivi t ies w ithout  a corresponding FOM-program m e subsidy. In  

2011, the Nikhef-m ission budget  covers: gr id com put ing; detector 

R&D; and a dark m at ter experim ent  (XENON).

The technical expert ise is organised in  three groups, each led by 

a technical group leader (TGL): com put ing; elect ron ics; and m e-

chanics. These groups do not  include the technical m anpower at  

the un iversi ty groups, w hich have a local em bedding.

The support  sect ion, led by the inst i tute m anager, consists of the 

departm ents for: � nancial  adm in ist rat ion; technical and dom est ic 

services; occupat ional health  and safety; secretar iat  & recept ion; 

project  m anagem ent  support ; and l ibrary. Two other staff  depart -

m ents, personnel affairs and science com m unicat ion, report  di-

rect ly to the director.

Boards, bodies and m eetings
The ‘Execut ive Board’ of FOM is the m ain decision-m aking body of 

the foundat ion and is responsible for govern ing the af fairs of the 

inst i tute. Meet ings w ith  the Execut ive Board are scheduled w hen 

necessary, e.g. for discussions on st rategic issues. The director and 

inst i tute m anager have a quarter ly m eet ing w ith  the director of 

FOM and the FOM program m e of� cer assigned to the inst i tute. 

Quarterly m eet ings also take place w ith  the directors of  al l  th ree 

FOM inst i tutes and the FOM m anagem ent; these are chaired by 

the FOM director. Once a year the directors of the FOM inst i tutes 

at tend a join t  m eet ing of the Execut ive Boards of FOM and NWO 

(FOM’s m ain funding agency).

Tw ice a year, FOM and the four un iversi ty partners m eet  in  the 

‘Nikhef board’ (consist ing of six m em bers: two m em bers as-

signed by FOM, and one by the govern ing boards of each of the 

four un iversi ty partners). Th is board approves the join t  scient i� c 

1.4  Organisat ion

program m e of Nikhef and the annual budgets, as provided by 

each partner.

The ‘Scient i� c Advisory Com m it tee’ (SAC), consist ing of six in -

ternat ional experts1 in  Nikhef ’s � elds of research, is the external 

advisory body for Nikhef and m eets once a year. Mem bers are ap-

poin ted by the Nikhef board.

Dai ly m anagem ent  of  the inst i tute takes place in  the ‘Director ’s 

Team ’ (DT), consist ing of the director, inst i tute m anager and head 

of the personnel departm ent , supported by the head of the sec-

retar iat . The DT m eets bi-weekly and organises each year a 2-day 

brainstorm  event  outside Nikhef. The DT has annual so-cal led 

‘plat form ’ m eet ings w ith  each PL and TGL, w here issues concern-

ing the group act ivit ies, personnel and budget  are discussed. 

In  between these planned m eet ings are irregular ‘on dem and’ 

m eet ings between PLs, TGLs and DT on topics requir ing im m edi-

ate at tent ion.

The inst i tute works counci l  (‘Nikhef Ondernemingsraad’– NOR), a 

body required by Dutch law  for organisat ions w ith  50 or m ore em -

ployees, represents Nikhef personnel and holds m eet ings w ith the 

director every six weeks to discuss developm ents w ith in  the inst i-

tute. The NOR consists of Nikhef em ployees w ho are elected by al l  

Nikhef personnel in  bi-annual elect ions. The NOR is consulted by 

the director in  cases prescr ibed by law, in  part icular on safety and 

working condit ions.

Scient i� c pol icy is discussed in  Nikhef ’s scient i� c counci l  

(‘Wetenschappelijke Advies Raad’– WAR), w hich serves as the inter-

nal advisory body. The WAR m eets every two m onths. For the staff  

m eet ing (‘stafoverleg’), held at  the sam e frequency as the WAR and 

actual ly direct ly preceding i t , al l  scient i� c staf f  and the TGLs are 

invi ted to at tend. The agenda usual ly has a large overlap w ith the 

WAR agenda; th is enables a bet ter and m ore com plete cont ribu-

t ion to the discussion, before t reatm ent  in  the WAR.

Project structure for scien ti� c instrum entat ion
For m ore than a decade Nikhef has been using a so-cal led ‘project  

m atr ix’ st ructure for carrying out  large scient i� c inst rum enta-

t ion projects approved by the WAR. Such a project , w hich is usu-

ally part  of  a larger program m e, is assigned a project  leader, w ho 

com poses a project  plan that  contains –apart  f rom  technical & 

� nancial  requirem ents– the est im ated m anpower requirem ents 

and a plann ing w ith  m ilestones. In  discussions w ith  the technical 

1. Roger Cashm ore (Oxford, Brasenose Col lege), Catherine De Clercq (Brussel, Vr i je 
Universi tei t  Brussel), Thom as Hebbeker (Aachen, RWTH), Yannis Karyotakis (Annecy le 
Vieux, LAPP), Andre Rubbia (Zürich, ETH), Jürgen Schukraft  (Genève, CERN).
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Figure 1.4.1. Organigram of FOM–Nikhef.Scienti�c Advisory
Committee (SAC)

Directorate
F. Linde

Scient i�c Council (WAR) Employees Council (NOR)

Programmes Technical Departments
Personnel Department

T. van Egdom
Management

A. van Rijn

Communications
V. Mexner

HiSPARC
B. van Eijk

Secretariat/Reception
E. Schram – Post

Financial Department
F. Bulten

Safety Department
M. Vervoort

Facilit ies
A. Witlox

Library
M. Lemaire – Vonk

Mechanical Engineering
Mechanical Workshop

P. Werneke

Dark Matter
XENON

P. Decowski

Electronics Technology
R. Kluit

Computer Technology
W. Heubers

LHCb
M. Merk

ATLAS
S. Bentvelsen

ALICE
T. Peitzmann

Cosmic Rays
Pierre Auger Observatory

C. Timmermans

Neutrino Telescopes
ANTARES/KM3NeT

M. de Jong

Gravitational Waves
Virgo/LISA/ET

J. van den Brand

Grid Computing
J. Templon

Detector R&D
N. van Bakel

FOM Director

FOM Executive Board

Theoretical Physics
E. Laenen

group leaders the m anpower requirem ents are re� ned as is the 

plann ing. If  agreed the m anpower is assigned by the director. The 

overall  m anpower plann ing is updated tw ice a year. Progress on 

projects is reported in  the Project  Plans Meet ing (‘Overleg Project 

Plannen’– OPP), w hich is held every two m onths. Manpower pr i-

or it ies between projects w ith in  a program m e are decided by the 

program m e leader; pr ior i t ies between projects of di f ferent  pro-

gram m es are decided by the director.

The project  m atr ix st ructure has worked quite wel l , although 

perm anent  at tent ion is needed to deal w ith  the inherent  tension 

between the h ierarch ical l ine (technical group leaders) and the 

project  l ine (project  leaders). Th is requires clear rules, effect ive 

com m unicat ion and adequate leadersh ip.
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m ajori ty (about  95%) of the personnel in  the technical and support  

departm ents is em ployed by FOM; FOM-Nikhef thereby form s the 

m ain body of the in frast ructure of the Nikhef col laborat ion. 

The age dist r ibut ion of  Nikhef for the years 2005 and 2010 is de-

picted in  Figure 1.5.2. The average age in  2005 was 49.7 years and 

in  2010 50.0 years, w hi lst  the average age of the scient i� c staff  

decreased sl ight ly from  50.8 (2005) to 49.5 (2010). 

The num ber of  personnel, expressed in  ful l–t im e equivalents (f te) 

at  Nikhef has sign i� cant ly increased in  the period 2005–2010 as 

show n in  Figure 1.5.1. The num ber of scient i� c staf f  is now  at  a 

stable level of about  61 f te; th is is including the increase in  the 

year 2006 by the join ing of  two un iversi ty theory groups in  the 

Nikhef col laborat ion. The num ber of  postdocs increased from  17 

f te in  2005 to 31 fte in  2010; the num ber of PhD students increased 

from  53 fte in  2005 to 69 f te in  2010. Not iceable is the fal l  in  the 

num ber of technicians from  about  104 f te in  2005 to about  87 fte in  

2010. Th is is related to the end of the const ruct ion act ivi t ies of  in  

part icular the LHC detectors. The support  departm ent  has gradu-

al ly increased from  25 fte in  2005 to 28 f te in  2010.

About  35% of Nikhef ’s scient i� c staff , including al l  ful l  professors, 

is em ployed by the un iversi ty partners. Many other staf f  m em bers 

hold professorsh ips at  a partner un iversi ty or at  one of the other 

un iversi t ies in  the Netherlands. In  total  alm ost  a th ird of the sci-

ent i� c staff  (19 out  of 65 in  2010) holds a professorsh ip. More than 

80% of PhD students are em ployed by FOM, the others are em -

ployed by un iversi t ies. Postdocs are m ain ly em ployed by FOM. The 

1.5  Personnel

2005 2006 2007 2008 2009 2010 

Scientific permanent 56.6 56.9 56 57.8 58.5 61.1 

Postdocs 17.1 14.6 19.2 27.9 36.7 30.6 

PhD students 53.4 60.6 60.8 59.4 66.1 75.2 

Non-scientific permanent 75.3 68.9 67.8 69.6 66.2 69.1 

Non-scientific temporary 28.4 15.4 8.1 6.6 9.4 11.5 

Support permanent 21.1 19.7 22 22 21.5 23.9 

Support temporary 4.2 5.2 2.4 2.5 4.4 5.4 
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Table 1.5.1. Percentage and number of female personnel.

2005 2010
%♀ #♀ %♀ #♀

Scient i� c staff 3.5% 2  6% 5

Postdocs 28.8% 5 14.3% 4

PhD students 13.6% 11 19.5% 19

Technical departm ent 10.8% 8 5.5% 6

Support  departm ent 39.9% 17 27.2% 13

Total 13.8% 43 12.7% 47

Figure 1.5.1 Ftes per personnel category 2005–2010.
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<25 25-29 30-34 35-39 40-44 45-49 50-54 55-59 60-65 

Permanent 2005 3 9 14 19 27 31 30 20 

Permanent 2010 1 4 5 28 17 20 26 33 29 

Temporary 2005 12 42 33 5 3 3 2 1 2 

Temporary 2010 6 58 37 12 3 3 1 1 0 
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Figure 1.5.2. Age distribution.

Figure 1.5.3. Mutations in the Nikhef personnel.
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Figure 1.5.4. Nikhef staff cheering for the LHC start-up in 2008.

The average age for tem porary scient i� c personnel has not  

changed sign i� cant ly over the years (PhD students: 27 years, post–

docs: 34 years). 

The gender dist r ibut ion of Nikhef personnel (2010) is about  13% 

fem ale and 87% m ale (Table 1.5.1) and has not  changed sign i� -

cant ly over the years. In  com parison w ith  2005 we see a grow ing 

num ber of fem ale PhD students from  7.2 fte in  2005 to 14.6 fte in  

2010. The num ber of fem ales in  the scient i� c staf f  increased from  

2 f te in  2005 to 5 f te in  2010. Regret ful ly the num ber of fem ales in  

technical and support  staff  decl ined in  the review  period.

Hi r ing, train ing, m en tor ing and other personnel pol icies
On average Nikhef h ires about  20 to 25 people annual ly, m ore than 

half  of w hom  are PhD students, a quarter are postdocs and one or 

two are staf f  physicists, the rem ainder being replacem ents in  the 

technical and support  departm ents. 

New  personnel at  Nikhef is at t racted through advert isem ents on 

the Nikhef website and occasional ly through advert isem ents in  

technical or general new spapers. For a staf f  physicist  posit ion an 

in ternal advisory com m it tee is instal led, w hich reports to the di-

rector. Selected candidates for such a posit ion are always invited 

to give a publ ic presentat ion. 
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1.6  Finances

Funding
The join t  research program m e of FOM-Nikhef and the par-

t icipat ing un iversi ty groups is funded by four separate sources 

(Fig. 1.6.1). The � rst  source is the ‘base’1 funding for FOM-Nikhef; 

th is ‘base’ funding is the sum  of the program m e budget  (l ight  green) 

and the m ission budget  (dark green). The second source is the 

FOM funding for the three un iversi ty groups (RU, UU, VU), that  are 

part  of Nikhef (h istorical ly the FOM funds for the fourth  un iversi ty 

group, UvA, are considered to be included in  the inst i tute’s budget). 

The th ird source is (the equivalent  in  m oney of) the personnel and 

m ater ial  budget  of the un iversi ty groups (funded by the four un i-

versit ies). The fourth source is project  funding, acquired by FOM-

Nikhef, from  either FOM or th ird part ies (such as the EU, NWO and 

the Min ist ry of  Econom ic Affairs). Th is source also includes the 

incom e FOM-Nikhef generates from  the lease of the form er 

accelerator bui ldings and from  housing custom ers of the 

Am sterdam  Internet  Exchange (AMS–IX) and other in ternet  

service providers.

1. The word ‘base’ is actually not  appropriate anym ore for the ‘program m e’ part  of the 
funding, since Nikhef  had to com pete for program m e funding since 2008.

After a steady decrease unt i l  2007 the ‘base’ funding for the in-

st i tute is increasing as of  2008, due to both  an increase in  the 

m ission budget  and the program m e budget . The m ission budget  

has been raised perm anent ly by FOM w ith  about  0.5 M€, after the 

excel lent  result  of  the last  m ission evaluat ion (2007). NWO has for 

the sam e reason tem porari ly provided 0.45 M€ annual ly for the 

years 2008–2010. Another tem porary, but  very pleasant  increase 

took place in  2009. In  the fram ework of a dedicated round by 

NWO to m ake i ts inst i tutes’ funding m ore dynam ic (‘Dynamisering 

instituuts� nanciering’) 3.4 M€ was al lot ted to Nikhef, spread over 

the years 2009–2011. Also new  program m e funding was acquired: 

Theory (2008–2013, 1.5 M€), Cosm ic Rays (2008–2013, 3 M€) and 

Gravitat ional Waves (2010–2015, 2.1 M€).

Whilst  f rom  2000 t i l l  2006 the share of  th is ‘base’ funding dropped 

from  67% to 58% it  has since m ore or less stabi l ised (57% in  2010). 

The FOM funding for the un iversi ty groups has increased in  recent  

years in  the sl ipst ream  of the acquired program m es for Theory 

and Cosm ic Rays, the rem ainder being earm arked for the exploi-

tat ion of the LHC experim ents (t i l l  2013–2015). The un iversi ty 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

Additional funding 1,350 2,041 2,342 2,014 2,991 3,575 4,166 4,588 5,816 7,732 6,565 

Universities 2,815 2,877 2,813 2,788 2,987 2,838 3,388 3,486 3,527 3,523 3,318 

FOM univ. groups 1,415 1,463 1,342 1,220 1,203 1,230 1,166 1,186 1,303 1,522 1,679 

FOM-Nikhef program 3,353 3,253 3,109 3,119 2,807 2,667 2,018 2,032 2,255 1,391 2.806

FOM-Nikhef mission 8,209 8,579 9,327 9,376 10,143 9.600 9.780 9,616 10,577 12,451 12,243 

0 

5,000 

10,000 

15,000 

20,000 

25,000 

30,000 

0%

10%

20%
2000 budget corrected for inflation

k€

Figure 1.6.1: Funding sources; the red line is the 2000 budget, adjusted for in� ation (� gures from the Dutch Central Statistics Bureau CBS).
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cont r ibut ion to the funding, w hich had increased since 2006 w ith  

about  0.5 M€, because two theory groups from  RU and VU joined 

the research program m e, has since then decl ined sl ight ly due to 

the less favourable � nancial  cl im ate at  the Dutch un iversi t ies and 

science facult ies in  part icular. Now  (2011) the prospects have im -

proved a bi t , due to ‘Sectorplan’ incent ives (see Appendix B in  the 

St rategy docum ent).

Nikhef is increasingly successful in  acquir ing support  from  ex-

ternal funds. This fourth  funding source show s a sign i� cant  in -

crease: f rom  about  1.3 M€ in  2000 (represent ing 8% of the total  

funding) to 6.6 M€ in  2010 (25% of total  funding). More than half  

of th is increase is due to successes in  obtain ing project  funding 

from  FOM, from  ‘Vernieuwingsimpulsen’ (NWO), from  part icipat ion 

in  EU sponsored projects (notably on gr id deploym ent , detector 

R&D and ast ropart icle physics) and in  nat ional projects, funded 

by (a subsidiary of) the Min ist ry of  Econom ic Affairs, aim ed at  ‘val-

orisat ion ’ (notably on grid research and detector R&D). The other 

half  of  th is source is related to the incom e from  the building lease 

act ivi t ies and the data cent re (AMS–IX housing). Especial ly th is 

last  source has show n an increase in  turnover from  about  0.5 M€ 

in  2000 to about  2.5 M€ in  2010.

Al l  in  al l  the Nikhef incom e has increased substant ial ly (55%) over 

the course of 2000 to 2010. However, further analysis show s that  

the yearly increase m ore or less fol lowed the in� at ion rate in  the 

years 2000–2007, w hi lst  on ly in  the years since 2008 we note a real 

increase, w hich results to 27% in  2010 (com pared to 2000).

Table 1.6.1 show s –from  top to bot tom – al l  grants awarded, run-

n ing and com pleted in 2010, including their  � nancial envelope, 

runn ing period and –if  not  FOM-Nikhef– the nam e of the Nikhef 

partner un iversi ty via w hich the grants have been obtained. FOM-

program m es and large investm ent  subsidies (such as BiG Grid and 

KM3NeT) are not  included in  the table. The table show s that  the 

Nikhef col laborat ion is quite successful in  obtain ing addit ional 

project  funding from  various funding sources. The � nancial  en-

velope of projects awarded in  2010 am ounts to 4.7 M€. However, 

th is success cannot  be taken for ‘granted’ – i t  requires cont inuous 

effort  in  preparing project  proposals.

Ex penses
Figure 1.6.2 show s the dist r ibut ion of costs over the join t  research 

act ivi t ies during the evaluat ion period. Expenses have by and 

large m atched funding, w ith  (sl ight ly posit ive and negat ive) ex-

cept ions in  var ious years. ‘Expenses’ in  act ivi t ies are de� ned as 

direct ly at t r ibutable costs. Al l  other costs (w hich are by de� n it ion 

not  direct ly at t r ibutable) are de� ned as ‘techn ical in frastructure/

general costs’. These indirect  costs are at  a relat ive stable level of  

around 20%.

The graph show s n icely the decrease in  act ivi t ies in  the form er 

research act ivi t ies at  Am PS, CERN (CHORUS and LEP) and HERA 

(ZEUS and HERMES), paral leled by a ram p–up for the LHC experi-

m ents w ith  a peak around 2005, 2006 (due to detector const ruct ion 

act ivit ies) and in  2010 at  a stable level of  about  42% of direct  cost . 

In  recent  years the ast ropart icle physics have grow n, now  reach-

ing the 20% level of direct  costs. The enabl ing act ivi t ies (Theory, 

Detector R&D and Grid) together m ake up 23% of direct  cost  and 

out reach and m iscel laneous act ivi t ies (including the ‘tai ls’ of  

closed program m es) com prise 9%. 

The data cent re act ivit ies (both  for the gr id act ivi t ies and the the 

in ternet  exchange) require a basic m aintenance budget  and from  

t im e to t im e investm ents in  upgrading and expanding the faci l i -

t ies. In  total  dur ing 1997–2010 the data cent re turnover has been 

16.7 M€ and the operat ing and investm ent  cost  have been 12.3 

M€. The largest  and m ost  prom inent  upgrade has taken place in  

2009/2010, for a total  of around 5 M€. In  2010 the operat ing cost  is 

at  the level of 7% of Nikhef ’s total direct  cost . The net  result  from  

the data cent re act ivi t ies is reinvested in  the regular research ac-

t ivi t ies of Nikhef.

Investm en ts
Table 1.6.2 show s the investm ent  budgets (from  the various 

sources w ith in  FOM and NWO) as granted to Nikhef in  the years 

2000–2010. Actual expenses usual ly fol low  the grant ing schem e, 

delayed by a couple of  years. From  the � gures can be derived that  

Nikhef has a ‘turnover’ in  investm ents of  on average 2 M€ per 

year. In  th is period investm ent  funds have been largely devoted 

to the LHC detectors and the neut r ino telescope ANTARES. Table 

1.6.3 show s the expenditures in  the period 1998–2010, com pared 

w ith  the or iginal pledges in  the Mem oranda of Understanding 

(MoU) for these experim ents. Although actual costs are in  m ost  

cases m uch h igher than the MoU com m itm ents, Nikhef has in  al l  

cases obtained suf� cient  funding to cover these cost  overruns. 

An exam ple is the cost  overrun in  ATLAS for w hich in  2003 ext ra 

funding w as acquired via a ‘bot t leneck’ budget  from  FOM (labeled 

‘K&E’ in  Table 1.6.2). Rem ain ing overruns have been paid from  

exploi tat ion budgets. Recent  years show  the investm ents for the 

gr id in frast ructure (the Nikhef part  of the Dutch Tier-1, funded by 

BiG Grid), the prototype costs for the KM3NeT detector and for the 

Nikhef cont r ibut ion to Advanced Virgo.
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Table 1.6.1. Grants awarded, completed and running in 2010, including their � nancial envelope, running period and 

–if not FOM-Nikhef– the name of the Nikhef partner university via which the grants have been obtained. 

FOM-programmes and large investment subsidies (such as BiG Grid and KM3NeT) are not included in the table. 

continued on 

next page

Leader Tit le Source Period budget (k€) partner

Awarded in 2010

Fleischer Explor ing a new  terri tory of the B-physics landscape at  LHCb FOM/Pr 2010-2013 408

Mischke Charm  content  in  jets FOM/Pr 2011-2014 398 UU

Linde Ti l ing appointm ent  P. Ferrar i FOM/v 2010-2014 470

Linde High school teachers FOM/EK 2010-2011 92

Linde Valor isat ion FOM 2010-2011 200

Linde HiSParc nat ionale coördinat ie fase-III FOM/Out 2010-2013 215

Igonkina VIDI: Lepton � avor violat ion: the key towards a m at ter dom inated Universe NWO 2011-2016 800

De Groot OSAF Research school for subatom ic physics – NWO graduate program m e NWO 2010-2015 800 RU

Klöpping Holland@CERN Senter 2010 75

Van Bakel Pixel innovat ions STW 2010 25

Groep EMI: European Middlew are In i t iat ive EU 2010-2013 189

Groep IGE: In it iat ive for Globus in  Europe EU 2010-2013 202

Van Ri jn EGI InSPIRE: European Grid Infrast ructure EU 2010-2014 251

Koffem an AIDA (detector R&D) EU 2011-2014 152

Laenen LHCPhenoNet EU 2011-2015 397

4,674

Completed in 2010

Schel lekens Them e conform al � eld theory FOM 2006-2010 423

Schel lekens Standard Model in teract ions from  open st r ing theory FOM/Pr 2006-2010 186

Raven The asym m etry between m at ter and ant im at ter FOM/Pr 2006-2010 296

Peitzm ann A STARry eyed look at  color glass FOM/Pr 2006-2010 260 UU

Linde HiSParc nat ionale coördinat ie fase-II FOM/Out 2006-2010 242

Linde High school teachers FOM/EK 2008-2010 122

Snell ings VIDI: A new  state of m at ter: the quark-gluon plasm a NWO 2005-2010 406

Coli jn VIDI: Radiat ing top quarks NWO 2005-2010 406

Bouw huis VENI: Search for neut rinos from  cosm ic accelerators NWO 2005-2010 135

Klous VENI: Chasing the Higgs boson w ith  a worldw ide dist r ibuted t r igger system NWO 2006-2010 141

Visser RelaXd Senter 2005-2010 533

Tem plon/Groep Virtual Laboratory for e-Science Senter 2004-2009 1,359

Tim m erm ans EUDET (detector R&D) EU 2006-2010 278

De Wolf KM3NeT – design study EU 2006-2009 658

Linde ASPERA: astropart icle physics coordinat ion EU 2006-2009 218

Hessey sLHC: preparatory phase EU 2007-2010 64

Tem plon Enabling Grid for e-Science (EGEE-III) EU 2008-2010 732

6,459
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Running in 2010

Bentvelsen Higgs or no Higgs at  the LHC FOM/Pr 2007-2011 323

De Groot Muons as a probe of supergravity FOM/Pr 2006-2011 298 RU

Verm aseren Precision phenom enology at  the LHC FOM/Pr 2008-2012 335

De Jong, S. Radio detect ion of ul t ra h igh energy cosm ic rays at  Auger FOM/Pr 2008-2012 124 RU

De Groot A search in  proton- ant i-proton col l isions for Higgs (ASAP Higgs) FOM/Pr 2008-2012 335 RU

Mulders Color � ow  in  hard hadronic scat tering processes FOM/Pr 2008-2013 331 VU

Linde Til ing appointm ent  O. Igonkina FOM/v 2007-2012 310

Van Vulpen VIDI: Top quarks and fundam ental physics at  100 zeptom eter NWO 2006-2011 406

Van Leeuwen VIDI: Hard probes of the Quark Gluon Plasm a at  the LHC NWO 2007-2012 406 UU

Bentvelsen VICI: Beyond the top – a new  era in  part icle physics NWO 2007-2013 844

Postm a VIDI: The early Universe as a part icle laboratory NWO 2008-2013 406

Tuning VIDI: No GUTs, no Glory: a search for Grand Uni� ed Theories w ith B-decays NWO 2008-2013 406

Pet rovic VENI: Search for sources of h igh energy cosm ic rays w ith  the ANTARES 
neutr ino telescope and the Auger observatory

NWO 2008-2011 141

Mischke VIDI: Character isat ion of a novel state of m at ter: The Quark-Gluon Plasm a NWO 2008-2013 365 UU

Heijboer VIDI: Explor ing the Cosm os w ith  Neut r inos NWO 2009-2014 600

De Jong, P. VICI: Between bot tom  and top: supersym m etry searches w ith  � avour NWO 2009-2014 1,250

Hulsbergen VIDI: A search for long-l ived heavy part icles NWO 2010-2015 800

Klous Virgo on GPU NCF 2009-2010 26

Mischke StG: Character isat ion of a novel state of m at ter: The Quark-Gluon Plasm a EU/ERC 2008-2012 850 UU

De Wolf KM3NeT-Preparatory Phase EU 2008-2011 425

Koffem an MC-PAD: R&D t rain ing network EU 2009-2012 424

Linde ASPERA-2: ast ropart icle physics coordinat ion EU 2009-2012 192

Van den Brand Einstein  Telescope – design study EU 2009-2012 200 VU

Visser Hidralon: High Dynam ic Range Low  Noise CMOS sensors Senter 2009-2012 794

Van Beuzekom Kenniswerkersregel ing (Bruco) Senter 2009-2010 45

Van Ei jk HiSparc - ‘betadecanen’ Univ. 2010 35

10,671

Leader Tit le Source Period budget (k€) partner
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2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

AmPS 634 

CHORUS 88 64 

LEP 1,381 1,114 730 482 

ZEUS 1,067 786 790 596 614 602 107 

HERMES 1,112 1,011 831 826 820 649 384 

ATLAS 3,293 3,632 4,428 4,676 5,166 4,573 4,508 4,491 4,535 4,362 4,237 

ALICE 1,144 1,298 1,284 1,472 1,671 1,672 1,864 1,222 1,424 1,678 1,811 

LHCb 2,009 2,555 2,872 3,158 3,694 3,353 3,608 3,473 3,333 2,846 2,675 

Neutrino Telescopes 782 957 678 771 896 1,181 1,418 1,636 2,092 2,236 

Cosmic Rays 50 309 442 459 537 

Gravitational Waves 100 411 586 727 1,034 

Dark Matter 280 

Theoretical Physics 665 725 890 914 942 787 1,314 1,420 1,771 2,130 1,862 

Detector R&D 240 260 358 425 484 599 657 777 1,130 1,526 1,897 

Grid Computing 182 400 587 586 514 708 771 838 825 898 954 

Miscellaneous 1,207 968 724 525 897 991 1,272 1,688 1,234 1,074 1,810 

Lease Activities 726 874 1,556 463 725 1,100 743 1,185 2,195 4,375 1,445 

Infrastructure 3,394 3,906 3,614 3,715 3,617 3,728 3,709 3,866 4,186 5,081 4,970 

Deficit/Surplus -162 -688 216 252 250 204 -211 -629 863 

-2000 

0 
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8000 

13000 

18000 

23000 

28000 

k€
 

Figure 1.6.2: Expenses Nikhef 2000–2010 per activity (FOM–Nikhef and university groups).
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Table 1.6.2. Granted investment budgets 2000–2010.

<2000 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Sources Investm ents

FOM/M Computing 862 120 370 170 170 170 170

Workshops 204 123 297 120 132 420

R&D 272 50

ATLAS 708 465 535

LHCb 1,452 31 13 406 538 462

KM3NeT 118 82 -11

Advanced Virgo 237 455

FOM/M +

universi t ies

ATLAS (RU) 120 134 125 70

ALICE (UU) 193 174 20 104 107

LHCb (VU) 101 49 90 140 56

FOM/K&E ATLAS 1,051

NWO/G ATLAS 2,133 1,089 862

ALICE 590 227

LHCb 318 454 363

ANTARES 1,588 1,994

NWO/ESFRI KM3NeT 999

NWO/NCF Computing 140 80 100

BiG Grid 840 1,300 80

3,199 3,623 3,302 2,583 293 868 948 839 1,548 1,619 1,523

Table 1.6.3. Investments in LHC experiments and ANTARES versus MoU commitments.

Experim ent

MoU
com m itm ents

Spent
1998-2010

% of MoU
com m itm ents

kCHF k€ k€

ATLAS Endcap toroids 6,700 4,154 7,106 141%

ECT - cost  to com plet ion 1,405 871

Muon spectrom eter 3,030 1,879 2,723 145%

Inner t racker 1,840 1,141 1,207 106%

Trigger/DAQ 530 329 391 119%

Cost  to Com plet ion 840 521 484 93%

total 14,345 8,894 11,911 134%

% of ATLAS-detector 2.68%

LHCb Outer t racker 3,880 2,406 2,650 110%

Vertex locator 1,500 930 1,460 157%

Com m on fund 1,400 868 840 97%

total 6,780 4,204 4,950 118%

% of LHCb-detector 9.00%

ALICE Sil icon Str ip Detector 2,010 1,246 1,402 113%

Com m on fund 225 140 141 101%

Cost  to Com plet ion 142 88 53 60%

total 2,377 1,474 1,596 108%

% of ALICE-detector 1.89%

ANTARES Off shore equipm ent 1,654 1,566 95%

On shore equipm ent 567 568 100%

Com m on fund 1,361 1,447 106%

total 3,582 3,581 100%

% of ANTARES-detector 17.46%
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2 Running Program m es
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Program m e organ isation
Since 2005, the program m e leader is prof.dr. S. Bentvelsen. The FOM-

program m e has started in 1997, and is funded to run unt il 2015.

Research  goal
The prim ary research goals are to reveal and study the m echanism  

of elect roweak sym m etry breaking, responsible for giving m ass to 

the weak gauge bosons and to the ferm ions, and to search for any 

new  part icles, sym m etries or in teract ions beyond the Standard 

Model at  the h ighest  possible part icle col l ider energies. To ach ieve 

th is, the ATLAS collaborat ion has bui l t  a detector to record col l i -

sions at  the LHC, com m issioned i t , and is analysing the � rst  LHC 

col l ision data.

Research  act iv i t ies
In  the Standard Model of part icle physics, the underlying sym -

m etry between weak- and electrom agnet ic in teract ions is spon-

taneously broken by a scalar � eld; in teract ions w ith  th is � eld give 

part icles a m ass: th is is the Higgs m echanism . Precision data from  

LEP and the Tevat ron show  that  th is m odel is in  excel lent  agree-

2.1  Physics at  the TeV scale: ATLAS

Figure 2.1.1. ATLAS detector overview: the large chambers in the outer layer of the barrel muon system and one end cap of the semiconductor 
tracker are Nikhef’s main contributions.

  Research  h igh l igh ts 

DØ

•  Lim its on the Standard Model Higgs-boson m ass, 

im provem ents on these l im its by bet ter b-quark ident i� -

cat ion.

•  Determ inat ion of  the top-quark m ass to percent  level 

accuracy.

ATLAS

•  Com m issioning and operat ion of m uon detector and 

si l icon st rip detector, developm ent of m uon t rack recon-

struct ion.

•  First  LHC col l isions: t r igger and data acquisi t ion em ploy-

m ent , reconst ruct ion of resonances, m easurem ent of the 

charged part icle m ult ipl ici ty. 

