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A Preface

During the year 2002 steady progress was made towards
the completion of detector systems for the three LHC
experiments NIKHEF is involved in: Atlas, LHC-b and
Alice. These systems are now either close to or well into
the production phase. Although operation of the LHC
is not foreseen before 2007 the size and complexity of
the experimental set-ups require their installation and
therefore the completion of the sub-systems well before
this date. For example, the End Cap Toroids for Atlas,
produced by Dutch industries with active involvement
of NIKHEF, will be among the first items to be lowered
into the Atlas experimental area. Similarly, the large
muon chambers - more than half of them had been
produced by the end of 2002 - will be among the first
active detector elements to be installed. Clearly the
LHC experiments dominate the activities in the Tech-
nical Departments, although also the Antares project is
now going full steam ahead and requires considerable
resources.

With detector production for the LHC experiments ad-
vancing well, other aspects of these projects are be-
coming more prominent. Test beam exposures of the
novel detectors and system tests yield interesting re-
sults and publications. Furthermore the preparation of
physics analyses of the future LHC data is becoming
an increasingly important task of our staff physicists
and PhD students. Most importantly a relatively mod-
est but active involvement in D0, BaBar and STAR
yields physics results that are of intrinsic interest but
also relevant for the future LHC programme. Moreover,
the creation of software and of a GRID infrastructure
for data storage, retrieval and processing is in progress
and is one of the big challenges of the coming years.
Meeting this challenge will require new resources and
will lead to many applications outside the field of high-
energy physics.

For the LEP experiments Delphi and L3 data taking
stopped at the end of 2000 when LEP was closed, but
they still produce unique results within the framework
of the Standard Model and the data are also scruti-
nized for signs of possible particles and interactions be-
yond this well-established framework. Observation of
the Standard-Model Higgs boson is now excluded for a
Higgs mass below 114.1 GeV at 95% confidence level
(Delphi). A comprehensive overview of the most recent
results in high energy physics was given at the 31st In-
ternational Conference on High-Energy Physics held in
Amsterdam (July 25-31, 2002) in the organisation of
which NIKHEF played a leading role. Also the ZEUS

and Hermes experiments, both in the data-taking and
analysis phase, were well represented at this conference.
Both experiments have undergone detector upgrades
with a large NIKHEF contribution and started data tak-
ing again after the luminosity upgrade of the HERA
lepton-proton collider. Due to very unfavourable back-
ground conditions (ZEUS), further work on the HERA
machine turned out to be necessary and the amount
of data collected by both ZEUS and Hermes remained
below expectations in 2002.

NIKHEF is a joint venture of FOM and four universi-
ties (UvA, VU, KUN, UU) and offers an excellent en-
vironment for training (under)graduates, to which also
the NIKHEF Theory Department makes vital contribu-
tions. These activities are coordinated by the Research
School (Onderzoekschool) Subatomic Physics and by
the relevant institutes of the universities participating in
NIKHEF. The institute also played an important role in
setting up a Master programme Particle and Astropar-
ticle Physics. These activities, very important for the
dynamics of the institute, are carried by the whole staff
and although not explicitly reported here, they are part
of the mission.

Also in 2002 NIKHEF physicists have participated in
discussions on the future of high energy physics beyond
and in parallel to the LHC. At the moment there is very
little room for unfolding activities in this direction but
some small, interesting R&D projects aimed at devel-
oping detectors for a future e+e− Linear Collider are
supported.

With the LHC experiments prominently at the top of
our priority list, also for the coming years, with astropar-
ticle physics as an interesting recent addition and with
the need to start planning new projects a very long time
ahead, life at NIKHEF will continue to be challenging
and exciting for many years to come!

Jos Engelen

1



Excavating the vast underground cavern to house the ATLAS experiment at CERNs LHC collider.
100 m underground, it will be as high as a six-storey bulding.
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B Experimental Programmes

1 The ATLAS Experiment

1.1 ATLAS experiment

In 2002 the construction of the detector systems for
the ATLAS experiment has progressed extremely well:
more than 50% of the muon spectrometer hardware ex-
ists; both end-cap toroid cryostats have been delivered
to CERN and end-cap coil winding is progressing well;
the first carbon fibre discs for the inner detector were
delivered by industry to NIKHEF. The NIKHEF group
made a major impact on the ATLAS test beam program
at CERN with the delivery of the largest muon cham-
bers together with all alignment and detector control
mechanics, electronics and software. Finally, the AT-
LAS collaboration agreed upon a uniform framework
for simulation, reconstruction and physics analysis: the
ATHENA framework.

Muon spectrometer

NIKHEF carries many responsibilities within the muon
spectrometer project: construction of 96 high-precision
Barrel-Outer-Large-Monitored-Drift-Tube (BOL-MDT)
chambers; construction of all barrel alignment compo-
nents (RASNIKs) and associated software; construction
of the detector control system (including the critical
magnetic field probes with a relative precision of about
10−4) and the construction of the high-end DAQ for the
1200 MDT chambers. Moreover Dutch industries are
responsible for two of the three toroid systems which
are at the heart of the ATLAS muon spectrometer. By
the end of 2002 basically all of these tasks are either
completed (e.g. alignment components) or in a steady
production cycle (e.g. the toroids and the MDT cham-
bers). As a consequence, the interest of the involved
physicists is gradually moving towards the analysis of
test beam data and the development of offline data
reconstruction and data analysis software.

MDT chamber production

Manpower wise, NIKHEF’s largest obligation vis-à-vis
the ATLAS collaboration is the construction of the 96
large (5 × 2.2 × 0.5 m3) MDT chambers. Over the
course of 2002 the MDT chamber production process
was reduced to a six-day cycle, the bare minimum since
each chamber requires six overnight glue curing steps:
one for each of the six tube layers comprising an MDT
chamber. The critical improvement was the realiza-
tion of a stand-alone set-up for the construction and

calibration of the spacer structure of the MDT cham-
bers. By the end of 2002 more than half of the indi-
vidual MDT chambers were wired and tested and 37
chambers were constructed. The mechanical precision
of seven MDT chambers was determined to be bet-
ter than the required 20 µm r.m.s. using the CERN
X-ray tomograph. The operational characteristics of
MDT chambers were evaluated successfully in a large
cosmic-ray test stand at NIKHEF as well as in the H8
test beam at CERN (see below).

A major set-back was encountered in October 2002
when it was discovered that the small brass gas pipes,
used to connect each MDT to the gas distribution bar
mounted on the MDT chamber spacer structure were
defective. A change of base material, stainless steel in-
stead of brass, cured the problem. Early 2003 the first
good quality samples of stainless steel tubes became
available.

Chamber construction is expected to reach completion
in the summer of 2004, a few months ahead of schedule.
In the fall of 2004 the BOL MDT chambers will be pre-
assembled at CERN with their corresponding Resistive
Plate Chambers, RPCs, in order to be ready for instal-
lation into the ATLAS underground cavern in 2005.

RASNIK alignment status

As reported in the 2001 NIKHEF annual report, the
base components (image source, lens and image detec-
tors) of the RASNIK MDT chamber alignment system
have already been distributed to the various MDT con-
struction sites. In 2002 the design of the on-chamber
read-out multiplexers, coined RasMux, was completed
and the order for the nearly 800 units was given to
Dutch industries. This leaves two tasks to be com-
pleted: the calibration of the components of the im-
portant 96 projective alignment rays and the engineer-
ing design and procurement of the high- end data ac-
quisition system. The latter comprises two more lev-
els of multiplexing units (48 MasterMux units and 8
USA15Mux units) and 4-8 PCs equipped with com-
mercial video frame grabbers. Prototype systems have
already been delivered to various sites; the final sys-
tem is only required to be available in 2005 in line with
the installation of the MDT chambers into the ATLAS
cavern.
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Detector control system

The final specifications of the detector control system
(DCS) for the ATLAS muon spectrometer were agreed
upon in a meeting at NIKHEF early in 2002. The de-
tector control system will:

• monitor the thermal environment with a precision
of about 0.3oC using almost 20,000 thermal sen-
sors mounted on the MDT chambers;

• monitor the magnetic field with a relative precision
of 10−4 using about 1300 3D Hall sensors mounted
on the MDT chambers;

• monitor the voltages and currents in each of the
about 15,000 front-end read- out cards of thee
MDT chambers;

• perform the initialization of the front-end electron-
ics of the MDT chambers by means of about 1300
JTAG communication lines;

• monitor the integrity of the MDT chamber data
during a run.

In 2002, the design of the basic CAN node motherboard
taking care of all these tasks was completed and radia-
tion tests were performed. The serial orders of the im-
portant electronic components have been placed. The
temperature sensors were already delivered by NIKHEF
in the earlier years. The 3D Hall sensor card design
was finalized. Pre-series exist and NIKHEF started to
work on the all-important calibration bench for the 1300
cards required. The starting point for this work was
the prototype bench developed at CERN. The other re-
quirements can be realized entirely in software since the
CAN node is equipped with three connectors support-
ing various digital communication protocols as already
foreseen at an earlier design phase.

The general-purpose software to monitor and control
the ATLAS detector (the ELMB and the CAN node
CPU developed jointly by CERN and NIKHEF) had
to be modified as the hardware design was changed
to yield a more radiation hard component. Also more
features have been added to the software. In partic-
ular these changes allow the delivery of ELMBs with
fully calibrated analog inputs. Furthermore a software
framework has been implemented with support for com-
munication on the basis of the CANopen standard. The
framework provides developers with an environment in
which dedicated software for the ELMB can be imple-
mented. All these software developments are in the

hands of a NIKHEF engineer. This work is not only
relevant for the CAN nodes used in the ATLAS muon
spectrometer but for all CAN nodes used in the ATLAS
experiment.

The NIKHEF Detector Control System (DCS) work re-
ceives a lot of attention from other experimental col-
laborations. E.g. various institutes make use of the
CAN nodes developed jointly by CERN and NIKHEF
and the ELMB software entirely developed by NIKHEF.
Moreover many experimental groups (e.g. CMS, LHCb,
ALICE, MICE and NA48) plan to use the precision 3D
Hall sensors from NIKHEF.

H8 test beam

A major collaborative effort in the summer of 2002 has
been the evaluation of a projective tower of the ATLAS
barrel muon spectrometer in the so-called H8 test beam
at CERN. See Fig. 1.1 for an overview of the set-up.
The set-up comprised two adjacent triplets (BIL-BML-
BOL) of MDT chambers equipped with a complete set
of RASNIK alignment rays (in-plane, axial and projec-
tive systems). These systems with the associated read-
out hardware and analysis software were all delivered,
installed and commissioned by NIKHEF. Furthermore
the set-up made use of the CAN based detector control
system developed by NIKHEF to monitor the thermal
environment. Thermal deformations are the most im-
portant cause of relative chamber movements. The
MDT readout electronics made use of prototype elec-
tronics procured by the American colleagues. After a
period with run-in problems the read-out performed sat-
isfactorily.

Apart from gaining operational experience with a pro-
jective tower of the ATLAS muon spectrometer, the
aims of the 2002 H8 test beam were two-fold:

1. Verification of the efficiency and spatial resolution
function of a single MDT using the near final read-
out electronics and the state-of-the-art calibration
and track reconstruction software;

2. Correlation of the chamber alignment as deduced
from the alignment sensors with the alignment cal-
culated using straight muon tracks.

The first goal (MDT operation) was to a large ex-
tent achieved with near 100% hit efficiencies for most
MDTs. Regretfully a few dead channels and noisy chan-
nels were encountered in the smallest, BIL, MDT cham-
bers. The cause of the dead channels is understood
(slipped wires) and NIKHEF and the BIL production

4



Figure 1.1: Overview photo of the H8 test beam set-up
at CERN.

sites in Italy (Rome and Pavia) independently devel-
oped a repair method. The second goal (alignment)
yielded impressive results showing a near perfect (or-
der 5- 10 µm) agreement between relative MDT cham-
ber movements and the results extracted from either
the alignment data or the muon track data. However,
such results were already achieved by a small group of
mainly Dutch physicists in an earlier test of a prototype
MDT chamber triplet (BIL-BML-BOL) in the former
UA1 experimental cavern at CERN back in 1998 (see
NIKHEF 1999 annual report). The main aim, however,
the demonstration of absolute alignment measurements
could not be achieved largely because of the unavail-
ability of calibration data of the all important projective
alignment systems. These systems will be calibrated at
NIKHEF early 2003.

End-cap toroids

The end-cap toroids are an in kind contribution of
NIKHEF to the ATLAS collaboration. Their initial de-
sign was made by the Rutherford Appleton Laboratory
(RAL). Dutch Industry is responsible for its construc-
tion.