•  Top-quark pair-product ion cross-sect ion m easurem ent  at  

7 TeV, � rst  l im its on new  physics, such as supersym m etry, 

beyond those of earl ier experim ents. 
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m ent  w ith  data and set  l im its on the m ass of the Higgs boson, 

the quantum  of the Higgs � eld. A m ajor target  of the ATLAS pro-

gram m e is to � nd the Higgs boson and m easure i ts propert ies: 

m ass, w idth , spin , and coupl ings.

Theories beyond the Standard Model suggest  m anifestat ions of  

new  physics at  the TeV scale, such as supersym m etry (SUSY) or 

large extra dim ensions. ATLAS is designed to be a general purpose 

detector, capable of detect ing deviat ions from  the Standard Model 

in  a m odel-independent  way.

The research goals are best  ach ieved by detect ing the results of 

part icle col l isions at  the h ighest  possible energies and lum inosi-

t ies. In  2010 the LHC has provided proton-proton col l isions at  7 

TeV centre-of-m ass energy w ith  lum inosit ies up to 2×1032 cm –2 s–1, 

and in  the future coll isions at  14 TeV w ith  lum inosit ies up to 1034 

cm –2 s–1 are foreseen. The design of ATLAS is determ ined by the 

need to accurately ident i fy and m easure single part icles and jets 

to several TeV energy, select  the m ost  in terest ing events from  a 

bunch crossing rate of 40 MHz w ith  up to 20 events per crossing 

and reduce these to 300 Hz, in  a very harsh radiat ion environm ent .

The ATLAS detector consists of a num ber of  part icle detect ion 

system s in  two m agnets: a 2 T cent ral  solenoid, and a very large 

air  core toroid w ith  barrel  and end cap com ponents. The inner 

part icle detector is located inside the solenoid, and consists of a 

si l icon-pixel detector just  outside the beam  pipe, a si l icon-st r ip 

detector (SCT) surrounding the pixels, and a t ransit ion radiat ion 

t racker (TRT) around the SCT. Outside the solenoid, a l iquid-argon 

elect rom agnet ic calor im eter m easures elect rons and photons, and 

a hadron calor im eter (scin t i l lat ing t i les or l iquid argon) detects 

isolated hadrons and hadron ic jets. At  the outside of ATLAS, three 

layers of  precision m uon cham bers m easure the t rajectories of 

m uons. A three-stage t r igger and data acquisi t ion system  selects 

the m ost  in terest ing events, based on h igh t ransverse m om entum  

leptons and jets, large m issing t ransverse energy, and t racks that  

do not  poin t  to the prim ary vertex.

The key com ponents of the m uon spectrom eter are the precision 

m onitored dri ft  tube (MDT) cham bers, the al ignm ent system  to 

m onitor the geom etry, the t r igger cham bers, and the toroidal m ag-

net  system . Nikhef const ructed the 96 large barrel outer layer MDT 

cham bers, each of 5.0×2.2×0.5 m 3 size, between 2002 and early 

2006, and t ransported them  to CERN. There they were equipped 

w ith  t r igger cham bers and m ounted inside ATLAS in 2006 and 

2007. The cabling of al l  cham bers (gas, power, al ignm ent , detector 

control , read out) was t im e-consum ing, and cham bers were tested 

sector by sector in  2007 and 2008. The m uon read out  drivers are 

a Nikhef responsibi l i ty and operate according to speci� cat ions. 

Further Nikhef projects are the al ignm ent hardware (RASNIK), 

the m uon detector control  system , and Hall  probes to m onitor the 

m agnet ic � eld in  the m uon system . The m agnet ic � eld in  the end 

caps is provided by two large superconduct ing toroids of w hich 

the vacuum  vessels and the cold m ass com ponents are a Dutch 

in-kind contribut ion to ATLAS. They were tested at  CERN and in-

stal led in ATLAS in 2007, and operate w ithout  problem s.

Muons originat ing from  cosm ic rays are a valuable cal ibrat ion 

source for the ATLAS m uon system . Nikhef scient ists have 

invested considerable t im e in  the m uon system  com m ission ing 

w ith  cosm ics between 2007 and 2009. Al l  aspects of pat tern  

recognit ion, t rack reconst ruct ion, � t t ing, cal ibrat ion and al ign-

m ent  were tested.

Figure 2.1.2. 

ATLAS event with 

the highest invariant 

di-muon mass of the 

2010 run.
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were back, and on ly a few  days later � rst  col l isions at  in ject ion 

energy were recorded. In  Decem ber, col l isions at  the world re-

cord cent re-of-m ass energy of 2.36 TeV were produced, and on 

30 March 2010 the h igh-energy run at  √s = 7 TeV started. Unt il  the 

end of October 2010, ATLAS recorded 45 pb–1 of data.

Of the LHC col l isions delivered during ‘stable beam s’ condit ions, 

ATLAS typical ly col lected 94% (including the begin-of-� l l  delay), 

w ith , depending on subdetector, between 97 and 100% of the de-

tector channels operat ional. The MDT cham bers, including the 

ones from  Nikhef, perform  wel l , and 99.5% of the channels are 

act ive. Cal ibrat ion and al ignm ent  w ith  data is st i l l  im proving. In  

the SCT, 99.2% of al l  channels are operat ional. VCSELs, elem ents in  

the opt ical read out  system , have show n a m ortal i ty rate beyond 

expectat ion. Luckily, for the SCT on ly in  off-detector elect ronics, 

w here they can be replaced. Sim ilar problem s affect  the read out  

of  the l iquid-argon elect rom agnet ic calorim eter, leading to 2% of 

dead channels, but  these w i l l  be recovered in  a shutdow n. Noise 

bursts have been observed in  the l iquid-argon calor im eter, so that  

conservat ively on ly 35 pb–1 of data have been used in  2010 physics 

analyses, but  the m ajor part  of  the data lost  is recoverable after re-

processing. Tr igger and data acquisi t ion system s were chal lenged 

by a steeply r ising instantaneous lum inosity curve (a factor 105 

between March and October!) but  operated effect ively.

Already during the � rst  days of data taking in  2010, the h igh qual-

i ty of  the data from  the t racking detectors becam e clear. One of 

the � rst  m easurem ents w as the determ inat ion of the charged par-

t icle m ult ipl ici ty in  m in im um  bias events, w hich w as m easured at  

a √s of  0.9, 2.36 and 7 TeV. The data show  a h igher m ult ipl ici ty than 

that  predicted by Monte Carlo m odels tuned to pre-LHC data. With  

the t racks of the inner detector, Nikhef scient ists searched for 

resonances such as the kaon- and φ-m esons, and the Λ-baryon, 

proving that  the m agnet ic � eld is understood and that  the al ign-

m ent  is under cont rol.

The m uon reconst ruct ion in  the 2010 data was studied in  detai l  

by Nikhef scient ists. By com paring the in form at ion from  inner 

detector and m uon cham bers, the resolut ion can be determ ined. 

We have studied the separat ion of m uons from  decaying pions 

and kaons from  prom pt  m uons, and reconst ructed � rst  J/Ψ and 

Υ-resonance peaks in  the di-m uon m ass spect rum . Events char-

The SCT consists of a barrel  w ith  four cyl inders of  sensors, and 

two end caps, each w ith  n ine carbon-� bre discs onto w hich three 

concent r ic r ings of si l icon-st r ip detectors w ith  their read-out  

elect ron ics are m ounted. Nikhef constructed 100 sensor m odules 

and assem bled one com plete end cap w ith  1000 m odules in  close 

col laborat ion w ith  inst i tutes in  the U.K. In  2006, the com pleted 

end cap was sh ipped to CERN and tested again , in  2007 i t  w as m e-

chanical ly in tegrated w ith  the TRT, instal led in  the detector and 

cabled-up. At  var ious stages, the detector w as tested, and noise 

levels af ter in tegrat ion in  ATLAS were show n to be ident ical to 

those in  stand-alone tests at  Nikhef. A num ber of problem s were 

encountered in  com m ission ing the C
3
F

8
 evaporat ive cooling sys-

tem  for pixels and SCT, and Nikhef helped in  � nding solut ions. 

In  2008, the detector could be operated for the � rst  t im e under 

nom inal condit ions, and a series of cosm ics com m ission ing runs 

showed that  the detector operates bet ter than the speci� cat ions 

in  term s of inact ive channels, h it  ef� ciency and noise occupancy. 

The cosm ics runs also provided a � rst  al ignm ent  for the barrel . 

However, the cool ing problem s have led to an operat ing tem pera-

ture som ew hat  h igher than designed, so that  possible radiat ion 

effects m ust  be careful ly m onitored.

Fi rst  beam s and � rst physics results
On 10 Septem ber 2008, the LHC beam s reached a beam  absorber 

target  in  f ront  of ATLAS for the � rst  t im e, and an exuberant  crow d 

in  the ATLAS cont rol  room  w itnessed the detect ion by ATLAS of 

m uons or iginat ing from  that  beam  target . After the LHC incident  

in  sector 3-4, ATLAS further com m issioned the detector w ith  cos-

m ics in  fal l  2008 and sum m er 2009. On 20 Novem ber 2009, beam s 
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acter ised by energet ic isolated m uons and 

m issing t ransverse energy were found, 

indicat ing product ion of W bosons. First  

cross sect ion m easurem ents of  W- and Z 

product ion, and W product ion in  associa-

t ion w ith  jets, were publ ished. 

The m ain Nikhef physics in terests l ie in  

top-quark physics, searches for new  phys-

ics l ike supersym m etry, and searches 

for the Higgs boson w ith  m uons. A � rst  

m easurem ent  of the top-quark pair-pro-

duct ion cross-sect ion at  √s = 7 TeV was 

perform ed w ith  35 pb–1 of data, yielding 

180±9(stat )±15(sys)±6(lum i) pb. Nikhef con-

t r ibutes to the analyses of both  the sem i-

lepton ic and the ful ly lepton ic � nal states. 

In i t ial  searches for supersym m etry in  � nal 

states w ith  energet ic jets, sign i� cant  m iss-

ing t ransverse energy and possibly isolated 

leptons were perform ed. In  the � rst  data, 

no SUSY signal w as found, and l im its on 

m asses of SUSY part icles were set  that  

substant ial ly im prove over the l im its from  

the Tevat ron experim ents. However, the 2010 data set  is sm all  and 

on ly scratches the surface of the ful l  LHC sensit ivi ty. The road to 

Higgs boson searches in  the WW and ZZ channels leads via the 

study of W and Z decay to m uons, as discussed above; the 2010 

data set  is by i tself  too sm all  to draw  any conclusions on Higgs 

product ion. Overal l , the 2010 LHC run showed that  ATLAS is op-

erat ing very wel l , and that  we are on t rack tow ards reach ing the 

physics object ives w ith  further data.

In Novem ber 2010, ATLAS recorded m ore than 0.6 m il l ion lead-

lead col l isions. ATLAS observed a cent ral i ty-dependent  di-jet  

asym m etry in  these col l isions: the t ransverse energies of di-jets 

in  opposite hem ispheres are observed to be m ore unbalanced 

w ith  increasing event  cent ral i ty, a phenom enon that  is not  ob-

served in  proton-proton col l isions. In  addit ion, the m easured J/Ψ 

yield is found to decrease sign i� cant ly from  peripheral to cent ral  

col l isions, and the � rst  Z bosons decaying to m uons were recon-

st ructed in  heavy ion col l isions. 

Nikhef con tr ibutions
Apart  f rom  the contribut ions m ent ioned above, the com put ing 

cent re SARA and Nikhef together host  a ful l  ATLAS Tier-1 gr id cen-

t re. In  ATLAS, Nikhef physicists were (c.q. are) upgrade coordina-

tor (N. Hessey), com put ing coordinator (K. Bos), top-quark physics 

coordinator (P. Ferrar i , W. Verkerke), SUSY physics coordinator (P. 

de Jong), com bined m uon perform ance group convener (W. Liebig), 

SCT end cap project  engineer (P. Werneke), t r igger m enu coordina-

tor (O. Igonkina), top reconst ruct ion coordinator (I. van Vulpen), 

and m em ber of the speakers bureau (P. Ferrar i). 

Regarding the DØ experim ent , in  th is period Nikhef has cont r ib-

uted m ost ly com put ing in frast ructure (Monte Carlo product ion on 

farm s and on the gr id) and reconst ruct ion and analysis software. 

Nikhef physicists are m em bers of various editor ial boards (S. de 

Jong, F. Fi l thaut ).

In ternational col laborations
The ATLAS and DØ experim ents are or were designed, const ructed 

and operated by in ternat ional col laborat ions. The ATLAS col labo-

rat ion consists of approxim ately 174 inst i tutes from  38 countr ies, 

w ith  som e 2800 scient i� c authors. During the period 2005–2010, 

the DØ col laborat ion has varied in  size between 425 and 575 au-

thors from  80 to 90 inst i tutes in  19 count r ies.

Industr ial  col laborations
The vacuum  vessels and cold m ass com ponents for the 10 m  

h igh and 5 m  w ide end cap toroids, designed by the Rutherford 

Laboratory (UK), were m anufactured in  the Netherlands by 
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The DØ ex per im en t at Ferm i lab

To gain  experience and to part icipate in  studies at  the h igh-

est  energy before LHC turn-on, Nikhef joined the DØ experi-

m ent  at  the Tevat ron, a 2 TeV proton-ant iproton col l ider at  

Ferm ilab, in  1998. Part icipat ion in  DØ has been valuable for 

our know ledge on Monte Carlo generators, advanced analysis 

techniques, reconstruct ion softw are, b-quark tagging tech-

n iques, top-quark physics and gr id com put ing. Since the start  

of ‘Run 2’ in  2002, DØ has col lected an in tegrated lum inos-

ity of m ore than 9 fb–1, and publ ished m ore than 200 papers. 

High l ights include: searches for Higgs bosons and the exclu-

sion of a Standard Model Higgs-boson w ith  a m ass between 

158 and 175 GeV at  95% con� dence level, the � rst  two-sided 

in terval for the frequency of B0
s
 osci l lat ions, m easurem ent  of  

B0
s
 m ixing param eters, advanced m easurem ents of top-quark 

and W-boson m asses, observat ion of single top-quark produc-

t ion, QCD studies, and l im its on new  physics. Nikhef analyses 

in  DØ have focused on top-quark physics (cross sect ion, m ass, 

single top), τ-lepton and b-quark product ion, and Higgs-boson 

searches. The Am sterdam  group left  DØ in  2008, a sm all  group 

from  Nijm egen rem ains act ive in  Higgs searches. Data taking 

is foreseen to end in October 2011.

Schelde Exotech and Brush HMA. Nikhef supervised the m anu-

factur ing and assem bly, and a Nikhef engineer supervised the 

acceptance tests at  CERN.

Aw ards
In th is period the group received two NWO-Vici  grants 

(S. Bentvelsen, P. de Jong), two NWO-Vidi grants (I. van Vulpen, 

O. Igonkina), one NWO-Veni grant  (S. Klous), one NWO-Rubicon 

grant  (M. Baak), and three ‘FOM-projectruimte’ grants (of w hich one 

together w ith  the theory group).
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Figure 2.1.6. Upper limit on the cross section of Higgs boson 

production at the Tevatron, at 95% con� dence level, normalised 

to the Standard Model value. Higgs boson masses for which 

the normalised cross section upper limit is smaller than one, 

are excluded (5.9 fb-1 data).
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2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

Technicians 28.4 31.8 38.0 39.9 39.6 33.1 25.1 17.9 12.9 10.4 8.4 

PhD students 8.6 9.0 9.8 13.2 12.8 13.9 16.8 18.1 25.2 23.0 23.9 

Postdocs 3.1 2.9 4.1 4.8 5.0 5.2 2.3 5.1 7.0 9.0 8.5 

Staff 14.2 15.6 16.1 16.3 19.1 18.1 18.4 18.0 15.1 14.9 15.7 
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Research  activ i t ies
The evolut ion and decay of m esons contain ing the heavy b–quark 

of fers a un ique opportun ity to study the weak in teract ion by ut i-

l izing the effects of quantum –m echanical in terference to access 

the phases of i ts com plex coupl ing constants. For exam ple, the 

in terference between two am plitudes w ith  

di f ferent  weak phases in t roduces dif fer-

ences between the decay rates of  B–m e-

sons and ant i–B–m esons, an ef fect  know  

as ‘CP’ violat ion. In  addit ion, the decays of  

B–m esons are sensit ive probes of the inter-

ference of know n am pli tudes w ith  novel 

ones, generated by processes not  described 

by the Standard Model. Final ly, in  the cases 

w here the Standard Model am pli tudes are 

h igh ly suppressed, there is the opportun ity 

for large (relat ive) cont r ibut ions of novel 

processes, and hence large deviat ions from  

the Standard Model predict ions. 

In  LHCb al l  types of B–m esons are pro-

duced copiously. The decay products of  

these B–m esons generally include both 

charged and neut ral  part icles. The Nikhef 

group focuses on the detect ion of charged 

part icle t rajector ies, com m only referred to 

as ‘t racking’. The t racking system  of LHCb 

consists of several m ajor com ponents. 

The Nikhef group was involved in  the 

const ruct ion of  two of these com ponents: 

the so–cal led vertex locator (VELO), w hich 

surrounds the col l ision region, and the 

outer t racker (OT), w hich is posit ioned 

dow nst ream  of the VELO, behind a spec-

t rom eter m agnet .

2.2 Physics with b–quarks: LHCb

Program m e organ isation
Since 2005 prof.dr. M.H.M. Merk is the program m e leader. The FOM-

program m e has started in  1999, and is funded to run unt i l  2014.

Research  goal
The absence of ant im at ter in  the observable Universe indicates 

that  the sym m etry between m at ter and ant im at ter m ust  be bro-

ken. In  the Standard Model of part icle physics, at  our present  state 

of know ledge, th is sym m etry is solely broken by the presence of 

a com plex–valued coupl ing between the carr iers of the charged 

weak force and quarks. However, the result ing m at ter–ant im at ter 

asym m etry is far f rom  suf� cient  to explain  the observed abun-

dance of m at ter in  the Universe.

The goals of  th is research program m e are to perform  precise 

m easurem ents of the propert ies of the charged weak in teract ion, 

and to search for deviat ions from  the Standard Model predict ions 

that  m ay shed l ight  on the ant im at ter puzzle.

   Research  h igh l igh ts 

BaBar

•  Detect ion of the lowest  m ass part icle of  the bot tom onium  

fam ily, cal led the η
b
.

LHCb

•  Com m ission ing of the outer-t racker and vertex-locator 

detectors.

•  Track reconst ruct ion and al igm ent .

•  First  physics studies w ith  the B
s
–m eson.

VELO

OT

Figure 2.2.1. LHCb detector overview with indicated Nikhef’s main contributions: 

the Vertex Locator (VELO) and Outer Tracker (OT) stations.
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These detectors form  the backbone of the experim ent  as they are 

the pr im e detectors to m easure t racks and vert ices of the B–de-

cay products. In  addit ion to the hardware ef fort  of design ing and 

const ruct ing these detectors a large part  of our m anpower was 

devoted to developing softw are for these system s, to recognise 

the charged part icles that  leave t rai ls in  these detectors, and to 

accurately reconst ruct  their  param eters. Nikhef was the m ain 

author of  a Kalm an t rack-� t t ing algori thm  used in  the standard 

reconst ruct ion sequence of LHCb. Th is act ivi ty has bene� ted from  

our experience gained in  the BaBar experim ent , part icular ly in  the 

determ inat ion and im plem entat ion of possible detector m isal ign-

m ents. The Kalm an t rack-� t t ing reconst ructs the part icle t rajec-

tor ies over a distance of about  10 m etres w ith  a precision of 8 μm  

at  the vertex posit ion and of 80 μm  at  the dow nst ream  end of the 

spect rom eter. Th is sam e � t t ing m ethod is also used in the High 

Level Tr igger system  of the experim ent .

A Nikhef physics program m e m atch ing these efforts is now  un-

derway. Given our act ivi t ies out l ined above, the program m e fo-

cuses on those B–m eson decays in  w hich the � nal states consist  

of  charged part icles on ly, and w hich probe the t ransit ion of the 

b–quark in to an s–quark.

Detector developm en ts
The m ain task of the VELO is to reconst ruct  and ident ify the col l i -

sion poin t  and any displaced vert ices from  the decay of (am ongst  

others) long–l ived B–m esons w ith  a resolut ion of several tens 

of  m icrons. It  consists of  two m oveable detector halves w ith  21 

si l icon m icro–st r ip t racking m odules, m ounted in  a vacuum  ves-

sel. To obtain  opt im al m easurem ent  precision the detectors are 

brought  to a distance of 8 m m  from  the beam . To ach ieve th is the 

detectors are m ounted on a m ovable base plate that  can ret ract  

the sensors by 30 m m  to al low  for beam  in ject ion and m anipu-

lat ions during ram ping and tun ing. The detectors are posit ioned 

by a m ot ion cont rol  system  w ith  an accuracy of  5 �m . The actual 

beam  posit ion var ies from  � l l–to–� l l , an on l ine m onitoring pro-

cess fol low s the beam  locat ion by reconst ruct ing the event-by-

event  vertex posit ions.

The detectors are operated in  a secondary vacuum , w hich is sepa-

rated from  the ult ra h igh beam  vacuum  by a corrugated 300 �m  

th in  alum in ium -alloy foi l  to m in im ise the m ult iple scat ter ing of  

the charged part icles between their  product ion and detect ion. The 

com plicated corrugated st ructure al low s for overlap between the 

sensors of  both  detector halves and has been produced in–house. 

Detector boxes were produced by welding the foi l  to 500 �m  th ick 

side wal ls. To avoid deform at ions of the detector box the pressure 

di f ference between the beam  vacuum  and the detector vacuum  

is always kept  to less than 5 m bar by a dedicated vacuum  cont rol  

system . The detector box, together w ith  the special ly designed 

wake� eld suppressor, also serves to guide the RF � eld.

To reduce detector–aging due to i rradiat ion the si l icon sensors are 

cooled to a tem perature below  0 °C by m eans of an innovat ive cool-

ing system  that  uses CO
2
 as refr igerant . Nikhef is responsible for 

the m echanics, the vacuum  technology and the cool ing system  of 

the VELO. The vertex tank was instal led early 2007. The open–close 

Figure 2.2.3. LHC beams as seen by the VELO (view compressed in z).

Figure 2.2.2. The mixing asymmetry A
mix

 for the decay of the B0
s
 meson: 

proportional to the difference between the number of events in which the 

produced matter(antimatter) B0
s
 particle had the same identity during its 

decay, and the number of events in which it had not, as a function of its 

lifetime, folded in one oscillation period.

 [ps]s m� / �t modulo 2
0 0.1 0.2 0.3

m
ix

A

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

 = 7 TeVs

-1  36 pb



N i k h e f

34
s e l f – e v a l u a t i o n  r e p o r t  2 0 0 5 – 2 0 1 0

m echanics system  and the vacuum  system  were com m issioned 

in  si tu. The last  part  of  the detector support  system , com pletely 

equipped w ith  si l icon detectors and m etrological ly surveyed, w as 

instal led in  the vacuum  vessel in  October 2007.

In  collaborat ion w ith  the ASIC laboratory in  Heidelberg a radiat ion 

hard read-out  ch ip based on 0.25 �m  CMOS technology w as de-

veloped, w ith  analogue front-end, buffer m em ory, ser ial  read out  

and prom pt  binary outputs. The ch ip is used in  al l  si l icon-based 

sub-detectors of  LHCb.

The OT detector serves to reconst ruct  the m om entum  of the 

charged part icles by detect ing the de� ect ion of  their  t rajector ies 

in  the LHCb dipole m agnet . The OT stat ions cover a large area (28 

m 2 per m easurem ent layer) and consist  of  gaseous st raw  tube 

detectors. The act ive part  of  the detector consists of  5 m m  st raw  

tubes (cathode), w hich are � l led w ith  an ion izing gas m ixture (Ar/

CO
2
), and a 25 �m  diam eter tungsten w ire at  the cent re (anode). 

In  total  256 channels are grouped in  one m odule (500×34 cm 2). 

Th is m odular st ructure faci l i tated the const ruct ion, assem bly and 

m aintenance of the ent ire detector.

Nikhef has been the leading inst itute in  the design and R&D phase 

of the OT project. Subsequent ly, Nikhef was responsible for the con-

struct ion and quality assurance of half of the detector m odules of 

the OT. The product ion took two years and was � nalised at the end 

of 2005, after which the m odules were shipped to CERN for instal-

lat ion in LHCb. The instal lat ion of the OT was com pleted in 2007.

Signal degradat ion has been observed later after i rradiat ion w ith  

radioact ive sources. However, th is effect  seem s to be under con-

t rol  after adding O
2
 to the gas m ixture.

Nikhef was also responsible for developing, test ing and assem -

bling a large part  of  the OT read–out  elect ron ics. To val idate the 

com binat ion of detector and read–out  elect ron ics, four m ass–

product ion m odules were tested w ith  a 6 GeV elect ron beam  at  

the DESY–II faci l i ty in  Ham burg in  2005. A large param eter space 

between an anode w ire voltage of 1500 and 1700 V, and am pli� er 

threshold set t ings between 3 and 4 fC has been ident i� ed, yielding 

a h i t  � nding ef� ciency of over 98% and a posit ion resolut ion bet ter 

than 200 �m , wel l  w ith in the speci� cat ions.

In  the fol low ing years the detector w as cal ibrated and the m o-

m entum  m easurem ent  procedure has been ful ly com m issioned. 

The detector t im ing has been tuned to provide a precise reference 

t im e (t
0
) and the dr i f t -t im e relat ionsh ip (r-t ) has been establ ished.

Fi rst beam s
On 22 August  2008 the LHC in ject ion system  was tested by coll id-

ing protons on a beam  absorber target . Th is beam  dum p provided 

an in tense source of m uons that  t raversed the LHCb detector and 

were detected w ith  the VELO. The events provided a � rst  cal ibra-

t ion of th is detector w ith  beam . The detector was ful ly com m is-

sioned during 2009, w here a m ajor act ivi ty w as to t im e-align the 

VELO detector read out  w ith  respect  to the beam  crossing t im e.

The Nikhef group m em bers have developed an autom ated pro-

Figure 2.2.4. CP-violation, as seen in the decay B→K π: B→K+π–(left) and B→K–π+ (right). The � t disentangles the B
d
 (red) and B

s
 (green) contribution. 

The different yields between the left and right � gures are predominantly due to the large CP asymmetry in these decays.(35 pb-1 at √s = 7 TeV)
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cedure to � nd the opt im al t im ing result ing in  a signal-over-noise 

value of  about  20. These data were used to determ ine the al ign-

m ent  of  the individual si l icon m easurem ent  planes to about  5 μm .

On 20 Novem ber 2009, the � rst  beam s were in jected in to the LHC 

r ing w ith  an energy of 450 GeV. In teract ions of  the beam  w ith  rem -

nant -gas atom s in  the beam  vacuum  were observed in  so-called 

beam gas events the next  day. After both  beam s had been captured 

in  stable orbits the � rst  col l isions were observed on 23 Novem ber 

by an excited crew  in the LHCb cont rol  room . The result ing data 

were ful ly reconst ructed on the com put ing gr id in frast ructure and 

avai lable for the physics users in  the hom e inst i tutes on ly one 

hour af ter they were col lected by the experim ent . On 14 Decem ber, 

the proton beam s were accelerated to a world-record energy of 

1.18 TeV, providing col l isions at  a cent re of m ass energy of 2.36 

TeV. These data were used to further tune the reconst ruct ion and 

physics algori thm s. Well-know n part icles such as the long-l iving 

K0
s
-m eson and the Λ-baryon as wel l as the neut ral ly decaying π0 

were ident i� ed. The reconst ructed m ass of the K0
s
-m eson in  th is 

run w as determ ined to be 497.2 ±0.2 MeV, close to the know n m ass 

of 497.7 MeV, indicat ing that  the cal ibrat ion and the al ignm ent  of 

the t racking system s were then already close to the required pre-

cision. The detector is further val idated w ith  these � rst  data. The 

VELO cluster � nding ef� ciency turned out  to be 99.8% w ith  a best  

h i t  resolut ion of  4 μm . The pr im ary vertex is reconst ructed w ith  a 

precision of  15 μm  in  X- and Y-direct ions and about  90 μm  in  the 

Z-direct ion, result ing in  an im pact  param eter resolut ion of about  

20 μm . This is som ew hat  worse than Monte Carlo predicts, but  

further im provem ents are expected w ith  an im proved al ignm ent  

and m ater ial  descript ion. 

The OT detector has rout inely taken data during the w hole 2010 

data taking period, w ith  less than 1% of dead channels and very 

low  noise (less than 1% of the average occupancy). The low  dis-

cr im inator thresholds have guaranteed h igh dr i f t -cel l  ef� ciency 

(>98%). Tim e offsets and t im e-to-space cal ibrat ions have been 

perform ed and the results stored in  the reconstruct ion database. 

The spat ial  al ignm ent  of the various detector layers w ith  respect  

to each other and of the w hole OT w ith  respect  to the other LHCb 

subdetectors has been determ ined w ith  a precision of about  100 

μm  in the X-coordinate (dipole bending). The al ignm ent  of indi-

vidual st raw -tubes m odules is st i l l  ongoing. A resolut ion of 250 

μm  has been obtained, close to the one expected from  beam  tests 

(200 μm ), the discrepancy presum ably being due to im perfect ions 

in  the m odule-to-m odule al ignm ent . The LHCb detector is there-

fore ready for the task ahead.

In  2010, LHCb col lected about  38 pb–1 of physics data, at  di f ferent  

set t ings of  the LHC m achine, m ost  notably increasing instantane-

ous lum inosit ies up to 1.6×1032 cm –2s–1, close to the LHCb design 

lum inosity (2×1032 cm –2s–1).

From  the � rst  data product ion cross sect ions are determ ined and 

the � rst  papers are in  the process of  being publ ished or have been 

publ ished already. In  the sam ple of 2010, B-m esons have already 
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Figure 2.2.5. Observation of one of the rarest B-decays: B+→K+μ+μ– at LHCb. 

(37 pb-1 at √s=7 TeV)

The BaBar ex per im en t at SLAC

The group joined the BaBar col laborat ion at  SLAC, Menlo Park 

at  the end of 2002. Th is enabled the group to perform  in i t ial  

m easurem ents pr ior to the LHC startup, gain ing im portant  

experience w ith  the analysis of large sam ples of  B–m esons.

The experience gained at  BaBar has been valuable for set t ing 

up the analysis chain  for the LHCb data. We cont r ibuted to 

the BaBar t racking softw are, al ignm ent  and operat ion of the 

vertex detector of the experim ent , and obtained the � rst  con-

st rain t  on the CKM angle γ th rough the determ inat ion of the 

CP asym m etry in  the decay of B0→D*π. Data-taking ended on 

7 Apri l  2008.
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been ful ly reconst ructed and the � rst  sign of  CP-violat ion at  LHCb 

has been observed in  B → Kπ. The Nikhef group has been very ac-

t ive in  the analysis, m ost  notably in  the t racking and al ignm ent  

software and in  the analysis of  rare and CP-violat ing decays.

Nikhef con tr ibut ions
The prom inence of the Nikhef group in  the above LHCb topics 

can be recognised from  the fact  that  Nikhef was deeply involved 

in  the or iginal OT and VELO technical design reports. Nikhef has 

provided a project  leader for the OT project  (A. Pellegr ino), deputy–

project  leaders of  the VELO project  (E. Jans and M. van Beuzekom ) 

and convenors of  physics analysis groups (G. Raven and now  

W. Hulsbergen). M. Merk has been Track–Fit  coordinator and 

Off–l ine Reconst ruct ion Coordinator, J. van den Brand w as VELO–

coordinator at  the t im e of the developm ent  of the vertex tank. 

P. Koppenburg is now  responsible for Operat ions. Moreover, Nikhef 

physicists are m em bers of  the Editor ial Board. 

In ternational col laborat ions
The BaBar and LHCb experim ents are or were designed, con-

st ructed and operated by in ternat ional col laborat ions. The BaBar 

col laborat ion consisted of approxim ately 550 physicists from  10 

count r ies. The LHCb col laborat ion current ly consists of 731 par-

t icipants from  15 count r ies.

Aw ards
In th is period the group received two NWO-Vidi grants (N. Tuning 

and W. Hulsbergen) and a ‘projectruimte’ grant  for a project  w ith  

the theory departm ent .

Key publ icat ions
BaBar

•  Bernard Aubert  (et al.) (BaBar Col laborat ion), Observation of a 

broad structure in the π+π– J/Ψ mass spectrum around 4.26-Gev/c2, 

Phys.Rev.Let t . 95 (2005) 142001

•  Bernard Aubert  (et al.) (BaBar Col laborat ion), Evidence for D0-D0 

Mixing, Phys.Rev.Let t . 98 (2007) 211802

•  Bernard Aubert  (et al.) (BaBar Col laborat ion), Search for lepton � a-

vor violation in the decay τ± → �±γ, Phys.Rev.Let t . 95 (2005) 041802

•  Bernard Aubert  (et al.) (BaBar Col laborat ion), Search for lepton � a-

vor violation in the decay τ± → e±γ, Phys.Rev.Let t . 96 (2006) 041801 

•  Bernard Aubert  (et al.) (BaBar Col laborat ion), Measurements of the 

B → X(s) gamma branching fraction and photon spectrum from a sum 

of exclusive � nal states, Phys.Rev. D72 (2005) 052004 

LHCb

•  A.Augusto Alves (et al.) (LHCb Col laborat ion), The LHCb Detector 

at the LHC, JINST 3 (2008) S08005,2008

•  R. Aaij  (et al.) (LHCb Col laborat ion), Measurement of σ (pp→bbX) at 

√s=7 TeV in the forward region, Phys.Let t . B 694 (2010) 209

•  Fabian Jansen (et al.) (LHCb Outer Tracker Col laborat ion), 

Construction, installation and commissioning of a high-ef� ciency and 

high-resolution straw tube tracker for the LHCb experiment, Nucl.

Inst rum .Meth. A617 (2010) 23 

•  Van Lysebet ten (et al.) (LHCb-VELO Col laborat ion), Commissioning 

and operation of the vertex locator (VELO) at the LHCb experiment, 

Nucl.Inst rum .Meth. A617 (2010) 67

•  R. Aaij  (et al.) (LHCb Col laborat ion), Prompt K0
s
 production in pp col-

lisions at √
s
=0.9 TeV, Phys. Let t . B693 (2010) 69
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2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

Technicians 22.4 24.4 25.2 27.9 33.7 31.0 24.0 14.0 14.0 11.0 9.0 

PhD students 7.2 8.8 8.8 8.8 10.3 11.1 10.4 9.7 8.8 9.5 9.0 

Postdocs 3.7 5.5 5.4 4.0 5.4 5.1 3.1 4.6 4.0 4.3 2.4 

Staff 3.7 7.0 8.3 8.0 8.5 8.8 8.8 9.8 9.9 9.8 10.0 
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detector. It  is a crucial  part  of  the overal l  charged part icle t racking 

and therefore relevant  for al l  m easurem ents involving charged 

part icles. In  part icular, the ITS and w ith  i t  the SSD are im portant  

for the m easurem ent of  short–l ived part icles, such as so–called 

st range and charm ed part icles. The h igh m ult ipl ici t ies of pro-

duced part icles in  the heavy–ion col l isions require a large num ber 

2.3  Relat ivist ic heavy–ion physics: ALICE

   Research  h igh l igh ts 

STAR

•  Measurem ent of azim uthal correlat ions of forward neut ral  

pions in  d+Au col l isions.

ALICE

•  Com m ission ing of  the Si l icon St r ip Detector.

•  El l ipt ic � ow  analysis and � rst  publ icat ion from  heavy-ion 

beam  t im e.

Program m e organ isation
Since 2002 prof.dr. T. Peitzm ann is the program m e leader. The FOM-

program m e has started in 1998, and is funded to run unt il  2013.

Research  goal
The research focuses on experim ental studies of  the therm ody-

nam ics of st rongly in teract ing m at ter in  h igh–energy coll isions of 

heavy nuclei . The goal is to study the quark–gluon plasm a, a state 

of ext rem ely h igh density and tem perature. It  w i l l  provide crucial  

in form at ion on one of the fundam ental in teract ions, the st rong 

in teract ion, under condit ions that  cannot  be studied elsew here. 

The quark–gluon plasm a is expected to have existed very short ly 

after the Big Bang. 

Research  act iv i t ies
The group has played a leading role in  the design, test ing and con-

st ruct ion of the Sil icon Str ip Detector (SSD), w hich const i tutes the 

two outer layers of the Inner Tracking System  (ITS) of  the ALICE 

Figure 2.3.1. A 

schematic view of the 

ALICE experimental 

setup. The picture on 

the upper right shows 

an enlarged view of 

the Inner Tracking 

System (ITS), which 

contains signi� cant 

contributions from 

Nikhef in its two 

outer layers, the 

Silicon Strip Detector 

(SSD).
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of independent  read–out  channels (about  2.5 m il l ion). The ALICE 

experim ent  is dedicated to m easure also very low –m om entum  

part icles, w hich would be sign i� cant ly disturbed by dead m ate-

r ial  such as support  st ructures. Know ledge about  those low -m o-

m entum  part icles is crucial to obtain  in form at ion about  the bulk 

(i .e. therm odynam ic) propert ies of the system . Therefore, the SSD 

was designed w ith  as l i t t le dead m aterial  as possible – in  the � nal 

design an ext rem ely l ightweight  detector was ach ieved. The SSD 

was assem bled in  Utrecht , and al l  com ponents were successful ly 

tested. At  the end of 2006 the SSD w as sh ipped to CERN. The SSD 

project  is a col laborat ive effort  of  inst i tutes in Helsinki  (Fin land), 

Kharkov and Kiev (Ukraine), Nantes and St rasbourg (France), St . 

Petersburg (Russia), Tr ieste (Italy), Ut recht  and Nikhef. 

Based on cosm ics m easured w ith  the ALICE-l ike test  set -up in  

Ut recht  a � rst  gain  cal ibrat ion (sam e value for al l  1698 m odules) 

of  the SSD was perform ed. When m ore and m ore data becam e 

avai lable, � rst  cosm ics in  ALICE, later proton-proton (p+p) and � -

nal ly lead-lead (Pb+Pb), the gain  cal ibrat ion could be re� ned dow n 

to the level of individual ch ips (22632 ch ips), leading to a spread 

of less than 1%. Using st raight  t racks from  cosm ics passing tw ice 

through each layer, the in ternal al ignm ent  of the SSD could be 

checked. It  con� rm ed the m easurem ents of the m odule posit ions 

done at  Nikhef during ladder assem bly. When al ign ing the SSD 

w ith  the rest  of  the ITS and the TPC, i t  turned out  to be necessary 

to correct  for the Hal l  effect  in  the si l icon sensors –an effect  of a 

few  m icrons– to � nally ach ieve a posit ion resolut ion of individual 

h i ts of 20 �m .

Very recent ly, the group has started an in i t iat ive to develop a h igh-

ly granular elect rom agnet ic calorim eter as an upgrade for ALICE 

for forward rapidi ty m easurem ents, an act ivi ty, w hich bui lds upon 

experience in  the STAR experim ent  w ith  forward m easurem ents.

Fi rst  physics m easurem ents at LHC
The m ain purpose of the ALICE experim ent  is to m easure in ter-

act ions of h igh–energy heavy ions at  the CERN LHC, however, i t  

is also m easuring p+p in teract ions. Since the start  of  LHC opera-

t ions in  Novem ber 2009 ALICE has taken data of  proton-proton 

col l isions, � rst  at  the in ject ion energy of 2×450 GeV and later at  a 

cent re of m ass energy of  2.36 TeV. From  the � rst  data at  900 GeV 

ALICE has m easured the charged part icle m ult ipl ici ty leading to 

the very � rst  physics publicat ion from  LHC. In  the fol low ing, the 

ALICE experim ent  has both  perform ed a num ber of m easure-

m ents at  these early energies as wel l as at  the recent ly achieved 

energy of 7 TeV and has further prepared the m easurem ents in  

heavy-ion col l isions. 

The perform ance of the detector as a w hole and of the SSD in  par-

t icular during the beam  t im e was excel lent . The rat io of ant ipro-

tons to protons in  p+p col l isions has been one of the � rst  published 

results. Results of  spect ra of  pions, kaons and protons (ident i� ed 

via energy loss in  the ITS) in  900 GeV p+p col l isions have been 

obtained, and the data analysis of  7 TeV p+p col l isions is ongoing. 

Already from  the very � rst  week of heavy-ion beam s a num ber of 

in terest ing papers have been publ ished. The Nikhef group has had 

a st rong role in  the � rst  m easurem ent  of el l ipt ic � ow  in  heavy-ion 

col l isions at  LHC. El l ipt ic � ow  had been found to be aston ishingly 

large at  RHIC and from  that  large value i t  was concluded that  the 

viscosity of  the produced m atter m ust  be ext rem ely sm all, w h ich 

has at t racted a lot  of theoret ical in terest . Expectat ions for the 

m uch h igher LHC energy were unclear, as di f ferent  physics ef fects 

could have caused an increase as wel l  as a decrease of viscosity. 

The perform ed m easurem ents clearly indicate a st ronger in te-

gral el l ipt ic � ow, w hich also requires an ext rem ely low  viscosity. 

Also, m easurem ents of  the ef fect  of  jet  quenching in  hadron dis-

t r ibut ions at  h igh t ransverse m om entum  have been perform ed. 

Figure 2.3.2. A single central Pb+Pb 

collision as measured by the central 

detectors of ALICE. The colours of 

the tracks indicate different part icle 

properties such as momentum and 

charge. The scale of the transverse 

dimensions is indicated in cm.
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Also here an even st ronger effect  as com pared to lower energy 

w as observed. Already from  these very early results i t  is clear that  

very dense, st rongly in teract ing m at ter is produced in  heavy-ion 

col l isions at  LHC. The in terpretat ion of  these m easurem ents w i l l  

require further quant itat ive theoret ical work.

Nikhef con tr ibut ions
Nikhef developed the elect ron ics of the SSD end cap and produced 

the end cap m odules, did m ost  of  the ladder product ion (m ount -

ing of detector m odules, i .e. sensors w ith  front–end elect ron ics, on 

carbon � bre st ructures including cabl ing), perform ed m echanical 

and elect ron ic m easurem ents of the ladders. After the instal lat ion 

Nikhef w as responsible for the com m ission ing of  the detector and 

had st rong contr ibut ions in  the calibrat ion of  the SSD and also 

in  general to the al ignm ent  of  the w hole ALICE detector setup. 

Nikhef has developed analysis m ethods and software for el l ipt ic 

� ow, w hich enabled us to m easure an isot ropic � ow  at  the LHC, a 

few  days after the data becam e avai lable. Th is resulted in  the � rst  

publ icat ion based on heavy-ion col l isions at  the LHC. Nikhef has 

cont r ibuted to softw are developm ent for sim ulat ions and analysis 

of  heavy � avour hadrons and has taken a leading role in  the cor-

responding analyses. Furtherm ore the Nikhef group is involved 

in  part icle ident i� cat ion using speci� c energy loss m easured in  

the ITS.

Nikhef scient ists occupy a num ber of im portant  posit ions w ith in  

the ALICE col laborat ion: G-J. Nooren is SSD project  leader, M. van 

Leeuwen is coordinator of the Part icle Ident i� cat ion Task Force 

and m em ber of the Physics Board, T. Peitzm ann is upgrade coor-

dinator, R. Kam erm ans✝ was and T. Peitzm ann is m anagem ent 

board m em ber, and Paul Kui jer was deputy spokesperson.

In ternat ional col laborat ions
The group has been involved in  several in ternat ional col labora-

t ions, in  part icular the ALICE col laborat ion, involving 104 inst i-

tutes from  30 count r ies and m ore than 1000 m em bers. Since 2002 

the group has col laborated in  the STAR experim ent  (51 inst i tu-

t ions from  12 count r ies, w ith  a total  of 545 col laborators), th is ef-

fort  is term inated in  2011.

Aw ards
In th is period the group received two NWO-Vidi grants (A. Mischke 

and M. van Leeuwen), an ERC start ing invest igator grant (A. 

Mischke) and a FOM ‘projectruimte’ grant .

Key publ icat ions
STAR

•  J. Adam s (et al.) (STAR Col laborat ion), Experimental and theoreti-

cal challenges in the search for the quark gluon plasma: The STAR 

Collaboration’s critical assessment of the evidence from RHIC colli-

sions, Nucl. Phys. A757 (2005) 102

ALICE

•  K. Aam odt  (et al.) (ALICE Col laborat ion), First proton-proton colli-

sions at the LHC as observed with the ALICE detector: measurement 

of the charged-particle pseudorapidity density at √s = 900 GeV, Eur. 

Phys. J. C65 (2010) 111

•  K. Aam odt  (et al.) (ALICE Col laborat ion), Charged-particle multiplic-

ity density at midrapidity in central Pb-Pb collisions at √s
NN

 = 2.76 TeV, 

Phys. Rev. Let t . 105 (2010) 252301

•  K. Aam odt  (et al.) (ALICE Col laborat ion), Elliptic � ow of charged 

particles in Pb-Pb collisions at √s
NN

 = 2.76 TeV, Phys. Rev. Let t . 105 

(2010) 252302
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Figure 2.3.3. The strength of elliptic � ow in Pb+Pb collisions as 

measured by the ALICE experiment at the highest available beam 

energy compared to data at lower energies. The integrated elliptic 

� ow v
2
 is higher than the value at RHIC, which was already seen as 

astonishingly large. In the common interpretation of this phenomenon 

such a large value of v
2
 requires a strongly interacting system with 

an extremely low viscosity (‘perfect � uid’).

The STAR ex per im en t at BNL

The group has cont ributed sign i� cant ly to analysis of el l ipt ic 

� ow, jet  quenching and heavy-� avour product ion w ith in  the 

STAR experim ent . In  the � nal phase the act ivi t ies have been 

reduced and have focused on m easurem ents at  large rapidi t ies 

in  search of  the Colour Glass Condensate. A PhD student  of  the 

group has m ade substant ial  cont r ibut ions to the detector used 

for these m easurem ents (the Forw ard Meson Spect rom eter) 

and to the corresponding Monte Carlo sim ulat ions and data 

analysis.
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2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

Projects 77 83 81 96 112 299 257 204 124 

Universities 380 338 277 363 519 425 459 426 526 721 721 

FOM-university groups 410 436 424 440 482 480 427 436 444 461 474 

FOM-Nikhef 353 524 506 586 589 671 643 173 197 292 197 
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about  2500 m . It  is a pi lot  project  that  aim s to show  the feasibi l -

i ty of  detect ion of cosm ic neut r inos using the sea as a detect ion 

m edium . These neut r inos are detected through the m uon they 

produce w hen in teract ing in  or close to the detector. These m uons 

being charged and t ravel l ing at  velocit ies h igher than the speed of 

l ight  in  the sea water em it  Cherenkov l ight . Detect ion of th is l ight  

w ith  an array of photo-sensors al low s the direct ion of the m uon 

and therefore the neut r ino to be reconst ructed.

2.4  Neutr ino telescopes: ANTARES and KM3NeT

   Research  h igh l igh ts

•  Successful deploym ent of the 12 ANTARES detector l ines.

•  Successful im plem entat ion of  the innovat ive ‘Al l–Data–to–

Shore’ concept  for the read–out  of the detector.

•  First  neut r ino sky m ap analysis.

•  Developm ent  of prototype detector un it  for KM3NeT.

Program m e organ isation
Prof. dr. G. van der Steenhoven was program m e leader unt i l  2008, 

then after h is departure to Twente Universi ty prof. dr. M. de Jong 

took over. The program m e runs from  2008 to 2013.

Research  goal
The pr im ary object ive of the research program m e is to m easure 

the spect rum  of h igh–energy cosm ic neut r inos w ith the ANTARES 

detector. Searches are perform ed of neut r ino poin t  sources, and 

rel ics of dark m at ter part icles. At  the sam e t im e, the developm ent  

of a substant ial ly larger km 3–sized neut rino telescope is in i t iated 

in  an European fram ework (KM3NeT). 

Research  act iv i t ies
ANTARES

The neut r ino telescope ANTARES has m atured from  a design in  

2004 to a ful ly operat ing detector in  2010. It  is located at  the bot -

tom  of the Mediterranean Sea 40 km  south of Toulon at  a depth of 
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Figure 2.4.1. Celestial coordinates of 2040 selected neutrino candidates used for the point source search. Due to the optimised selection criteria, the events 

in the sky map mostly consist of mis-reconstructed muons (40%) and atmospheric neutrinos (60%). 24 source candidates are also shown in red. The yellow 

shading indicates the fraction of time available for observation (i.e. below the horizon). (ANTARES 2007–2008 preliminary data)
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The � rst  detector l ine becam e operat ional in  March 2006 and 

th is was the culm inat ion of several years of research and test -

ing that  al lowed for the val idat ion of the di f ferent  subsystem s 

of the detector. In  addit ion m any m easurem ents of  the deep-sea 

environm ent  were m ade to be sure of the feasibi l i ty of the pro-

ject . Understanding the behaviour of the � rst  detector l ine and 

reconst ruct ing the � rst  t racks of  m uons passing the l ine were 

the subjects of  Nikhef thesis; the � rst  one in  ANTARES to report  

on data taken w ith  the telescope. It  showed that  the m easured 

� ux of  m uons, originat ing from  in teract ions of  cosm ic rays above 

the detector, was as expected and so one could conclude that  

the experim ental apparatus w as wel l  understood. Th is w as on ly 

ach ieved after a re-evaluat ion of the angular acceptance of the 

opt ical sensors. In  the fol low ing two and a half  years the rem ain-

ing 11 l ines w ith  opt ical sensors and one l ine w ith  sensors for 

t racking the deep sea environm ent  were instal led. 

The Nikhef group in i t ial ly concentrated on t rack reconst ruct ion 

softw are and w ith  the algori thm s described in  the � rst  ANTARES 

thesis i t  w as possible to double the sensit ivi ty of  the detector, 

com pared to w hat  was thought  to be ach ievable. Th is algori thm  

has since been revisi ted and further opt im isat ion has led to a 

further increase in  sensit ivi ty. Using the t racking algorithm  i t  has 

been show n that  the sea al low s for a sign i� cant ly bet ter direc-

t ional accuracy than that  possible in  the com pet ing experim ents 

in  the South Polar icecap, AMANDA and IceCube.

The search for neutr ino signals f rom  annih i lat ion of dark 

m at ter part icles in  the Sun and the cent re of  our Galaxy w as the 

subject  of  a study at  Nikhef. The analysis show s that  w ith on ly 

a short  exposure of about  60 days w ith  a half  buil t  detector, the 

sensit ivity of  ANTARES is already com pet i t ive w ith  the present ly 

publ ished results. 

The detect ion of relat ivist ic m onopoles in  the ANTARES detec-

tor w as invest igated early on at  Nikhef. The study of  detect ion of 

m onopoles t ravell ing at  velocit ies below  the Cherenkov threshold, 

w here m onopole induced δ-ray product ion extends the sensit ivi ty 

of the detector, w as started. Th is m ethod has been used in  2010 to 

set  the best  � ux l im it  for relat ivist ic m onopoles.

Addit ional subjects being covered are the search for neut r i-

nos from  Gam m a-Ray-Bursts (GRBs) and invest igat ions of the 

chem ical com posit ion of  charged cosm ic rays in  the energy range 

around 1 PeV.

Recent ly an analysis of around 2000 neut r ino events in  ANTARES 

has produced the best  � ux l im its for neutr inos em anat ing from  

sources in  the southern sky. Th is part  of  the sky of course in-

corporates the cent re of our Galaxy. Having the cent re of our 

Galaxy in  i ts � eld of view  m akes the ANTARES neut r ino telescope 

un ique. Unfortunately, no sources have been found (2% of the 

background-on ly experim ents is expected to yield a sign i� cance 

h igher than the m ost  sign i� cant  ‘hot -spot ’ found in  the data). 

Com pet i t ive l im its on the neut r ino � ux have been set  for a num -

ber of source candidates. Th is work is cont inued w ith  two m ore 

Figure 2.4.2. Launcher tests for prototype KM3NeT 

instrumentation lines.
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years of data to be analysed. The sam e data-set  of selected up-

going neut r ino events is also being used to search for correlat ions 

w ith  the h ighest  energy cosm ic-ray events detected by the Pierre 

Auger Observatory. 

KM3NeT

Having dem onst rated that  the technique of a deep-sea neut r ino 

telescope is feasible, a design study w as started for a t ruly large 

volum e telescope: KM3NeT. The seeds for th is project  were al-

ready sow n in  2003 w hen the Nikhef group organised the � rst  

workshop on very large volum e neut r ino telescopes. During the 

design study that  fol lowed several un ique techniques were devel-

oped at  Nikhef. The opt ical sensor was redesigned to incorporate 

m any sm all  photom ult ipl iers in  a single pressure resistant  hous-

ing, thus reducing the num ber of pressure resistant  vessels and 

pressure t ransit ions by a factor of three w hi le keeping the sen-

si t ivi ty ident ical  to the t radit ional solut ion using large area pho-

tom ult ipl iers. A � bre-opt ic read out  using state-of-the-art  re� ec-

t ive elect ro-opt ical am pli fying m odulators was designed, w hich 

al low s for the power hungry com m unicat ions lasers to be placed 

on ly on shore. Final ly, a pressure balanced oi l  � l led cable housing 

12 opt ical � bres and two copper conductors in  a 6 m m  diam eter 

tube is under const ruct ion. Th is al low s for ef� cient  ext ract ion of 

� bre read out  at  every opt ical sensor. 

Together w ith  the Royal Netherlands Inst i tute for Sea Research 

(NIOZ), a m ethod has been developed to deploy KM3NeT detector 

st r ings. Th is ‘launcher’ w as successful ly tested in  a sea cam paign 

in  Greece in  Decem ber 2009. 

Work is also ongoing at  Nikhef on developing reconst ruct ion tech-

n iques dedicated for use w ith  the KM3NeT detector design. These 

studies show  that , due to the good opt ical propert ies of w ater, 

angular resolut ions as sm all  as 0.1° w i l l  be ach ievable. 

At  present  the design of the detector is being � nal ised and the 

est im ates are that  a detector of around six cubic ki lom etres w i l l  

be feasible. Th is is alm ost  an order of m agnitude larger than the 

IceCube detector, that  has recent ly been instal led in  the icecap of 

the South Pole.

In ternational col laborat ion
Nikhef is wel l  represented in the com m it tees of ANTARES, w ith  a 

m em ber of the steering com m it tee and m em bers of the confer-

ence and publ icat ion com m it tees.

During the negot iat ions for obtain ing funding for KM3NeT devel-

opm ents in  the European Fram ework program m es 6 and 7, for 

KM3NeT design study and preparatory phase, E. de Wolf  was one 

of the key negot iators. Funding for the program m es was obtained 

and KM3NeT is on the roadm ap of the European St rategy Forum  

for Research In frast ructures (ESFRI). In  the preparatory phase P. 

Kooi jm an is one of the European coordinators of the work pack-

ages on product ion preparat ion. 

In 2010, the KM3NeT consort ium  de� ned the technology of the 

research in frast ructure fol low ing the Technical Design Report  and 

concluding val idat ion tests conducted after.

Aw ards
M. Bouw huis and J. Pet rovic received NWO-Veni grants in  2005 

and 2008, respect ively. A. Hei jboer was awarded a NWO-Vidi grant  

in  2009. The m in ister of  OCW decided on basis of  the advice of  

NWO and SenterNovem  to � nance in  total � ve research faci l i -

t ies, as selected by the so-cal led com m itee Van Velzen, KM3NeT 

is one of them . Those projects were earl ier been put  on the 

European Roadm ap by the European St rategic Forum  for Research 

In frastructure (ESFRI).

KM3NeT in  the Netherlands, a col laborat ion of Nikhef, KVI and 

the m arine research inst i tute NIOZ, received in  total  a funding of  

8.8 M€. 

Key publ icat ions
•  J.A. Agui lar (et al.) (ANTARES Col laborat ion), Zenith distribution 

and � ux of atmospheric muons measured with the 5-line ANTARES 

detector, Ast ropart icle Physics 34 (2010) 179

•  J.A. Agui lar (et al.) (ANTARES Col laborat ion), Performance of the 

front-end electronics of the ANTARES Neutrino Telescope, Nucl. Inst r. 

and Meth. A622 (2010) 59

•  J.A. Agui lar (et al.) (ANTARES Col laborat ion), Measurement of 

the atmospheric muon � ux w ith a 4 GeV threshold in the ANTARES 

neutrino telescope, Ast ropart icle Physics 33 (2010) 86 (erratum : 

Ast ropart icle Physics 34, 3 (2010) 185)

•  M. Ageron (et al.) (ANTARES Col laborat ion), Performance of the 

First ANTARES Detector Line, Ast ropart icle Physics 31, 4 (2009) 

277

•  M. Ageron (et al.) (ANTARES Col laborat ion), Studies of a full scale 

mechanical prototype line for the ANTARES neutrino telescope and 

tests of a prototype instrument for deep-sea acoustic measurements, 

Nucl. Inst r. and Meth. A581 (2007) 695
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2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

Projects 95 297 285 224 532 770 

Universities 70 95 107 153 258 166 581 373 373 352 

FOM-university groups 

FOM-Nikhef 712 862 571 618 543 718 552 1,039 1,187 1,114 
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2.5 Gravitat ional physics –
the dynam ics of spacet im e: Virgo

Program m e organ isation
The research program m e is being led by prof.dr. J.F.J. van den 

Brand. The program m e runs from  2010 to 2015.

Research  goal
The pr im ary object ive is the � rst  direct  detect ion of  gravitat ional 

w aves, pr im ari ly w ith  the Virgo detector near Pisa in  Italy. Th is is a 

3 km  laser in terferom eter designed to m easure the st retch ing and 

squeezing of spacet im e due to gravitat ional waves, to a relat ive 

accuracy of 10–22. Searches are being perform ed for gravitat ional 

w aves from  inspiral ing and col l iding binary neut ron stars and 

black holes, cont inuous w aves from  pulsars, supernovae, and pr i-

m ordial  backgrounds.

Research  overview
Einstein ’s theory of general relat ivi ty revolut ion ised our under-

standing of space, t im e, and gravitat ion. The curvature of  space-

t im e dictates the way in  w hich m at ter and energy � ow  through 

i t , and the lat ter in  turn  determ ines the curvature. For the � rst  

60 years, alm ost  al l  tests of general relat ivi ty involved stat ion-

ary gravitat ional � elds –the equivalent  of doing experim ents in  

elect rostat ics and m agnetostat ics. However, a core aspect  of the 

theory is that  gravitat ion is a dynam ical phenom enon. Th is is ex-

em pli� ed by i ts predict ion of  gravitat ional waves: disturbances in  

spacet im e curvature w hich propagate at  the speed of l ight . The 

� rst  indirect  evidence for their  existence cam e w ith  the discovery 

of the Hulse-Taylor binary pulsar, w hose orbital  m ot ion is chang-

ing in  close agreem ent  w ith  general relat ivi ty i f  gravitat ional 

w aves are being em it ted. 

With  the advent  of a new  class of gravitat ional-w ave detectors, 

gravitat ional physics is about  to change in  a dram at ic w ay. These 

are ki lom eter-scale in terferom eters w hich look for the t idal ef-

fects induced by passing gravitat ional w aves, w ith  a sensit ivi ty 

to relat ive length changes ∆L/L < 10–22: Virgo near Pisa in  Italy), 

LIGO in the US, and GEO in  Germ any. A � rst  direct  detect ion of a 

gravitat ional-wave signal is expected to happen around the m id-

dle of  the decade. W hen th is happens, we w i l l  � nal ly have em piri-

cal access to the st rong-� eld dynam ics of gravity.

The Virgo experim ent  consists of a Michelson laser in terferom eter 

m ade of two orthogonal arm s, each w ith  a length of 3 km . Virgo is 

sensit ive between a few  tens of  Hz up to a few  kHz. Prim e sources 

in  th is w indow  include neut ron stars in  the Milky Way producing 

cont inuous gravitat ional waves, as well  as inspiral ing and col l id-

ing stel lar m ass binary black holes and neut ron stars in  other gal-

axies. Searches are also perform ed for unm odeled bursts com ing 

from  supernovae and other short -l ived sources such as cusps in  

cosm ic st r ings, and pr im ordial gravitat ional w aves ar ising from  

phase transit ions short ly after the Big Bang.

In  the past  years, there has been m uch research and developm ent  

for the Laser Interferom eter Space Antenna (LISA), a large space-

based observatory consist ing of  three spacecraft  in  hel iocent ric 

orbits, keeping a t r iangular con� gurat ion at  distances of 5 m il l ion 

ki lom etre from  each other. LISA is a col laborate ef fort  of  NASA 

and ESA, w ith  a projected launch date short ly af ter 2022. It  w i l l  

probe the low -frequency range, f rom  10–4 Hz to 10–1 Hz; am ong 

other sources, i t  w i l l  be able to m easure the inspiral  and m erger of 

superm assive binary black holes anyw here in  the visible Universe.

Final ly, a design study was recent ly concluded for a large 

European ground-based gravitat ional-w ave observatory cal led 

Einstein  Telescope (ET). ET is envisaged to consist  of m ult iple Figure 2.5.1. The Virgo interferometer.

   Research  h igh l igh ts

•  Successful upgrade of Virgo to Virgo+ in  2008.

•  Developm ent  of a data analysis pipel ine to search for 

gravitat ional w aves from  fast -spinn ing neut ron stars that  

are part  of  a binary system .

•  Character isat ion of gravity gradient  noise in  3rd generat ion 

detectors (l ike the Einstein  Telescope).

•  Developm ent  of m ethods for doing cosm ology w ith  

gravitat ional w aves, e.g. studying dark energy w ith  

Einstein  Telescope.
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interferom eters w ith  10 km  arm  length, arranged in  a t r iangle, in  

an underground faci l i ty. It  w i l l  have a 10 t im es bet ter sensi t ivi ty 

than Advanced Virgo and w i l l  be able to pick up sources at  cosm o-

logical distances.

Research  activ i t ies
During 2007–2008, Virgo perform ed i ts � rst  science run, part ial ly 

in  con junct ion w ith  a LIGO run. After that  the Virgo col laborat ion 

carried out  an upgrade, term ed Virgo+. In  th is upgrade, the laser 

power w as increased and therm al com pensat ion system s were 

instal led. The design sensit ivi ty was reached, and a second sci-

ence run was perform ed in  2009–2010. Around that  t im e, prepara-

t ions were m ade for another upgrade to so-cal led Advanced Virgo, 

w hich w i l l  be � n ished by 2014. 

The � rst  detect ions w i l l  l ikely be m ade by Advanced Virgo and 

LIGO, but  the exist ing in terferom eters have already yielded in ter-

est ing ast rophysical results by providing upper l im its. From  the 

search for cont inuous waves, i t  w as establ ished that  no m ore than 

4% of the energy em it ted in  the Crab pulsar ’s spin-dow n is em it -

ted as gravitat ional radiat ion. The searches for short -durat ion 

signals have helped in  the character isat ion of  gam m a-ray bursts. 

The search for stochast ic gravitat ional-waves led to const rain ts 

on certain  m odels of baryogenesis. 

The latency in  data analysis has steadi ly decreased, so that  i t  is 

now  possible for gravi tat ional-wave researchers to alert  conven-

t ional ast ronom ers w hen a candidate event  is seen in  the in ter-

ferom eter’s data st ream . 

In  May 2008, ET received 3 M€ from  the European Com m ission 

w ith in the Seventh Fram ework Program m e (FP7) for a prel im inary 

design study to de� ne the speci� cat ions for the required si te and 

in frastructure, and the new  technologies and total  budget  needed. 

The study can be considered an im portant  step towards the th ird 

generat ion of gravitat ional-w ave observator ies.

Nikhef con tr ibut ions
In the 2008 upgrade to Virgo+, Nikhef took responsibi l i ty for the 

front -end elect ron ics for angular al ignm ent of the various m ir-

rors, as wel l  as for the input  m ode cleaner (IMC). The IMC is a 

144 m  long h igh � nesse cavity that  is used to � l ter out  unwanted 

m odes of the laser beam  before i t  is in jected in to the in terfer-

om eter proper. It  also represents the � rst  stage in  the frequency 

stabi l isat ion of  the carrier w ave. 

Figure 2.5.3. A seismic isolation system for optical benches. In the hori-

zontal direction, the attenuation is done by three inverted pendula, in the 

vertical direction by a system of blade springs. 

Figure 2.5.2. The 

gravitational waves 

emitted during the 

inspiral and merger 

of two black holes 

will give us direct 

empirical access to the 

strong-� eld dynamics 

of gravity. (Picture 

credit: AEI Potsdam.)
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The end m irror of  the IMC w as suffer ing from  low  opt ical qual i ty 

of both  subst rate and coat ing, w hich led to sign i� cant  scat ter-

ing losses. In  addit ion, the weight  of the m irror and i ts reference 

m ass w as too sm all, m aking the system  sensit ive to radia-

t ion pressure ef fects result ing in  cont rol  problem s. Nikhef has 

replaced the ent ire IMC end m irror system . A heavier and bet ter-

qual i ty end m irror, part  of the suspension system , and react ion 

m ass were instal led. The instal lat ion of  the device took place in  

Septem ber 2008.