“Schelde-Exotech” in Vlissingen constructs the two
enormous aluminum vacuum vessels. Each vacuum
vessel resembles a 10.7 meter diameter and 5 m
long ‘battlemented’ cylinder and weighs about 80
tons. The final machining of the vacuum vessels was
sub-contracted to “Machinefabriek Amersfoort” in
IJsselstein The second of the two vacuum vessels was
delivered to and accepted by CERN in May 2002. Also

Figure 1.2: Lifting the two halves of one end-cap
toroid cryostat across the recently built ski bridge in
the French Jura mountain range near CERN.

this vessel was first fully assembled and vacuum tested
at works prior to its transport in two halves to CERN.
The transport was confronted with a newly built ski
bridge and there was no detour possible. So the two
half vessels of 40 tons each had to be lifted over the
bridge, a spectacular operation that could be managed
in less than a day (see Fig. 1.2). At CERN the vacuum
vessels have been reassembled to perform geometrical
measurement and vacuum testing. Both vessels met
the specifications thereby completing successfully this
part of our commitment to the ATLAS collaboration
on schedule. Following these acceptance tests, both
vessels were disassembled to install the thermal shields
and the super-insulation to complete the cryostats for
the cold masses.

“Brush-HMA” in Ridderkerk constructs the two cold
masses. Each cold mass consists of eight superconduct-
ing coils of 4 × 4.5 m and eight keystone boxes. The
keystone boxes are used as reinforcement of the whole
structure and form a major part of the cold “buffer”.
The coils are indirectly cooled. The weight of a cold
mass is 160 tons. Both cold masses were due to be de-
livered in the Fall of 2002. Largely because of changes
at Brush-HMA, the delivery of the last cold mass is
now foreseen for the end of 2004. Due to delays in the
construction of the LHC accelerator, the ATLAS col-
laboration can cope with this delay. In the year 2002,
a number of important qualification criteria were suc-
cessfully completed: the cleaning of the large aluminum
plates, the operation of the resin mixing system and a
proper vacuum impregnation of the coils. Subsequently,
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a full size dummy coil was impregnated and subjected
to destructive testing mainly to verify the bonding qual-
ity of the resin. The results were fully satisfactory. Coil
winding has matured to become a routine operation
that is performed in two shifts. By the end of 2002
four coils were completely wound and the first coil was
ready to be impregnated. The construction of the key-
stone boxes has been sub-contracted to “RDM” in Rot-
terdam. In 2002, four of the 16 keystone boxes were
welded and final machining has started. The manufac-
ture of the cooling circuits has been sub- contracted to
“Cryovat” in Nijkerk. In particular, the welding of the
aluminum pipes is very critical. There are hundreds of
welds and leaks are not allowed, as this would spoil the
insulation vacuum of the toroid cryostats. The welds
will therefore be subjected to thermal shocks, pressure
and vacuum tests and 10% of the welds will be X-rayed.
The procedures for the manufacturing and testing have
been agreed and a number of qualification tests were
performed but welding qualification is still ongoing.

Semi conductor (silicon) tracker

The carbon-fibre discs which will hold the silicon strip
modules made major progress in 2002. The conflicting
requirements of high stability with very low-mass cou-
pled with tight geometrical tolerances lead to a search
for high-quality companies to carry out the work. Com-
panies were visited in Germany, France, Britain and the
USA where finally the contract was placed. The first
two discs were delivered at the end of the year. Whilst
top quality in almost all respects, one disc was insuf-
ficiently flat; the company is working hard to improve
on this difficult requirement.

Meanwhile preparation of discs for mounting services
and modules has progressed. The tooling and methods
for machining all holes needed in the discs have been
successfully made and tested. The many types of in-
serts and pads on a disc for attaching the services to
have also been developed and tested, with Torlon r© se-
lected as the lightest material suitable for our high pre-
cision needs. At the end of the year, a prototype disc
was machined and fully equipped with about 300 in-
serts and pads. This has been sent to RAL for services
development.

Major progress has also been made in the end-cap sil-
icon modules. The electronics circuit board (known as
the hybrid) had suffered a major set-back in 2001 with
the discovery of problems with the K4 prototype. A
rush program produced the K5 hybrid as well as a very
different module design (KB) which adopted the hy-
brid from SCT Barrel modules. Both performed very

Figure 1.3: End-cap silicon modules mounted in the
light tight box for electronic performance evaluation.

well and in spring 2002 the decision was made to pro-
ceed with K5. Several assembly sites produced module
prototypes with K5 hybrids, including 5 at NIKHEF.
Fig. 1.3 shows NIKHEF silicon modules in a special
test box. These performed very well, with low noise
and none of the feed-back that dogged the K4 hybrid.
The mechanical precision remains excellent, better than
2 µm. Three of the NIKHEF modules are used in the
CERN system test; one has been irradiated to check it
can survive 10 years in the harsh radiation environment
at ATLAS; and one has been equipped with thermo-
couples and is used for cooling studies. A search for
companies to carry out the various stages necessary to
make hybrids has been made, with the order expected
to be placed in early spring 2003; module production
can begin soon after.

Looking ahead to 2003, NIKHEF’s major task will be
to mount almost 1000 modules with all their services
onto discs, and then assemble the discs into an end-
cap. Considerable thought has gone into the tooling
for this, and now detailed design is beginning. The
assembly environment is very important, needing clean
conditions with temperature and humidity control. The
equipment required has been specified and will be in-
stalled in Spring 2003.

Trigger, Data-Acquisition & Detector
Control

The submission date of the ATLAS trigger, DAQ
and DCS Technical Design Report (TDR), originally
December 2002, was delayed until the summer of 2003,
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due to the anticipated late availability of software
needed for trigger studies. The submission date of this
report is an important milestone for the project.

In the beginning of the year a workshop on the further
development of the ROS (Read-Out System) took place
in the French Jura. The outcome has been the start of
a common project for developing Read-Out Buffer hard-
ware, in which the University of Mannheim, University
of London (Royal Holloway) and NIKHEF are partici-
pating. A PCI board able to receive and buffer two 160
MByte/s data streams and with a Gigabit Ethernet net-
work interface has been designed and is expected to be
available for testing early in 2003. The board allows
exploration of two different options for data collection:
via the PCI-bus or directly via the network connection.
The design builds upon earlier designs for ROBin hard-
ware, for the contribution from NIKHEF in particular
elements of the design of the CRUSH board have been
used. Also a new project for development of the soft-
ware for the ROS was started, NIKHEF contributes to
the error handling.

The performance requirements for the trigger and DAQ
system are derived from the “paper model”. In this
model up-to-date knowledge about relevant quantities
(e.g. event fragment sizes, trigger rates, acceptance
factors for the various steps in the second-level trigger,
algorithm execution times) is used to compute message
frequencies, data volumes and the minimum amount of
CPU power needed. Maintenance of and extraction
of results from the spreadsheet used for this purpose
proved to be problematic and time-consuming. For this
reason the spreadsheet has been replaced by a com-
mand line program written in C++, which is driven by
files specifying parameters as well as the type and for-
mat of the results to be output. The output is in the
form of ASCII text. By running the program from a
script results for different inputs can be easily generated
in a form, which makes direct comparison of the results
possible. This has proven to be a major improvement
with respect to the earlier spreadsheet.

During 2002 work towards the production version of
the MROD, the Read-Out Driver for the muon cham-
bers, continued with production of additional MROD-
1 boards, software development, testing and modifica-
tion of the MROD-In. After testing the MROD-Out
motherboard and the two MROD-In daughter boards,
which were available at the end of 2001, 4 additional
mother- and 7 additional daughter boards have been
produced. Problems with the mounting of the ball-
grid array packages of the processors were found and

solved. Software has been developed and used for test-
ing all functions of the hardware and for testing the
performance with respect to throughput. It has been
demonstrated that there are no problems with respect
to functionality, and, for simple tests, with the through-
put. More work is needed, however, to ascertain that
the more complicated software needed in the final sys-
tem will not cause the throughput to be insufficient.
Tests with the TTC system (distributes first-level trig-
ger accepts) were successful, although it was found that
the module interfacing to the TTC system needs further
development (not by NIKHEF). For using the MROD-1
in conjunction with the cosmic ray test stand a module
(the “CSMUX”) has been developed in Nijmegen. It al-
lows sending data from the TDCs on the chambers to
the MROD-In. Data-acquisition using the CSMUX and
the MROD-1 has been demonstrated. Together with
the group of the University of Michigan supplying the
CSM (on- chamber electronics sending TDC data to
the MROD - the TDCs used in 2002 in the cosmic ray
test stand differ from the TDCs to be used in ATLAS)
it has been decided in the fall to include more error in-
formation in the data output by the CSM. This made
reconfiguration of the FPGAs of the MROD-Ins neces-
sary. The changes required have been implemented and
have been tested with success, using the MROD-Out
as data generator. Also it was decided to make use
of the GOL chip, a radiation-hard transmitter devel-
oped by CERN, for the link between CSM and MROD-
In. A test board with the GOL chip has been designed
and produced. Testing with this board and a modified
HOLA (High-speed Optical Link for ATLAS) S-link des-
tination card as receiver produced satisfactory results.

1.2 Software and physics analysis

In 2001, the ATLAS software based on the object ori-
ented coding language C++ was put to test success-
fully in the “Data Challenge Zero” project. In 2002
the “Data Challenge One” project was started. This
includes the simulation and reconstruction of about 50
million events, amounting to about 30 TB of data. For
a fraction of these events the effects of “pile-up”, due
to the occurrence of multiple soft hadronic interactions
within a single proton-proton bunch crossing, were in-
cluded in the simulation1. An important ingredient of
the ATLAS software is the event or persistency model

1The ATLAS collaboration decided to use the simulation of
pile-up data as a test case of the GRID technology: The pile-up
data was therefore generated using GRID software which submit-
ted the jobs to processors in 16 different locations all over the
world. NIKHEF was one of these locations. See the NIKHEF
GRID section for more details.
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Figure 1.4: Simulation of the Semi Conductor Tracker
(SCT) with electrons passing through the detection lay-
ers.

i.e. the method used to archive the information of
each event. The ATLAS collaboration decided to use
CERN’s ROOT software package to achieve this both
for the real data i.e. the raw data coming from the
ATLAS data acquisition system as well as for the sim-
ulated data obtained from the GEANT3 or GEANT4
software packages.

An important ingredient of the ATLAS software is the
bookkeeping method used to keep track of what the
more than 100 million different sensitive detector vol-
umes of the ATLAS detector record for each proton-
proton interaction. The NIKHEF group developed the
detector description software for the Semi Conduc-
tor Tracker (SCT). This software is not only used in
the simulation and reconstruction software but also in
the event display graphics software. As an example,
Fig. 1.4 shows the SCT geometry, with electrons pass-
ing through the SCT detector material.

In preparation of data taking with the ATLAS detector
several analyses on simulated events have been per-
formed and a number of analyses is still ongoing. The
Physics Technical Design Report is used as benchmark
to compare with the results of new event generation-,
simulation- and reconstruction-programs and analysis
techniques.

At NIKHEF the gold-plated ATLAS discovery channel,
the Standard Model Higgs decay into four leptons (elec-
trons or muons), was studied. The excellent combined
precision of the central tracker and the muon spectrom-
eter is used to optimize the significance of the Higgs
observation. Figure 1.5 shows the reconstructed four-

Figure 1.5: Expected signal for a Higgs particle. Shown
are the results for different Higgs mass hypotheses.

muon invariant mass for Higgs particles masses between
110 and 230 GeV.

We also studied the Higgs decay into two photons:
H → γγ. This channel is particularly important in
case the Higgs particle has a mass close to the lower
bound from LEP (114.5 GeV). In about 20% of the
H → γγ decays one or both of the photons convert
to an e+e− pair due to the non-negligible amount of
material in the SCT. We have developed photon con-
version reconstruction software to recover these events.
With the use of this software ATLAS can improve both
the statistical significance and the mass resolution of
the H → γγ analysis.

NIKHEF is also involved in a series of physics analy-
ses utilizing the fast simulation (based on parametric
descriptions of the detector response as opposed to a
complete GEANT simulation). For example, effort is
put in the question whether the Higgs particle, once
found at ATLAS, is a scalar or a pseudo-scalar particle.
Finding a pseudo-scalar Higgs would be a real possibil-
ity in the Minimal Supersymmetric Standard Model and
thereby a definite sign of new physics. Another area
of research are studies of the heavy bottom and top
quarks. These are partly motivated by our work on the
D0 experiment at FERMILAB where the t-quark was
originally discovered and where the b-quark production
cross section was found to be significantly higher than
the Standard Model prediction. For the LHC we worked
on Monte Carlo predictions for the total Bc production
cross section including the octet model. Possible ex-
perimental signals for octet model contributions to Bc

P-wave production are investigated. In the near fu-
ture, these Monte Carlo simulations can be compared
to data from the D0 experiment at FERMILAB. Finally,
reconstruction of single top production via gluon-boson
fusion in ATLAS is studied at NIKHEF as well. The
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Figure 1.6: Cross section for the production of muons
associated with jets as a function of jet ET , and the
distribution of the pT of the muon relative to the jet
axis for various contributing components.

ATLAS group is working together with the theory de-
partment and our D0 colleagues to develop a Next to
Leading Order single-top Monte Carlo program to as-
sess the prospects of observing single top production at
the LHC.

1.3 D0 experiment

The Tevatron Run IIa is aimed at collecting an inte-
grated luminosity of at least 2 fb−1. During 2002, the
performance of the Tevatron at FermiLab has gradu-
ally improved and surpassed the Run I performance.
However, typical instantaneous luminosities at the end
of the year still lingered a factor 2 to 5 below the
Run II design goal. During 2002, D∅ collected data
corresponding to an integrated luminosity of 70 pb−1

for physics analysis, equivalent to some 200 million
recorded events.

Early 2002 the instrumentation of the read out of the
fibre tracker and the pre-shower detectors was finished,
thereby completing the detector. The data acquisition
system was substantially improved in 2002. A large part
of the trigger is commissioned, and further evolution is
foreseen for 2003. D∅ has moved from commissioning
of the detector to a mode of stable data taking.

NIKHEF detector hardware status

The radiation monitoring system consists of silicon
diode sensors mounted on the D∅ Silicon Microvertex
Tracker, and beam loss monitors. The system has been
running stably in 2002, and its calibration is almost
finished. The increase in bias current with integrated
luminosity has been shown to be in good agreement
with predictions.

The Run IIb upgrade of the silicon tracker requires a
new radiation monitor, which will again be the respon-
sibility of NIKHEF-Nijmegen. The readout will remain
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Figure 1.7: DCA significance for tracks in a general
QCD sample and a sample with muons with high pT

relative to the jet axis.

unchanged, while a start has been made with the re-
design of the sensors and front-end electronics.

An important addition to the trigger system is a Silicon
Track Trigger (STT) at Level 2, which will help trigger-
ing on displaced vertices. The firmware coding of the
electronics boards re-distributing the track information
obtained at trigger Level 1 over the independent sectors
of the STT has been largely finalized.

The Hall probe magnetic field sensor system has been
running smoothly in 2002, and a long-term stability
study has been performed. The sensors (an early spin-
off of the NIKHEF R&D for the ATLAS experiment)
show that the 2 T solenoidal field is stable to better
than 10−4. (This incidentally demonstrates that the
precision aimed for by the ATLAS experiment can be
achieved using this technology.)

The forward proton detectors, for which NIKHEF has
designed and made positioning components, are now
generally operational during data taking, and their com-
missioning is in progress.

Computing

At NIKHEF, a 50-node dual processor farm produces
Monte Carlo events for D∅ making NIKHEF the sec-
ond biggest production center. In 2002, some 11 million
fully simulated events were requested and produced.
Data transfer to and from the D∅ data management
system SAM is automatic. The NIKHEF-Nijmegen
group has set up a computer farm and a 2 TByte disk
server for data analysis. The NIKHEF group plays an
important role in pursuing full-scale data analysis out-
side FermiLab. In this context, a web server has been
set-up in Nijmegen to allow for a homogeneous inter-
face to all of D∅ś meetings and to facilitate posting of
relevant documentation.
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Figure 1.8: Event candidate for t t̄ → eνjjjj .

Software and physics analysis

NIKHEF PhD students and staff are involved in the
development of software for b-quark tagging and muon
and tau lepton reconstruction.

The production of b-quarks can be recognized by sec-
ondary vertex reconstruction, impact parameter tag-
ging, and soft lepton tagging (b → c`ν). A NIKHEF
PhD-student has measured the cross section for the pro-
duction of muons associated with jets in the first Run
II data, as shown in Fig. 1.6. Such muons can originate
from b or c quark decay, or π or K decay in light-quark
QCD events. These components can be disentangled
by studying the pT of the muon relative to the jet axis,
which is larger for the more massive b-quarks. A fit to
the data for jets with 20 GeV < ET < 25 GeV is shown
in Fig. 1.6.

Algorithms have been developed for impact parameter
tagging, where signed impact parameters are used to
calculate probabilities for tracks to originate from the
primary vertex. As an example, the signed distance of
closest approach (dca) significance is shown in Fig. 1.7
for tracks in a general QCD sample and a sample en-
hanced in b-quarks by demanding a muon with high pT

relative to the jet axis. These algorithms are used to
measure the b-quark production cross section, with the
objective of a double-tag measurement.

A further analysis focuses on an exclusive b-decay
mode, namely Bd → J/ψK 0

S . The J/ψ production
cross section has been measured in the muon decay
mode, and extensive studies in 2002 have focussed on
the reconstruction of charged pions from K 0

S decay.

A b-tagging algorithm based on secondary vertex prob-
abilities is being developed for the study of top-quark-
pair production, and their hadronic decay into (at least)
six jets. One PhD-student has finalized a NLO calcu-
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Figure 1.9: W and Z boson production cross section
in pp̄ collisions, times the branching ratio into one lep-
ton species. The curves represent the Standard Model
predictions.

lation of the single top quark production cross section,
and now focuses on the measurement of t t̄ production
and decay into electron, neutrino, and four jets. A can-
didate event is shown in Fig. 1.8.

Further focus is placed on the identification of τ leptons
using tracking and calorimetry. During 2002, much ef-
fort has been spent on understanding the calorimeter
response. The first signals of Z → τ+τ− decays (where
one tau decays hadronically and the other decays to
a muon) have now been observed. The electron and
muon decay modes of W and Z bosons have been used
for a first measurement of W and Z production cross
sections in pp̄ collisions at

√
s = 1.96 TeV, as shown in

Fig. 1.9. The results are consistent with the Standard
Model predictions, also shown in Fig. 1.9.
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2 B Physics

2.1 Introduction

The B physics group of NIKHEF participates in the
LHCb experiment at CERN and the HERA-B exper-
iment at DESY. The HERA-B detector has been es-
sentially completed in the course of 2002 and an ex-
tensive commissioning and physics run commenced in
the second half of the year. However, due to the lim-
ited performance of both the experiment and the HERA
accelerator, HERA-B is not expected to be capable
of contributing in a significant manner to our under-
standing of CP violation in the B system. At the end
of 2002, NIKHEF joined the BaBar experiment at the
Stanford Linear Accelerator Center in Palo Alto, U.S.A.
Recently, BaBar and its competitor experiment Belle
in Japan demonstrated unambiguously that CP viola-
tion in B meson decays does indeed occur. Although
various accurate measurements can be made by both
experiments, these experiments cannot measure all rel-
evant parameters with sufficient precision to pinpoint
the origin of CP violation. That task will fall to the
LHCb experiment at the LHC collider of CERN, which
is planned to come into operation in April 2007. The
development of the detector components for LHCb is
generally proceeding on schedule. The same is true for
software development and the study of data-analysis
methods.

2.2 Status of HERA-B

The long shutdown of HERA, which did not deliver
beam before summer 2002, has been used to recheck
all systems, to improve them where necessary, and to
prepare for data taking as soon as the beam would come
on.

The subsystem that underwent the most intensive over-
haul was the Outer Tracker. All large chambers have
been strengthened in order to prevent bending lead-
ing to broken wires. In addition, on all HV distribution
boards the capacitors that suffered from radiation dam-
age have been exchanged. The system works now with
high reliability and low failure rate; the efficiency ob-
tained is as high as 98%.

The Outer Tracker chambers in the magnet have been
taken out of the active region. This resulted in much
less multiple scattering, in less background, and in less
photon conversion and electron bremsstrahlung.

Installation and commissioning of the Inner Tracker was
completed by October 2002. However, this system re-
mains sensitive to unstable beam conditions. In fact,

due to (not understood) spikes in the (electron ?) beam
of HERA, it trips frequently.

The Muon detector has been improved and runs cur-
rently at track efficiencies of about 70% .

The most crucial single subsystem of HERA-B, the first-
level trigger (FLT), which was not really commissioned
in the year 2000, has been thoroughly investigated. The
optical links work now reliably due to improved tuning
possibilities of the DAC settings on the link boards,
and the performance of the FLT is now such that it is
routinely used for data taking. The efficiency is about
30%.

The intermittent periods of proton beam since July
2002 have been used for commissioning, alignment
studies, and final tuning of the detector. Since October
30, 2002, HERA-B is routinely used for data taking.
Trigger conditions are either a 2-lepton track (either
electron or muon pairs) for J/ψ triggering, or an ‘inter-
action trigger’ for minimum bias events. A logging rate
in excess of 1 kHz of minimum bias events is routine.
J/ψ triggering occurs at an event-logging rate of about
200 Hz, and results in more than 1,000 J/ψ → `+`−

events per hour.

During the about 450 hours of data taking, about 250
million minimum-bias events and 150 million di-lepton
trigger events (containing about 300,000 J/ψ → `+`−)
have been logged on tape, demonstrating the high per-
formance of the data-acquisition and multi-level trigger
systems, as well as the stability of the detector under
normal beam conditions.

Until now, the physics program redefined in the year
2000/2001 has by far not been achieved, exclusively
due to the beam-time allocation to the HERA-B exper-
iment.

Analysis of the data is in progress. Here, only a few
preliminary results can be indicated.

Minimum bias

The data allow to reconstruct all hyperons up to, and
including, Ω− and Ω̄+, of which about 110 events have
been found in about 25% of the total data set. Simi-
larly, about 130 D0 and 90 D+ events have been found
in about 40% of the data set, which indicates the pos-
sibilities offered by the present data.

The search for Λc has been started.
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Figure 2.1: Sample of a 0.25 mm thick encapsulated
aluminum foil produced with the superplastic deforma-
tion process. At regions with a strong deformation the
crystal reorientation and growth caused tiny vacuum
leaks.

J/ψ triggered data

The present sample contains about 300,000 J/ψ
events, about 10% of the expected data sample.

First results on nuclear suppression of J/ψ produc-
tion at negative values of Feynman’s x seem to show,
against all expectations, a rise of α (i.e. an enhance-
ment rather than suppression). Thus, the hope to
discriminate with the new HERA-B data between the
available models seems to have vanished, for the simple
reason that all of them predict values for α of less than
one, whereas we find a considerable rise of α above one,
implying that all available models seem to be ruled out.

Moreover the present data set includes several 10,000
χc events, and thus has significantly increased the pre-
viously available amount of data. These χc events are
identified by the decay χc → J/ψγ. Whereas with γ
detection in the ECAL high efficiency can be obtained,
it is not possible in this way to resolve the χc1 and χc2

states. However, making use of conversion in the de-
tector material in front of the magnet, it is possible to
detect the γ through the e+e− pair, which leads to
higher resolution at the price of less efficiency.

About 0.1% of all J/ψ events is produced through the
decay of B mesons, giving us a realistic chance of re-
constructing exclusive B decays. By now, clear evi-
dence for a detached J/ψ peak (indicative of B meson
production) has been established.

Figure 2.2: Full-size 0.3 mm thick encapsulated alu-
minum foil produced with the hot metal gas forming
technique.

2.3 Vertex detector of LHCb at CERN

NIKHEF is responsible for the mechanical design of the
LHCb vertex detector. Critical components in the de-
sign are both the thin aluminum foil that separates the
silicon sensors from the LHC proton beams, and the
large bellows that allows to retract and insert the silicon
detectors during filling and stable operation of LHC. In
addition, in the past year significant attention was paid
to the vacuum control system of the vertex detector.

The mechanical design of the vertex detector has been
further optimized. The construction of the RF foil has
given several problems, but after intensive R&D stud-
ies a solution has been found that produces vacuum
tight foils. Previous attempts with superplastic defor-
mation did not give the expected results. Especially at
the strongest deformed places, crystal growth produced
a rough crystal structure as shown in Fig. 2.1, which
resulted in tiny vacuum leaks.

With hot-metal-gas-forming we succeeded to obtain
good foils. In this process the material is heated, after
which gradually the pressure is increased. Both the for-
mation temperature and the duration of the pressing
turned out to be very sensitive parameters. Optimal
results are obtained for 4 hours formation at 350 ◦C.
Fig. 2.2 shows a full-size foil produced with this tech-
nique.

The foil is made from 0.3 mm thick AlMg3, an Al-Mg
alloy with 3% Mg. The profile has been measured at
a 3D measuring machine, and the deviations from the
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Figure 2.3: Suggested routing of the kapton cables in-
side the vacuum vessel.

design shape where within 0.2 mm.

The deformation of the RF vacuum box due to small
(up to 5 mbar) pressure variations between the primary
and secondary vacuum during venting and evacuation,
has to be seen in relation to the position of the sili-
con detectors. The actual deformation can of course
only be determined if a complete RF box is available.
But based on the deformation of just a complete foil,
combined with finite-element calculations for both a foil
and a complete box, a safety gap of 1.2 mm has been
deduced.

Brazing of the rectangular bellow was not successful
yet. Some uncontrollable effects resulted in small vac-
uum leaks. Therefore, preference is given to welding of
the bellows. First results are very promising, although
the process is very time-consuming.

For the cables inside the vacuum system, kapton flat
cable is chosen because of the radiation hardness and
flexibility. It consists of three 17 µm copper layers,
separated by kapton. The middle copper layer contains
100 µm broad lines. The layout of the cabling is shown
in Fig. 2.3.