As part  of the preparat ions for Advanced Virgo, Nikhef bui l t  a seis-

m ic isolat ion system  for opt ical benches, w here the horizontal 

dam ping is done by inverted pendula and the vert ical dam ping 

by a system  of geom etr ic ant i-springs. Furtherm ore, cryo-l inks 

were designed w hich w i l l  dram at ical ly im prove the qual i ty of the 

vacuum  by freezing out  w ater vapour. As for the Virgo+ upgrade, 

Nikhef also designed the al ignm ent  elect ron ics for Advanced 

Virgo. Finally, a prototype for a phase cam era was bui l t , w h ich 

produces a phase m ap of the laser beam ’s cross-sect ion. 

Nikhef is a leading cont r ibutor to the ET-design study, by i ts 

involvem ent  in  the science case, and by being in  charge of the 

in frast ructure design and si te select ion. In  th is context , seis-

m ic m easurem ents were perform ed around the world. Nikhef 

researchers also used � n ite elem ent  m ethods to m odel gravity 

gradient  noise, w hich w i l l  be a l im it ing factor to ET’s sensit ivity at  

very low  frequencies. 

On the data analysis front , Nikhef has been involved in  the search 

for cont inuous w aves from  fast -spinn ing neut ron stars, and m ore 

recent ly also the effort  to detect  and study short -durat ion signals 

f rom  coalescing com pact  binaries. For cont inuous waves, Nikhef 

researchers have developed an algori thm  w hich autom at ical ly 

takes into account  the Doppler m odulat ion in  signals from  neu-

t ron stars that  are part  of a binary w ith  unknow n orbital  elem ents. 

For coalescing binaries, the em phasis is on param eter est im at ion, 

i .e., the reconst ruct ion of a source from  the signal. An in-depth 

study was perform ed to understand the ef fects of inst rum ental 

cal ibrat ion errors on param eter est im at ion. A start  w as also m ade 

w ith  the developm ent  of algori thm s to � nd possible deviat ions 

from  General Relat ivi ty by looking at  gravitat ional w aves from  

binary coalescences as seen in  Advanced Virgo. It  also was show n 

how  inspiral ing binaries as seen in  LISA and ET can be used as 

‘standard candles’ to study the nature of dark energy.

Final ly, Nikhef theorists have developed a prom ising new  way to 

m odel the waveform s produced by so-called ext rem e m ass-rat io 

inspirals, w hereby a stel lar m ass object  m oves around a super-

m assive black hole before eventual ly get t ing swal lowed. Such 

events are pr im e sources for LISA.

National col laborat ions
The Nikhef gravitat ional physics group receives technical support  

from  the VU Universi ty Am sterdam . In  i ts theory and data analy-

sis projects, i t  col laborates w ith  individuals from  the un iversi t ies 

of  Leiden and Ni jm egen.

In ternat ional col laborat ions
The Virgo Collaborat ion closely collaborates w ith  the LIGO 

Scient i� c Col laborat ion in  the US, sharing the data from  the dif-

ferent  detectors. Together the col laborat ions have m ore than 800 

m em bers worldw ide. The Einstein  Telescope effort  is a project  of  

eight  European research inst i tutes. 

Key publ icat ions
•  LIGO Scient i� c Col laborat ion, Virgo Col laborat ion, An upper limit 

on the stochastic gravitational-wave background of cosmological 

origin, Nature 460 (2009) 990

•  LIGO Scient i� c Collaborat ion, Virgo Collaborat ion, Searches for 

gravitational waves from known pulsars, Astrophys. J. 713 (2010) 671

•  LIGO Scient i� c Col laborat ion, Virgo Col laborat ion, Search for 

gravitational waves from compact binary coalescence in LIGO and 

Virgo data from S5 and VSR1, Phys. Rev. D82 (2010) 102001

•  C. Van Den Broeck, M. Tr ias, B.S. Sathyaprakash, and A.M. 

Sin tes, Weak lensing effects in measuring the dark energy equation 

of state with LISA, Phys. Rev. D81 (2010) 124031

•  M. Punturo et  al ., The Einstein Telescope: A third-generation gravita-

tional wave observatory, Class. Quantum  Grav. 27 (2010) 194002

Figure 2.5.4. Underground infrastructure research (programme leader 

J. van den Brand in the centre with a white tag) for the Einstein Telescope 

at a depth of 1480 metres in the Homestake Mine (South Dakota). The 

Homestake Mine is famous for being the site at which the solar neutrino 

problem was � rst discovered.
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Program m e organ isation
The FOM program m e “The origin of Cosmic Rays”  w as aw arded 

in  2008 and runs unt i l  2013. The Dutch coordinator for the 

Pierre Auger Observatory is prof.dr. A.M. van den Berg (KVI/

University of Gron ingen), and the Nikhef project  leader is dr. 

C.W.J.P. Tim m erm ans.

Research  goal 
The pr im ary object ives of  the program m e are: (i) the search for 

the sources of cosm ic rays; (i i ) the study of  the pr im ary com -

posit ion of  cosm ic rays and (i i i ) the study of the in teract ions of 

� elds and part icles w ith  ul t ra-h igh-energy cosm ic rays (UHECRs), 

between their  sources and detect ion on Earth . The Pierre Auger 

experim ent  studies air showers induced by protons, heavy atom ic 

nuclei , neut r inos, and gam m a-rays, at  energies above 1017 eV.

�

Research  act iv i t ies
One of the key unresolved issues in  ast ropart icle physics concerns 

the or igin  of cosm ic rays w ith  very large energies. Cosm ic rays 

are a col lect ive nam e for a variety of  subatom ic part icles that  are 

cont inuously bom barding the outer layers of  the Earth ’s atm os-

phere. W hile the Sun is a wel l-know n source of low -energy cosm ic 

rays, the or igin  of part icles w ith  energies in  excess of 1012 eV has 

not  yet  been unam biguously ident i� ed. Supernovae explosions, 

for instance, are com m only bel ieved to be the source of cosm ic 

rays w ith  energies up to 1015 eV, but  so far i t  has not  been possible 

to prove th is by observat ion. Beyond th is energy dom ain cosm ic-

ray part icles m ost  l ikely or iginate from  ext ra-galact ic sources at  

very large distances. Som e of these part icles are reach ing energies 

wel l  in  excess of the h ighest  energies that  can be produced in  the 

m ost  advanced m an-m ade part icle accelerators. In  fact , cosm ic 

2.6  Cosm ic rays: Pierre Auger Observatory

rays are the on ly observed ult ra-h igh energy (UHE) part icles on 

Earth , i .e. w ith  energies in  excess of 1016 eV. St i l l , the accelerat ion 

m echanism (s) leading to such ult ra-h igh energies and their  sourc-

es rem ain largely unknow n. The search is carr ied out  using the 

Pierre Auger Observatory, w hich is located in  western Argent ina 

near the ci ty of  Malargüe. The Pierre Auger Observatory consists 

of  1600 part icle detectors, located on a total  area of 3000 km 2, at  

ground level detect ing the tai l  of the extended air-shower result -

ing from  cosm ic rays. Th is part icle detector array is overlooked by 

27 opt ical telescopes, w hich record the � uorescence l ight  gener-

ated in  air  showers.

Between 2005 and 2010, the Pierre Auger experim ent  clear ly re-

con� rm ed the cut -off  in  the energy spect rum  of incom ing cosm ic 

rays. The discussion now  focuses on the nature of  th is cut-off . 

Th is cut -off  could be m ain ly due to the GZK-effect , i .e. the energy 

loss of protons through in teract ions w ith  the cosm ic m icrowave 

background, or to a l im it  of the ast ronom ical accelerators, w hich 

m ight  show  up by a gradual change in  the com posit ion (nuclear 

charge) of cosm ic rays at  the h ighest  energies.

Furtherm ore, the col laborat ion discovered that  the dist r ibut ion 

of  arr ival direct ions of cosm ic rays w ith  an energy larger than 

5.5×1019 eV is not  isot ropic. The nature of the cluster ing or the 

sources of cosm ic rays is st i l l  under debate. Our science publ ica-

t ion of 2007 showed a correlat ion w ith  the local dist r ibut ion of  

act ive galact ic nuclei , but  depending on the com posit ion of the 

cosm ic rays, i t  is not  excluded that  the � ux is dom inated by a few  

nearby sources.

To resolve th is fundam ental quest ion, the determ inat ion of the 

com posit ion of  the h ighest  energet ic part icles is essent ial . The 

Pierre Auger Observatory uses opt ical telescopes to detect  the 

� uorescence l ight  em it ted in  air  showers to study the shower 

   Research  h igh l igh ts 

•  Measurem ent  of a cutoff  in  the energy spect rum  of Ult ra 

High Energy Cosm ic Rays (UHECRs).

•  Determ inat ion of the com posit ion of cosm ic rays at  

ext rem e energies.

•  Measuring the non-isot ropic arr ival dist r ibut ion of 

UHECRs.

•  Radio detect ion of Cosm ic Rays.

•  First  m easurem ent  of the effect  of  charge excess at  the 

air-shower front  in  radio.

Figure 2.6.1. A particle detector in the foreground and two radio detection 

stations in the background.
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developm ent , w hich is the m ain handle for the determ inat ion of 

the com posit ion of the pr im ary cosm ic rays. The disadvantage of 

th is m ethod is that  i t  on ly works in  clear m oonless n ights, thus 

about  10% of the t im e. Due to the sm all � ux of UHECRs, th is up-

t im e l im its the com posit ion m easurem ent  to cosm ic rays w ith  

energies wel l  below  the cut -of f  in  the energy spectrum . And, as 

a m atter of fact , unt i l  today no data has been obtained w ith  the 

� uorescence detectors at  energies larger than 5.5×1019 eV, thus 

w here the an isot ropy starts and w here correlat ions w ith  ast ro-

nom ical objects can be m ade. The data obtained just  below  th is 

energy indicates a change in  com posit ion from  l ight  (proton-l ike) 

to heavy (iron-l ike).

The detect ion of coherent  radio em ission from  air  showers pro-

vides a com plem entary handle on the shower developm ent , w ith  

an upt im e of nearly 100%. However, th is technique is st i l l  under 

developm ent . In  2005 scient ists from  Nikhef, KVI/Universi ty of  

Gron ingen, and the Radboud Universi ty have been invi ted to par-

t icipate in  the Pierre Auger col laborat ion to lead the developm ent  

of  radio-detect ion at  the Pierre Auger Observatory. Our m ain effort  

is aim ed at  advancing the radio technique to be able to m easure 

the developm ent  of air  showers at  the h ighest  energies as a com -

plem entary tool for the determ inat ion of  the com posit ion of cos-

m ic rays at  the h ighest  energies.

Radio detection  of cosm ic rays
Huge num bers of  elect rons and posit rons are present  in  a h igh ly 

energet ic air  shower. The m ain m echanism  by w hich these part i -

cles em it  coherent  radiat ion is by their  m ovem ent  in  the Earth ’s 

m agnet ic � eld. There are two com plem entary view s of the m ain 

em ission m echanism . The m acroscopic view  describes the ef-

fect  of  the m agnet ic � eld on these m oving charged part icles as a 

current  perpendicular to th is � eld and to the direct ion of the in-

com ing cosm ic ray. In a m icroscopic view  the individual part icles 

are created and absorbed w hi le gyrat ing in  the Earth ’s m agnet ic 

� eld. In  both  m odels the shower front  is wel l  de� ned leading to 

coherent  radiat ion in  the 20–100 MHz regim e. Thanks to the radio 

developm ent w ith in  the Pierre Auger Observatory, we now  have 

reached a poin t  w here predict ions from  these two dif ferent  m od-

els are quite sim i lar, and both are in  agreem ent  w ith  observat ions.

The Nikhef group, as part  of the Dutch ef fort , has set  out  to estab-

l ish  the radio technique in  Argent ina by m easuring the radio sig-

nal of air  showers in  t im e-coincidence w ith  the part icle detectors 

of the Pierre Auger Observatory. We have set  up an in i t ial  array 

of three radio detector stat ions in  the Pierre Auger Observatory 

that  we have operated between 2007 and 2009. The read out  of 

the stat ions w as t r iggered using a sm all part icle detector, that  

w as located at  our cent ral  stat ion near the array. The data from  

th is setup have show n that  i t  is possible to operate low  noise 

radio detector stat ions, w hich are sensit ive to the galact ic radio 

background, in  the Pierre Auger Observatory. Using logarithm ic 

periodic dipole antennas, the setup was capable of m easuring 

radio signals induced by air  showers, and the cosm ic-ray arrival 

direct ion as reconst ructed from  the radio signals agreed w ith  the 

reconst ruct ion using the in form at ion from  the part icle detector 

array of the Pierre Auger Observatory.

Unexpectedly, the data from  th is setup also revealed a second-

ary m echanism  by w hich an air shower generates a radio signal. 

Th is m echanism  originates from  the excess of negat ive charge in  

the front  of an air  shower, as � rst  described by Askaryan in 1962. 

Th is charge excess causes a dipole ef fect , w hich leads to radio 

Figure 2.6.3. The 69 arrival directions of cosmic rays with an energy larger 

than 55 EeV detected by the Pierre Auger Observatory up to 31 December 

2009 are plotted as black dots in an Aitoff-Hammer projection of the sky in 

galactic coordinates. The solid line represents the border of the � eld of view 

of the observatory for zenith angles smaller than 60°. Blue circles of radius 

3.1° are centred at the positions of the 318 AGNs in the VCV catalog that 

lie within 75 Mpc and that are within the � eld of view.

Figure 2.6.2. An air shower recorded by the Pierre Auger Observatory par-

ticle detector array and by the four eyes of the � uorescence telescope sys-

tem. The colour-coding of the lines towards these four eyes indicates the 

movement of the shower as it penetrates the atmosphere. The colour-coding 

of the particle detectors is a measure of the relative timing for the detection 

of secondary particles in these detectors.
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em ission. However, the polar isat ion pat tern  is di f ferent  f rom  the 

m ain geom agnet ic cont r ibut ion. A Nikhef-in i t iated polar isat ion 

dependent  analysis of the data has clearly revealed, for the � rst  

t im e ever, the existence of th is effect  occurr ing in  air  showers.

As a next  step tow ards a large detect ion array, we have devel-

oped a radio detector stat ion that  uses solar power and digi tal  

elect ron ics very close to the radio sensor. The m ain chal lenges 

of th is setup are the suppression of pulsed (self-induced) noise, 

w hich in� uences the capabi l i ty of using the radio signal to t r igger 

the read out , as wel l as the l im ited power avai lable to am pli fy, 

digi t ise, store and send the data. Nikhef has cont r ibuted to th is 

setup by developing a low -power, passively cooled digi t iser w ith  

an onboard CPU, w hereas KVI/University of Groningen del ivered a 

low -noise h igh ly ef� cient  photo-voltaic system . Even though th is 

setup (MAXIMA) was too sm all  to exploit  sel f-t r iggering of cosm ic 

rays, we were able to record air-shower induced radio signals from  

th is setup by t r iggering the read out  of  each individual stat ion us-

ing a sm all local part icle detector. Th is setup has produced data of 

m uch h igher qual i ty than our or iginal setup, and the next  devel-

opm ent  of  a 20 km 2 radio detector setup is therefore based upon 

these stat ions.

The next  chal lenge for creat ing a large detector is the developm ent 

of  a low -power h igh-throughput  self-m anaging com m unicat ion 

system . We have found experts outside the Nikhef col laborat ion 

w ith  w hom  we are developing such a com pletely new  type of data 

com m unicat ion system  for sensor networks. This developm ent 

m ay not  on ly be bene� cial  for radio detect ion as th is can be ap-

pl ied to other purposes as well  (e.g. an early-w arn ing system  for 

catast roph ic events).

 

Aw ards
In th is period the group received a ‘projectruimte’ grant  together 

w ith  KVI/Universi ty of  Gron ingen and the ast rophysics group of 

the Radboud Universi ty. In  2007, J. Pet rovic received a NWO-Veni 

for com bin ing Pierre Auger Observatory and ANTARES research. 

In  2007, the EPS out reach prize w as awarded to C. Tim m erm ans 

for in i t iat ing HiSPARC, a cosm ic ray out reach project  in  the 

Netherlands. In  2009, the Dutch annual academ ic pr ize was 

awarded to “Cosmic Sensation” , w hich set  out  to t ranslate cosm ic 

ray research to a large audience. The team  of Cosm ic Sensat ion 

was com posed of honours students and scient ists of  the Radboud 

Universi ty and w as led by S. de Jong. 

Key publ icat ions
•  J. Abraham  (et al.) (The Pierre Auger Col laborat ion) Correlation of 

the highest energy cosmic rays with positions of nearby active galactic 

nuclei, Science 318 (2007) 938 

•  J. Abraham  (et al.) (The Pierre Auger Col laborat ion) Observation of 

the Suppression of the Flux of Cosmic Rays above 4×1019 eV, Phys. Rev. 

Let t . 101 (2008) 061101

•  J. Abraham  (et al.) (The Pierre Auger Col laborat ion) Measurement 

of the Depth of Maximum of Extensive Air Showers above 1018 eV, 

Phys. Rev. Let t . 104 (2010) 091101

Figure 2.6.4. Polarisation ellipse of a measured radio signal as a function of 

colour-coded time. The horizontal axis shows the pulse height in the East-

West direction, and the vertical axis shows the North-South polarisation. 

The signal starts at the blue-end, expands and ends at red.
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Research  activ i t ies
The fol low ing projects have been pursued:

Standard Model-like theories from str ing theory

•  Majorana neutr ino m asses incorporated in to conform al � eld 

theory based fram ework.

•  Predict ions for m odels w ith  3 fam il ies now  no longer unusual.

Top quark physics

•  Single top product ion included in  MC@NLO (Three Standard 

Model channels, plus one w ith  charged Higgs).

•  Single top production studied for SUSY-QCD model with Dirac gluino.

Cosmology

•  Many approaches tested for theoret ical consistency (hybrid in-

� at ion, st r ing based), show ing in� at ion to be an discr im inator 

between various new  physics m odels.

Gravitat ional waves

•  Com bined analyt ical-num erical approach developed for binary 

star system  em it ters.

Beyond the Standard Model

•  Next -to-leading order (NLO) plus next-to-leading logari thm ic 

(NLL) resum m ed product ion cross sect ions of squarks and glui-

nos derived.

•  Charged Higgs product ion buil t  in to MC@NLO.

•  Ext ra-dim ensional m odels w ith  soft  w al ls designed and consist -

ency cr i ter ia de� ned.

2.7  Theoret ical  physics 

Program m e organ isation
The program m e leader at  Nikhef is prof .dr. E. Laenen. The aw ard 

of the FOM program m e “Theoretical Particle Physics in the Era of the 

LHC” in  2007 (ending in  2014) has been very im portant  for the 

theory group at  Nikhef. By funding � ve PhD and � ve postdoc-

toral  fel low ships at  six part icipat ing inst i tutes i t  jum p-started a 

network-based effort  in  addressing the quest ion of w hat  is beh ind 

the Standard Model via the three them es of precision predict ions, 

discrete sym m etry violat ion, and new  part icle product ion. The 

group also has a direct  l ink w ith  the Gravitat ional Waves pro-

gram m e, of w hich prof.dr. J.W. van Holten is a m em ber.

Research  goal
The Nikhef theory group in  Am sterdam  pursues i ts ow n research 

object ives, supports, in form s and learns from  experim ental ef-

forts. It  also act ively part icipates in  teach ing efforts at  Nikhef 

through lab-w ide lecture courses and m entor ing of  Master stu-

dents, PhD students and postdocs. In  recent  years, aided by the 

FOM program m e, i t  increasingly acted as host  and coordinator 

of efforts in  the theoret ical part icle physics phenom enology. The 

group consists of � ve staf f  m em bers, and about  5–10 PhD students 

and postdocs. A num ber of Master students have recent ly also 

joined in  publ icat ions. Its research object ive is to describe and 

explain  the propert ies and in teract ions of  elem entary part icles, 

ch ie� y in  the fram ework of quantum  � eld theory. Th is entai ls both  

the const ruct ion and evaluat ion of  m odels, as wel l  as the develop-

m ents of analyt ical and com putat ional tools thereto.

part icles

supersymmetric ‘shadow’ part icles

Figure 2.7.1. In supersymmetry theory all part icles (bosons and 

fermions) have a –more massive– partner w ith the same quantum 

numbers except spin. Hence all bosons have a supersymmetric fermion 

partner and vice-versa.

   Research  h igh l igh ts

•  The cont inuing output  from  the heroic ef forts by Verm aseren, 

Moch and Vogt  that  produced the spectacular results of the 

3-loop QCD spl i t t ing funct ions in  2004.

•  The classi� cat ion of enorm ous num bers of  solut ions for the 

st r ing theory landscape by Schel lekens and collaborators, 

al low ing stat ist ical analysis on occurrance of features such 

a gauge groups and num bers of ferm ion fam il ies.

•  The open sourcing of  sym bol ic m anipulat ion program  

FORM, w ith  st rong support  of Nikhef m anagem ent ; a crucial 

step to m ake FORM viable for the long term .
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QCD predict ions and tools

•  Developm ent of tFORM started.

•  NNNLO correct ions to F2 and F3 coef� cient  funct ions com puted.

•  Heavy quark PDFs de� ned according to FONLL schem e.

•  3-loop quark and gluon form  factors com puted.

•  NLO predictions for vector bosons plus jets (background for top phys-

ics and new physics searches) computed and included into Blackhat.

•  NLO predict ions m ade and autom at ion ach ieved through 

GRACE, GOLEM and SAMURAI approaches.

•  Resum m at ion approaches extended to NNLL. Extension of web 

exponentat ion derived from  two to any num ber of external 

l ines. Classi� cat ion and resum m at ion of sub-eikonal term s 

ach ieved using both  path-in tegral and diagram m at ic m ethods.

Mathematical physics

•  Data m ine created for m ult iple zeta values.

•  Nonrelat ivist ic Chern-Sim ons vort ices on torus studied.

B-physics and CP violat ion

•  New  st rategy proposed for reducing the uncertain ty in  the 

m easurem ent  of the rate for B0
s
→�+�– at  LHCb – one of the key 

processes to search for New  Physics.

•  Show n that  B0
s
→J/ψ K

S
 helps explorat ion of  CP violat ion in B0

d
–B0

d

m ixing.

•  Show n that  B0
s
→K+K– offers in terest ing observables to search 

for new  physics, and poin ts to CKM angle γ in  agreem ent w ith  

Standard Model.

Special em phasis has been put  on col laborat ion between theorists 

and experim ental ists w ith  other groups w ith in  the Netherlands:

Joint publicat ions between different inst itutes in the FOM programme 

that involve Nikhef

•  Fam ily sym m etr ies (Bazzochi (VU), Adelhart  Toorop).

•  Squark-gluino product ion (Niessen, Beenakker (RU), Laenen).

Table 2.7.1. Important software (contributed to) by group members.

FORM, tFORM Verm aseren (et  al .) Sym bol ic m anipulat ion program ; i ts m ult i -threaded version. Used by theorists 

worldw ide for com put ing coll ider signals and m any other appl icat ions. 

GOLEM, 

SAMURAI

Reiter (et  al .) One-loop diagram s; one loop scat tering am pli tudes in  dim ensional regular isat ion.

Spinney; Haggies Reiter (et  al .) For spinor hel ici ty calculat ion; for generat ing opt im ised num erical codes from  

m athem at ical expressions.

Blackhat Forde (et  al.) NLO calculat ions for a vector boson plus up to four jets.

Madgraph 5, 

Feynrules

Herquet  (et  al .) Autom ated com putat ion of m any processes, requir ing on ly the Lagrangian as input .

Kac Schel lekens For com put ing “ fusion rules” in  conform al � eld theory.

MC@NLO Frixione, Webber, 

Laenen (et  al .)

Nikhef group m em bers added the single top product ion processes to th is fram ework. 

Figure 2.7.2. Colour glass condensate in proton-ion collisions. The nucleus is Lorentz contracted along the direction of motion. The term 'colour' refers to 

the colour charge of quarks and gluons, 'glass'  to the behaviour of this disordered state (a solid on short time scales, but a liquid on longer time scales) 

and 'condensate' to the very high density of the gluons.

π0

π0

proton
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Joint publicat ions and projects of theorists and experimenters

•  B-physics (Fleischer and LHCb staf f  m em bers).

•  Colour glass condensate PhD project  (Laenen and Peitzm ann 

(STAR, UU)).

Nat ional and in ternat ional  col laborat ions
The Nikhef theory group hosts the m onth ly Theory Cent re 

Meet ings, w here staff, postdocs, PhD and Master students from  

m any Dutch un iversi t ies in teract , discuss and col laborate on ques-

t ions relevant  for col l ider and ast ropart icle physics. These m eet-

ings, featur ing also advanced lectures on relevant  topics, have be-

com e a � xture on the Dutch theoret ical physics calendar. Nikhef 

also hosts the Nat ional THEP sem inar tw ice a year. At  present  the 

group is a ful l  node in  the FP7 t rain ing network ‘LHCPhenoNet ’. It  

w as a subnode in  the FP7 t rain ing network ‘HEPTOOLS’, unt i l  com -

plet ion of th is program m e in  2010. Group m em bers have research 

col laborat ions w ith  col leagues al l  over the world.

Guests
More than the other physics groups at  Nikhef, the theory group 

has a t radit ion of invi t ing guest  scient ists for longer-term  

visits for the purposes of col laborat ion and extended discus-

sions. During 2009-2010 the num ber of foreign guests was 20 w ith  

af� l iat ion: Universi ty Pierre et  Marie Curie–Paris VI, Universi ty of 

Tours (France), University of  WÜrzburg, DESY Zeuthen, Universi ty 

of Aachen, Universi ty of MÜnchen (3) (Germ any, Physics Depart -

m ent -IIT Mum bai (2), Universi ty of  Madras-Chennai (India), 

University of Torino (Italy), CERN (2) (Sw itzerland), Universi ty of 

Liverpool (3) (UK), SUNY Buffalo, Ferm ilab (US) and Universi ty of 

Hanoi (Vietnam ).

New  staff and aw ards
R. Fleischer joined the group per Septem ber 2009, thereby 

st rengthening the ef forts in  precision predict ions and in  the phys-

ics of � avour and CP violat ion. M. Postm a, working in the area of 

in� at ionary cosm ology and i ts relat ion to part icle physics, joined 

the group on a 5 year NWO-Vidi grant  in  2008. FOM ‘Projectruimte’ 

grant  proposals have been awarded to Schel lekens (2005), Laenen 

(2005, w ith  experim ental physics col league), Verm aseren (2007), 

Fleischer (2009). In  2006 Verm aseren was awarded the Hum boldt  

research pr ize, enabling h im  to spend extended periods in  DESY 

Zeuthen, and Karlsruhe. Postdocs C. White (2008) and M. Herquet  

(2010) were aw arded Marie Curie Fellow ships. 

Key publ icat ions
•  T. Di jkst ra, L. Huiszoon, A. Schellekens, Supersymmetric Standard 

Model spectra from RCFT orientifolds, Nucl.Phys. B710 (2005) 3 

•  S. Moch, J. Verm aseren, A. Vogt , The Third-order QCD corrections 

to deep-inelastic scattering by photon exchange, Nucl.Phys. B724 

(2005) 3

•  R. Jeannerot , M. Postm a, Confronting hybrid in� ation in supergrav-

ity with CMB data, JHEP 0505 (2005) 071

•  S. Fr ixione, E. Laenen, P. Motyl inski, B.R. Webber, Single-top 

production in MC@NLO, JHEP 0603 (2006) 092

•  W. Beenakker, S. Brensing, M. Kram er, A. Kulesza, E. Laenen, 

I. Niessen, Soft-gluon resummation for squark and gluino hadropro-

duction, JHEP 0912 (2009) 041

•  R. Fleischer, N. Serra, N. Tuning, A New Strategy for Bs Branching 

Ratio Measurements and the Search for New Physics in B0
s
 → μ+μ–, 

Phys.Rev. D82 (2010) 034038
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2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

Projects 70 54 28 59 69 262 350 552 323 

Universities 45 45 43 43 518 549 621 577 384 

FOM-university groups 66 192 268 

FOM-Nikhef 665 680 775 817 871 728 727 609 734 734 887 
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Program m e Organisation
The program m e was led in  2005–2008 by dr. J. Tim m erm ans, in  

2009 -2010 by prof.dr. F. Linde and since Novem ber 2010 by dr. N.A. 

van Bakel. The program m e has started of� cial ly in  2003 as Nikhef 

program m e, funded out  of the m ission budget . 

Research Goal
The focus of the Nikhef R&D group has been on the further de-

velopm ent  of gaseous and si l icon detectors for charged part icles 

and X-rays w ith  pixelated read out  at  m ult i -gigabit  per second 

read out  rate. The context  of  the program m e has been both the 

preparat ion for a new  generat ion of  experim ents at  the e+e– l inear 

col l ider (ILC or CLIC) as wel l  as in t r insic detector R&D w ith  fore-

seen appl icat ions on ly on a long term  basis. Col laborat ions w ith  

indust r ial partners are act ively pursued. 

The group has been act ive in  the fol low ing R&D areas: 

•  Gaseous detectors read out  by special ly developed m ult i -pixel 

CMOS ch ips w ith ful ly in tegrated gas-gain  gr id; 

•  Hybrid CMOS pixel detectors for X-ray im aging applicat ions; 

•  Al ignm ent system s based on RASNIK;

•  Com pact  read out electronics based on Medipix & Tim epix ASICs;

•  CO
2
 detector cool ing.

Moreover, in  the evaluat ion period the group has seen grow th in the 

num ber of staff m em bers as well as of PhD and m aster students.

Research Act ivi t ies
Gaseous detectors

As a possible solut ion for the fabricat ion of larger pixelated Micro 

Pat tern  Gas Detector (MPGD) elem ents, the group proposed the in-

tegrat ion of  the am pli� cat ion gr id w ith  the read out  ch ip by m eans 

of wafer post -processing and MEMS (m icro-elect ro m echanical 

system s) technology: a th in  (1 μm ) alum in ium  grid is fabr icated 

on top of  an array of 50 μm  long pi l lars placed on a CMOS ch ip. 

Th is st ructure form s a ‘m onol i th ic’ detect ion and read out  device, 

cal led GridPix, and the fabricat ion process has been developed in  

close col laborat ion w ith  the MESA+ inst i tute of the University of  

Twente. Several GridPix’s of  di f ferent  geom etry, shape and pitch 

of  the gr id holes, and m ult ipl icat ion gap th ickness (pi l lar height ) 

were produced and tested w ith  various gas m ixtures. Energy reso-

lut ion and gas gain  were m easured as a funct ion of  the gr id geom -

et ry param eters. As an exam ple, a m axim um  gas gain  is reached 

for a gap th ickness around 50 μm  (at  � xed gr id voltage), in  agree-

m ent  w ith  expectat ions from  m odel calculat ions.

Achieving suf� cient  protect ion against  discharges has been an 

enorm ous breakthrough. In i t ial ly, th is has been real ised by m eans 

2.8  Detector R& D

Figure 2.8.1. The tracks of an electron and an electron-positron pair 

resulting from the decay of a 24Na nucleus, recorded with the GridPix 

detector. The drift t ime, proportional to the perpendicular coordinate, is 

indicated by colour. Each hit pixel can be associated with a single electron, 

created� along the path of the energetic particles.

   Research h igh l igh ts 

•  Product ion of  GridPix, a novel Micro Pat tern  Gas Detector 

on a CMOS pixel read out  ch ip, w ith  wafer post -processing 

technologies.

•  Const ruct ion and test ing of a large prototype Tim e-

Project ion-Cham ber (TPC) for a future l inear col l ider.

•  Developm ent  of a com pact  1 Gbit /s read out  system  for the 

Medipix2 and Tim epix m icro-ch ips.

•  Developm ent of a Tim epix read out ASIC (Applicat ion Speci� c 

Integrated Circuit) w ithin the Medipix collaboration.

•  Successful ending of  the RelaXd project ; developm ent  of  

a com pact  1 Gbit /s read out  system  for the Medipix2 and 

Tim epix ch ips.

•  New  R&D projects: the Hidralon project  in  close col labora-

t ion w ith  Phi l ips Healthcare and a ch ip design project  w ith 

Bruco in  the fram ework of the ‘Kenniswerkersregeling’.
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of 15–20 μm  th ick am orphous si l icon layers on the CMOS read out  

ch ip. Later, another h igh-resist ive m ater ial  Si
3
N

4
 (si l icon n it r ide) 

has been successful ly appl ied result ing in  a 7 μm  th ick protect ion 

layer. Further developm ents of the GridPix product ion process to 

im prove perform ance and yield have been a cont inuous effort . 

GridPix detectors w ith  on ly a th in  layer of gas covering the pixel 

ch ip could be an alternat ive for Si l icon sensors, now  w idely ap-

pl ied in  t racking detectors. A beam  telescope has been assem bled 

consist ing of  three GridPix detectors, having a dr i f t  gap of 1 m m . 