Outgassing properties of these kapton cables has been
determined; no problems are foreseen for application in
the secondary vacuum system.

For the gravity valve, measurements have been per-

Figure 2.4: Response of the gravity valve. The maxi-
mum pressure difference is limited to 2 mbar.

formed to determine the response during venting and
evacuation. Results are shown in Fig. 2.4. Only one
vacuum is pumped or vented, the other one follows
because of gas flow through the gravity valve. The re-
sults indicate that the valve acts as expected. It opens
at differential pressures of a few mbar. Leak rate during
normal operation and response of the gravity valve to
leaks needs to be determined.

It is possible to evacuate and vent the system with a
maximum pressure difference of 2 mbar. In the opera-
tional mode the pressure in the primary vacuum system
is 10−8 mbar.

To test the system in a stage where not all hardware
components are available, testing will be performed
with a printed circuit board, equipped with Field Pro-
grammable Gate Arrays (FPGA). This testing device is
a mock-up for 130 valves, vacuum meters and pumps.

During injection the detector halves have to move apart
in order to accommodate the undamped beams. During
the measurement stage the detectors have to be moved
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Figure 2.5: The real part of the longitudinal impedance
for the vacuum vessel with the two detector boxes with-
out wake-field suppressors.

in again. A prototype is being constructed to test the
motion control system. It consists of a stepping motor
and an encoder/resolver.

The RF properties of the system have been measured
in a one-to-one scale model of the Vertex Locator
(VELO). With just the RF boxes in place the vacuum
vessel will show a large number of resonances, as shown
in Fig.2.5.

Several types of wake-field suppressor have been tried;
the latest design has the best properties combined with
a minimum amount of material. The situation with the

Figure 2.6: The inside of the vacuum vessel with the
two detector halves and the wake-field suppressor in the
closed position.
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Figure 2.7: The RF response of the vacuum vessel
with the wake-field suppressor closed (blue curve) and
open(red curve).

wake-field suppressor in place for the completely closed
(measurement) and opened (injection) mode is shown
in Fig. 2.6 and Fig. 2.8.

The resonances are almost completely eliminated for
the closed wake-field suppressor, but also for the situ-
ation where the RF boxes are 60 mm opened the reso-
nances are strongly reduced (see Fig.2.7).

An Engineering Design Review with representatives
from the LHC machine groups has taken place at
CERN on December 16 and 17. The present design
has been approved, and the production stage has
started.

Figure 2.8: The inside of the vacuum vessel with the
two detector halves and the wake-field suppressor in the
opened position.
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Figure 2.9: Typical pulse shape of a Beetle 1.1 chip as
measured at the X7 test beam of CERN on a hybrid
with 16 chips.

2.4 Development of a radiation hard front-
end chip for the vertex detector of LHCb

The development of a radiation hard front-end chip
in 0.25 µm CMOS technology for the vertex detec-
tor of LHCb is continuing. In a collaboration be-
tween the ASIC-lab in Heidelberg, Oxford University
and NIKHEF various submissions have been prepared
and subsequently tested. Test chips containing a vari-
ety of improved front-end designs based on NMOS or
PMOS input pre-amplifiers and a modified PMOS feed-
back transistor were extensively tested in Heidelberg,
Zürich and at NIKHEF. Based on these lab measure-
ments a new front-end design was selected and imple-
mented in the new 128 channel 40 MHz full-size chip
Beetle 1.2, which is presently under investigation. Fur-
thermore a prototype VELO hybrid was designed, pro-
duced and equipped with 16 Beetle 1.1 chips that were
bonded to a 300 µm thick PR02 r-measuring silicon
strip detector. After commissioning the setup and its
control and DAQ systems at NIKHEF, the system has
been used for performance tests in the X7 test beam at
CERN. Data were collected in stand-alone mode and
in coincidence with a tracker delivering x-y informa-
tion. High statistics data, covering all regions of the
detector, were collected for a variety of bias settings.
A typical pulse shape is shown in Fig. 2.9, in which the
noise dominated baseline and the Landau dominated
peak region are clearly visible.

Channel dependent pulse-shape characteristics, like rise
time and spillover after 25 ns, have been determined.
Bias settings resulting in pulse shapes that comply with
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Figure 2.10: Overview of the Pile-Up VETO system.

LHCb requirements were found. Signal to noise ratios,
(S/N)cluster , ranging from 14.3 till 19.5 were extracted
for detector regions with a small and large capacitance,
respectively. The Beetle was one of the two candidate
front-end chips for the LHCb vertex detector. In a re-
view the Beetle has been selected as the front-end chip
that is ultimately going to be used in the experiment.

2.5 Pile-Up Veto System

A large fraction of the crossings at LHCb will contain
multiple interactions. They will be rejected by the Pile-
Up Veto System (Fig. 2.10) at the first trigger level.
In the Beetle chip the signals of silicon strip detectors
are amplified and compared with an individual threshold
before being sent further to the processing system. A
first prototype Hybrid with 16 Beetle chips (Fig. 2.11)
has been designed at NIKHEF, a second one includ-
ing the binary discriminator outputs for the the Pile-Up
system is in development. The data will be sent over
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Figure 2.11: Prototype hybrid as produced by NIKHEF
with a Si-detector mounted. The detector strips are
circular arcs, the pitch increases with the distance to
the beam axis.

Optical Ribbons (a technique common to other LHCb
trigger projects) to the processing system. This year
an important step has been to design and produce a
prototype Vertex Finder Board, a key element in that
system. In this module the histogramming of vertices
and the finding of the vertex is performed (Fig. 2.12).
The performance of the system and the adjustment of
parameters is simulated with Monte-Carlo data. The
system, as part of the overall LHCb trigger system, will
be reviewed in 2003.

2.6 Grid Computing for LHCb

The LHC experiments require massive computing
power. For LHCb, over a million SI95-equivalent
CPU’s are needed in 2007 and data storage is in the
order of 1 Pb (a million Gb) per year. The LHC
strategy to meet these requirements is to perform
computing via an international datagrid, and NIKHEF
is actively involved in the development of the necessary
architecture and tools via the European Data Grid
(EDG) project (see elsewhere in this report).

For LHCb specifically, we employed 2 small farms con-
taining each a server and 10 dual pentium-III worker
nodes. One farm was used as a general grid testbed to
develop EDG software, and was accessible for all EDG
users; the other farm was reserved for LHCb-use ex-
clusively in the so-called LHCb data challenges. These
data production runs are performed to test the robust-
ness of the distributed system under mass production
conditions and require a stable running environment.
For the LHCb experiment, the chosen data challenge
test case was the distributed production of Monte-Carlo
data, which is the most CPU-intensive aspect of LHCb
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Figure 2.12: Basic principle of detecting multiple ver-
tices in a crossing. The readout hits of Si-detector
planes A and B (at z=-23 and z=-30 cm from the
nominal interaction point) are combined in a coinci-
dence matrix. All combinations are projected onto a
z-histogram. The peaks indicated correspond to the
two interaction vertices in this particular Monte-Carlo
event.

computing. The produced data were used for the trig-
ger and LHCb-light technical design reports. The farm
has been operated efficiently throughout the 2002 data
challenge. Most supervisionary interactions were re-
quired for solving problems that occurred during the
data transfer from the farm to CERN and the storage
at CERN. We aim to implement the usage of the EDG
storage element located at SARA for data storage in
2003.

2.7 Outer Tracker

With the approval of the Technical Design Report
(TDR), the focus of the project shifted from the R&D
to the preparation of the detector production. All
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designs presented in the TDR were translated into
detailed technical solutions that can be implemented
in a production scheme. Several parallel activities were
carried out throughout 2002 in preparation for the
launch of the mass production of the detector modules:

• A detailed internal schedule was agreed upon
among the groups participating to the Outer
Tracker (OT) construction and a detailed list
of project milestones was provided to LHCC to
monitor the project developments.

• A pre-requisite for the launch of production is the
availability of all production and quality-control
tools: the design of these tools was therefore fi-
nalized and their construction was either initiated
in the cooperating institutes or commissioned to
industry.

• The design guidelines presented in the TDR
were implemented in actual engineering design
and technical drawings: these will be officially
reviewed by an external panel in an Engineering
Design Review (EDR) in June 2003.

• The market was surveyed to identify producers of
the various mechanics and electronics parts neces-
sary for detector modules production. The process
to draft and seal contracts was started.

In addition to this, considerable progress was made in
the design of the OT Front-End Electronics, which is
entirely NIKHEF responsibility.

Production Facilities and Tooling

The construction of an assembly facility, including a
large clean-room, was completed. Here the mass pro-
duction of more than two thirds of the longest (∼5 m)
detector modules (about 130) will take place.

Among the module assembly tools, a central role is
played by the Straw Templates. These are essen-
tially alignment jigs where all 64 straws forming a half-
module are positioned to be then glued to their support-
ing panel. The high intrinsic resolution of the drift-cells
(about 200µm) requires very tight mechanical toler-
ances (of the order of ±50µm) in the straw-alignment
pattern. The Straw Template also plays a crucial role
in defining the detector planarity; this results in the re-
quest of a jig planarity tolerance within ±100µm, by no
means a trivial requirement for an object about 40 cm
wide and 5 m long. We identified a suitable producer in
the High Tech Aerospace unit of the Philips Enabling

Figure 2.13: Straw Template during machining at the
High Tech Aerospace unit of the Philips Enabling Tech-
nologies Group.

Technologies Group. After some trial and error, the
right quality of aluminum in combination with a stress-
free machining procedure were found; a first down-
scaled prototype, shown in Fig. 2.13, with a length
of about 1 m, was produced by Philips and tested at
NIKHEF and found to meet our specifications.

Engineering Design

NIKHEF has been the leading group in the engineer-
ing design of the detector modules and the Engineering
Department of NIKHEF is responsible for the comple-
tion of all technical drawings to be reviewed in the June
2003 project EDR. In correspondence with the design
and production of a down-scaled version of the Straw
Template tool, we designed also a down-scaled version
(about 1 m) of a long detector module, comprising all
the design solutions and details of the full-size mod-
ules. A complete set of technical drawings (assembly,
sub-parts, construction-aiding etc.) has been produced.
Such a 1 m Module will be produced before the EDR
in order to provide factual evidence for the adequacy of
our design.

Production of Detector Elements

The central elements for the production of the detec-
tor modules are the straw tubes. In collaboration with
market-leading producer LAMINA Dielectrics Ltd., we
converged on a design consisting of two windings of
the following materials (from the straw inside to the
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Figure 2.14: View of straw prototype produced by
LAMINA Dielectrics Ltd., exhibiting the two windings,
lying on top of a foil of the laminate of Kapton and
Aluminum used for the inner winding.

outside):

• 40µm Kapton XC (XC-160);

• a laminated foil, with a total thickness of about
40µm, consisting of 25µm Kapton XC (XC-100)
and 12µm aluminum.

Pre-series straw tubes have already been produced by
LAMINA (see Fig. 2.14), which was then awarded the
production contract.

Other key elements for the production of detector mod-
ules are the sandwich panels, used to support the straw
tubes and to define the gas box. Our strict mechanical
requirements, combined with the request for a mini-
mum material budget, render the production of these
panels as standard industrial laminates difficult and ex-
pensive. In the R&D phase, the Cracow Institute, avail-
ing of its substantial experience in producing carbon-
fiber composite structures, has produced in a low tem-
perature process test panels that have demonstrated
excellent performance. A cooperation agreement has
thus been sealed between NIKHEF and INP Cracow for
the production of these basic elements. First full-scales
prototypes have been delivered to NIKHEF, where their
geometrical and mechanical properties were measured

Figure 2.15: 5 m long carbon-reinforced sandwich pan-
els produced by INP Cracow surveyed at NIKHEF.

(see Fig. 2.15) and found meeting the technical speci-
fications.

At the end of each straw tube, wire-support elements
and gas distribution blocks are necessary. These two
functionalities have been combined into single “blocks”.
Additionally, due to their length, wires have to be sup-
ported at intermediate positions by so called “wire lo-
cators”. All these elements will be produced with in-
jection molding, which can attain the tight required
tolerances (about ±20µm in the relative position be-
tween the anode wire and the cathode straw tube) for
such a large number of pieces (about 400,000) at an
affordable price. After contact with different produc-
ers, we selected Philips Centre for Industrial Technnol-
ogy (Philips CFT). The engineering design of the pieces
was finalized in collaboration with Philips CFT, a four-
fold mould constructed, and first prototypes, shown in
Fig. 4.2 in Chapter D4, produced.

Front-End Electronics

Several activities were carried out in order to finalize
the design of the Front-End Electronics:

• The global layout was finalized, with the block dia-
gram of all FE support-boards (Wire-support Feed-
through board, HV board, ASDBLR board, OTIS
board, AUX board) and their interfaces.

• The detailed layout of the Wire-support Feed-
through board and of the HV board was completed
and a pre-series of about 30 boards produced.