The telescope w as placed in  the H4 testbeam  at  CERN to m easure 

the basic operat ional param eters of the MPGD detectors, such as 

posit ion resolut ion, angular resolut ion, ef� ciency and double t rack 

separat ion. Th is showed the superior 3D angular t rack resolut ion 

of  th is type of detector. While the ful l  analysis of the abundance 

of data is st i l l  in  progress, prel im inary analysis has resulted in  a 

posit ion resolut ion of  15 μm  and a t rack detect ion ef� ciency of  

99%. With  an angular resolut ion of 0.6° a single gas layer GridPix 

detector could provide m om entum  inform at ion for the ATLAS 

Level-1 t r igger.

GridPix could provide bet ter radiat ion tolerance, and be m uch 

l ighter com pared to sem iconductor detectors. The crucial feature 

of ‘ageing’ has been studied w ith som e encouraging results. In  2010 

the ATLAS Execut ive Board has reviewed the possible bene� ts and 

w i l l  support  th is R&D effort  for a durat ion of three years to dem -

onstrate and quant ify perform ance, cost  and rel iabil i ty, w ith the 

rem ark that  si l icon sensors rem ain the ATLAS baseline solut ion.

Several projects have evolved last  year as a spin-off  f rom  the gas 

detector and read out  ASIC efforts w ith in  the group. In tegrat ing a 

UV-photon sensit ive CsI photocathode on top of a gr id st ructure 

enables h igh resolut ion im aging of single UV-photons. Th is detec-

tor operated rel iably w ith  He/ isobutane gas m ixtures and at tained 

suf� cient  charge gain. Another appl icat ion uses a GridPix detector 

w ith  a 2 cm  dri f t  gap, cal led PolaPix, to detect  cosm ic x-rays. By 

reconstruct ing the direct ion of  the ejected elect rons the associat -

ed polar isat ion angle of  the x-rays can be determ ined. A new  R&D 

act ivity is part  of a DARWIN design study, plann ing to use GridPix 

in  dual phase noble l iquid detectors to detect  rare processes l ike 

dark m at ter in teract ions. A � rst  experim ental setup has been as-

sem bled to operate a GridPix detector under cryogenic condit ions.

In  the fram ework of  the European EUDET R&D project  towards a 

future Linear Col l ider detector, Nikhef in i t iated the developm ent  

of  the Tim epix ch ip as a m odi� cat ion of  the earl ier used Medipix2 

ch ip. The Tim epix not  on ly provides a h igh-granular i ty x-y 

coordinate read out , but  each 55×55 μm 2 pixel also m easures the 

arr ival t im e of the charge on the pixel, thus providing the th ird 

spat ial  coordinate (z). 

The group is part icipat ing in  the Linear Col l ider TPC (LCTPC) 

col laborat ion, w hich pursues R&D for a large Tim e-Project ion 

Cham ber (TPC). The perform ance goals for such a TPC are an order 

of m agnitude bet ter m om entum  resolut ion than obtained at  LEP. 

In  col laborat ion w ith  CEA Saclay an 8-fold GridPix detector system  

has been prepared, and m ounted on an endplate m odule for the 

EUDET Large Prototype TPC test  faci l i ty, instal led inside a 1 T sole-

noid at  a 6 GeV elect ron test  beam  at  DESY. Stable data taking has 

been ach ieved in  2010 w ith  sat isfactory operat ion of the detector 

dem onst rat ing the ant icipated h igh granular i ty.

Semiconductor detectors

Si l icon hybrid pixel detectors w ith  Medipix read out  have been 

used to m easure local space vectors for part icle t rajector ies in-

stead of poin ts. One setup consisted of two hybrid detectors 

closely assem bled in to a vert ical stack. Th is 2-sensor system  

dem onst rated a � rst  volum etr ic pixel (voxel) w ith  ful l  paral lel  

read out , providing precision t racking, even at  h igh densit ies of 

incident  part icles. Secondary ‘delta’ electrons have been observed, 

w hich have a h igh probabi l i ty to create corrupted posit ion m eas-

urem ents along the t rai l . If  these can be recognised in  a � t t ing 

procedure, an im proved precision m ay be ach ieved.

Another effort  is aim ed at  character izing edgeless sensors. Dicing 

techniques are com pared in  the quest  for sm oother edges to re-

duce leakage currents in  the act ive pixel m at rix. Th is program m e 

started w ith  si l icon sensors in  the ReLaXd project  and has been 

extended tow ards heavier m aterials l ike gal l ium -arsen ide and 

cadm ium -tel lur ide in  cooperat ion w ith  Phi l ips Healthcare in  the 

Hidralon project  for the use in  m edical in tervent ional X-ray im ag-

ing. Speci� cal ly, the reduct ion of  the inact ive edge of the sensor is 

under study to enable t i l ing w ith  a m in im um  of dead area between 

the t i les. A proof of  pr inciple has been establ ished w ith  sign i� cant  

reduct ion of the guard r ings surrounding the act ive area of si l icon 

pixel sensors. For a 300 μm  thick si l icon sensor the guard r ing has 

been reduced from  500 μm  to about  50 μm  from  the sensor edge, 

Figure 2.8.2. RelaXd quad chipboard with high-speed read-out module.
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decreasing the dead area from  7% to 1%. Two such sensors were 

placed side by side in  a test  beam  at  CERN and revealed a dead-

area of on ly 90 μm  between the two m odules. 

The ReLaXd project  is a collaborat ive ef fort  w ith  indust ry, 

PANalyt ical in  the Netherlands, IMEC research cent re and 

Canberra in  Belgium , to develop a h igh-speed X-rays im ager. The 

Nikhef part icipat ion focuses on the developm ent of detector un its 

that  can be t i led at  al l  four sides in to larger surfaces and can be 

read out  at  a m ult i -gigabit  per second rate. Th is requires replacing 

the w ire-bond read-out  at  the side of  the ch ip by Through-Sil icon-

Vias; a bal l-gr id-array at tached to the bond-pads at  the front  of 

the ch ip. To m in im ise the area between the t i les, edgeless sen-

sors have been designed by Canberra. The � rst  devices have been 

m ade and tested. The perform ance of the edge-pixels in  the vari-

ous con� gurat ions has been studied. The m ult i -gigabit  per second 

read out  is being developed in  col laborat ion w ith  PANalyt ical. The 

fram e rate was increased to about  100Hz and ful l  com m unicat ion 

w ith  the ch ip is being im plem ented in  the onboard � eld-program -

m able gate array (FPGA). Th is system  is now  the basel ine read-out  

at  Nikhef for al l  Medipix related experim ents w ith  gas and sem i-

conductor detectors. 

In  the fal l  of 2009 a col laborat ion between Bruco, an ASIC design 

house special ised in  m ixed signal design, and Nikhef started 

under the ‘Kenniswerkers regeling’. With in  the col laborat ion two 

projects were de� ned. In  the � rst  sub-project  we designed and 

tested a prototype ch ip in  a 130 nm  technology w hich proved that  

i t  is possible to t ransfer data over m icro tw isted pair  cables of 2 m  

w ith  speeds in  excess of 8 Gbit /s. The typical appl icat ion for such 

l inks are the inner detectors of col l ider experim ents w here opt i-

cal  t ransm ission m ight  not  be feasible due to the harsh radiat ion 

environm ent . With  som e sm all  design m odi� cat ions speeds of 10 

Gbit /s seem  possible.

The second sub-project  consisted of extensive studies to opt im ise 

the read out  arch itecture of pixel detector read-out  ch ips. A st rong 

reduct ion in  the data volum e has been obtained by im plem ent ing 

sparse read out , i .e. only those pixels are read out  w hich have a 

h i t . A further reduct ion in  the am ount  of data was ach ieved by 

clustering h its from  adjacent  pixels w hich al low s rem oval of re-

dundant  address and t im ing in form at ion. The studies have show n 

that  i t  is possible to read out  m ore than 500 m il l ion pixel h i ts per 

second w ith  a loss of less than 1%.

Optical alignment for a Linear Collider (CLIC)

A new  cooperat ion between Nikhef and CERN is the so-called 

RasClic opt ical  al ignm ent  system , for pre-al ignm ent  of accelera-

tor elem ents at  a future e+e– l inear col l ider (notably for CLIC), and 

to m onitor the posit ion of the � nal focus quadrupoles on each 

side of  the detector. 

RasClic is a laser-based three-poin t  al ignm ent  system , derived 

from  the short -range system  RASNIK but  using dif fract ion rather 

than im aging, dedicated to the al ignm ent  of  ILC/CLIC elem ents 

and m onitor ing slow  osci l lat ions result ing from  earthquakes 

(‘earth  hum ’). A patent  for both  appl icat ions has been subm it ted; 

earth hum  wave packets were � rst  observed on 12 Septem ber 

2007. Several test  benches have been com m issioned at  Nikhef and 

CERN to study short  and long range al ignm ent  w ith  sub-m icrom e-

ter precision. Observed precision of the 91 m  prototype at  CERN is 

below  200 nm  per m easurem ent , w ith  im proved l ight  insert ion by 

opt ical � bre. Recent  upgrades are an extension to 140 m  (projected 

500 m ), increased m easurem ent  repet i t ion rate from  average 12.5 

Hz to stabil ised 62.5 Hz, tem perature m onitor ing of the environ-

m ent  for dr i f t  correct ion, and im proved pat tern  analysis; target  

precision is f rom  10 dow n to 1 nm . 

CO
2
 cooling

The group has been involved in  developing cooling equipm ent  for 

the Alpha Magnet ic Spect rom eter experim ent  (AMS: designed to 

search in  space for dark m at ter, m issing m at ter and ant im at ter at  

the in ternat ional space stat ion ISS), and the LHCb experim ent  at  

LHC. Both experim ents have detector cool ing based on an evapo-

rat ing cool ing cycle. Using l iquid CO
2
 as a cool ing � uid, al low s the 

experim ents to work w ith  h igh pressure, sm all sized tubing and 

thus low -weight  system s. As a consequence of working w ith  h igh 

pressure one can regulate the cool ing tem perature of the detector 

at  0.3 °C over a distance of 60 m .

Due to the success of th is cool ing system s for AMS and LHCb, CO
2 

cool ing has acquired popular i ty at  var ious inst i tutes and universi-

Figure 2.8.3: Comparison between edges and guard ring structures of 

silicon sensors: a sensor with conventional guard ring diced with a blade 

(left) and one cut out by deep reactive ion etching and a narrow guarding 

structure (right).
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t ies. In  July 2009 a col laborat ion has started between inst i tutes 

and un iversi t ies that  have in terest  in  cool ing plants w ith  CO
2
 as 

cooling � uid. 

Nikhef Contribu tions
Nikhef cont r ibuted to Medipix the design and fabricat ion of car-

rying PCBs for single, four and eight  ch ips and the design, fabr ica-

t ion and cont rol  of the interface box between the ch ip and read-

out  com puter. Nikhef played and plays a pioneering role in  the 

detect ion of  m in im um  ion izing part icles using (in tegrated) MPGDs 

and CMOS pixel read-out  ch ips. RASNIK al ignm ent  system s have 

been invented and developed at  Nikhef and were/are appl ied in 

large quant i t ies in  e.g. the ATLAS experim ent  at  LHC. For XFEL 

detector R&D act ivi t ies DESY has expressed in terest  in  acquir ing 

a CO
2
-cooler based on the Nikhef design.

Dr. J. Visschers is deputy spokesperson of Medipix2, dr. J. Tim m er-

m ans is t racking coordinator of EUDET and deputy European con-

venor of  the LC–TPC col laborat ion.

National Col laborat ions
A close col laborat ion exists w ith  the MESA+ Inst i tute of  the 

Universi ty of  Twente, in  part icular w ith  the groups of prof. dr. 

J. Schm itz and prof. dr. B. Nauta.

In  a m ult idiscipl inary collaborat ion w ith  the Faculty of Elect r ic 

Engineering of  the Universi ty of Twente (prof. dr. i r. Bram  

Nauta) two PhD projects were com pleted, funded by STW and 

indust r ial  grants.

In ternat ional Col laborations
The group is involved in  in ternat ional col laborat ions: the EU-

FP6 funded EUDET project ; w ith  groups from  the un iversi t ies of 

Bonn and Freiburg, CEA Saclay and CERN, and the Medipix2 and 

Medipix3 projects. The Medipix2 Col laborat ion consists of 17 lead-

ing research groups across Europe, cent red at  CERN.

The ReLaXd project  funded by SenterNovem , an agency of the 

Dutch Min ist ry of Econom ic Affairs, is a col laborat ion between 

Nikhef and IMEC Leuven, as know ledge inst itutes, and indust r ial  

com panies: PANalyt ical and Canberra.

The Hidralon project  is pursued in  close col laborat ion w ith  

m anufacturers e.g. Ph i l ips Healthcare and Orbotech and other re-

search groups such as the Delft  Un iversi ty of Technology and the 

Fraunhofer Inst i tute.

Aw ards
A valorisat ion grant  of the Technology Foundat ion STW  was re-

ceived by N. van Bakel and J. Visser (R&D) for their  proposal “Hybrid 

Pixel Detector Arrays for Industrial and Photon Science Instrumentation” 

to develop pixel detectors for other appl icat ions in  the fram ework 

of a Nikhef spin-off com pany.

For the sem iconductor detector developm ents, two projects w ith  

Nikhef involvem ent  were rewarded by SenterNovem : the ReLaXd 

project  (w ith  PANalyt ical, Canberra and IMEC) and the Hidralon 

project  (w ith  a large European consort ium  in  w hich Nikhef pre-

dom inant ly works w ith  Phi l ips Healthcare).

SenterNovem  accepted a Nikhef proposal in  2009 for i ts 

‘Kenniswerkers Regeling’. Th is enables two engineers of the com pa-

ny Bruco to work for a period of 18 m onths on two pixel-detector 

projects at  Nikhef.

Key Publ icat ions
•  T. Tick (et al.), J. Visser, Status of the timepix MCP-HPD development, 

J. Inst r. 5 (2010) C120205

•  H. van der Graaf, New results of GridPix TPCs, J. Phys. : Conf. Series 

179 (2009) 012008

•  H. van der Graaf, Novel gas-based detection techniques, Nucl. Inst r. 

Meth. A 604 (2009) 5

•  M. Chefdevi l le (et al.), An electron–multiplying ‘Micromegas’ grid 

made in silicon wafer post–processing technology, Nucl. Inst rum . 

Meth. A 556 (2006) 490

•  J.R. Schrader (et al.), Pulse–width modulation pre–emphasis applied in 

a wireline transmitter, achieving 33 dB loss compensation at 5 Gb/s in 

0.13 μm CMOS, IEEE J. Solid State Circuits 41 (2006) 990
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2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

Projects 50 50 137 193 163 72 153 208 100 325 418 

FOM-Nikhef 190 210 221 232 321 527 504 569 1,030 1,201 1,479 
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Research  act iv i t ies
The Nikhef gr id ‘si te’ (col lect ion of storage and com put ing re-

sources) are connected to var ious com put ing gr ids com prising 

hundreds of other si tes, serving the work of thousands of users to 

hundreds of thousands of com puter processor cores and tens of 

thousands of Terabytes of  storage. Th is ecosystem  presents m any 

direct ions in  w hich one could pursue research. The Nikhef group 

focuses on three rather pract ical research quest ions:

•  How to construct (the various pieces of) the grid so that they can 

function at the required scale;

•  How to provide secure access to grid resources;

•  What ‘design patterns’ are appropriate for using grid computing infra-

structures.

Our prim ary research m ethod is the classic engineering cycle: 

de� ne, design, develop, and test . The faci l i ty that  we operate at  

Nikhef is large enough so that  the ‘test ’ phase of th is cycle w i l l  

local ly encounter m ost  of  the scaling problem s associated w ith  

gr id com put ing at  product ion scale.

Scal ing and val idat ion  of gr id in frastructures
The scale of the European research gr id (� rst  under the pan-Euro-

pean gr id in frast ructure EGEE; now  EGI), and the Worldw ide LHC 

Com put ing Grid (WLCG) has increased enorm ously during the 

evaluat ion period 2005-2010. In  2005, these gr ids were just  begin-

n ing to evolve from  research testbeds in to real product ion infra-

st ructures. Since then, the local resources expanded by a factor 

10 in  com put ing and a factor of one hundred in  both  storage and 

(networking) bandw idth . The WLCG ‘Service Chal lenges’ were the 

core of a two year program m e to accom plish th is evolut ion, run-

n ing from  Novem ber 2004 unt i l  Apri l  2007 (w hich w as at  that  t im e 

the target  date for the start  of LHC operat ions). During th is cr i t ical  

per iod, global deploym ent  was to a large extent  coordinated by our 

group m em ber K. Bos in  h is role as chair  of  the Grid Deploym ent  

Board of the WLCG. At  the beginn ing of 2005, the gr ids were ‘bl ind’: 

operat ional status of  the si tes was not  being m onitored, and the 

system  for usage account ing was in  the prototype stage. Nikhef 

2.9  Physics data processing: Grid com put ing

   Research  h igh l igh ts 

•  Real isat ion of Dutch LHC Tier-1 faci l i ty.

•  Real isat ion of global gr id t rust  network.

•  Real isat ion of sustained end-to-end data t ransfers at  the 

10 Gbit /s level (LHC data from  pit  to disk server at  Tier-1).

•  Expanding regim e of stable system s operat ion by orders of 

m agnitude.

Program m e organ isat ion
Since 2004 dr. J.A. Tem plon is the program m e leader. Th is Nikhef 

program m e is not  associated w ith  a speci� c FOM program m e, 

but  is funded out  of the m ission budget . The act ivi ty started in  

2000. Since 2001 approxim ately 75% of the funding for th is act ivi ty 

com es from  external sources such as EU-Fram ework program m es 

or nat ional (Dutch) subsidies for e-in frast ructure deploym ent  and 

research. As of  th is w ri t ing, funding is assured through the end 

of 2012.

Research  goal
The h igh-energy physics com m unity requires a very-large-scale 

com put ing in frastructures to accom plish i ts research goals. 

As one of Nikhef ’s ‘enabl ing technology’ program m es, the Grid 

Com put ing program m e is aim ed at  understanding how  to bui ld 

and operate such an in frast ructure, and in  addit ion to m ake the 

result ing in frast ructure general ly accessible to other research 

com m unit ies w ith  sign i� cant  com put ing needs. A st rength of  the 

Nikhef program m e is that  we not  on ly work to understand how  to 

bui ld and operate the in frast ructure; we actual ly do i t : one of the 

act ivi t ies of  the group is to operate a sign i� cant  com ponent  of the 

Dutch LHC Tier-1 com put ing cent re. Th is aspect  dist inguishes the 

research at  Nikhef f rom  academ ic research on dist r ibuted com -

put ing being done in a un iversi ty set t ing.

Figure 2.9.1. Grid computers inside the new Nikhef data centre, 

commissioned in 2009.
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played an im portant  role in  the developm ent  and establ ishm ent  

of the account ing and especial ly the m onitor ing in frast ructure, 

w hich by the end of the evaluat ion period is a wel l-establ ished 

part  of both  W LCG and EGI.

The t ransit ion to a product ion in frast ructure m eant  that  in  addi-

t ion to an increase in  the scale of the system  at  al l  levels, the ex-

pectat ions on system  rel iabi l i ty increased. To m eet  th is goal (97% 

avai labi l i ty) at  these scales, a num ber of  act ions were taken. At  the 

si te level, an autom ated m onitor ing system  (Nagios) was deployed 

that  in tegrates local tests of the system  w ith  those col lected by 

the grid-w ide m onitoring system  (the � rst  version of w hich w as 

deployed in  2005). The num ber of  local tests has steadi ly increased 

over t im e as we learn w hich condit ions signal an im pending 

problem  w ith  one of the services. The m onitor ing system  in  som e 

cases takes prevent ive act ion such as set t ing a m alfunct ion ing 

m achine of� ine. Th is is necessary since the system  operates 24×7 

w hereas the operators do not . Most  gr id services are now  run 

in  virtual m achines, w hich great ly faci l i tates the task of instal-

lat ion and m aintenance. Many core services are now  repl icated, 

som et im es via providing m ult iple front-ends (e.g. our four gate-

keepers accept ing com put ing tasks) and som et im es via a fai lover 

con� gurat ion (e.g. the LDAP servers providing the back end of our 

Network In form at ion Service).

A crucial scal ing occurred in  our in ternal network in frast ructure. 

Th is scal ing was largely unant icipated, as the LHC experim ents 

severely underest im ated the bandw idth  requirem ents between 

grid storage and their com put ing tasks. While we had planned 

for an in ternal 10 Gbit /s backbone, parts of the system  ult im ately 

required upw ards of  100 Gbit /s, w hich in  turn  required a m ajor re-

design of the si te network. A related issue is the em erging ‘cr isis’ 

in  data m anagem ent ; at  current  scales, new  paradigm s in  data ac-

cess and m anagem ent are required. Research on these paradigm s 

is discussed below.

Routed Internet US GEANTRouted Internet AMS-IX Other T1s CERN T0 Other T1s

IO Proximity Group A IO Proximity Group B IO Proximity Group C

160 Gbit/s 160 Gbit/s

10 Gbit/s

10 Gbit/s

10 Gbit/s10 Gbit/s 3x1 + 2x10 Gbit/s

40 Gbit/s 40 Gbit/s
40 Gbit/s

40 Gbit/s 40 Gbit/s

16x10 16x10

10 Gbit/s

BiG Grid: The Netherland T1 Service

1GiB/s

Figure 2.9.2. Network connections schematic 

for the Dutch LHC Tier-1. Proximity group ‘A’ is 

physically housed at Nikhef, B and C at SARA.

Providing secure access to gr id in frastructures
One of the m ajor ach ievem ents during th is period w as the found-

ing of the In ternat ional Grid Trust  Federat ion (IGTF) in  2005. 

Cooperat ion am ongst  gr id users and si tes dist r ibuted around 

the world, requires a system  for ident i fying users and si tes, in  

a fash ion secure enough to sat isfy al l  involved. The WLCG is an 

ext rem ely valuable target  for cybercr im inals due to the large 

am ount  of com puter processors and especial ly due to the ag-

gregate bandw idth  out  of the system . The degree of t rust  in ternal 

to a com put ing gr id is rather h igh, w hich requires a h igh level of  

securi ty at  the boundaries – hence the im portance of th is issue. 

Nikhef played a leading role in  the founding of the IGTF.

During th is period, the experience gained from  the gr id testbeds 

was used to develop a coherent  security arch itecture for the 

European gr id in frast ructures. Nikhef w as part  of the team  de� n-

ing th is architecture, and our group is responsible for developing 

several software com ponents im plem ent ing various pieces of th is 

arch itecture. gLExec is a program  to m ake the required m apping 

between the gr id world and the Unix not ion of  users and groups, 

and has the capacity to enforce that  m apping by m odifying the 

user and group ident i ty of  gLExec and any processes spaw ned 

through gLExec. The gLExec m echanism  for local execut ion of gr id 

tasks and the Site Cent ral  Authorizat ion Service (SCAS) server for 

providing authorizat ion decisions on resource requests have both 

been im plem ented and deployed on the product ion gr id system s. 

gLExec is also being used as a core com ponent  at  several US gr id 

si tes. As of th is w rit ing, the advanced Execut ion Environm ent  

Service is st i l l  under developm ent . Th is com ponent  is of  in terest  

in  providing advanced capabil i t ies such as execut ing grid jobs 

w ith in  user-speci� ed virtual m achines (pr ivate clouds).

Gr id design  patterns
The LHC Tier-1 service is funded by the Dutch nat ional gr id 

project  (BiG Grid). The proposal for th is project  w as subm it ted 

to the Dutch governm ent  in  2005 by Nikhef, the Netherlands 
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Bioin form at ics Consort ium  (NBIC), and the Dutch Nat ional 

Com put ing Foundat ion (NCF). BiG Grid’s m ain goal is to provide 

enabling com put ing technology to Dutch scient ists f rom  any � eld. 

Nikhef ’s m ain  part icipat ion in  th is project , aside from  operat ing a 

sign i� cant  f ract ion of  the com put ing, is in  m aking the connect ion 

between users and the gr id. Large-scale use of dist r ibuted com -

put ing resources is sign i� cant ly di f ferent  than analysing data in  

spreadsheets on a desktop com puter. 

During th is period we have col laborated w ith  several groups, m ost  

notably the Max Planck Inst i tute for Psychol inguist ics (authent i-

cat ion and authorizat ion fram eworks), LOFAR (data arch ives and 

h igh-bandw idth  data t ransfers), and the Academ ic Medical Cent re 

in  Am sterdam . The chal lenge is to � nd ‘design pat terns’ that  are 

reusable for a large class of users, and also to know  w here to draw  

the l ine: especial ly in  the area of data access, one size certain ly 

does not  � t  al l . Whereas h igh-energy physics projects t ry to organ-

ise their  data m ost ly as large (> 1 Gigabyte) � les, the m edical com -

m unity prefers relat ional database system s, and workers from  

com putat ional chem ist ry tend to produce very large num bers of 

very sm all  (ki lobyte) � les.

Th is is i l lust rat ive of the data ‘cr isis’ referred to above; in  addi-

t ion to issues surrounding the dif ferent  storage paradigm s used 

by di f ferent  com m unit ies, there is also the issue of how  to best  

dist r ibute data to opt im ise both  ease of access and ef� ciency of 

storage. The LHC experim ents’ in i t ial at tem pts in  these areas have 

fai led m iserably. These early at tem pts were based on pre-place-

m ent  of data, in  ant icipat ion of expected heavy usage. It  proved 

im possible to m ake accurate predict ions about  the frequency of 

access to data; hence m ost  of the data stored at  WLCG sites w as 

never being accessed, and m any user jobs ran at  low  CPU ut i l isa-

t ion w hi le w ait ing for data. In  2010 our group buil t  a prototype 

data-prefetcher for the LHCb experim ent  that  addresses the lat ter 

problem . We expanded th is effort  based on discussions at  a data 

m anagem ent  workshop we hosted in  Am sterdam  in  June 2010. 

The current  work in  th is area is based on ideas from  web proxy 

caches and content -delivery networks.

Nikhef con tr ibut ions
The prom inence of the Nikhef group in the above grid topics can 

be recognised from  the fact  that Nikhef was one of the � ve core 

partners in  the � rst  European grid project, the European Data 

Grid (EDG). Nikhef was also heavily involved in construct ing the 

� rst  EGEE proposal, provided the m ajority of the w rit ing team  

for the BiG Grid proposal, and was responsible for the bid book, 

which led to the establishm ent of EGI.eu headquarters in  Science 

Park Am sterdam . 

During the review  period Nikhef has provided: representat ion in the 

EGEE Project Technical Forum  and Technical Coordinat ion Group (J. 

Tem plon); Area Director for Security and Open Grid Foundat ion (D. 

Groep); chair of the WLCG Grid Deploym ent Board (K. Bos); chair  

of the Internat ional Grid Trust  Federat ion (D. Groep); m em bers of 

the BiG Grid Execut ive Team  (A. van Rijn, D. Groep, and J. Tem plon); 

m em ber of the BiG Grid Directorate (F. Linde); the ATLAS com put ing 

coordinator (K. Bos) and the EGI.eu Execut ive Board (A. van Rijn).

Figure 2.9.3. Diagram 

of the LHC optical 

private network. Note 

the number of links 

per site: CERN has 

the most with 11, 

followed by the Dutch 

Tier-1 (NL-T1) with 6, 

the rest having four 

or less.
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ATLAS
ALICE
LHCb

DØ
Life Science
Earth Science

Pierre Auger Observatory
GEANT4
NCF

Installed

National col laborations
See also the descript ions of  the BiG Grid w ork. In  addit ion  to 

these, w e col laborate w i th  SARA on operat ing the Dutch LHC 

Tier-1 cent re, w ith  Phi l ips Research in  Eindhoven on gr id si te op-

erat ions, and the Dutch  Royal  Library on data cen t re operat ions.

In ternational col laborat ions
Grid by nature has an in ternat ional or ientat ion, as one of i ts pr i-

m ary funct ions is to federate com put ing resources from  m any 

geographical ly dist r ibuted locat ions. WLCG current ly consists of 

over four hundred si tes, including al l  cont inents except  Antarct ica. 

W LCG supports the com put ing of the LHC experim ents, w hich are 

also based on in ternat ional col laborat ions. We are a m em ber of the 

European Grid In i t iat ive (located at  the Science Park Am sterdam ), 

the European Middleware In it iat ive, and the In i t iat ive for Globus 

in  Europe. During the evaluat ion period, in  addit ion to the LHC ex-

perim ents we support , we provided sign i� cant  com put ing power 

for in ternat ional efforts in  drug discovery (WISDOM) and biom o-

lecular NMR data analysis (eNMR).

Key publ icat ions
•  J.T. Moscicki et  al . (H.C. Lee), GANGA: A tool for computational-

task management and easy access to Grid resources, Com put . Phys. 

Com m un. 180 (2009) 2303 

•  H. Li, D.L. Groep, L. Wolters, Mining performance data for 

metascheduling decision support in the Grid, Futur. Gener. Com p. 

Syst . 23 (2007) 92 

•  S. Klous et  al . (S. Klous, J. van den Brand), Transparent access to 

Grid resources for user software, Concurr. Com put .-Pract . Exp. 18 

(2006) 787

•  D.L. Groep, J.A. Tem plon, C. Loom is, Crunching real data on the 

Grid: practice and experience with the European DataGrid, Concurr. 

Com put .-Pract . Exp. 18 (2006) 925 

•  G. Garzogl io et  al . (D.L. Groep, O. Koeroo), De� nition and 

Implementation of a SAML-XACML Pro� le for Authorization 

Interoperability Across Grid Middleware in OSG and EGEE, J. Grid 

Com put . 7 (2009) 297

Figure 2.9.4. Computing done on Dutch 'BiG Grid' resources since the start of that project. Computing resources include the LHC Tier-1 centre 

(at Nikhef and SARA), computer centres at the university in Groningen and the High Tech Campus of Philips in Eindhoven, as well as the Life Science 

Grid clusters at various universities and research hospitals in the Netherlands. The gray line shows the total amount of resources installed: 

about 5000 cores.
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2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

Projects 182 265 265 265 305 574 648 544 627 783 832 

FOM-Nikhef 135 322 322 209 135 123 294 198 116 122 
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Table I – Manpower

Table II – Budget
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3 Com pleted Program m es
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The HERA accelerator and ex per im en ts
The HERA storage r ing faci l i ty at  DESY w as the on ly one in the 

world in  w hich two dif ferent  types of part icles were accelerated 

separately and then brought  to col l ision. Here elect rons –or their  

ant ipart icles, the posit rons– coll ided w ith  hydrogen nuclei, i .e. 

protons from  the hadron fam ily, w hich are nearly 2000 t im es 

heavier. In  these elect ron-proton col l isions, the point -l ike elec-

t ron acts l ike a t iny probe that  scans the inside of the proton and 

reveals i ts inner st ructure. The h igher the energy of the part icle 

col l ision, the deeper physicists are able to gaze in to the proton, 

and the m ore detai ls are revealed. 

The HERA storage r ing passes through four large underground 

halls, one at  each poin t  of the com pass. Here, seven stor ies below  

the surface, stood the detectors used by in ternat ional research 

team s to invest igate the m inutest  bui lding blocks of  m at ter. In  

1992, the � rst  two HERA experim ents went  in to operat ion, ZEUS 

in  the South Hal l  and H1 in  the North  Hal l . Both  general purpose 

experim ents observed the h igh-energy col l isions of  elect rons and 

protons to unravel the in ternal st ructure of the proton and the 

m yster ies of  Nature’s fundam ental forces. The HERMES experi-

m ent  started taking data in  the East  Hal l  in  1995. It  used the (po-

lar ised) HERA elect ron beam  to invest igate the in t r insic angular 

m om entum  –the spin– of  protons and neut rons. From  1999 to 

2003, the HERA-B experim ent  used the proton beam  from  the 

storage r ing in  HERA’s West  Hal l  to shed l ight  on the propert ies of  

3.1  HERA experim ents: ZEUS and HERMES

Program m e organ isation
Prof.dr. P. Kooi jm an has led the Nikhef ZEUS program m e and dr. 

J.J.M. Stei jger the HERMES program m e. Both FOM program m es, 

ZEUS and HERMES, have form ally ended at  the end of 2006 and 

� nal reports were subm it ted in  2007.

Research  goal
The goal  of  the ZEUS experim ent  w as to invest igate the quark 

and gluon st ructure of  the proton, and to study the in� uence 

of Quantum  Chrom o–Dynam ics (QCD) on  the evolut ion  of  th is 

st ructure. The HERMES exper im ent  w as conceived to study the 

spin  st ructure of  the nucleon w i th  the polar ised elect ron or posi-

t ron beam  of HERA and a (nuclear) polar ised gas target , in ternal  

to the accelerator.

Research  act iv i t ies
For 15 years, elect rons and protons col l ided at  ext rem ely h igh 

energies inside the 6.3-ki lom etre-long HERA part icle accelera-

tor r ing at  DESY, Ham burg. Research operat ion was concluded in  

sum m er 2007 w ith  the shutdow n of HERA. The evaluat ion of the 

recorded data, however, is st i l l  cont inuing. The analysis is provid-

ing a com prehensive overall  picture of  the proton and the forces 

act ing w ith in  i t  – w ith  a precision that  won’t  be m atched easi ly by 

any other part icle accelerator in  the world for years to com e. The 

determ ined dist r ibut ion funct ions of quarks and gluons inside 

the proton have proven to be invaluable for calculat ing detect ion 

l im its for the LHC.

   Research  h igh l igh ts

ZEUS: 

•  Final m easurem ent  of proton st ructure funct ion F
2
 and 

determ inat ion of F
L
.

•  Determ ination of gluon and quark distribut ions in the proton

•  Measurem ent  of the charm  st ructure funct ion.

•  Measurem ent  of the polar isat ion dependence of the 

charged current  cross sect ion for posit ron– and elect ron 

proton scat ter ing.

•  Observat ion of di f f ract ive scat ter ing of the vir tual photon.

HERMES:

•  Determ inat ion of the � avour decom posit ion of  the quark 

cont r ibut ions to the nucleon spin .

•  Direct  est im ate of  the gluon cont r ibut ion to the nucleon 

spin.

•  Developm ent of independent m easurem ents of transversity.

•  Cont r ibut ions to the study of hadron isat ion.

Figure 3.1.1. HERA accelerator at DESY, Hamburg, 

with the experimental halls indicated.
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heavy quarks. Nikhef has been part icipat ing in  ZEUS, HERMES and 

HERA-B. The HERA-B experim ent  stopped already in  2003 and w i l l  

not  be discussed here further.

Research  overview
The large detectors were in  operat ion unt i l  m id-2007, and record-

ed large am ounts of data. During that  t im e, m any of the insights 

provided by HERA found their  w ay in to the physics textbooks. 

Act ive data taking has been com pleted, but  the HERA experim ents 

are cont inuing w ith  the analysis in  th is decennium .

The ZEUS (and H1) results have led to a radical ly di f ferent  picture 

of  m at ter at  short  distances. It  has becom e clear that  at  short  dis-

tances and sm all  x, w hich corresponds to short  t im e � uctuat ions, 

the physics is dom inated by gluons. The ext rem ely h igh density 

of  gluons leads to novel and previously unexpected effects, such 

as a h igh rate for di f fract ive processes (w here the proton rem ains 

in tact ), even at  h igh m om entum  transfer between elect ron and 

proton. The theoret ical understanding of the results is st i l l  in  

developm ent , but  w il l  l ikely result  in  radical ly new  w ays of un-

derstanding m at ter at  short  distances. Today, dr iven by the HERA 

data, theorists discuss the possible presence of an underlying ‘col-

our glass condensate’ at  the heart  of al l  m at ter. Others discuss the 

possible deep connect ion between dif fract ive processes and gravi-

tat ional in teract ions, seeing l inks between st r ing theories and su-

persym m etr ic versions of QCD. The m ost  im portant  results from  

HERA –the observat ions of the st rong rise of the st ructure func-

t ions at  sm all x  and the large dif f ract ive cross sect ion– therefore 

represent  a beginn ing to a w hol ly new  understanding of Nature. 

Furtherm ore, for the � rst  t im e the behaviour of the coupling con-

stant  as a m easure of the st rength of  the st rong force, over a broad 

range of energies w as m easured in  single experim ents. At  large 

m om entum  t ransfers the st rong force becom es increasingly weak 

(an effect  described as ‘asym ptot ic freedom ’ of the quarks). These 

results con� rm  the behaviour of the st rong force as predicted in  

1973 ago by David Gross, David Pol i tzer and Frank Wilczek. These 

three physicists were awarded the Nobel Prize in  2004. 

HERMES studies the origin  of nucleon spin , i .e. the spin  of the pro-

tons and neut rons. Experim ents carried out  at  the CERN and SLAC 

research cent res in  the m id-1980s had already determ ined that  

the three m ain com ponents of the nucleon –the valence quarks– 

together account  for on ly around one-th ird of the total spin. The 

HERMES col laborat ion at tem pted to � nd out  w here the other two-

th irds com e from  by sending the longitudinal ly or t ransversely 

polarised elect rons or posit rons from  the HERA storage ring 

through a gas-� l led cel l . There, the part icles col l ide w ith  the gas 

atom s, w hich are also longitudinal ly polar ised. Because the type 

and frequency of the col l isions depend on the polar isat ion of the 

nucleon com ponents, the part icle react ions observed enable the 

scient ists to determ ine w here the nucleon spin  actual ly or igi-

nates from . During HERA’s � rst  operat ional phase, HERMES com -

pleted i ts � rst  assignm ent , w hich was to m easure the individual 

cont r ibut ions m ade to the nucleon spin  by each of the various 

types of quark. Using m easurem ents on longitudinal ly polar ised 

gases, the HERMES col laborat ion provided the world’s � rst  m odel-

independent  determ inat ion of the separate cont r ibut ions m ade 

to the nucleon spin  by the up-, dow n-, and st range quarks. The 

results reveal that  the largest  cont r ibut ion to the nucleon spin  

com es from  the valence quarks. The up quarks m ake a posit ive 

cont r ibut ion as their  spin  is preferably al igned w ith  the spin  of  the 

nucleon, w hi le the dow n quarks provide a cont r ibut ion w ith  op-

posite sign. The polar isat ions of the sea quarks are al l  consistent  

w ith  zero – an especial ly im portant  result . Under the assum pt ion 

that  al l  types of  quark behave in  the sam e way dynam ical ly inside 

the nucleon, previous experim ents had led to the conclusion that  

the st range quarks play a sign i� cant , cancel ing, role in  the nucle-

on spin . The HERMES results now  show  that  the polar isat ions of 

the sea quarks are al l  sm all : there is thus l i t t le evidence for such a 

cancellat ion between the cont r ibut ions of valence and sea quarks. 

The HERMES m easurem ents prove that  the spin  of  the quarks 

generates less than half  of the spin  of the nucleon, and that  the 

quark spins that  do cont ribute com e alm ost  exclusively f rom  the 

valence quarks. HERMES also found a direct  indicat ion that  the 

gluons m ake a sm all  but  posit ive contr ibut ion to the overal l  spin . 

HERMES thus succeeded in  taking an in i t ial  and im portant  step 

tow ard the solut ion of the spin  puzzle.

Nobel Laureate Frank Wilczek on the HERA measurements: 

“ The most dramatic of these speci� c experimental tests, that pro-

tons viewed at ever higher resolut ion would appear more and 

more as � eld energy (soft glue), was only clear ly veri� ed at HERA 

twenty years later.”
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a si l icon-st r ip detector system  in  the accelerator vacuum  and a 

beam  loss m onitor system . J. van den Brand was spokesm an of the 

col laborat ion in  1994 and 1995, G. van der Steenhoven has been 

chair of the editorial  board and W. Hesselink was convenor of the 

charm  analysis group.

In ternat ional col laborat ions
The ZEUS col laborat ion has current ly 385 m em bers on the authors 

l ist  from  62 inst i tutes in  18 count r ies. The HERMES collaborat ion 

consists of 126 m em bers from  24 inst i tutes in  10 count r ies.

Key publ icat ions
ZEUS

•  F.D. Aaron (et al.) (H1 and ZEUS col laborat ion), Combined 

Measurement and QCD Analysis of the Inclusive e±p Scattering Cross 

Sections at HERA, JHEP 1001 (2010) 109

•  S. Chekanov (et al.) (ZEUS col laborat ion), Measurement of 

the�Longitudinal�Proton Structure Function at HERA, Phys. Let t . 

B682 (2009) 8 

•  S. Chekanov (et al.) (ZEUS col laborat ion), Measurement of D 

mesons production in deep inelastic scattering at HERA, JHEP 0707 

(2007) 74

•  S. Chekanov (et al.) (ZEUS col laborat ion), Measurement of charged 

curent deep inelastic scattering cross sections w ith a logintudinalluy 

polarised electron beam at HERA, Eur. Phys. J. C61 (2009) 223

•  S. Chekanov (et al.) (ZEUS collaborat ion), Measurement of hig 

Q**2 neutral current deep inelastic e-p scattering cross sections with 

a longitudinally polarised electron beam at HERA, Eur. Phys. J C62 

(2009) 625

HERMES

•  Airapet ian (et al.) (HERMES Col laborat ion), Effects of transversity 

in deep-inelastic scattering by polarized protons, Phys. Let t . B693 

(2010) 11

•  Airapet ian (et al.) (HERMES Col laborat ion), Observation of the 

Naive-T-odd Sivers Effect in Deep-Inelastic Scattering, Phys. Rev. 

Let t . 103 (2009) 152002

•  Airapet ian (et al.) (HERMES Col laborat ion), Measurement of 

Azimuthal Asymmetries With Respect To Both Beam Charge and 

Transverse Target Polarization in Exclusive Electroproduction of Real 

Photons, JHEP 0806 (2008) 066

•  Airapet ian (et al.) (HERMES Col laborat ion), Measurement of Parton 

Distributions of Strange Quarks in the Nucleon from Charged-Kaon 

Production in Deep-Inelastic Scattering on the Deuteron, Phys. Let t . 

B666 (2008) 446

•  Airapet ian (et al.) (HERMES Col laborat ion), Precise determina-

tion of the spin structure function g(1) of the proton, deuteron and 

neutron, Phys. Rev. D75 (2007) 012007

Nikhef con tr ibut ions
In ZEUS Nikhef has cont ributed heavi ly to the design and bui lding 

of the uran ium  calor im eter, w as responsible for the read out  of 

the calor im eter, the second-level t r igger based on the in form a-

t ion of  the calor im eter and the overal l  second-level t r igger of the 

experim ent . At  the upgrade a com plete renew al of the vertex de-

tector has taken place, in  w hich the w ire-cham ber w as replaced 

by si l icon-st r ip detectors by Nikhef in  collaborat ions w ith  other 

inst i tutes. Also t racking reconst ruct ion softw are w as largely w ri t -

ten by Nikhef physicists.

During the course of the experim ent the Nikhef group has provided 

several coordinators of physics groups. J. Engelen was coordinator 

of the photon structure group. P. Kooijm an was coordinator of the 

proton structure group on three separate occasions. L. Wiggers was 

(joint) t r igger coordinator for alm ost  the ful l running t im e of the 

experim ent . H. Tiecke was project leader of the m icrovertex con-

struct ion., N. Brum m er has been Monte Carlo coordinator for sev-

eral years. R. Yoshida was calorim eter coordinator, P. Kooijm an was 

convenor of st ructure funct ions sessions at  several conferences.

In  HERMES Nikhef has cont r ibuted to part  of  the lead-glass calo-

r im eter, a t racking detector based on Mult i  St r ip Gas Cham bers, 

Fig. 3.1.3. Model-independent determination by HERMES of the separate 

contributions made to the nucleon spin by the up, down and strange 

quarks. The largest contribution to the nucleon spin comes from the 

valence quarks (u and d), with the up quarks making a positive contribu-

tion, the down quarks a negative one.�
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2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

Technicians 8.6 2.4 0.3 0.1 0.1 

PhD students 4.7 4.0 4.0 4.4 2.2 2.2 2.0 

Postdocs 1.2 0.5 1.3 1.9 2.2 2.0 

Staff 5.0 4.5 4.5 4.3 3.4 2.9 0.4 
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2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

Technicians 4.8 3.1 1.1 2.3 0.5 

PhD students 6.3 7.0 7.3 5.4 4.0 3.0 3.2 

Postdocs 2.3 2.2 0.8 1.4 1.3 0.3 

Staff 3.5 5.0 5.0 5.0 4.9 4.3 1.8 
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4 Knowledge Transfer
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4.1  Knowledge t ransfer

In troduct ion  
In  the past  years Nikhef ’s aw areness of the im portance of know l-

edge t ransfer to ‘th ird part ies’ (including indust ry and other scien-

t i� c organisat ions) has increased. St im ulated by the pol i t ical  cl i -

m ate, both  NWO and FOM have de� ned pol icies and program m es 

on innovat ion and ‘valor isat ion ’ (the t ranslat ion of  know ledge 

in to technology to create com m ercial ly viable products or ser-

vices) and funds have been avai lable, in  part icular provided by the 

nat ion ’s return  on natural  gas sales, for invest ing in  the ‘know l-

edge in frast ructure’. Based on Nikhef ’s st rong technological ski l ls 

a grow ing num ber of  opportun it ies have been used in  the past  

decade, broadly categorised in  two areas: inst rum entat ion and 

networking & com put ing. 

Instrum en tation  
Alm ost  al l  projects and act ivi t ies in  th is area are by–products 

of our detector R&D for the Large Hadron Col l ider experim ents. 

They relate m ost ly to our elect ron ic and m echanical (engineering) 

expert ise. 

The RASNIK al ignm ent  technology has obtained i ts � rm  place in  

scient i� c inst rum ents such as the ATLAS and the LHCb detectors. 

RASNIK has been brought  to the at tent ion of  the non-HEP world, 

for instance via contests. A proposal to explore the use of RASNIK 

in  the realm  of bui ldings (sensing the deform at ions of  a snow –

covered roof, ‘Rasice’) won a Science Park Am sterdam  innovat ion 

award (May 2006) and a proposal to use RASNIK for seism ic regis-

t rat ions won an aw ard at  FOM’s 60th ann iversary (Novem ber 2006). 

In  Septem ber 2007 a (Dutch) patent  w as � led on RASNIK and th is 

patent  was awarded in  March 2009. Recent ly RASNIK has becom e 

the cent ral  product  of  a spin-off  com pany cal led Sensi� ex, w hich 

aim s at  using the technology for non-scient i� c appl icat ions, par-

t icular ly in  al ign ing bui lding st ructures. A large Dutch based en-

gineering com pany has already bought  several RASNIK system s 

via Sensi� ex and in tends to use i t  on a worldw ide scale as a lower 

cost  replacem ent  of i ts current  al ignm ent  solut ions. To th is end 

a l icensing agreem ent  between Nikhef and Sensi� ex has been 

drafted and a posit ion as shareholder is considered. A Nikhef staff  

m em ber is considering being involved in  the (technology) m an-

agem ent  of the spin-off.

A m odi� ed RASNIK im plem entat ion is now  also being invest i-

gated as the al ignm ent  tool for CERN’s next  l inear coll ider CLIC, 

as part  of Nikhef ’s com m itm ent  in  the CLIC-CTF3 col laborat ion.

One of the m ost  successful exam ples of technology t ransfer –to a 

com pany called PANalyt ical– has resulted from  Nikhef ’s involve-

m ent  in  the Medipix col laborat ion. PANalyt ical (form erly Phi l ips 

Analyt ical, Alm elo, the Netherlands, and now  part  of  SPECTRIS, 

UK) is since 1947 a leading m anufacturer in  X–ray equipm ent  for 

m ater ials analysis. It  is a m edium  sized 

com pany (750 em ployees) w hich develops 

and m anufactures analyt ical X–ray inst ru-

m entat ion in  two l ines of business, X–Ray 

Diff ract ion and X–Ray Fluorescence. Several 

years of in tense col laborat ion, start ing in  

2001, between Nikhef and PANalyt ical, 

have resulted in  the successful m arket  

in t roduct ion (in  2006) of the PIXcel detec-

tor, the � rst  com m ercial ly available X–ray 

detector based on Medipix technology. 

Nikhef ’s expert ise in  the � eld of  detectors 

and read–out  electron ics has sign i� cant ly 

faci l i tated the in tegrat ion of the Medipix2 

read–out  ch ip in to PANalyt ical ’s X–ray 

analysis equipm ent . 

Another exam ple of technology t ransfer 

is the Hidralon project  in  w hich Nikhef 

col laborates w ith  Phi l ips Healthcare to 

study edgeless sensors m ade of Cadm ium -

Tel luride (CdTe) to m ore ef� cient ly detect  

X-rays of around 100 keV. First  studies are 

Figure 4.1.1. Nikhef technician Gerrit Brouwer installs a Sensi� ex RASNIK system in 

the Rotterdam Weena tunnel.
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Netw ork ing – the Am sterdam  
In ternet Ex change 

In ternet , and networking in  general, has 

a long h istory at  Nikhef. From  an acoust ic 

110 bits per second (bi t /s) m odem  35 years 

ago to Gbit /s networking today has been 

an in terest ing grow th path . Networking for 

Nikhef started in  1980 w ith  the instal lat ion 

at  CERN of a rem ote batch stat ion. In 1983 

the � rst  real networking equipm ent  w as 

instal led. The network connect ions went  

via the publ ic X.25 network of the Dutch 

nat ional telecom  com pany, w ith  a network bandw idth  of 2400 

bit /s. The year 1985 saw  the birth  of  the � rst  cam pus network, a 10 

Mbit /s ethernet  using the In ternet  protocols TCP/IP. Th is brought  

the � rst  elect ron ic m ai l  services to Nikhef since i t  connected to 

the EUnet  services at  the adjacent  Cent re for Mathem at ics and 

In form at ics (CWI). In  1989 a poin t  was reached w here i t  becam e 

m ore cost  effect ive to go away from  publ ic dial–up services and 

rent  private l ines. Com bin ing the requirem ents of Nikhef, CERN 

and via CWI the EUnet  services enabled the acquisi t ion of  a leased 

l ine between Nikhef and CERN. The bandw idth  was 64 kbit /s and 

the del ivery t im e of the l ine w as n ine m onths. 

The next  few  years the In ternet  in  Europe really took of f . Many 

networks popped up and were in terconnected. Most  of  these in-

terconnect ions took place in  Am sterdam  since the com binat ion 

of networking for part icle physics (Nikhef) and networking for 

com puter science (CWI) m ade Am sterdam  a natural hub for the 

Figure 4.1.3. Holland@CERN; an exhibition of 27 companies at CERN 

from 8–11 November 2010.

done on si l icon sensors, w hi le the m aterial on CdTe is being de-

signed and produced. For the product ion of  CdTe sensors Nikhef 

works together w ith  var ious suppliers. 

The involvem ent  in  Medipix has created yet  another spin-off, 

cal led Am sterdam  Scient i� c Inst rum ents, aim ed at  producing pix-

el  detect ion un its. For th is in i t iat ive a valor isat ion grant  from  STW  

(the Dutch Technological Sciences foundat ion) has been awarded 

in  Decem ber 2010, the � rst  STW-grant  in  Nikhef ’s h istory. Also 

here Nikhef is considering a posit ion as shareholder. Two Nikhef 

R&D staff  m em bers are involved in  th is act ivity.

Other exam ples of  technology t ransfer to non–part icle physics 

dom ains are the (m echanical engineering) act ivit ies for the 

Dutch Belgian Beam line (Dubble) at  the ESRF (Grenoble) and the 

m echanical design of  the cool ing circuit  of the AMS experim ent , 

result ing in  � rm  know ledge of the in t r icacies of CO
2
 cool ing, 

w hich expert ise was subsequent ly used in  the LHCb vertex 

locator cool ing system . CO
2
 cool ing is now  also considered in  vari-

ous other inst rum ents. A patent  appl icat ion, join t ly w ith  CERN, is 

in  preparat ion.

It  should be m ent ioned here that  Nikhef ’s Indust r ial  Liaison 

Of� cer and the heads of technical departm ents have regular ly 

organised ‘network m eet ings’ w ith  related technical departm ents 

of other inst i tutes and w ith  com panies. Aim  of these m eet ings is 

to in form  indust ry about  new  scient i� c inst rum entat ion projects 

and to exchange know ledge and expert ise on (new ) technologies. 

From  8 to 11 Novem ber 2010, the Nikhef Industr ial  Liaison Of� cer 

also organised the ‘Hol land@CERN’ exh ibi t ion during w hich 27 

Dutch com panies presented their  products and expert ise to a 

large crow d at  CERN. Th is event  was subsidised by “agentschap NL”  

a subsidiary of the Min ist ry of  Econom ic Affairs.

Figure 4.1.2. A PIXcel detector system, based on single-chip Medipix2 technology, mounted on a 

PANalytical X’Pert Pro XRD analysis platform.
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In ternet  in  Europe. In  1991 Nikhef becam e a custom er of  SURFnet , 

the academ ic and research network in  the Netherlands. Today we 

are st i l l  connected to SURFnet , but  now  w ith  a current  bandw idth  

of 10 Gbit /s. SURFnet also provides addit ional dedicated band-

w idth  to CERN (10 Gbit /s) and m any other si tes. 

The role of  Am sterdam  and Nikhef as an im portant  hub in  the 

global In ternet  has also evolved from  the few  network in tercon-

nect ions of the early days in to a set  of so-cal led In ternet  Exchange 

Poin ts (IXP). The oldest  and largest  of  these IXPs is the AMS–IX 

– a direct  descendant  of the early Nikhef act ivi t ies in  th is � eld. 

Started in  1996, AMS–IX today in terconnects m ore than 400 

In ternet  Service Providers (‘AMS–IX m em bers’) f rom  all  over the 

world, housed at  eight  si tes in  Am sterdam  of w hich Nikhef is st i l l  

one of the largest  in  term s of in ternet  t raf� c. Current ly Nikhef 

houses equipm ent  of about  120 custom ers, generat ing a turnover 

of about  2.5 M€ per year. 

Nikhef also part icipates in  a key service on the In ternet . Whereas 

the In ternet  works w ith  num bers (IP addresses), users prefer 

nam es. These are de� ned in  the Dom ain Nam e System  (DNS), a 

dist r ibuted, h ierarch ical database system , m apping nam es and 

num bers, that  consists of a set  of about  half  a m il l ion servers 

worldw ide. At  the top reside the so-cal led root  servers that  t ie the 

system  together. Nikhef –quite un iquely– hosts two of such serv-

ers: the K–root  operated by the RIPE NCC in Am sterdam , and the 

F–root  operated by the In ternet  System s Consort ium  in  Cal i forn ia. 

Nikhef also hosts top level dom ain servers for Germ any, the UK 

and Russia. 

prof .dr. L.O. Hertzberger of the University of  Am sterdam . 

Since then Nikhef has bui l t  up a very st rong posit ion in  grid pro-

jects, both  in ternat ional ly (EDG and the successive EGEE–projects) 

and nat ional ly (VL, VL–e) culm inat ing in  2006 in  the acquisi t ion of  

the BiG Grid project , funded w ith  alm ost  29 M€, aim ed at  bui ld-

ing an e–Science in frast ructure in  The Netherlands for a variety 

of  sciences. By the end of 2010, th is BiG Grid in frast ructure was 

considered a part  of the total  ‘e-In frast ructure’ (w hich also 

com prises the research network and the h igh perform ance com -

put ing), that  in  the near future w i l l  be coordinated and operated 

nat ional ly under the um brel la of SURF. A taskforce w ith  h igh-level 

m em bersh ip from  SURF and NWO join t ly has drafted a proposal 

for st ructural funding for such an e-In frast ructure, w hich is now  

being considered for approval by the relevant  m in ist r ies.

Final ly, i t  is worth  m ent ion ing, that  under the auspices of  BiG Grid 

and w ith  st rong involvem ent  of Nikhef a bid book was prepared to 

host  the head of� ce of the European Grid In it iat ive (EGI) in  Science 

Park Am sterdam . In  March 2009 Am sterdam  was selected out  of 

eight  com pet ing bids from  al l  over Europe. After alm ost  a year’s 

preparat ion, EGI.eu w as incorporated as a foundat ion under Dutch 

law  on 8 February 2010. Current ly 22 staff  are em ployed by EGI.

Figure 4.1.4. AMS-IX data traf� c � owing 

through Nikhef. Top is the aggregated yearly 

throughput, bottom is a snapshot of the 

throughput on a typical day, 8 April 2011.

Gr id com puting 
Nikhef ’s involvem ent  in  the com put ing in-

frast ructure needed for part icle physics ex-

perim ents has always been st rong. Around 

2000, w hen the � rst  discussions started at  

CERN on using gr id technology for the data 

analysis of  the LHC experim ents, Nikhef 

decided to join  the � agship EU project  

‘Datagrid’ (or EDG), as one of the six m ain 

partners. In  th is project  Nikhef ’s involve-

m ent  and expert ise in  networking were 

elegant ly com bined w ith  the experiences 

gained in a nat ional ‘know ledge in frastruc-

ture’ project , t i t led ‘Vir tual Laboratory’ (VL, 

runn ing from  1998 to 2003 ) and i ts succes-

sor project  ‘Vir tual Laboratory for e-Scienc-

es’ (VL-e, runn ing from  2004 to 2009), led by 
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5.1 Outreach &  educat ion

Introduct ion
To explain  to a broad audience w hat  kind of research Nikhef does 

and w hy, a var iety of  out reach, com m unicat ion and educat ion ac-

t ivi t ies are organised by Nikhef every year. In  return , these act ivi-

t ies increase Nikhef ’s visibi l i ty for the general publ ic, the m edia, 

the funding agencies, potent ial  industr ial  partners and future 

em ployees and students. The fol low ing sect ion gives an account  

of Nikhef ’s ach ievem ents in  the period 2005-2010 in  the � eld of  

out reach, com m unicat ion and educat ion.

Outreach
Website

A com pletely redesigned and im proved website was launched in  

October 2008. The website has been spli t  into public web pages to 

address different  external target  groups, and web pages for Nikhef 

users w here all  departm ents can store and exchange their internal 

in form at ion. The website is cont inuously being further re� ned.

Open day and outreach talks

Every year Nikhef welcom es the general publ ic for an open day 

in  October. Th is event  is part  of the annual Dutch Science Month 

(‘Oktober kennismaand’) and is organised together w ith  the other 

inst i tutes at  the Science Park Am sterdam . In  the past  years, sev-

eral thousands of people have visi ted these events.

Nikhef scient ists have given num erous out reach talks for the gen-

eral publ ic, at  science cafes, m useum s, science associat ions, cul-

tural  organisat ions, universi t ies and schools. To nam e one exam -

ple, Nikhef physicists part icipated in  the European Researchers’ 

Night  in  Septem ber 2010. During th is event  several European 

inst i tutes, such as CERN, presented their  research via l ive video 

connect ions to the general publ ic in  dif ferent  European ci t ies. The 

Nikhef scient ists com m ented on topics related to part icle physics 

and answered quest ions from  the local audience.

Exhibits

Nikhef has developed a num ber of  dedicated exh ibi ts and displays 

for out reach purposes in  the past  years. For the start -up of the 

LHC event  in  2008 large pr in ts of the ATLAS experim ent  and of 

the LHC tunnel were produced and placed inside and outside the 

Nikhef building. In  the cei l ing of  the m ain hal l  a display of the 

LHC w as instal led, w ith  four screens represent ing the in teract ions 

poin ts on w hich (l ive) col l isions in  the experim ents are projected. 

Mock-ups of the ATLAS and the LHCb experim ent  were ordered 

to be able to explain  the experim ents to visi tors. Furtherm ore, 

three m obi le spark cham bers were bui l t  w h ich can be borrowed 

by schools or brought  along to out reach talks at  other locat ions.

In 2010, a large spark cham ber instal lat ion developed and bui l t  

at  Nikhef was instal led in  the m ain hall , and a sim i lar set -up 

has been donated to the NEMO science m useum  in  Am sterdam  

w here it  is a prom inent  part  of the new  perm anent  ‘Ruimtedouche’ 

(Cosm ic Shower) exh ibi t .

Figure 5.1.2. PhD students Egge van der Poel and Lucie de Nooij were 

interviewed in the TV talk show ‘De Wereld Draait Door’ in 2010. 

In the middle is host Matthijs van Nieuwkerk, on the right is prof.dr. 

Robbert Dijkgraaf, president of the Royal Netherlands Academy of Arts 

and Sciences (KNAW).

Figure 5.1.1. Nikhef staff member Fred Hartjes installing a 

spark chamber at the NEMO science centre.
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Educat ion
Nikhef  invest s in  educat ion al  project s at  al l  levels. Betw een 

2005 an d 2010, t he fol low in g project s w ere organ ised or  sup-

por ted by Nikhef .

Primary-school children

Since i t s � rst  edi t ion during the World Year of  Physics in  2005, 

Nikhef physicists part icipate in  the organ isat ion  of  the ‘Techniek 

Toernooi’, a yearly nat ional science tournam ent  for pr im ary-school  

ch i ldren  to com pete on  techn ical const ruct ions and exper im ents. 

Since 2009, th ree addi t ional  regional  satel l i te tournam ents take 

place, thus doubl ing the num ber of  part icipat ing ch i ldren to 

near ly tw o thousand.

Guided tours at  Nikhef and at CERN

Count less guided tours have been organised at  the inst i tute in  

the past  years. People in terested in  Nikhef ’s research have always 

been welcom e to join  the Friday afternoon visi ts program m e 

w hich is regular ly offered. Furtherm ore, special  guided tours were 

set  up on request , such as in  2010 for a delegat ion of the Nat ional 

Natural  Science Foundat ion of China (NSFC) on invitat ion of NWO.

Moreover, Nikhef has supported num erous CERN visi ts of  var ious 

Dutch groups by providing Dutch speaking guides and som et im es 

in  addit ion � nancial  sponsoring.

Media

In the past years, Nikhef’s research has garnered a considerable 

am ount of m edia coverage in newspapers, m agazines, on TV and 

in radio program m es. The m ajority of the art icles were about  phys-

ics research conducted at  CERN, but program m es such as HiSPARC, 

KM3NeT and ANTARES were also often the focus of at tent ion. 

There were two m ajor events that  m ade for the m ost  extensive 

nat ional m edia coverage in  the h istory of Nikhef. On 10 Septem ber 

2008, the Nikhef com m unicat ions departm ent  organised an LHC 

start -up event  that  proved to be very popular am ong journal ists. 

Nearly every Dutch new spaper or science and technology related 

m agazine covered the new s of the � rst  proton beam s in  the LHC, 

and several TV crew s visi ted Nikhef. Th is event  even m ade i t  to 

the eight  o’clock new s that  evening. The ‘First  Physics’ event  on 30 

March 2010 received com parable m edia coverage. A nat ional new s 

TV crew  (NOS) visi ted Nikhef to � lm  the cham pagne corks pop-

ping after w itnessing the LHC’s � rst  proton coll isions on screen. 

On and around that  date, no less than 15 dif ferent  radio pro-

gram m es featured Nikhef researchers. Two Nikhef PhD students 

were invi ted by the popular prim e-t im e TV talk show  ‘De Wereld 

Draait Door’ to explain on cam era w hat  these � rst  proton col l isions 

m eant  for physics.

Nikhef issues approxim ately ten press releases each year, often 

in  col laborat ion w ith other inst i tutes or un iversit ies. The com m u-

n icat ions departm ent  deliberately on ly selects i tem s w hich are 

new sworthy for journal ists, in  order to bui ld a credible relat ion 

between Nikhef ’s com m unicat ions departm ent  and the (science) 

press. As a result , m any journalists are able to � nd the inst i tute 

w hen they need in form at ion about  (ast ro)part icle physics or i f  

they need to speak to an expert  in  the � eld.

Figure 5.1.3. Young scientists at work at the 

‘Techniek Toernooi’.

Figure 5.1.4. Secondary school students Jacek Smit (left) and Matthijs 

Kuik (right) won a visit to CERN with their presentation at the HiSPARC 

2010 Symposium.
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Secondary school students

Between 2005 and 2010, Nikhef has welcom ed over a thousand 

secondary school students for a visi t  to the inst i tute. In  total  

around 70 secondary school students have carr ied out  their  ‘pro-

� elwerkstuk’ (dedicated science project  in  their  � nal school year) 

at  Nikhef, grow ing from  ten students in  2006, to over twenty in  

2010. Nikhef scient ists have visi ted num erous secondary schools 

to give lectures. And Nikhef m em bers have guided m any second-

ary school groups during their  CERN visi ts. 

Since 2005, Nikhef has organised a yearly European Masterclass 

on Part icle Physics in  col laborat ion w ith  the European Part icle 

Physics Out reach Group (EPPOG). More than 200 secondary school 

students between 16 and 18 have part icipated in  th is event  over 

the last  years.

Nikhef is in  charge of the cent ral  coordinat ion of  HiSPARC (High 

School Project  on Ast rophysics Research w ith  Cosm ics) w hich 

is run by a col laborat ion of un iversit ies and scient i� c inst i tutes 

founded in  2002. With in  th is program m e secondary school stu-

dents are given the opportun ity to bui ld their  ow n cosm ic ray 

detector and subsequent ly to analyse data from  th is detector. The 

network of  detectors has grow n from  40 in  2006 to nearly 90 in  

2010 located at  m ore than 70 secondary schools and a few  other 

locat ions divided over several regional clusters in  the Netherlands. 