• Detailed cooling studies were initiated, in simu-
lated as well as in real FE Electronics models.
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Figure 2.16: Mock-up module of the FE Electronics,
showing (left) the full assembly and (right) the detail of
the wire-support feed-through board, with the ground
spring and the wire connectors.

• In cooperation with the mechanical engineering de-
sign, considerable progress was made in the defi-
nition of the cabling and cooling services to the
detector modules. A first design of the detector
service box (24 in total, two per each quarter sta-
tion, providing interface to the slow and fast con-
trol, and to the low and high voltage systems) was
also realized.

• An order to produce 28 wafers of ASDBLR pre-
amplifier and discriminator was placed in coopera-
tion with the ATLAS TRT detector at the DMILL
producer ATMEL, France.

In particular, the geometry of the detector modules was
considered in close combination with the mechanics of
the Front-End Electronics. For this purpose, a complete
mock-up module of the Front-End Electronics, shown
in Fig. 2.16, was produced.

2.8 Track Reconstruction and Physics:
LHCb reoptimization

Reduction of Material

As described in the Technical Proposal (TP) the LHCb
tracking system consisted of a Vertex Locator (VELO)
of 25 Si stations and a main tracking detector of 9 Inner
Tracker and Outer Tracker stations. As the detailed de-
signs of the sub-detectors matured, their material bud-
get increased, in particular for the tracking stations.
The material up to RICH-2 corresponded to 40% of X0

(10% of λI ) at the time of the TP, and had increased
to 60% of X0 (20% of λI ) at the time of the Techni-
cal Design Report of the Outer Tracker, where X0 (λI )
is the radiation (interaction) length. Detector material
with a small radiation length deteriorates the detection
capability of electrons, positrons and photons, increases
the multiple scattering and increases occupancies in the
tracking stations. With decreased nuclear interaction
length, more kaons and pions interact before reaching
the last station of the tracking system. The number
of reconstructed B mesons therefore decreases, even if
the efficiency of the tracking algorithm is maintained
high for those tracks that traverse the full spectrome-
ter. For this reason, the detector has been reoptimized
to reduce the material budget to the level of the original
proposal.

The material budget of the VELO and the RICH-1 de-
tector has been reduced by minor modifications and
improvements in their design. For the VELO the thick-
ness of the silicon sensors has been reduced from 300
to 220 µm, and the number of stations from 25 to 21.

Compared to the original proposal the material of the
RICH-1 mirror has been changed from glass to carbon-
composite material and the mirror supports have been
moved outside the acceptance.

For the main tracking stations, it was found to be very
difficult to reduce material below a level of 3% of X0

(1.2% of λI ) per station. A reduction in the num-
ber of tracking stations was therefore considered. In
the original design it was observed that hit occupancies
of the tracking stations inside the magnet region were
high due to low momentum particles (from secondary
interactions) trapped in the magnetic field. In the case
of electrons the stations in the magnetic field caused
emission of bremsstrahlung photons, which could not
be recovered with the calorimeter system.

These problems have been avoided by removing the
tracking stations inside the magnet. The number of
tracking stations behind the magnet has been reduced
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Figure 2.17: A schematic view of the LHCb detector:
(a) before the reoptimization and (b) after the reopti-
mization.

from four to three (T1, T2, and T3), which are now
of identical construction. Since each station has eight
measurement layers for the straw Outer Tracker part
and four layers for the Silicon Inner Tracker part, three
stations are found to be sufficient.

The pattern recognition program has been adapted to
this layout, and now relies mainly on matching the
tracks found in the VELO to the hits in the stations T1-
T3. An additional station, the Trigger Tracker (TT),
is placed in front of the magnet just behind RICH-1.
By matching the track segments found in the stations
T1-T3 to the hits in TT, also pions from K 0

s particles
decaying outside the VELO volume but upstream of TT
can be reconstructed.

Figure 2.17a gives a schematic overview of the original
LHCb layout and 2.17b of the reoptimized layout. Af-
ter this reoptimization, the material budget in front of
RICH-2 is back to the level of 40% of X0 and 12% of
λI .

Track Reconstruction

In the original setup tracks were reconstructed in the
upstream direction. Track seeds were searched in the
stations behind the magnet and were traced back across
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Figure 2.18: Left: Track reconstruction efficiency as
function of track momentum, Right: Fraction of recon-
structed ghost tracks with a reconstructed momentum
larger then a cut-off value pcut .

the magnet toward the vertex detector. In the LHCb
light setup this upstream track following method is re-
placed by methods that link track segments in the ver-
tex region directly to hits in the downstream detector.
It turns out that this can be done without additional
loss in efficiency for long tracks; tracks that traverse the
whole spectrometer. The resulting reconstruction effi-
ciency and the ghost rate is plotted as function of the
track particle momentum in Fig. 2.18. For tracks orig-
ination from a B decay the average efficiency is found
to be 96%.

The average momentum resolution of the recon-
structed tracks is the same in both detector layouts
(< δp/p >= 0.37%). It turns out that the reduction in
multiple scattering approximately cancels the reduced
number of measurement planes.

B Decay Reconstruction

The precision of the reconstruction is verified by study-
ing the invariant mass resolution of reconstructed B
mesons and the time resolution of the observed B de-
cays. A good invariant mass resolution is crucial for
a background free selection of signal events, while ex-
cellent decay time resolution is required to resolve the
high oscillation frequency of the Bs mesons. The resolu-
tions obtained are very similar to those of the TP. When
similar performance can be achieved, a tracking system
based on fewer tracking stations is advantageous. It
contains less material, causing less multiple scattering
and generating a smaller number of secondary parti-
cles due to photon conversions. Fewer particles are lost
due to interactions with the material. The system is
in addition simpler to maintain and operate, and the
reduced event size simplifies the design of the higher
level trigger and data acquisition.

To further establish the validity of the reoptimized
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Figure 2.19: Left: mass resolution, right: decay time
resolution

LHCb set-up 25k events of eight specific B decay modes
are simulated in a realistic LHC luminosity environment.
In addition 10M general B decay events are simulated
to test background suppression in the individual decay
selections. The selection procedures in each of the sig-
nal decays have been tuned to give maximal efficiency
but no background contamination from the 10M sam-
ple.

The total signal selection efficiencies as obtained in
these preliminary studies are given in the first column
of table 2.1. The total efficiency is given by various
factors. For the B → ππ decay mode for example, it is
a product of 13% geometrical acceptance, 96% track
reconstruction efficiency per track, 22% efficiency for
the off-line selection, 61% for the Level-0 and 51% for
the level-2 trigger efficiencies. The second column of
the table gives estimates for untagged event yields ex-
pected in 2 fb−1 of data, corresponding to a ‘nominal’
year of of 107 s at an average luminosity of 2 × 1032

cm−2 s−1. For comparison the event yields of the TP
are also given.

Channel (c.c included) efficiency yield TP
B0 → π+π− 0.78% 27k 11k
B0 → K +π− 0.85% 115k 38k
B0

s → K +K− 0.94% 35k -
B0

s → D−s π
+ 0.26% 72k 86k

B0
s → D∓s K± 0.34% 8k 6k

B0
s → J/ψ(µ+µ−)φ 1.66% 109k 81k

B0
s → J/ψ(e+e−)φ 0.29% 19k 32k

B0 → K∗0γ 0.09% 20k 22k

Table 2.1: Estimates for the total efficiencies and the
annual yields of benchmark B-hadron decays for the
reoptimized LHCb detector. For comparison the yields
of the Technical Proposal are given in the last column.

Since the TP, many conditions and assumptions have
changed. The most significant changes are that the
current performance is based on a more realistic de-
scription of the LHC collisions, a more realistic detector
description, and a new object oriented reconstruction
software. In addition, events with multiple interactions
were ignored at the time of the TP, whereas pile-up is
now treated in a proper way.

The physics performance study also shows that the re-
optimized LHCb detector will be able to reconstruct
similar statistics of B meson decays of interest as in
the TP and hence maintains its physics potential.
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A module for the Alice ladder.
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3 Heavy Ion Physics

3.1 Introduction

The heavy-ion group at NIKHEF participates in the
NA57 and NA49 experiments at the CERN SPS. Both
experiments have completed data taking

In 2002 NIKHEF has joined the STAR collaboration.
STAR allows the study of heavy-ion collisions at ener-
gies up to

√
s=200 GeV/nucleon. The NIKHEF group

is interested in the study of particle spectra and the
results of the upcoming pA run.

In addition, NIKHEF contributes strongly to the prepa-
ration of the ALICE experiment. The NIKHEF group
concentrates on the design and construction of the AL-
ICE silicon microstrip tracker.

3.2 The NA57 experiment

The NA57 experiment has been designed to study the
production of strange baryons and anti-baryons in p-
Be and Pb-Pb collisions at the CERN SPS. It intends
to extend the scope of its predecessor, the WA97 ex-
periment, which observed an enhanced production of
strange particles in Pb-Pb collisions with respect to p-
A collisions at 158 GeV/nucleon beam energy.

The NA57 experimental set-up features a high granu-
larity, allowing a detailed study of the strange baryon
production at mid-rapidity. One such study, done by
NIKHEF, is the determination of the polarization of
the Λ and Λ̄ produced at small rapidities.

Polarized Λ production

A significant transverse polarization of Λ particles pro-
duced with unpolarized proton beams and even in heavy
ion collisions has been observed. In these experiments
the polarization is measured with respect to the direc-
tion perpendicular to the event plane. The event plane
is defined as the plane spanned by the direction of the
incoming beam and the direction of the produced Λ.

This polarized Λ production is largely unexplained be-
cause QCD predicts no polarization if the incoming par-
ticles are not polarized. However, several semi-classical
models attempt to describe the experimental results.
These models describe the polarization of the Λ as a
function of its Feynman xF and transverse momentum
pt . The models differ in their predictions for both large
xF and for small xF . The model proposed by DeGrand
and Mietinen[2] tries to explain the observed polar-
ization by assuming that and s-quark from the sea is
accelerated by the attractive force generated by a ud

quark pair from the projectile. In this case the veloc-
ity vector of the s-quark is not parallel to the change
in its momentum and the spin vector precesses until it
aligns perpendicular to the acceleration (Thomas pre-
cession). The s-quark determines the polarization of
the produced Λ. The Berlin model[3], assumes a cor-
relation between the transverse momentum of valence
quarks in the nucleon and their spin orientations. The
Troshin-Tyurin model[4] describes polarization as a re-
sult of multiple scattering of constituent quarks from
the projectile by the mean field of the nucleons which
overlap during the collision. Here, strange quarks are
produced during the collision.

Understanding of this effect is of importance to the
search for the quark-gluon plasma because a quark-
gluon plasma has no memory of the original beam di-
rection and therefore cannot produce polarized parti-
cles. The available data comes mainly from pp and pA
collisions, but recently the first results from heavy-ion
collisions have become available.

Λ production in NA57

The NA57 experiment has collected a large number of
events for both pA and AA collisions at a center-of-
mass energy per nucleon of

√
s=19 GeV/nucleon. The

large number of events allows selection of a basically
background free sample of Λ particles. The relatively
small size of the NA57 detector limits the detection of
decaying particles to those where both tracks remain
inside the fiducial volume of the detector. This is only
the case when the tracks bent toward each other (cow-
boy events). When the tracks diverge (sailor events)
only short sections of the tracks are measured and the
momentum cannot be determined accurately. There-
fore the distribution of measured decay angles is dis-
torted. Detailed simulations were needed to correct for
this. When only counting the number of Λ particles
produced a simple weighting procedure, where the ac-
ceptance for Λ particles is determined by Monte Carlo
methods, had been sufficient. However, when looking
at the internal decay angles of the Λ this is no longer
adequate. A sophisticated correction method, based on
the deconvolution method developed by Blobel[1], was
implemented. This method does not only correct for
acceptance, but also considers the effects of the mea-
surement resolution.

Because the NA57 experiment has collected a very large
number of events, the statistical error on the result is
quite small and in fact accuracy of the result is dom-
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Figure 3.1: Transverse polarization of Λ particles pro-
duced in pp, pA and AA collisions. The NA57 results
are indicated by the open squares. The error bars for the
NA57 results include statistical and systematic errors.
For comparison the predictions of three semi-classical
models are shown.

inated by systematic errors. Therefore the systematic
errors were also studied in detail. For this purpose the
polarization of the K0particles was determined with the
same method and for the same dataset. The analysis
was done separately for the two orientations of the mag-
netic field that NA57 uses. Since it is known that the
K0 are not polarized the results could be interpreted as
an estimate of the systematic error resulting from the
limited accuracy of the Monte Carlo description of the
detector. Indeed it was shown that the systematic errors
are slightly larger than the statistical errors. In order to
exclude additional systematic effects due to the slightly
different acceptance for Λ compared to K0 a detailed
study of the stability of the results as a function of the
experimental selection cuts was also done.

Fig. 3.1 shows the results of the transverse polarization
measurement of the NA57 experiment, compared to
results from other experiments and compared to three
semi-classical models. The available data from pA col-
lisions at high xF seems to prefer the Berlin model. The
analysis of the NA57 data shows that the polarization
at small xF is small as expected from the available mod-
els. However, the systematic errors in this result are too

large to allow rejection of any of the available models.
A more detailed investigation in the asymmetries in the
detector set-up could reduce the systematic error.

3.3 The NA49 experiment

The NA49 detector [5] at the CERN SPS is a large ac-
ceptance fixed-target magnetic spectrometer designed
to study hadronic reactions ranging from elementary
proton-proton (p-p) via proton-nucleus (p-A) to heavy
ion (A-A) interactions. A set of large Time Projec-
tion Chambers provides momentum measurement and
particle identification through dE/dx . About a 1000
charged tracks are routinely reconstructed in a central
158 GeV/nucleon Pb-Pb event. At central rapidity the
particle identification is improved by a measurement
of the time-of-flight. The centrality of A-A collisions
is determined from the energy deposition of spectator
nucleons in a downstream calorimeter.

Within the large and diverse physics program of NA49,
NIKHEF has taken part in the analysis of the energy
dependence of particle production in central Pb-Pb
collisions at 40, 80 and 158 GeV/nucleon beam en-
ergy [6]. In 2002 the energy scan was completed by
taking data at 20 and 30 GeV/nucleon; preliminary re-
sults at 30 GeV/nucleon have recently become avail-
able [7].

In the year 2000 a large sample of 3 million Pb-Pb
events was taken at 158 GeV/nucleon to measure rare
particle production like the Ω and to search for open
charm in heavy ion collisions. The search for open
charm production has been carried out at NIKHEF and
preliminary results are presented in [8].

Fig. 3.2 shows a compilation of transverse mass spec-
tra measured by NA49 in central Pb-Pb collisions at
158 GeV/nucleon. These spectra reflect the state of
the expanding system in the latest stage of the evo-
lution where (elastic) collisions between the produced
hadrons are so rare that they cannot change their mo-
mentum distributions anymore. This freeze-out can, in
a hydro-dynamical picture, be described in terms of a
kinetic freeze-out temperature Tk and a transverse flow
velocity βT (blast-wave parameterization). All available
NA49 data measured at 40, 80 and 158 GeV/nucleon,
except for the pion and deuteron data, were fitted to
the blast-wave parameterization and gave results simi-
lar to those shown in Fig. 3.2 for 158 GeV/nucleon [8].
The pion spectra at low mT are not expected to be de-
scribed by the blast-wave parametrization because they
are dominated by resonances. The deuteron spectra
are not expected to be described because they are pro-
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Figure 3.2: Transverse mass spectra measured by NA49
in central 158 GeV/nucleon Pb-Pb collisions. The solid
curves show the result of blast-wave fits to the data.
The dashed curves show the corresponding predictions
for the pion and deuteron data (see text).

duced by a coalescence mechanism. These blast-wave
fits have attracted considerable attention because they
indicate that, contrary to expectations, heavier parti-
cles like the Ξ and the Ω fully participate in the flow
and decouple together with the rest of the hadron fluid.

The measurements of particle yields and ratios probe an
earlier stage of the expanding system when the ’chem-
ical’ composition is frozen out. Statistical hadron-gas
models have been very successful in describing the rel-
ative particle abundances measured in A-A collisions at
energies ranging from the AGS up to RHIC in terms of
a baryonic chemical potential µB (which is a measure of
the net baryon density) and a chemical freeze-out tem-
perature Tf [9, 10]. It turns out that µB decreases with
energy while Tf , at SPS and RHIC energies, increases
to a value close the critical temperature Tc ≈ 160 MeV
where, according to lattice QCD calculations, a tran-
sition to the quark-gluon plasma should occur. Inter-
polation of the chemical potentials and freeze-out tem-
peratures measured at the various energies yields a pre-
diction of the energy dependence of particle ratios.

Fig. 3.3 shows the energy dependence of the K +/π+

ratio of full phase-space yields measured by NA49 at
40, 80 and 158 GeV/nucleon [6], together with the
preliminary result at 30 GeV/nucleon [7]. This ratio
increases steeply at AGS energies, then turns over and
decreases at the SPS followed by a plateau between
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Figure 3.3: The energy dependence of the K+/π+ ra-
tio measured in central Pb-Pb collisions at the AGS
(triangles), by NA49 (squares) and at RHIC (Au-Au
collisions). The curves show predictions from a statis-
tical hadron-gas model and from the dynamical string
models RQMD and URQMD.

the highest SPS energy and RHIC. Also plotted are
the predictions from a statistical hadron-gas model [11]
and from the dynamical string models RQMD [12] and
URQMD [13]. Whereas both the hadron-gas model and
RQMD qualitatively capture the trend it is seen that,
in their present version, these models fail to describe
the strong decrease of the ratio measured by NA49.

In contrast to these models, the Statistical Model of the
Early Stage (SMES) [14] assumes a phase transition
to the quark-gluon plasma at SPS energies. Fig. 3.4
shows the ratio of total strangeness to pion produc-
tion yields (Es ) versus the Fermi measure of the col-
lision energy (F ∝ s1/4). Also shown is the SMES
prediction. The anomalous energy behavior predicted
by this model, which well describes the data, is caused
by the assumed phase transition and is essentially due
to the larger number of degrees of freedom which be-
come available in a quark-gluon plasma, compared to a
gas of confined hadrons. The analysis of the NA49 data
at the lowest energy of 20 GeV/nucleon is presently in
progress.

All available (about 4 million) central Pb-Pb events at
158 GeV/nucleon were used in an invariant mass anal-
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ysis to measure open charm. The invariant mass was
calculated for all pairs of pion and kaon candidates to
detect the decays D0 → K−π+ and D̄0 → K +π−. In
Fig. 3.5 is shown the invariant mass spectrum of D0 and
D̄0 candidates after subtraction of the large combina-
torial background. Clearly no signal is observed. This
result excludes thermal production of charm quarks in
a hot quark-gluon plasma (see upper curve in Fig. 3.5)
as expected by the SMES [15]. In the context of
this model, this could mean either that no quark-gluon
plasma is formed or that, in contrast to strangeness,
the charm equilibration time is longer than the life time
of the plasma.

3.4 The STAR Experiment

The Solenoidal Tracker at RHIC (STAR) is one of the
two large detector systems constructed at the Relativis-
tic Heavy-Ion Collider (RHIC) at the Brookhaven Na-
tional Laboratory.

RHIC became operational in June 2000. The first year
it delivered collisions between gold nuclei at center
of mass energies of

√
sNN = 130 GeV. In 2001/2002

collisions between gold nuclei at the top energy of√
s

NN
= 200 GeV became available together with the

first polarized proton proton collisions at the same cen-
ter of mass energy. The ongoing 2003 run will pro-
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Figure 3.5: Background subtracted invariant mass
spectrum of K π pairs in 158 GeV/nucleoncentral Pb-
Pb collisions. The curve shows the expected signal of
thermal charm production in a quark-gluon plasma.

vide 16 weeks of deuterium gold collisions again at√
sNN = 200 GeV as well as 8 weeks of polarized proton

proton collisions.

NIKHEF was involved in STAR in 2002 and officially
became a STAR member in the end of 2002.

STAR is designed primarily for measurements of hadron
production over a large solid angle, featuring detector
systems for high precision tracking, momentum anal-
ysis, and particle identification. The large acceptance
of STAR makes it particularly well suited for event-by-
event characterization of heavy-ion collisions and for
the detection of hadron jets.

The layout of the STAR experiment is shown in Fig. 3.6.
The year 2001 configuration consisted of the following
systems. A room temperature solenoidal magnet with a
maximum magnetic field of 0.5 T providing a uniform
magnetic field for charged particle momentum analy-
sis. A Silicon Vertex Tracker (SVT) consisting of 216
silicon drift detectors (13 million pixels) arranged in
three cylindrical layers at a distance of approximately
7, 11 and 15 cm from the beam axis. The SVT cov-
ers a pseudo-rapidity range of |η| ≤ 1 with complete
azimuthal coverage. A large Time Projection Chamber
(TPC) for charged particle tracking and identification.
The TPC starts at a radial distance of 50 cm from the
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Figure 3.6: Perspective of the STAR detector, with a
cut-away for viewing inner detector systems.

beam axis and extends to 200 cm. The TPC is 4 me-
ters long and covers a pseudo-rapidity range |η| ≤ 1.8
with complete azimuthal symmetry. It provides 136,608
channels of front-end electronics, each read-out in 512
time bins. In the forward region tracking is done using
a radial drift TPC (FTPC) which covers the pseudo-
rapidity range 2.5 ≤ |η| ≤ 4, also with full azimuthal
coverage and symmetry. To extend particle identifica-
tion in STAR to larger momentum two small solid angle
detectors are used. The Ring Imaging Cherenkov de-
tector (RICH) covers |η| ≤ 0.2 and ∆φ = 0.11π and
a Time-Of-Flight (TOF) patch covers −1 ≤ η ≤ 0
with ∆φ = 0.04π. It is proposed in the long range
plan that the TOF system will be extended to match
the TPC coverage thus allowing event-by-event char-
acterization of identified particles in the intermediate
pt -range. It is also foreseen that an additional vertex
detector will be installed based on CMOS technology
around the beam pipe which will allow characterization
of the open charm production. 50% of the full-barrel
electromagnetic calorimeter (EMC) has been installed
for 2002. The remaining EMC and an end-cap elec-
tromagnetic calorimeter (EEMC) will be installed over
the next two years. This will give an eventual coverage
of −1 ≤ η ≤ 2 and ∆φ = 2π. It will allow for mea-
surement of the transverse energy of events, and pro-
vide a trigger and measure high transverse momentum
photons, electrons, and electromagnetically decaying
hadrons. The EMC modules include shower-maximum
detectors to distinguish high-momentum single photons
resulting from π0 and η decays. The EMC will also
provide prompt charged particle signals essential to dis-
criminate against pile-up tracks in the TPC, prevalent
at pp collision luminosities (≈ 1032cm−2s−1).

3.5 The ALICE experiment

The Large Hadron Collider (LHC) at CERN, now under
construction, will provide nuclear collisions at a center-
of-mass energy 30 times higher than the present Rel-
ativistic Heavy Ion Collider (RHIC) at Brookhaven. It
is expected that the energy density in the collisions of
lead-ions is high enough to treat the generated quark-
gluon plasma as an ideal gas.

The ALICE experiment, an experiment dedicated to the
study of the quark-gluon plasma at the LHC, is devel-
oping rapidly. The ALICE detector is designed as a gen-
eral purpose detector to cover all relevant observables
for detection and characterization of the quark-gluon
plasma. The dutch participation in the ALICE experi-
ment concentrates on the development and production
of the Silicon Strip Detector system (SSD). This system
is part of the ALICE tracking system, which consists of
a large TPC and six layers of silicon detectors. The SSD
forms the two outer layers of the silicon detector sys-
tem. The tracking system will be playing an essential
role in all physics analysis of the ALICE project.

The ALICE detection modules use silicon strip sensors
coupled to custom designed chips (HAL25). The mod-
ules are optimized for a low material budget and low
power consumption. Therefore the front-end electron-
ics is cooled using water flowing through metal tubes
with a wall thickness of only 40µm. The corrosion re-
sistance of these tubes was investigated together with
industry.

An important event in 2002 was the realization of the
first silicon strip module for the SSD, using prototype
chips and a preproduction sensor, in a coordinated effort
of all involved laboratories. NIKHEF played a crucial
role in providing the test facilities.

A thermal model for the heat exchange between the
SSD ladders and the surroundings was made and
checked against measurements with a simplified pro-
totype (see [16]). With it, the optimum temperature
of the cooling water, i.e resulting in no net heat
exchange, was estimated. This number is important
for the design of the inner tracking system (ITS)
cooling.

The end-cap modules take care of buffering of the front-
end signals, the power regulation and the front-end
control. In addition the end-cap modules isolate the
front-end electronics, operating at the bias voltage of
the sensor, from the readout electronics operating at
ground potential. The end-cap modules are located just
outside the active volume of the ALICE inner track-
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ing system. Two chips (ALABUF and ALCAPONE)
were designed in the same IBM 0.25 µm technology as
the HAL25 front-end chip. During 2002 these designs
were optimized for power consumption. Test set-ups for
these chips were realized and successfully interfaced to
the HAL25 chip, using prototype chips. Yield problems
with this IBM production process still exist notwith-
standing extensive effort by the designer teams.

The production of the carbon fibre frames in St. Peters-
burg is completed. In addition to the 80 frames needed,
another 20 of lesser quality are available for prototyping
and production development. The mechanical proper-
ties of these frames will be determined using equipment
designed and built by NIKHEF. The carbon fibre frame
properties, like rigidities in all axes, are needed to pre-
dict the sagging of the detector ladders: once mounted
inside the ITS this sag cannot be measured.