Several detectors abroad were connected to the HiSPARC database 

through the in ternat ional col laborat ion EuroCosm ics. A yearly 

HiSPARC sym posium  is organised, at tended by on average 150 

part icipat ing secondary school students.

Secondary school teachers

Since 2008, FOM � nances a program m e (‘Leraar in Onderzoek’, LiO) 

w hich enables secondary school teachers to take part  in  scient i� c 

research by spending one day per week on research at  one of the 

FOM inst itutes under supervision of scient i� c staf f . Every year 

between 6 and 7 teachers are assigned, the m ajor i ty of them  is 

stat ioned at  Nikhef and works on topics w ith in  HiSPARC.

Nikhef has organised several excursions for secondary school 

teachers to CERN between 2005 and 2010. Since 2010, these CERN 

visi ts for teachers have been turned in to an of� cial  Dutch CERN 

teachers program m e, em bedded in  CERN’s in ternat ional ef fort  to 

t rain  secondary school teachers.

Bachelor- & master students

Many Nikhef staf f  m em bers are faculty m em bers or hold spe-

cial  professor posit ions at  a un iversi ty, taking part  in  the regular 

teach ing program m es at  Bachelor and Master level or lecturing 

m ore advanced part icle physics classes.

In 2002, a new  two-year Master’s program m e in  Part icle and 

Astropart icle Physics w as in t roduced by Nikhef and i ts un iversi ty 

partners UvA and VU. In  the period 2005 to 2010, on average 14 

students per year part icipated in  the program m e.

Graduate school 
The Research School for Subatom ic Physics (OSAF) has been set  

up by the un iversi t ies w ith in  the Nikhef col laborat ion and the 

Nikhef laboratory, w ith  the Radboud Universi ty Ni jm egen as the 

of� cial  secretary for OSAF. In  2010, OSAF w as one of the ten re-

search schools in  the Netherlands that  received a grant  from  the 

Figure 5.1.2. Nikhef staff member Ivo Vulpen was interviewed for 

national television at the LHC start-up.

Table 5.1.1. In� ow of the Master’s programme Particle 

and Astroparticle Physics.

year total m ale fem ale % fem ale foreign % foreign

2005 11 9 2 18% 2 18%

2006 11 7 4 36% 1 9%

2007 6 4 1 17% 0 0%

2008 15 10 5 33% 2 13%

2009 25 23 2 8% 8 32%

2010 15 13 2 13% 5 33%

total 83 66 16 19% 13 16%
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new  NWO Graduate Program m e. The NWO com m it tee in  part icu-

lar m ent ioned the ‘im pressive proposal ’ from  OSAF. 

Professors of the subatom ic and ast ropart icle physics groups at  

the VU Universi ty Am sterdam , Universi ty of Am sterdam , Utrecht  

Universi ty, Leiden Universi ty and the Radboud Universi ty are con-

nected to the Graduate School.

Mission/aim of the graduate school

The m ission of  OSAF is the t rain ing of PhD candidates in  suba-

tom ic physics to the h ighest  in ternat ional standard. OSAF is part  

of  Nikhef and the scient i� c focus of  the research t rain ing of fered 

to the PhD candidates therefore coincides w ith  the m ission and 

research program m e of Nikhef. 

Supervision

Students typical ly have a dai ly supervisor and a thesis advisor. 

The lat ter is always a professor at  the un iversi ty that  w i l l  award 

the PhD degree. At  the beginn ing of  the PhD a t rain ing and super-

vision plan is prepared. Th is should specify on w hich experim ent  

the student  w i l l  work, w ho the thesis advisor and daily supervisor 

are, how  frequent ly the student  m eets w ith  h is advisors (at  least  

tw ice a m onth) and w hich courses w i l l  be part  of the PhD t rain ing. 

The t rain ing and supervision plan is discussed w ith  the student  

before i t  is signed. At  th is poin t  the requirem ents for a PhD thesis 

are also explained. Progress is m onitored in  so-cal led C3 in ter-

view s. The student , the supervisor(s) and an independent  m em ber 

of  the educat ion com m it tee m eet  and discuss the progress of the 

thesis work, t rain ing of the student  future plans and evaluate i f  

the supervision is adequate. C3 in terview s contain  both  a look at  

past  perform ance and a discussion of future steps. C3 in terview s 

are held after 6, 12, 24, and 36 m onths. The independent  m em -

ber of  the educat ion com m it tee reports at  the m eet ing of the ful l  

com m it tee on the progress of the student .

When the 6 m onths in terview  leads to serious doubt  about  the 

students’ abil i ty to com plete the PhD, progress can be m onitored 

m ore closely and a go/no-go decision could be taken w ith in  the 

� rst  12 m onths. The independent  m em ber can also advise to re-

place the supervisor in  case of problem s w ith  the supervision.

Education programme

PhD students at tend six topical lectures. These are three-day in-

tensive courses, taught  by scient ists from  the OSAF or in terna-

t ional experts on topics relevant  to subatom ic physics. The � rst  

two years PhD candidates at tend a two-week sum m er school 

that  is join t ly organised between Germ any, Belgium  and the 

Netherlands. The th ird year an in ternat ional school is at tended. 

In  principle the candidate can propose a school, provided i t  is a 

good m atch w ith  the research program m e and at  the appropriate 

level. Most  choose to at tend the CERN European School of Physics. 

Others have opted in  recent  years for schools at  the Stanford 

Linear Accelerator Center in  Cal i forn ia, at  Ferm ilab near Chicago, 

in  Mexico and in  Colom bia. Next  to the scient i� c t rain ing, stu-

dents can fol low  a num ber of courses, including general courses 

offered by FOM to PhD candidates.

Internat ional act ivit ies

There is a st rong in ternat ional com ponent  to the educat ional 

program m e w hich fol low s natural ly from  the in ternat ional nature 

of our research program m e. Apart  f rom  part icipat ing in  the CERN 

sum m er school, students can present  at  scient i� c m eet ings at  the 

host  laboratory and frequent ly at tend one or m ore m eet ings abroad 

to discuss w ith  their  in ternat ional col leagues. The PhD candidates 

typical ly spend 12–18 m onths at  CERN or another laboratory in  a 

ful ly in ternat ional set t ing. At  least  one of the m andatory sum m er 

schools is in  Belgium  or Germ any. Collaborat ion m eet ings of their  

experim ents are at  var ious in ternat ional locat ions. As speci� ed, in  

their  th ird year they are al lowed to part icipate in  an in ternat ional 

school, w hile in  their  � nal year they are encouraged to at tend an 

in ternat ional conference and present  their  results.
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6 Technical and Support  Infrast ructure

✔ Co-ordinates and suppor ts research in subatomic physics in 

the Netherlands, in par tnership  with  the Foundat ion for  Fun-

damental  Research on Mat ter  (FOM) and four universit ies: 

UvA, VU, UU and RUN.✔ Uses and develops the most  up -to-date technologies for  the 

construct ion of  detectors (notably semi-conductor  detectors 

l ike sil icon and diamond) as well  as for  computer and net-

work ing facil i t ies (GRID).✔ Collaborates in experiments at  the wor ld ’s largest  accelerator  

centres such as CERN near  Geneva.
✔ Par t icipates in  the design and construct ion of  exper iments at  

CERN’s Large Hadron Coll ider  (LHC).
✔ Collaborates in several  ast ropar t icle physics exper iments; 

e.g. the ANTARES neutr ino telescope in the Mediterranean Sea.

✔ Works on and init iates outreach and education projects;

 see e.g. www. hisparc.nl .

w ww .nikhef .n l

Nat ional  Inst i t ute f or  Nuclear  Physics and High Energy Physics
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6.1  Technical facil it ies

Nikhef avai ls over a w ide variety of laboratory faci l i t ies. Apart  

f rom  about  ten ‘general purpose’ lab room s for R&D and instru-

m entat ion, Nikhef has three clean room  faci l i t ies.

The � rst  is a large 170 m 2, ISO-class 10.000 clean room , con-

st ructed inside the big assem bly hal l  of the m echanics workshop. 

It  has been used for const ruct ion of about  100 large Muon Dri f t  

Tube (MDT) cham bers for the ATLAS detector at  CERN. Current ly 

i t  is being used for bui lding inst rum entat ion for Advanced Virgo, 

even reusing the large gran ite table, used to glue the ATLAS MDT 

cham bers. The room  is tem perature and hum idity cont rol led.

The second is located in  a form er experim ental hall : a large 270 m 2 

clean room  area divided over 4 separate room s. It  has been bui l t  

for assem bly and test ing of the st raw –tube outer t racker m odules 

for the LHCb experim ent  at  CERN. The area is largely em pty now, 

and has an ISO qual i� cat ion of 10.000, w ith  tem perature and hu-

m idity control .

The th ird clean area is the ‘Si l icon Al ley’, in  w hich faci l i t ies are 

concent rated for handl ing and test ing si l icon ch ips and wafers. 

The faci l i t ies have been extensively used in  the years 2000–2007 

for assem bling ZEUS, HERMES, ATLAS, LHCb and ALICE vertex 

m odules. The foundat ions of th is clean room  area al low  for 

ext rem ely vibrat ion–free posit ion ing of  any equipm ent . In  2007 

a refurbishm ent  w as carr ied out , w hich encom passes both 

im provem ents in  the physical layout  (such as restoring the class 

1.000 clean room  by relocat ing the w afer probing to a new  loca-

t ion) and investm ents in  diagnost ic and assem bly equipm ent  

for detector R&D. The faci l i ty is shared w ith  PANalyt ical for their 

Medipix-2 based detector product ion l ine. Per ul t im o 2010 the 

m ost  im portant  faci l i t ies in  th is area are:

•  a 15 m 2 ISO-class 1.000 clean room  w ith  separate air lock and 

overpressure system  for gas detector assem bly purposes;

•  a 15 m 2 ISO-class 1.000 clean room  contain ing two sem i– 

autom at ic probe stat ions; a Süss PA300PS-MA and a Micro 

Manipulat ion 8860 to probe wafers up to 300 m m  and 200 m m  

diam eter respect ively. In  th is room  is also located a FEI Phenom  

scanning elect ron m icroscope;

•  a 35 m 2 ISO-class 10.000 tem perature cont rol led clean room , 

housing a large Wenzel 3D-coordinate m easurem ent  m achine;

•  a 30 m 2 ISO-class 10.000 room  for detector m odule assem bly and 

qual i ty test ing room ;

•  a 40 m 2 die–bonding and w ire–bonding room , two w ith an 

autom at ic wedge–wedge bonders; a Hesse 

& Knipps BJ815 and a Delvotec 6320 to 

autom at ically bond w ires for ef fect ive 

pi tches dow n to 40 μm  and a TPT HB16 

sem i–autom at ic bal l-wedge bonder for 

deep access con� gurat ions and sm all  pi tch 

dow n to 25 μm ;

•  a 30 m 2 ISO-class 10.000 clean room , 

contain ing a sm aller Zeiss 3D-coordinate 

m easurem ent  m achine and a plasm a 

cleaner to clean surfaces before die-bond-

ing and w ire-bonding.

Figure 6.1.1. 

Assembly of the seismic attenuation system 

for the external injection bench of Advanced 

Virgo in one of Nikhef’s clean rooms.
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2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

WO 1.2 1.6 1.6 1.6 1.6 1.3 1.5 1.5 2.3 1.7 3.4 

HBO 18.6 19.1 19 17.9 17.5 16 15.3 16 15.8 16.1 15 

MBO 16.5 16.1 15.4 15.8 14.7 11.7 11.7 9.9 8.7 7.9 7.6 
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Figure 6.1.2.

Electronics technology

manpower 2005–2010.

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

WO 2.1 2.9 2.4 3.3 3.3 2.7 2 2 1.8 0.4 1.7 

HBO 12 16 13 12.4 12.2 11.9 10.6 7.8 8.3 11.3 10.1 

MBO 29.1 27.9 33 37.5 37.2 37.3 22.7 20.6 19.6 18.5 17.4 
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Figure 6.1.3.

Mechanical technology

manpower 2005–2010.

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

WO 5.5 5.7 7.5 10.5 9.9 8.9 8.3 7.3 8.4 8.6 10.9 

HBO 5.2 6.8 5.3 5.4 6.3 6 5.9 7.4 8.5 8.7 9.2 

MBO 4.7 4.4 4.7 4.8 4.8 4.9 4.9 3.6 2.9 2.9 2.6 
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Figure 6.1.4.

Computer technology

manpower 2005–2010.
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6.2  Elect ronics technology

Technical Group Leader: ing. R. Kluit

The m ain task of the Elect ron ics Technology Departm ent  is to de-

sign, bui ld, m ain tain  and support  elect ron ic system s for read–out  

and processing of the data of  detectors in  close col laborat ion w ith  

the experim ental physicists involved. Ef� cient , short  com m unica-

t ion l ines have proven to be essent ial  w hen design ing th is kind of 

com plicated, very speci� c inst rum entat ion.

Sign i� cant  cont r ibut ions to the present  LHC (ATLAS, LHCb and 

ALICE) experim ents have been m ade and the system s are now  

in  use. In  addit ion, for ANTARES and KM3NeT elect ron ics w as 

developed, w hich is already in  use or w i l l  be used in  a deep-

sea environm ent .

Elect ron ic parts in  the LHC experim ents are exposed to ion izing 

and non-ion izing radiat ion. Th is required the use of speci� c de-

sign techniques for front -end ICs and other elect ron ics for data 

acquisi t ion- and cont rol system s instal led on the detector. In  the 

developm ent  phase also prototypes equipped w ith  com m ercial ly 

avai lable com ponents were irradiated and tested. The val idated 

system s turn  out  to funct ion as expected in  the harsh radiat ion 

environm ent in  the LHC experim ental caverns.

Fiber opt ic com m unicat ion system s, w ith  Dense Wavelength 

Division Mult iplexing (DWDM), enable h igh data-rate com m u-

n icat ion under sea, as has been dem onst rated in  the last  years. 

Th is technology can also open new  opportun it ies for successive 

or upgraded experim ents at  accelerators.

The IC-design technology that  is required to design radiat ion 

tolerant  front -end parts is also appl ied in  areas w ith  speci� c 

dem ands, l ike low -power, low -cost  (large quant i t ies), w here also 

h igh integrat ion-density is required. Th is underl ines the im por-

tance of invest ing in  IC-design technology and ski l led designers 

for the departm ent .

The PCB-design process has been evaluated and im proved, the 

process is set  up now  such that  outsourcing of the PCB product ion 

and board assem bly m atches indust ry work m ethods sm oothly. 

Table 6.2.1. Electronics contributions.

Experim ent Subsystem Technologies used

ATLAS Muon detector data acquisit ion

Alignm ent  and detector cont rol

FPGAs and data com m unicat ion

Alignm ent system , CAN bus and sensors

ALICE Inner-t racker read out  & cont rol Ful l  custom  ICs, low  power and in  sm al l volum e

LHCb Vertex & Pile-up detector read out Front -end IC, read out  and data-com m unicat ion, FPGAs

ANTARES/KM3NeT Data-acquisi t ion, detector f ront -

end and power

Opt ical com m unicat ion network, IC for PMT read out , low  power DC/DC conversion 

&  HV supplies

R&D Gas-detector t racking system s Ful l  custom  ICs for sensor read out  and sm all h igh-speed data acquisit ion w ith  FPGAs.

Figure 6.2.1.

Optical marine cable 

prototype ready for 

pressure test at 5km 

below sealevel.
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6.3  Mechanical technology

Technical Group Leader: ing. P. Werneke

In th is sect ion the act ivi t ies are described of the Mechanical 

Engineering Departm ent  and the Mechanical Workshop. The close 

col laborat ion that  already existed between those groups, has 

now  been form alised by m erging them  in  one group Mechanical 

Technology (MT).

The m ain task of  the MT is to develop, design, and real ise m e-

chanical solut ions for the m ost ly large, in ternat ional projects that  

Nikhef part icipates in. They concern detectors w ith  di f ferent  sen-

si t ive m edium s, each w ith  their  di f ferent  requirem ents and con-

st ruct ion m ethods. A relat ively new  developm ent  at  the MT is the 

const ruct ion of  gravitat ional-wave detectors. Th is requires a new  

� eld of  expert ise: the seism ic isolat ion of large opt ical elem ents. 

A w ide range of m echanical technologies has been used for the 

di f ferent  projects: l ight  and st i f f  const ruct ion, vacuum , CO
2
 cool-

ing, cryogenic techniques, special welding and gluing techniques, 

w ire bonding, h igh-pressure appl icat ions, etc. The detectors have 

found their  way deep underground, in  the desert , in  space or a few  

ki lom etres below  sea level.

The MT has pioneered in  the appl icat ion of new  and often l ight  

m aterials and com posites. These have found their  way in to the 

present  LHC part icle detectors. Herew ith  we opt  for carbon � bre 

fort i� ed synthet ic m aterials or const ruct ion foam . Th is requires a 

sound character isat ion of m ater ials, for instance research into the 

in� uence of heat  and hum idity on stabi l i ty. 

Other research is aim ed at  the weldabi l i ty of  t i tan ium  welding 

tubes w ith  ext rem ely th in  w al ls. The m echanical technicians have 

com puter-dr iven m etal working m achines at  their  disposal. Parts 

and assem blies are checked to the m icrom eter level. Assem bly is 

often done in  cleanroom s. 

With  the use of m athem at ical m odels and special software (� n ite 

elem ent  analysis) the character ist ics of the designs can be pre-

dicted very accurately. However, during real isat ion st i l l  quest ions 

w il l  rem ain. Were the required speci� cat ions indeed m et? Could 

we m ake the const ruct ions even st i f fer, m ore precise or w ith even 

less m ater ial? Is the heat  on detectors being carr ied of f  suf� cient -

ly? Are elect r ical or m agnet ic � elds adequately sh ielded? In tui t ion 

and experience of the technical staff  plays a crucial  role in  the 

real isat ion of the projects.

Figure 6.3.1. 

Wire bonding.
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Table 6.3.1. Technologies used in the experiments.

Experim ent Subsystem Technologies used

ATLAS Muon detector Precision engineering, l ight  and st i f f  const ruct ion, � n ite elem ent  
analyses, precision m achin ing and assem bly, tool ing, 3D-coordinate 
m easuring, procurem ent , instal lat ion.

Inner detector Precision engineering, l ight  and st i f f  carbon � ber const ruct ion, � n ite 
elem ent  analyses, w ire bonding, precision m achin ing and assem bly, 
tool ing, 3D-coordinate m easuring, procurem ent , cool ing, instal lat ion.

LHCb Outer t racker Precision engineering, l ight  and st i f f  const ruct ion, � n ite elem ent  
analyses, w ire bonding, precision m achin ing and assem bly, tooling, 
3D-coordinate m easuring, procurem ent, instal lat ion.

Vertex locator Precision engineering, l ight  and st i f f  const ruct ion, � n ite elem ent  
analyses, w ire bonding, precision assem bly, 3D-coordinate m easuring, 
vacuum , welding, CO2 cool ing, sensing & cont rol , instal lat ion.

ALICE Inner t racker Precision engineering, l ight  and st i f f  const ruct ion, � n ite elem ent  
analyses, w ire bonding, precision assem bly, 3D-coordinate m easuring, 
instal lat ion.

ANTARES Therm al analyses and cool ing.

KM3NeT Developm ent  and realisat ion of the opt ical m odules prototypes, 
h igh-pressure, � nite elem ent  and therm o-m echanical analyses, 
hydro-dynam ics, opt ics, 3D-coordinate m easuring. 

Virgo Precision engineering, l ight , st i f f  and stable const ruct ion, � n ite elem ent 
and therm o-m echanical analyses, precision assem bly, opt ics, vacuum , 
welding, cryogenics, sensing & cont rol , 3D-coordinate m easuring, 
instal lat ion.

Pierre Auger Observatory Therm al analyses and cool ing.

XENON Cryogenics, � n ite elem ent  and therm o-m echanical analyses, 
developm ent  of stable m echanics.

Detector R&D Precision engineering, l ight  and st i f f  const ruct ion, precision assem bly.



s e l f – e v a l u a t i o n  r e p o r t  2 0 0 5 – 2 0 1 0 N i k h e f

91

Since 1995, w hen Nikhef started to of fer housing services for the 

� rst  custom ers of  the Am sterdam  Internet  Exchange (AMS-IX), the 

dem ands put  on the avai labi l i ty have increased dram at ical ly. At  

the sam e t im e the dem ands for m ore � oor space, racks, power and 

cool ing capacity keep on grow ing. Nikhef has decided to cont inue 

its com puter housing services for at  least  � ve m ore years and 

started an upgrade project  for the faci l i ty. Th is upgrade included 

the const ruct ion of  a new  com puter room  situated on the second 

� oor in  the bui lding to locate racks for Nikhef in ternal ICT services 

and grid-related com pute and storage capacity. The m ain com po-

nents of  the upgrade were: a second no-break power feed and an 

upgrade of the exist ing one, a new  cool ing system  on the roof of 

the bui lding, a new  m onitoring and cont rol  system , extension of 

the � oor space, addit ional services such as a gas-suppression sys-

tem , m ore advanced securi ty and last  but  not  least  a reorganisa-

t ion of the support  groups. As a result  of al l  these investm ents we 

now  have a stable and up-to-date faci l i ty. Furtherm ore Nikhef has 

been of� cial ly cert i� ed as an AMS-IX housing si te and expansion 

of the gr id in frast ructure is guaranteed for years to com e.

6.4  Com puter technology

Technical Group Leader: ing. W.P.J. Heubers

The Com puter Technology Departm ent  (CT) is responsible for the 

ICT in frast ructure at  Nikhef and cont r ibutes w ith  technical m an-

power to the scient i� c projects. 

The focus of the CT effort  in  the past  years m oved from  w ri t ing 

softw are for scient i� c inst rum ents l ike those for the LHC detec-

tors towards deploying an in frast ructure for storage and analysis 

of  m assive am ounts of  data produced by these inst rum ents. Unt i l  

recent ly CT softw are engineers were set  to work at  CERN to instal l  

and test  their  software for read-out  and control  system s of the 

ATLAS and LHCb detectors on the spot . Nowadays their  work is 

directed to support  the runn ing experim ents rem otely and par-

t icipat ing in  new  developm ents in i t iated by the R&D and other 

groups at  Nikhef.

Grid com put ing has becom e a m ature act ivi ty at  Nikhef in  the 

past  years. The CT cont r ibutes a substant ial  am ount  of m anpower 

to the act ivi t ies of  the Physics Data Processing (PDP) group, w hich 

is described in  m ore detai l  in  the relevant  chapter of th is report . 

Worth  m ent ion ing here is that  CT local system  m anagem ent  ben-

e� ts from  the know ledge t ransfer from  the col leagues working in 

the PDP projects. An excel lent  exam ple of th is cooperat ion is the 

deploym ent of a shared ident i ty m anagem ent  and user adm in is-

t rat ion system  on the in terface of the dist r ibuted grid and local 

ICT environm ents. This ident i ty system  not  on ly provides us w ith  

an autom ated user adm in ist rat ion coupled to the database of the 

hum an resource departm ent , but  also level led Nikhef up to the 

status of  a ‘t rusted site’ inside the Dutch SURFnet  federat ion and 

other in ternat ional federat ions.

The CT group im plem ented m ajor upgrades in  the local ICT in-

frast ructure. The m ost  im portant  ones were the replacem ent  of  

the core and backbone network router to be able to ful� l  the al-

ways grow ing dem ands for m ore in ternal and external network 

bandw idth , the instal lat ion of a h igh-avai labi l i ty cent ral  � le server 

and the deploym ent of a powerful  cluster for the m ai l  services. 

To faci l i tate the dem ands from  our scient i� c users for com pute 

and storage capacity ful ly in tegrated in  the local desktop environ-

m ent , we have instal led a com puter cluster w ith  associated data 

storage servers.

Figure 6.4.1. Nikhef is an AMS-IX certi� ed data centre.

     data-cente
r
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6.5  Managem ent  &  support

Insti tu te Manager: drs. A. van Ri jn

W hilst  the personnel of� ce and the science com m unicat ion of-

� cer report  direct ly to the Nikhef director, the support  division 

is headed by the inst itute m anager. It  consists of the secretar iat  

(including recept ion desk), � nancial  adm in ist rat ion, technical and 

dom est ic services, l ibrary, project  m anagem ent  support  and sev-

eral staff  m em bers.

The m ain tasks of the secretariat  (3.3 f te) are providing m anage-

m ent  support  to the director, inst i tute m anager and program m e 

leaders, handl ing t ravel requests of  Nikhef personnel (about  a 

thousand per year), m anaging agendas and support ing various 

boards and m eet ings. The recept ion desk (1.1 f te) handles al l  

incom ing general phone cal ls and m onitors adm it tance to the 

Nikhef bui lding, w ith  special  em phasis on checking adm it tance to 

Nikhef ’s data cent re faci l i ty. 

The � nancial adm in istrat ion (FA, 3.8 f te) includes ordering goods, 

checking invoices, charging the appropriate budgets and project  

adm in ist rat ion. The bookkeeping is done on a FOM–w ide system . 

The FA has m uch experience in  handl ing t ransport  (im ports and 

exports) and in  adm inist rat ing VAT. The m anagem ent  of debtors 

(accounts receivable) is im portant  (to i l lust rate: in  2010 Nikhef 

sent  out  m ore than 500 invoices, for a total  am ount  of  6.8 M€). 

External ly acquired projects, often w ith  di f ferent  rules regard-

ing accountabi l i ty, m akes project  adm in ist rat ion an increasingly 

com plex act ivi ty.

Technical and dom est ic services (THD, 8.6 f te) are responsible for 

building m aintenance and instal lat ions, (such as clean room  con-

t rol , heat ing, cool ing, power). Th is includes a 7×24 hours standby 

service. Nikhef ’s THD also has im portant  responsibi l i t ies for sev-

eral instal lat ions, shared w ith  neighbouring inst i tutes and for 

other com m on infrastructures on the western part  of  the Science 

Park (also indicated as WCW area), such as the 10 kV system  on 

the prem ises and al l  other underground in frast ructure (w ater, gas, 

� ber ducts). Since 2009, after the refurbishm ent  of the data cen-

t re, including separat ion of the cool ing system , one THD m em ber 

is dedicated to the m aintenance of the data centre instal lat ions 

(head of the data centre technical services). The safety of� cer (1.0 

f te), w hose tasks include radiological and environm ental safety, 

is responsible for safety and for taking al l  necessary m easures to 

ensure healthy working condit ions. Nikhef has a team  of about  

17 em ployees t rained in  � rst  aid, � re ext inguish ing and accident  

prevent ion. Nikhef ’s safety of� cer is also the cent ral  (WCW) coor-

dinator for environm ental affairs.

For the general (WCW ) tasks Nikhef receives a � nancial  com pen-

sat ion equivalent  to about  2 f te. Nikhef also provides the project  

m anager (0.8 f te), w ho coordinates m ost  of the area developm ent  

of  WCW on behalf of the land ow ner (NWO). The project  m anager 

is supported by the Nikhef-secretar iat  (0,5 f te). For these tasks 

Nikhef is � nancial ly com pensated by NWO.

The l ibrary (0.6 f te) provides access to al l  relevant  journals in  the 

� eld. Fol low ing t rends in  electron ic publ icat ion Nikhef m anage-

m ent has since 2007 carr ied out  a sign i� cant  (50%) reduct ion in  

both  the space and the personnel avai lable for the l ibrary.

One staff  m em ber (1,0 f te) serves as Industr ial  Liaison Of� cer and 

also provides support  to the Nikhef body for project  plann ing and 

support . Another staf f  m em ber (0,8 f te), physical ly em bedded in  

the elect ronics departm ent , serves as project  m anager for a large 

part  of Nikhef ’s KM3NeT technical com m itm ents. 

For out reach and science com m unicat ion 1.8 f te is avai lable, a 0.9 

f te com m unicat ion of� cer and a 0.9 f te graphical designer. For the 

HiSPARC project  0.8 f te of coordinat ing effort  is avai lable. In  2010, 

11 secondary-school teachers were act ive in  th is project  (total l ing 

1.5 f te). The HiSPARC act ivi t ies are funded separately by FOM.Figure 6.5.1. Nikhef staff gathering in front of the building for a � re drill.
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A   Conferences &  workshops organised by Nikhef

ALICE Col laboration week,13–16 June 2005, Academ iegebouw  

Utrecht , P. Kui jer, A. Port ier, K. Oskam p, 146 part icipants

ANTARES Physics Analysis Workshop, 27–30 Septem ber 2005, 

Nikhef, Am sterdam , M. de Jong, E. de Wolf, 30 part icipants

ZEUS Col laboration Week, 8–13 October 2005, Nikhef, 

Am sterdam , P. Kooi jm an, E. Koffem an, 116 part icipants

7th Middlew are Securi ty Group m ult i  project m eeting, 

14–15 Decem ber 2005, Am sterdam , D. Groep, 26 part icipants

EUDET–JRA2 Meeting, 4–5 January 2006, Nikhef, Am sterdam , 

J. Tim m erm ans, H. van der Graaf, 30 part icipants

French–Dutch Workshop on Photodetection, 7 February 2006, 

Nikhef, Am sterdam , S. Katsenavas, G. van der Steenhoven, 

20 part icipants

Workshop on join t R&D projects for fu ture neutr ino telescopes, 

10 May 2006, Nikhef, Am sterdam , G. van der Steenhoven, 

15 part icipants

KM3NeT Photon ics Workshop, 21–22 June 2006, Nikhef, 

Am sterdam , E. de Wolf, 39 part icipants

Virgo Col laboration Meeting, 3–5 July 2006, Nikhef, Am sterdam , 

J. van den Brand, 60 part icipants

2nd In ternational Sum m er School on Astropart icle Physics, 

29 August  – 8 Septem ber 2006, Arnhem , G. van der Steenhoven, 

P. Mulders, J. Kuijpers, R. Tim m erm ans, 65 part icipants

HEAP m eeting, 19–20 February 2007, E. de Wolf, 100 part icipants

ACAT 2007, XI In ternational Workshop on Advanced Com puting 

and Analysis Techniques in  Physics Research, 23–27 Apri l  2007, 

B. van Ei jk , J. Verm aseren, 100 part icipants

2nd ASPERA ‘Roadm ap’ Workshop on European strategy for 

astropart icle physics, 20–21 Sep 2007, Fel ix Meri t is, Am sterdam , 

G. van der Steenhoven, 172 part icipants 

KM3NeT Workshop on the Conceptual Design Report , 

12–16 Novem ber 2007, Nikhef, E. de Wolf, 40 part icipants 

12th EUGridPMA Plenary Assem bly, 14–16 January 2008, 

Am sterdam , D. Groep, 45 part icipants 

GEE JRA1 Al l  Hands m eeting, 20–22 February 2008, Am sterdam , 

O. Koeroo, 33 part icipants 

Micro-Pattern  Gas Detectors (RD-51) Workshop, 16–18 Apri l  2008, 

Nikhef, Am sterdam , H. van der Graaf, P. de Jong, 96 part icipants 

Strong and ElectroWeak Matter, 26–29 August  2008, Science Park 

Am sterdam , E. Laenen, 105 part icipants 

Einstein Telescope Govern ing Counci l  m eet ings, 5 Septem ber 

2008 and 10 Septem ber 2010, Nikhef, Am sterdam , J. van den 

Brand, 15-20 part icipants

LSC/VIRGO join t  m eeting, 22–25 Septem ber 2008, De Duif, 

Am sterdam , J. van den Brand, 195 part icipants 

EUDET Annual Meet ing, 6–8 October 2008, Nikhef, Am sterdam , 

H. van der Graaf, J. Tim m erm ans, 70 part icipants 

Underground Site Construct ion Meeting, COB m eeting w ith  

industry (EU-FP7-in frastructure), 8 October 2008, Nikhef, 

Am sterdam , J. van den Brand, 25 part icipants 

Quattor Work ing Group, 27-29 October 2008, Am sterdam , 

D.Groep, 25 part icipants 

ASPERA R&D m eets industry event, 28 October 2008, R. van der 

Meer, 35 part icipants 

4th ATLAS Tracker Upgrade Workshop, 3–7 Nov 2008, Am sterdam , 

N. Hessey, 162 part icipants 

EGI Counci l  Meetings, 29 May 2009, 9 July 2009, 3 February 2010, 

3 March 2010 and 25 Novem ber 2010, Science Park, Am sterdam , 

A. van Ri jn , 40 part icipants 

Vertex  2009, 13-18 Septem ber, Put ten , E. Koffem an, A.P. Col i jn , 

M. van Beuzekom , 50 part icipants 

LHCb VeloPix  Module Construct ion k ick-off m eeting, 9 Novem ber 

2009, Nikhef, M. van Beuzekom , 25 part icipants 
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LHCb Tier-1 Jam boree, 21–22 March 2010, Nikhef, J. Tem plon, 

40 part icipants

1st EGI Operat ional Securi ty Coordination Team  m eeting, 

22–23 March 2010, Am sterdam , S. Gabriel , 33 part icipants 

W LCG Grid deploym ent board, 23 March 2010, Nikhef, J. Tem plon, 

40 part icipants 

KM3NeT general m eeting by Work  Package F/L - Product ion 

preparation, 5–7 June 2010, Nikhef, E. de Wolf, 80 part icipants 

KM3NeT strategic board (SPB) m eet ing, Nikhef, 7 June 2010, 

Nikhef, E. de Wolf, 20 part icipants 

KM3NeT ASC m eet ing, 7 June 2010, Nikhef, F. Linde, 

15 part icipants 

Jam boree on Evolu t ion of W LCG Data & Storage Managem ent - 

Jam boree W LCG, 16–18 Jun 2010, Nikhef, K.Bos, J. Tem plon, 

100 part icipants 

KM3NeT w ork  Package D - Strategic Issues, 21–22 June 2010, 

Nikhef, M. de Jong, 40 part icipants 

EGEE-III Final Review , 23–24 June 2010, Science Park Am sterdam , 

A. van Ri jn , 40 part icipants 

EGI Technical Forum  2010, 14–17 Septem ber 2010, 

Beurs van Berlage, Am sterdam , D. Groep, T. Suerink, A. van Ri jn , 

500 part icipants 

ATLAS Trigger Workshop, 18–22 Oct  2010, Purm erend, 

O. Igonkina, 80 part icipants 

HEAP m eet ing, 2 Novem ber 2010, Science Park Am sterdam , 

E. de Wolf , 100 part icipants 

ANTARES Col laboration m eeting, 22–24 Novem ber 2010, Nikhef, 

Am sterdam , P. Kooi jm an, 83 part icipants 

LHCb HLT Workshop, 24–25 Novem ber 2010, Nikhef, G. Raven, 

30 part icipants 

v er t ex  2009
18th workshop

13–18 September 2009
‘VELUWE’, the Netherlands

International Advisory Committee
Marina Artuso

Daniela Bortoletto
Gian Mario Bilei
Richard Brenner
Massimo Caccia
David Christian

Paula Collins
Eduardo do Couto e Silva

Su Dong
Roland Horisberger

Els Koffeman
Sheldon Stone

Toru Tsuboyama
Steve Watts

Local Organising Committee
Els Koffeman

Martin van Beuzekom
Auke-Pieter Colijn

Els Dekker (secretariat)

At tendance to this w orkshop i s by invi tat ion only

All presentations are plenary and will cover running 
LHC experiments, Performance and Alignment, 
Radiation Hardness, Pixel Detectors, Electronics, 
sLHC Developments, Space and Medical applications 
and Enabling Technologies.