The overall design of the ITS has required a lot of man-
power. A substantial amount of manpower was spent
to define the interfaces between the SSD and the ITS,
both for the cabling and cooling and the mechanics.
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4 ANTARES

4.1 Introduction

The Antares project aims to build an underwater neu-
trino telescope. The neutrino detection is based on the
detection of Čerenkov light associated with muons orig-
inating from charged current neutrino scattering in or
near the active volume of the detector.

In the year 2002, the Antares collaboration completed
the phase of prototyping with the deployment of the
first detector line at the foreseen site in the Mediter-
ranean sea (at a depth of 2500 m and 40 km off the
coast near Toulon, France). In Figure 4.2, the various
steps towards the completion of this line are shown.
The first line consists of a so-called sector, comprising
15 photo-multiplier tubes (PMTs), arranged as triplets
covering 5 floors with a spacing of 12 m. The final de-
tector will consists of 12 lines each supporting five such
sectors.

4.2 NIKHEF contributions

For the construction of the first detector, NIKHEF has
developed the following products:

• Optical–fiber data communication

• On–shore data filtering and data archiving

• Cooling system

• String power system

• Run Control and Graphical User Interface

NIKHEF has proposed a novel data-acquisition concept
based on the idea to send all data to shore. For this
purpose, a high-bandwidth connection between the de-
tector and the shore is needed and a data-processing
system that can filter the data in real-time. Therefore,
an optical–fiber network has been developed based on
the Dense Wavelength Division Multiplexing technol-
ogy. With this technique up to 8 channels of standard
Gb Ethernet can be transmitted through a single pair of
fibers. In addition, an on-shore data-processing system
has been developed that consists of a farm of standard
PCs. These computers run a fast algorithm that is able
to filter the physics signals from the background at the
foreseen maximum data rate. The off-shore electron-
ics are housed in pressure resistant (250 bar) titanium
cylinders. Reliable operation of the off-shore electron-
ics is achieved by a passive cooling system, designed
at NIKHEF, that transports the heat produced by the
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Figure 4.1: Measured time resolution of the detector.
Every Local Control Module (LCM) corresponds to a
floor with three photo-multiplier tubes.

electronics to the sea water surrounding the cylinder.
The electrical power needed for the off-shore electronics
has been partially developed in the Netherlands under
the responsibility of NIKHEF. The NIKHEF contribu-
tion consists of the string power module, which pro-
vides power to a complete detector line (1 kW), and
the power boxes, which supply low voltages needed for
the various electronics components.

4.3 Test results

The angular resolution of the detector depends crucially
on the accuracy in the determination of the arrival time
of the Čerenkov light and the position accuracy of locat-
ing the PMTs. Therefore, the time accuracy of the pro-
totype detector has been measured prior to deployment
in the laboratory using a pulsed laser. The obtained
resolution for the various PMTs is shown in Figure 4.1.
The average time resolution is about 1 ns. Combined
with the (measured) position accuracy of 20 cm, the
expected angular resolution is 0.2 degree.

4.4 Outlook

It is planned that the first detector will be connected
to the main junction box early 2003. This will allow
us to start the operation of the detector and take the
first data. It is expected that mass production for the
complete detector will start by the end of 2003.
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Figure 4.2: Progress in 2002 of the first detector. From left top clockwise: electronics for the readout, complete
readout system (with a crate designed and built at NIKHEF), first three floors and first complete sector line.

30



5 ZEUS

5.1 Introduction

This year was the first year of data taking after the
HERA luminosity upgrade. Almost immediately it be-
came clear that the more intense beams produced by
the accelerator after the upgrade caused unacceptable
background conditions in both the ZEUS and H1 inter-
action regions. In particular the backgrounds produced
a significant increase in the current drawn by the ZEUS
central tracking detector. Under the foreseen running
conditions these currents were so large that they pre-
cluded the use of the tracking detector. Therefore most
of this year’s data taking was devoted to understand-
ing the nature and then the cause of the background.
The background can be separated into three distinct
categories:

• Synchrotron radiation photons produced by the
positron beam as it is deflected in the magnets
of the accelerator (the position and magnetic field-
strengths of these magnets had been modified dur-
ing the upgrade),

• background, mainly consisting of electrons and
positrons, caused by interactions of the positron
beam with the gas remaining inside the HERA
beampipe and also with the beampipe itself,

• interactions of the proton beam with the rest-gas
and the collimator structures inside the beampipe.

Below, we discuss our studies concerning the back-
ground and present some results on data analysis.

5.2 Investigation of the backgrounds

The complexity of the backgrounds can be understood
when one realizes that the synchrotron radiation from
the positron beam can cause significant outgassing as
it strikes material inside the beampipe, which increases
the pressure inside the pipe, which in turn increases the
other backgrounds. The investigation provided detailed
information on the backgrounds and has entailed a large
amount of simulation and measurements to fully under-
stand the nature of the backgrounds. As an example, it
has been shown that the major contribution from syn-
chrotron radiation stems from photons being reflected
back into the detector from an absorber placed at about
11 m downstream of the detector in the positron beam.
Fig. 5.1 shows the arrival time of the pulses gener-
ated by the synchrotron radiation in the central tracker.
Clearly an increase is observed at a time which is 60 ns
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Figure 5.1: The arrival time of pulses in the CTD due to
background radiation.The red line is the regular noise
level, the blue line indicates the charged particle back-
ground and the black line is the total spectrum includ-
ing synchrotron radiation. Note that the synchrotron
radiation arrives late with respect to the tracks.

late with respect to the beamcrossing. This means that
the photons have traveled about 20 m before imping-
ing on the tracking detector, which points the finger to
reflection from the above mentioned absorber.

The investigation into the backgrounds have led to a
number of modifications to the accelerator being pro-
posed, which according to detailed simulations, will sig-
nificantly reduce the backgrounds. These modifications
will be made in the beginning of next year, and en-
tail a redesign of the system of masks, collimators and
absorbers installed inside the accelerator’s beampipe.
This mainly attacks the problem of synchrotron radia-
tion.

Midway through this year a decision was taken to at-
tempt, in addition to continuing the investigation of
the backgrounds, to achieve a number of specified
goals. Two milestones were achieved by the acceler-
ator. Firstly the accelerator group has proved that the
foreseen luminosity can be reached. There is, apart
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Figure 5.2: The invariant mass spectrum of π+π− from
tracks wit a separated vertex.

from the background, no technical reason why the ac-
celerator could not run at the design values of cur-
rents and luminosity. Secondly it has been shown that
the positron beams can be longitudinally polarized to
a value close to the 50% design value. This polariza-
tion was indeed retained while collisions with the pro-
ton beams were taking place. These two achievements
show that the post-upgrade physics program of HERA
can be performed, when the backgrounds are brought
under control.

5.3 Some data

In the latter part of the year the a decision was taken to
allow a period of stable running, at necessarily reduced
beam intensities, in order to allow the experiments to
perform first commissioning measurements with a num-
ber of newly installed detector components. In this run-
ning period, which lasted through the first months of
2003, ZEUS collected a total of 1.5 pb−1 of integrated
luminosity. In order to achieve the highest possible cur-
rents with the poor background conditions, the high
voltage of the central tracking chamber was reduced to
95% of its nominal value. The currents drawn by the
chamber were thereby reduced by approximately 50%,
but it necessarily led to a reduced efficiency (-5%) for
track reconstruction.

For the microvertex detector, which had been installed a
year earlier in 2001, the analysis of this small amount of
data proved very useful as it was possible to reconstruct
the first particles with a separated vertex using the mi-
crovertex detector. Fig. 5.2 shows the reconstructed
mass spectrum of two charged pions. To produce this
figure the tracks were selected by the requirement that
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Figure 5.3: The lifetime distribution for K 0 particles re-
constructed with the microvertex (red) and with central
tracker information only(blue).

they were consistent with emanating from one point
in space, but that position was inconsistent with the
primary vertex position, which was reconstructed from
other tracks in the event. From the distance of the
vertex to the primary vertex and the momentum of the
particles the lifetime of the K 0 could be reconstructed.
Fig. 5.3 shows the distribution of the lifetimes measured
in this way. The figure also shows the distribution ob-
tained when no use is made of the microvertex. The
difference is convincing. The microvertex detector al-
lows the reconstruction of separated vertices to much
smaller distances from the primary vertex. Eventually
the microvertex detector is to be used to reconstruct
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particles which contain either a charm or bottom quark.
The lifetimes of these particles is significantly shorter
than that of the K 0 and these particles are also much
less prevalent. Nevertheless in this small amount of
data a search was performed for one of the more com-
mon ones, the D∗. Fig. 5.4 shows that most probably
a handful of these particles have been detected.

Because of the higher levels of radiation during the run-
ning of the HERA accelerator the vertex detector has
received a larger radiation dose than foreseen. The ra-
diation dose has been continuously monitored during
the year and at present, a year and a half after HERA
startup, we estimate that the integrated dose is close
to 100 krad. The estimated dose was of the order of
20 krad/year. Because the detector had been designed
to withstand a total dose of the order of 200 krad no
problems have yet occurred and with the reduced back-
grounds reliable operation should be possible to the end
of HERA data taking. The frontend electronics has in
fact been shown, during irradiation tests, to be able to
withstand up to 500 krad without serious implications
for data taking.

5.4 Physics results

With the absence of new data the analysis effort has
concentrated on the data taken between 1996 and
2000. The analysis backlog has in fact successfully

10
-3

10
-2

10
-1

1

10 10
2

10
3

Q
2
 (GeV

2
)

d
σ

/d
Q

2
 (

p
b
/G

e
V

2
)

ZEUS (prel.) 99-00

NLO QCD (HVQDIS)

4.5 < mb < 5.0 GeV

1/4(Q
2
+4mb

2) < µ
2
 < 4(Q

2
+4mb

2)

σ(e
+
p → e

+
 bb

-
 X  → e

+
 µ

±
 Jet X)

0.05 < y < 0.7

Pm > 2 GeV, 30
o
 < θm < 160

o

E
t,Jet

Breit
 > 6 GeV, -2 < η

Jet

Lab
 < 2.5
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been removed. Many results were shown at large in-
ternational conferences such as DIS02, held in Krakow
in April, where presentations were given by two of the
NIKHEF ZEUS members, and ICHEP02 in Amster-
dam. Of the many topics we mention a few highlights.
The QCD analysis of the structure-function data, which
allowed an unprecedented precision on the extraction
of the densities of quarks and gluons in the proton.
Fig. 5.5 shows the extracted quark and gluon distri-
butions with their respective errors. The value of the
strong coupling constant αs has been extracted from
data on inclusive jet rates in deep inelastic scattering.
Fig. 5.6 shows the value of αs as a function of Q2 show-
ing the clear variation of the coupling as a function of
Q2. Last but not least the production of b-quarks has
been studied in deep inelastic scattering. The produc-
tion cross sections are in agreement with NLO QCD
calculations as is clearly seen in Fig. 5.7. We look for-
ward to increase the precision of this measurement in
the coming years using the micro vertex detector.
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6 HERMES

6.1 Introduction

The primary objective of the HERMES experiment at
DESY (Hamburg) is the study of the origin of the pro-
ton spin. By scattering polarized high-energy electrons
(or positrons) off polarized targets, the amount of spin
carried by the various quark types can be measured.
More recently, the role of gluons and possibly even the
orbital angular momentum of the quarks is being inves-
tigated.

In the year 2002 the HERMES experiment started to
collect data again, following the extended shut-down
period of the HERA collider. During this period
changes were made to HERA such as to increase
the luminosity of the collider experiments, while
simultaneously the luminosity available for the (fixed-
target) HERMES experiment was unaffected. As the
commissioning of the upgraded HERA storage ring
was delayed, data taking only started after the summer
(see section 6.2).

In parallel to the measurements, the large amount of
data collected during HERMES Run I (1995 - 2000)
was further analyzed. Among the new results that were
obtained from this analysis, the structure function b1(x)
is one of the most prominent. This observable exists
only for spin-1 targets and is commonly referred to as
the tensor-polarization dependent structure function. It
can only be determined on a tensor-polarized deuterium
target as available at HERMES in the year 2000, and is
sensitive to the tensor polarization of the sea quarks in
the deuteron. As a non-zero value was found for b1(x),
these data provide first evidence for a deformation of
the sea-quark distributions in the deuteron.

A second important result that was obtained in the year
2002 is the decomposition of the quark spin-distribution
functions in five separate flavors. These data show that
the sea quarks are essentially unpolarized. The spin-
flavor decomposition results are the subject of one of
the four PhD theses that were written in our group
this year. A selection of results described in these PhD
theses is presented in section 6.3. Two of the PhD
theses were already successfully defended in the last
months of 2002, while the other two will be defended
in the first months of 2003.

In 2002 the Lambda Wheels, a new wheel-shaped array
of silicon detectors mainly developed at NIKHEF, were
finally installed at HERMES. Despite several difficulties
the new instrument was successfully commissioned in

the second part of the year (see section 6.4). In order to
protect the Lambda Wheels against excessive radiation
caused by the loss of the electron (or positron) beam in
the vicinity of the HERMES experiment, a Beam-Loss-
Monitor system was developed. This system, which was
already installed in 2001, operated successfully during
the entire year.