The conference venue is hotel ‘Mooi Veluwe’ in Putten. 
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Figure A.1. Poster for the 18th VERTEX workshop 

which was organised by Nikhef in 2009. 

Photo © Jacco Herzog
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B Mem berships of (inter)nat ional com m it tees
&  boards

ASPERA 
F. Linde (2006–2010) (Govern ing Board)
R. van der Meer (2007–2010) (Join t  Secretar iat )
G. van der Steenhoven (2006) (Join t  Secretar iat )

Astropart icle Physics European Coordination (ApPEC)
P. Kooi jm an (2007–2010) (peer review  com m it tee)
F. Linde (2005–2010) (steering com m it tee)
G. van der Steenhoven (2006–2007)

BEAUTY In tern. Conference on B-Physics at Hadron Machines 
In ternational Advisory Com m ittee 
R. Fleischer (2009–2010)

Board of Com puter Algebra Nederland 
J. Verm aseren (2007–2009) 

BiG Grid Execut ive Team  
D. Groep
A. van Rijn  (chair)
J. Tem plon (2008) 

Big Grid Directorate
F. Linde
A. van Rijn  (2009–2010)

CERN Counci l  Strategy Group
S.J. de Jong (2005–2007)
F. Linde (2005–2007)

CERN Large Hadron Col l ider Com m ittee (LHCC)
S. de Jong (2005–2008)

CERN SPS Com m ittee
P. Kooi jm an (2006–2010)
 
Com m ittee for Astropart icle Physics in  the Netherlands (CAN)
J. van den Brand (2008)
M. de Jong (2008)
S. de Jong (2007–2008)
F. Linde (2007–2008)
R. van der Meer (secretary) (2007–2008)
P. Mulders (2007–2008)
G. van der Steenhoven (2007)
E. de Wolf (2008)

Com m ittee Sectorplan Physics
F. Linde (2007)

Com puter Algebra Nederland – Board
J. Verm aseren (2010)

Com puting Resources Scrutiny Group (LCG C-RRB advisory 
group)
D. Groep (2008)

DESY Ham burg – Program  Review  Com m ittee
J. Tim m erm ans (2005–2010)

Deutsche Physikal ische Gesel lschaft  Hadronen Physik  – 
Scient i� c Advisory Com m ittee
J. Koch (2005–2008)

Scient i� c Advisory Com m ittee Deutsche 
Forschungsgem einschaft  “ Gravi tat ional Wave Physics”  
(Germ any)
J.W. van Holten (2005–2006)

Developm ent and Com m ission ing of LOFAR for Astronom y 
Review  Com m ittee (DCLA review )
G. van der Steenhoven (2007)

Dutch Research School Theoret ical Physics – Educational Board
P. Mulders (chair) (2007–2008)
E. Laenen (2007–2008)

EGEE Technical Managem ent Board
J. Tem plon (2008)

EGI Organisational Task Force
A. van Ri jn  (chair) (2009–2010)

EGI.eu Executive Board
A. van Ri jn  (vice-chair) (2010–)

EUROCOSMICS
B. van Ei jk (chair) (2009–2010)

European Com m ittee for Future Accelerators (ECFA)
v. Middelkoop (2005)
R. Kam erm ans ✝ (2005)
S. de Jong (2005–2010)
M. Merk (2006–2010)
F. Linde (2005–2010) (rest r icted ECFA)
Th. Peitzm ann (2006–2010)

European Part icle Physics Com m unicat ion Netw ork  EPPCN
G. Bobbink (2008–2010)
G. Zegers (2008)
V. Mexner (2010)

European Part icle Physics Outreach Group
G. Zegers (2006–2008)
V. Mexner (2009–2010)
H. Tiecke (2005–2006)

European Physical Society 
E. de Wolf  (2008–2010) (Physics Educat ion Board)
F. Linde (2006) (High Energy Physics Board) 
B. van Ei jk (2007–2010) (High Energy Physics Board)

European Physics Journal – Scienti� c Advisory Com m ittee
P. Mulders (2007–2010)

European Pol icy Managem ent Authori ty for Grid Authenticat ion 
in  e-Science (EUGridPMA)
D. Groep (chair) (2005–2010)
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European Research Counci l  – Advanced Grants panel PE2
S. de Jong (2009–2010)

European Science Foundation – Physical and Engineering 
Sciences Unit
R. Kam erm ans ✝ (2005–2010)

FOM Governing Board
J. Engelen (2005–2008)
S. de Jong (2005–2010)
S. Bentvelsen (2009–2010)

FOM Com m ittees
E. de Wolf  (2007–2010) (Adviescom m issie FOM/v program m a)

FOM netw ork Theoret ical  High Energy Physics
P. Mulders (chair) (2005-2008), E. Laenen (chair) (2008–2010)
 
Fonds Wetenschappel i jk  Onderzoek Vlaanderen – Expertpanel 
Physics
E. de Wolf  (2009–2010)

Gesel lschaft  für Schw erionenforschung Darm stadt – Program  
Advisory Com m ittee
Th. Peitzm ann (2006, 2008–2010)

GridKa Overview  Board Karlsruhe
K. Bos (2005–2010)

Helm holtz-Al l iance for Physics at the Terascale – In ternational 
Advisory Board
K. Bos (2007–2010)

Landel i j k  co-ordinatorenoverleg HiSPARC
B. van Ei jk (chair)
J. van Holten (2009–2010)

In ternational Grid Trust Federat ion
D. Groep (chair) (2005–2010)

In terAct ions
A. van den Bergen (2005–2008)
G. Zegers (2008)
V. Mexner (2009–2010)

IPPP Steering Com m ittee Durham  (UK)
N. de Groot  (2005–2006)

Jefferson Lab (USA) Program m e Advisory Com m ittee 
E. Jans (2005)

JINR Scienti� c Counci l  Dubna (Russia)
G. van Middelkoop (2005)

Kam er Natuurkunde (VSNU)
G. van der Steenhoven (2007)

KNAW  Raad voor Natuur- en Sterrenkunde
F. Linde (2007)
Th. Peitzm ann (2007)

KVI Gron ingen – Scienti� c Advisory Com m ittee (WAC)
P. Mulders (2008–2010)
G. van der Steenhoven (2007)

Laborator i  Nazional i  del Gran Sasso, L’Aqui la – Scient i� c 
Com m ittee
F. Linde (2005–2010)

Laborator i  Nazional i  di  Frascati , Frascati  – Scient i� c Com m ittee
G. van Middelkoop (2005)
F. Linde (2006–2010)

Laboratoire de l ’Accélérateur Linéaire, Orsay – Scienti� c 
com m ittee
F. Linde (2008–2010)

Natuur Leven Technologie – Regionaal Steunpunt Arnhem -
Nijm egen
S. de Jong (2010)

Nederlands Ti jdschri ft  voor Natuurkunde – Redactie
S. de Jong (2006–2010)
M.Decow ski (2009–2010)

Nederlandse Natuurkundige Veren iging (NNV) – Board
G. van der Steenhoven (t reasurer) (2005–2006) (execut ive board 
m em ber)
P. Mulders (secretary) (2005–2009)
E. de Wolf (2003–2007) (execut ive board m em ber) 
E. de Wolf (2008)
J. van Holten (2009)
S. de Jong (2009)

Nederlandse Natuurkundige Veren iging (NNV) – Secties
J. van Holten (2010)
P. Kluit  (2007–2010)
E. Koffem an (2007–2010) (Sect ie Subatom aire Fysica)
S. de Jong (vice chair) (2008–2010) (Sectie Onderw ijs & Communicatie)
S. de Jong (2010)
P. Mulders (secretary) (2010)
E. de Wolf (deputy chair) (2010)

Ni jm egen Centre for Advanced Spectroscopy – Supervisory Board
F. Linde (chair) (2009–2010)

Nuclear Physics European Col laborat ion Com m ittee (NuPECC)
Th. Peitzm ann (2006–2010)
G. van der Steenhoven (2005)
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Onderzoekschool Subatom aire Fysica – Onderw ijscom m issie
Th. Bauer
S. Bentvelsen
J. Berger (secretary) (2009–2010)
J. van den Brand
T. van Egdom
B. van Ei jk
N. de Groot  (chair)
P. de Jong 
S. de Jong
M. Kesgin  (secretary) (2007)
J. Koch
E. Koffem an
E. Laenen
F. Linde
M. Merk
P. Mulders
Th. Peitzm ann (2008–2010)
E. Schram -Post  (secretary) (2008)

Open Grid Forum  Standards Function Securi ty Area (2008)
D. Groep (director) (2006–2010)

PDF4LHC (Parton Density Funct ions for the LHC) w orkshop 
series – Organising com m ittee
M. Bot je (2009–2010)

Plat form  Bèta Techniek – am bassadeur
F. Linde
E. de Wolf (2007–2010)
G. van der Steenhoven (2007)

In ternational Workshop on Radiat ion Im aging Detectors – 
Scienti� c Advisory Com m ittee
J. Visschers (2009–2010)

Program m e Com m ittee of the First w orkshop on Securi ty Trust 
and Privacy in  Grid Environm ents (STPC 2008)
D. Groep (2008)

Scienti� c Advisory Com m ittee of the In ternat ional Workshop on 
Radiat ion Im aging Detectors
J. Visschers (2008)

Réseaux  IP Européens (RIPE)
R. Blokzi j l  (chair) (2005–2010)

SPSC–CERN
P. Kooi jm an (2005–2006)

St icht ing Conferenties en Zom erscholen over de Kernfysica 
(StCZK)
G. van der Steenhoven (2007),
S. de Jong
P. Mulders (2007–2010)

St icht ing Cosm ic Sensation
S. de Jong (chair, secretary and t reasurer) (2009–2010)

St icht ing Hoge-Energie Fysica
J. van den Brand
R. Kleiss
F. Linde (chair)
Th. Peitzm ann (2008)
A. van Ri jn  (t reasurer) (2007–2010)

St icht ing Industr iële Toepassing van Supergeleiding (2008)
B. van Ei jk (2008–2010)

St icht ing Natuurkunde.n l
G. van der Steenhoven (2007)
St icht ing Physica
G. van der Steenhoven (2006–2007)

St icht ing Qual i ty Assurance Netherlands Universi t ies Evaluation 
Com m ittee Liberal Arts and Sciences
N. de Groot  (2006–2007)

Techniek Toernooi
E. de Wolf  (chair) (2008–2010)

Thom as Jefferson National Accelerator Faci l i ty New port New s 
–Program  Advisory Com m ittee
P. Mulders (2008–2010)

Veren iging Gridforum  Nederland
A. van Ri jn  (t reasurer) (2007–2010)

Virtual Laboratory for e-Science Vl-e
A. van Ri jn  (2009–2010) (Directorate)

Worldw ide LHC Com puting Grid Managem ent Board
J. Tem plon (2007–2008)
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C  Glossary

Accelerator
A m achine in  w hich beam s of charged part icles are accelerated 

to h igh energies. Elect r ic � elds are used to accelerate the part i -

cles w hi lst  m agnets steer and focus them . A coll ider is a special 

type of accelerator w here counter-rotat ing beam s are accelerated 

and in teract  at  designated col l ision poin ts. A synchrot ron is an 

accelerator in  w hich the m agnet ic � eld bending the orbits of  the 

part icles increases w ith  the energy of  the part icles. Th is keeps the 

part icles m oving in  a closed orbit .

ALICE (A Large Ion Col l ider Experim ent)
One of the four m ajor experim ents that  uses the LHC.

AMS–IX (Am sterdam  Internet Exchange)
The m ain place in  the Netherlands for In ternet  Service Providers 

to in terconnect  and exchange IP t raf� c w ith  each other at  a na-

t ional or in ternat ional level.

Annih i lat ion
A process in w hich a part icle m eets i ts corresponding ant ipart icle 

and both disappear. The result ing energy appears in  som e other 

form : as a dif ferent  part icle and i ts ant ipart icle (and their  energy), 

as m any m esons, or as a single neut ral  boson such as a Z boson. 

The produced part icles m ay be any com binat ion al lowed by con-

servat ion of  energy and m om entum .

ANTARES (Astronom y w ith  a Neutr ino Telescope and 
Abyss Environm ental  Research)
Large area w ater Cherenkov detector in  the deep Mediterranean 

Sea near Toulon, opt im ised for the detect ion of  m uons result ing 

from  in teract ions of  h igh-energy cosm ic neut r inos.

Antim atter
Every kind of  m at ter part icle has a corresponding ant ipart icle. 

Charged ant ipart icles have the opposite elect r ic charge as their 

m at ter counterparts. Although ant ipart icles are ext rem ely rare in 

the Universe today, m at ter and ant im at ter are bel ieved to have 

been created in  equal am ounts in  the Big Bang.

Antiproton
The ant ipart icle of  the proton.

ASPERA
Sixth  Fram ework Program m e for co-ordinat ion across European 

funding agencies for � nancing astropart icle physics. The seventh 

Fram ework Program m e started in  2009 and is called ASPERA-2.

ATLAS (A Toroidal LHC ApparatuS)
One of the four m ajor experim ents that  uses the LHC.

BaBar
Detector at  SLAC’s B Factory. Nam ed for the elephant  in  Laurent  

DeBrunhoff ’s ch ildren ’s books.

Baryon
See Particles.

Beam
The part icles in  an accelerator are grouped together in  a beam . 

Beam s can contain  bi l l ions of part icles and are divided in to 

discrete port ions cal led bunches. Each bunch is typical ly several 

cent im et res long and can be just  a few  μm  in  diam eter.

Big Bang
The nam e given to the explosive or igin  of  the Universe.

BNL (Brookhaven National  Laborator ies)
Laboratory at  Long Island, New  York, w here the RHIC accelerator 

is located.

Boson
The general nam e for any part icle w ith  a spin  of  an integer 

num ber (0, 1 or 2…) of quantum  units of angular m om entum  

(nam ed for Indian physicist  S.N. Bose). The carr ier part icles of  al l  

in teract ions are bosons. Mesons are also bosons.

Calorim eter
An inst rum ent  for m easuring the am ount  of  energy carr ied by a 

part icle.

Cherenkov radiat ion
Light  em it ted by fast-m oving charged part icles t raversing a 

dense t ransparent  m edium  faster than the speed of l ight  in  that  

m edium .

CLIC (Com pact LInear Col l ider)
A feasibi l i ty study aim ing at  the developm ent  of a realist ic 

technology at  an affordable cost  for an elect ron–posit ron l inear 

col l ider for physics at  m ult i–TeV energies.

Col l ider
See Accelerator.
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Colour glass condensate
Representat ion of  atom ic nuclei  t ravel l ing near the speed of 

l ight  as Lorentz cont racted spheres along the direct ion of  m ot ion 

before col l ision, w here ‘colour’ refers to the type of charge that  

quarks and gluons carry as a result  of the st rong nuclear force and 

‘glass’ to the behaviour of th is disordered state: a sol id on short  

t im e scales but  a l iquid on longer t im e scales.

Cosm ic ray
A h igh-energy part icle that  st r ikes the Earth ’s atm osphere from  

space, producing m any secondary part icles, also cal led cosm ic 

rays.

CP-violat ion
A subt le effect  observed in  the decays of certain  part icles that  

bet rays Nature’s preference for m at ter over ant im at ter.

DO (nam ed for location on the Tevatron Ring)
Col l ider detector, studies proton–ant iproton coll isions at  Ferm i-

lab’s Tevat ron.

Dark  m atter
Only 4% of the m at ter in  the Universe is visible. The rest  is know n 

as dark m at ter and dark energy. See also WIMP.

Decay
Any process in  w hich a part icle disappears and in  i ts place two or 

m ore dif ferent  part icles appear.

Detector
A device used to m easure propert ies of part icles. Som e detectors 

m easure the t racks left  beh ind by part icles, others m easure ener-

gy. The term  ‘detector’ is also used to describe the huge com posite 

devices m ade up of m any sm aller detector elem ents. Exam ples 

are the ATLAS, the ALICE and the LHCb detectors.

Dipole
A m agnet  w ith two poles, l ike the north  and south poles of a 

horseshoe m agnet . Dipoles are used in  part icle accelerators to 

keep the part icles on a closed orbit .

EGEE (Enabling Grids for E–SciencE)
An EU–funded project  led by CERN, involving m ore than 90 inst i-

tut ions over 30 count ries worldw ide, to provide a Grid in frast ruc-

ture, avai lable to scient ists 24 hours a day. The program m e ended 

on Apri l  30 2010. Its tasks are taken over by the European Grid 

In frastucture (EGI), located at  Science Park Am sterdam .

Electron
See Particles.

End cap
Detector placed at  each end of a barrel–shaped detector to provide 

the m ost  com plete coverage in  detect ing part icles.

EGI
A foundat ion to create and m aintain  a pan-European Grid 

In frastructure (EGI) in  col laborat ion w ith  Nat ional Grid In i t iat ives 

(NGIs) and European In ternat ional Research Organisat ions 

(EIROs), to guarantee the long-term  avai labi l i ty of a generic 

e-in frast ructure for al l  European research com m unit ies and their  

in ternat ional col laborators. Its m ission is to enable access to 

com put ing resources for European researchers from  al l  � elds of  

science, f rom  High Energy Physics to Hum anit ies.

EUDET (European Detector R&D tow ards the In ternational 
Linear Col l ider)
EU–funded R&D project  for research on future ILC detectors, end-

ing in  2011.

eV (Electronvolt)
A unit  of energy or m ass used in part icle physics. One eV is extrem ely 

sm all, and units of m illion electronvolts, MeV, thousand MeV = 1 GeV, 

or m ill ion MeV = 1 TeV, are m ore com m on in part icle physics. The 

latest generation of part icle accelerators reaches up to several TeV. 

One TeV is about the kinet ic energy of a � ying m osquito.

Ferm ion
General nam e for a part icle that  is a m at ter const i tuent , char-

acter ised by spin  in  odd half  in teger quantum  units ( Nam ed for 

Ital ian physicist  Enrico Ferm i. Quarks, leptons and baryons are al l  

ferm ions.

Forces
There are four fundam ental forces in  Nature. Gravity is the m ost  

fam il iar to us, but  i t  is the weakest . Electrom agnet ism  is the force 

responsible for thunderstorm s and carrying elect r ici ty in to our 

hom es. The two other forces, weak and st rong, are connected to 

the atom ic nucleus. The st rong force binds the nucleus together, 

w hereas the weak force causes som e nuclei  to break up. The weak 

force is im portant  in  the energy-generat ing processes of stars, 

including the Sun. Physicists would l ike to � nd a theory that  can 

explain al l  these forces in  one com m on fram ework. A big step 

forw ard was m ade in  the late 1970s w hen the elect roweak theory 

un it ing the elect rom agnet ic and weak forces was proposed. Th is 

was later con� rm ed in  a Nobel pr ize-w inn ing experim ent  at  CERN.
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fte (Ful l  Tim e Equivalent)
Unit  of  m anpower.

Gluon
See Particles.

Gravi tat ional  w ave
The gravitat ional analog of an elect rom agnet ic w ave w hereby 

gravitat ional radiat ion is em it ted at  the speed of l ight  from  any 

m ass that  undergoes rapid accelerat ion.

Grid
A service for sharing com puter power and data storage capacity 

over the In ternet .

Hadron
A subatom ic part icle that  contains quarks, ant iquarks, and gluons, 

and so experiences the st rong force (see also Part icles).

High–Energy Physics
A branch of science studying the in teract ions of fundam ental 

part icles; cal led ‘h igh-energy’ because very powerful  accelerators 

produce very fast , energet ic part icles probing deeply in to other 

part icles.

Higgs boson
A part icle predicted by theory, l inked to the m echanism  by w hich 

physicists th ink part icles acquire m ass.

HiSPARC (High School Project on  Astrophysics Research 
w ith  Cosm ics)
Cosm ic-ray experim ent  w ith  schools in  the Netherlands.

ILC (In ternational Linear Col l ider)
A possible future electron–posit ron accelerator, proposed to be 

bui l t  as an in ternat ional project .

Jet
The nam e physicists give to a cluster of part icles em erging from  a 

col l ision or decay event  al l  t ravel ing in  roughly the sam e direct ion 

and carrying a signi� cant  f ract ion of the energy in  the event .

Kaon
A m eson contain ing a st range quark (or ant iquark). Neut ral  kaons 

com e in  two kinds, long-l ived and short–l ived. The long–l ived ones 

occasionally decay into two pions, a CP–violat ing process (see also 

Part icles).

KM3NeT (Cubic Ki lom etre Neutr ino Telescope)
Planned European deep-sea neut rino telescope w ith a volum e of at  

least  one cubic ki lom etre at  the bot tom  of the Mediterranean Sea.

LCG (LHC Com puting Grid)
The m ission of  the LCG is to bui ld and m aintain  a data–storage 

and analysis in frast ructure for the ent ire h igh-energy physics 

com m unity that  w i l l  use the LHC.

LEP
The Large Electron–Posit ron col l ider at  CERN w hich ran unt i l  2000. 

Its tunnel has been reused for the LHC. 

Lepton
A class of elem entary part icles that  includes the elect ron. Leptons 

are part icles of m at ter that  do not  feel the st rong force (see also 

Particles).

LHC (Large Hadron Coll ider
CERN’s accelerator that  started in  2008.

LHCb (Large Hadron Coll ider beauty)
One of the four m ajor experim ents that  uses the LHC.

Linac
 An abbreviat ion for l inear accelerator.

LIGO (Laser In terferom eter Gravi tat ional-Wave 
Observatory)
A faci l i ty to detect  ast rophysical gravitat ional waves consist ing of 

two w idely separated instal lat ions in  Hanford, Washington and 

Livingston, Louisiana, operated in  un ison as a single observatory.

LISA (Laser In terferom etr ic Space Array)
ESA/NASA m ission, the � rst  space-based gravitat ional w ave ob-

servatory; three spacecraft , orbi t ing around the Sun as a giant  

equi lateral t r iangle 5 m il l ion km  on a side. The exploratory LISA 

Path� nder is due to be launched in  2011.

LOFAR (Low  Frequency Array)
First  radio telescope of a new  generat ion of astronom ical faci l i t ies, 

m ain ly in  the Netherlands. Started in  2010.
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Part icles
There are two groups of elem entary part icles, quarks and leptons, 

w ith  three fam il ies each. The quarks are nam ed up and dow n, 

charm  and st range, top and bot tom  (or beauty). The leptons are 

elect ron and elect ron neut r ino, m uon and m uon neut r ino, τ and 

τ-neutr ino. There are four fundam ental forces, or in teract ions, 

between part icles, w hich are carr ied by special  part icles cal led bo-

sons. Electrom agnet ism  is carried by the photon, the weak force 

by the charged W  and neut ral  Z bosons, the st rong force by the 

gluons and gravity is probably carr ied by the graviton, w hich has 

not  yet  been discovered. Hadrons are part icles that  feel the st rong 

force. They include m esons, w hich are com posite part icles m ade 

up of a quark–ant iquark pair, and baryons, w hich are part icles 

contain ing three quarks. Pions and kaons are types of m eson. 

Neut rons and protons (the const i tuents of  ordinary m at ter) are 

baryons; neutrons contain  one up and two dow n quarks; protons 

two up and one dow n quark.

Figure C.1. The Standard Model particles 

(neutrino masses only indicative).
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top quark
171.3 GeV

Higgs
>114.4 GeV

Z 91.2 GeV
W 80.4 GeV

charm quark
1.27 GeV

down quark
4.1–5.8 MeV

electron
0.511 MeV

electron
neutrino [≠0]

muon
neutrino [≠0]

tau
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up quark
1.7–3.3 MeV

muon
105.66 MeV

bottom quark
4.2 GeV

photon
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tau
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W

b
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Medipix
A fam ily of photon count ing pixel detectors based on the Medipix 

CMOS read-out  ch ips that  can be provided w ith  a signal from  

either a sem i-conductor sensor or ion isat ion products in  a gas 

volum e. The detectors are developed by an in ternat ional collabo-

rat ion, hosted by CERN, and including Nikhef. Medipix-3 is the 

prototype that  is current ly in  the developm ent  phase.

Meson
See Particles.

Mom entum
Mom entum  is a property of any m oving object . For a slow  m oving 

object  i t  is given by the m ass t im es the velocity of the object . For 

an object  m oving at  close to the speed of l ight  th is de� n it ion gets 

m odi� ed according to Relat ivi ty Theory. The total  m om entum  is a 

conserved quant i ty in  any process.

Muon
A part icle sim i lar to the elect ron, but  som e 200 t im es m ore 

m assive (see also Part icles).

Muon cham ber
A device that  ident i� es m uons, and together w ith  a m agnet ic 

system  creates a m uon spect rom eter to m easure m om enta.

Neutr ino
Uncharged, weakly in teract ing lepton, m ost  com m only produced 

in  nuclear react ions such as those in  the Sun. There are three 

know n � avours of neutr ino, corresponding to the three � avours 

of leptons. Recent  experim ental results indicate that  al l  neut r inos 

have t iny m asses (see also Part icles).

NLO (Nex t–to–Leading Order)
Second order calculat ions in  perturbat ive QED and QCD.

NWO
The Netherlands Organisat ion for Scient i� c Research is funding 

thousands of top researchers at  un iversit ies and inst i tutes and is 

steering Dutch science by m eans of subsidies and research pro-

gram m es

Nucleon
The col lect ive nam e for protons and neut rons.
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Photon
See Particles.

Pierre Auger Observatory (PAO)
Internat ional experim ent  in  Argent ina to t rack dow n the or igin  of  

ul t ra-h igh-energy cosm ic rays.

Pion
See Particles.

Posi tron
The ant ipart icle of  the elect ron.

Quantum  electrodynam ics (QED)
The theory of the elect rom agnet ic in teract ion.

Quantum  chrom odynam ics (QCD)
The theory for the st rong in teract ion analogous to QED.

Quark
The basic bui lding blocks of m at ter (see also Part icles).

Quark–gluon plasm a (QGP)
A new  kind of plasm a, in  w hich protons and neut rons are bel ieved 

to break up in to their  const i tuent  parts. QGP is bel ieved to have 

existed just  after the Big Bang.

RASNIK (Red Al ignm ent System  Nikhef)
Opt ical al ignm ent system  w here a pat tern  is projected by a lens 

on a CCD and deviat ions m easured.

RelaXd
EU–funded developm ent  of the large area fast  detector system  

using Medipix technology.

RHIC
Brookhaven’s Relat ivist ic Heavy Ion Col l ider; began operat ion in  

2000. RHIC col l ides beam s of gold ions to study w hat  the Universe 

looked l ike in  the � rst  few  m om ents af ter the Big Bang.

Scint i l lat ion
The � ash of l ight  em it ted by an elect ron in  an excited atom  fal l ing 

back to i ts ground state.

Solenoid
An elect rom agnet  produced by current  � ow ing through a single 

coil  of w ire. Many part icle detectors are surrounded by a solenoidal 

m agnet , since th is produces a fair ly uniform  m agnet ic � eld w ith in.

 Spectrom eter
In  part icle physics, a detector system  contain ing a m agnet ic � eld 

to m easure m om enta of  part icles.

Spin
Int r insic angular m om entum  of a part icle.

Standard Model
A col lect ion of  theories that  em bodies al l  of our current  under-

standing about  the behaviour of fundam ental part icles.

STAR
Experim ent  at  RHIC.

Str ing Theory
A theory of  elem entary part icles incorporat ing relat ivi ty and 

quantum  m echanics in  w hich the part icles are viewed not  as 

poin ts but  as extended objects. St r ing theory is a possible fram e-

work for const ruct ing un i� ed theories that  include both the 

m icroscopic forces and gravity (see also Forces).

Superconduct ivi ty
A property of  som e m ater ials, usual ly at  very low  tem peratures, 

that  al low s them  to carry elect r ici ty w ithout  resistance. When 

start ing a current  � ow  in  a superconductor, i t  w i l l  keep � ow ing for 

ever —as long as i t  is kept  cold enough.

Supersym m etry
Supersym m etry (of ten abbreviated SUSY) is a theory that  predicts 

the existence of heavy ‘superpartners’ to al l  know n part icles. It  

w il l  be tested at  the LHC.

SURFnet
Organisat ion providing the research network in  the Netherlands.

Tevatron
Ferm ilab’s 2-TeV proton–ant iproton accelerator near Chicago.

Tier–1
First  t ier (category) in  the LHC regional com put ing cent res. Tier–0 

is the faci l i ty at  CERN col lect ing, reconst ruct ing and stor ing the 

data.

Trigger
An electron ic system  for spot t ing potent ial ly in terest ing col l isions 

in  a part icle detector and t r iggering the detector ’s read-out  

system .
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Vertex  detector
A detector placed close to the col l ision poin t  in  a col l iding beam  

experim ent  so that  t racks com ing from  the decay of a short–l ived 

part icle produced in  the col l ision can be accurately reconstructed 

and seen to em erge from  a ‘vertex’ poin t  that  is dif ferent  from  the 

col l ision poin t .

Virgo
Detector near Pisa for gravitat ional waves: a Michelson laser in ter-

ferom eter m ade of two orthogonal arm s, each 3 km  long.

W  boson
A carr ier part icle of weak in teract ions; involved in  al l  elect r ic– 

charge–changing weak processes.

W IMP (Weakly In teract ing Massive Part icle)
A hypothet ical part icles that  has a non-zero m ass and on ly par-

t icipates in  weak nuclear in teract ions. Dark m atter m ay be com -

posed of WIMP’s.

XENON
The XENON experim ent  searches for dark m at ter w ith  l iquid 

xenon as target  m ater ial  for � nding W IMPs; is instal led at  the 

Gran Sasso underground laboratory in  Italy.

Z boson
A carr ier part icle of weak in teract ions; involved in  al l  weak 

processes that  do not  change � avour and charge.

Zeus
Coll ider experim ent  at  DESY’s HERA, w as runn ing t i l l  July 2007.
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