The NIKHEF group in HERMES also shares the respon-
sibility for the operation of the longitudinal polarimeter.
Following the many changes of HERA related to the
collider luminosity upgrade, it had to be demonstrated
again that it was possible to create polarized lepton
beams in the storage ring. During a dedicated test run
it was shown that polarized positron beams can still be
produced by HERA and that the longitudinal polarime-
ter was fully operational again (see section 6.5).

Given the improved performance of HERA near the
end of 2002, it is hoped that data taking can be re-
sumed under improved conditions in 2003. With all the
new instrumentation now operational, this should result
in first data on the transverse spin distribution of the
quarks in the nucleon.

6.2 Data taking

In the year 2002 data on deep-inelastic scattering of
positrons from a transversely polarized hydrogen target
have been collected. These data are used to measure
the transverse spin distribution function h1(x), which
to date is the only experimentally unknown leading-
order structure function of the proton. Since gluons do
not contribute to this structure function, a measure-
ment of h1(x) makes it possible to study the role of
quarks in the spin structure of the proton more directly.
In fact, it is predicted that due to the absence of the
gluon contribution the Q2 evolution of h1(x) is much
weaker than that of the other leading-order structure
functions. Moreover, the first moment of h1(x) (also
known as the tensor charge of the proton) is predicted
to be much larger than the first moment of the longi-
tudinal structure function g1(x). These are unverified
QCD predictions that will now be addressed by the new
HERMES data.

The amount of data accumulated in 2002 is illustrated
in Fig. 6.1. With a similar amount of data added in
2003 it will be possible to make first estimates of the
size of the structure function h1(x).
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Figure 6.1: Integrated number of deep-inelastic scat-
tering events collected by the HERMES experiment at
DESY in the year 2002. Due to delayed commissioning
of the HERA collider data taking only started after the
summer.

6.3 Physics analysis

Many physics results have been obtained by the HER-
MES collaboration in the year 2002. In the following
subsections the emphasis is on those results that formed
(part of) the subject of the four PhD theses that were
written in our group in 2002.

Flavor decomposition of the nucleon spin

In semi-inclusive deep-inelastic scattering experiments
both a hadron, i.e. a pion, a kaon or a proton, and
the scattered electron are detected. The probability to
observe a specific hadron depends on the flavor of the
struck quark and the type of target (proton or deuteron)
used. These probabilities are measured in experiments
in which neither the beam nor the target is polarized.
The results of these measurements are parameterized
in Monte-Carlo programs describing this hadronization
process. By performing semi-inclusive deep inelastic
scattering experiments on polarized targets and using
polarized electron beams, it is possible to extract infor-
mation on the polarization of individual quark flavors by
making use of the aforementioned tagging probabilities.
The polarization of u-quarks in the proton, for instance,
can be derived from measurements of the asymmetry
of the normalized number of events with respect to the
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Figure 6.2: Flavor-separated quark-helicity distributions
as a function of the Bjorken scaling variable x. The
band in the bottom part of each plot represents the
systematic uncertainty of the data.

relative spin orientation of beam and target in which
both a scattered lepton and a produced π− particle are
observed.

At HERMES, such spin-dependent deep-inelastic scat-
tering data have been collected since 1996 on polarized
proton and deuteron targets. Making use of Monte-
Carlo techniques to account for the various tagging
probabilities, it has been possible to derive the polar-
ization of u, d , ū, d̄ and s quarks from the data. The
results are displayed in Fig. 6.2 as a function of the
Bjorken scaling variable x . It is observed that u and d
quarks are oppositely polarized, whereas the sea quarks
(ū, d̄ and s) carry hardly any spin. In particular the
small (and if anything positive) polarization of the s-
quarks has raised considerable interest, as previously it
has often been suggested that the s quarks would be
negatively polarized in the proton.

Higher-twist effects in deep-inelastic scattering

In HERMES Run I a large amount of unpolarized deep-
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Figure 6.3: Ratio of deep-inelastic lepton scattering
cross sections on the deuteron and the proton as a
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bin. The HERMES (NMC) data are represented by the
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inelastic scattering data has been accumulated on pro-
ton and deuteron targets. By comparing these data to
similar data obtained by the NMC experiment at CERN
(at much higher incident energies) one can investigate
possible differences between the two data sets. At low
values of x , deviations can be caused by a possible
increase of the longitudinal (or non spin-flip) compo-
nent of the deep-inelastic scattering cross section on
the deuteron as compared to that on the proton. Such
an increase on the deuteron might represent partonic
correlations that are not the same for the proton and
the deuteron. At larger values of x the structure func-
tions themselves may receive additional Q2 dependent
contributions. In either case, such effects – if observed
– may indicate the presence of partonic correlations that
are not contained in the standard leading-order deep-
inelastic scattering framework. They are commonly re-
ferred to as higher-twist effects.

The results of such a comparison are shown in Fig. 6.3
(for the low x data) and Fig. 6.4 (for the high x data).
No significant deviation between the NMC and HER-
MES data has been observed. Consequently, the inter-
pretation of deep-inelastic scattering data obtained at
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Figure 6.4: Ratio of deep-inelastic lepton scattering
cross sections on the deuteron and the proton as a
function of the value of the squared four-momentum
transfer Q2. Each panel corresponds to a different x-
bin. The HERMES (NMC) data are represented by the
closed (open) symbols.

HERMES does not suffer from (complicating) higher-
twist effects.

The same data have also been used to evaluate the
Gottfried Sum Rule (GSR), which relates the difference
between the deep-inelastic scattering structure func-
tions F2(x) for the proton and the neutron to an asym-
metry between ū and d̄ sea-quark distributions. The
results are shown in Fig. 6.5. The value of the GSR

integral (given by
∫ 1

xmin
dx (F p

2 − F n
2 )/x) is displayed

as a function of its lower integration boundary (xmin).
Surprisingly, the data are within statistics similar to the
data obtained by NMC at a significantly higher aver-
age Q2 value. These data thus demonstrate the Q2

independence of the ū-d̄ differences in the proton.

Photoproduction of ΛC baryons

The production of charmed baryons or mesons in inter-
actions between longitudinally polarized electrons and
longitudinally polarized nucleons provides information
on the contribution of gluons to the nucleon spin if the
production process is dominated by photon-gluon fu-
sion. Such processes are particularly interesting, as the
gluon polarization is expected to be large in view of
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the relatively small fraction of the nucleon spin that is
carried by the quarks.

Using the data collected in 1998, 1999 and 2000, the
decay Λ+

C → Λ0 + π+ was investigated. The analysis
was performed in two steps. First, the invariant mass of
the Λ0 hyperon was extracted from the four-momenta
of the pions and the protons in an event. In the second
step, the invariant mass spectrum of the Λ+

C baryon
was evaluated from the four-momenta of the Λ0 hy-
peron and the π+ meson. The background has been
suppressed by requiring that the propagation directions
of the Λ0 hyperon as determined either from the differ-
ence between the Λ0 and Λ+

C vertex points, or from the
vector sum of the decay particles, are highly co-linear.
Moreover, the momentum of the Λ0 hyperon perpen-
dicular to the beam direction was required to be high:
0.6 GeV ≤ PT ,Λ0 ≤ 0.8 GeV. Despite the small cross
section and small branching ratio for this decay, a clear
signature for the production of a Λ+

C baryon has been
observed at its known invariant mass of 2.3 GeV.

To determine the cross section for Λ+
C photoproduction,

the probability PΛ+
C

that a produced Λ+
C particle was

identified in the HERMES detector, has been evaluated
using events generated with the Monte-Carlo program
AROMA. The result is shown in Fig. 6.6. The Λ+

C

photoproduction cross section near threshold is seen to
be larger than the D-meson cross section by about an
order of magnitude.

The intensity of the Λ+
C peak is, however, too small

to extract a double-spin asymmetry. As an alternative,
such an asymmetry has been determined for partially re-
constructed Λ+

C baryons. By considering the domain in
the Λ0π+ invariant mass-spectrum between 1.45 and
2.32 GeV, the statistics has been increased. Monte-
Carlo calculations performed with the codes AROMA
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Figure 6.6: Cross section for quasi-real photoproduc-
tion of charmed hadrons. The open symbols at higher
energies correspond to the total charm photoproduc-
tion cross section. The closed non-triangular symbols
correspond to Λ+

C photoproduction, while the two tri-
angular symbols correspond to two measurements of
the D-meson photoproduction cross section. The lower
two curves correspond to leading-order photon-gluon
fusion calculations, while the upper two curves corre-
spond to the results of calculations using the Effective
Lagrangian Approach.

and PYTHIA indicate that a sizeable fraction of the
yield in this region can be attributed to Λ+

C produc-
tion. The relative contribution of Λ+

C events and non-
charmed background to the events was also studied
with these Monte-Carlo programs. These simulations
indicate significant photon-gluon fusion contributions
for events with a tranverse momentum pT ,Λ0 of the
Λ0 hyperon with respect the Λ+

C propagation direction
larger than 0.6 GeV, and a transverse momentum pT ,Λ+

C

of the partially reconstructed Λ+
C with respect to the

beam-axis larger than 1.2 GeV. The double-spin asym-
metry extracted from these partially reconstructed Λ+

C

baryons is positive and suggests that the gluons are
positively polarized.

Nuclear effects

In deep-inelastic scattering nuclear targets can be used
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as a filter at the femtometer scale to selectively study
certain processes. This concept has been used in two
studies based on data obtained with the HERMES ex-
periment. The results of both studies are described
below.

When describing the propagation of quarks in nuclear
matter it has been predicted that the energy loss would
scale with the square of the distance traversed due to
large interference effects between the coherently propa-
gating quarks and the emitted gluons. This QCD effect
is known as the Landau-Pomeranchuk-Migdal (LPM)
effect. The predicted quadratic dependence on dis-
tance is in contrast to the usual linear dependence
of the energy loss of a hadron propagating in nuclear
matter. By comparing the attenuation of hadrons pro-
duced in deep-inelastic scattering on nuclear targets of
various sizes a distinction can be made between these
two mechanisms. Actually, this corresponds to a study
of the dependence of hadron attenuation on the nu-
clear mass number A. If the LPM effect is dominant
a quadratic dependence, corresponding to A2/3 is ex-
pected, otherwise the standard A1/3 dependence will be
observed.
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Figure 6.8: Two-pion invariant mass spectrum for semi-
inclusive deep inelastic scattering from four different
nuclear targets. The background (which is mainly due
to the prominent ρ0 peak) has been subtracted using
a Monte-Carlo simulation. In each of the spectra evi-
dence is found for the production of the f0(980) scalar
meson.

In Fig. 6.7 the results of such a study are displayed.
By comparing the attenuation for hadrons or identified
pions (of either sign) in 14N and 84Kr and assuming an
Aα dependence, the value of the exponent α has been
determined for a range of energy transfer values. The
data for negative hadrons and pions of either sign clearly
favor the A2/3 dependence expected from the LPM ef-
fect. The exponent for positive hadrons seems to be
even larger than 2/3, which may be caused by large
proton-rescattering contributions that enhance the pos-
itive hadron yield.

A second example of nuclear filtering concerns the pro-
duction of the f0(980) scalar meson in deep-inelastic
scattering. The structure of this object has been the
subject of a long-standing debate. It has been argued
that the f0(980) scalar meson could be either a K K̄
molecule, a qq̄qq̄ hybrid or a normal 3P0 meson. By
electro-producing an f0(980) meson on various nuclear
targets, a significant attenuation is expected on heavy
targets if the f0(980) has a significant size, i.e. compa-
rable to that of a hadron.

This idea has been applied to the HERMES data when
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it was realized that – unexpectedly – f0(980) electropro-
duction could be observed (see Fig. 6.8). Although the
margins of uncertainty are still large, the more or less
equally strong excitation of the f0(980) scalar meson
in each of the four targets investigated already suggest
that it is less likely that the f0(980) has a K K̄ molecular
structure.

The JLab experiment

In addition to the studies of the A-dependence of deep-
inelastic scattering based on the HERMES data, an ad-
ditional experiment was carried out at JLab in order
to increase the kinematical range (and statistical pre-
cision) of such studies. The experiment measured the
cross section of inclusive electron-nucleon and electron-
nucleus scattering at low values of x (0.007-0.55) and
Q2 (0.03-2.8 GeV/c2). The data will be used to de-
termine the ratio of DIS cross sections σA/σD , and
to perform Rosenbluth separations to extract the ratio
R = σL/σT of the longitudinal to transverse photo-
absorption cross sections.

The experiment was carried out in hall C of JLab (New-
port News, Virginia) using 2.301, 3.419 and 5.648
GeV electron beams of about 25 µA, and the High-
Momentum Spectrometer for the detection of the scat-
tered electrons. Data were taken at various scattering
angles between 10 and 60 degrees on the targets LH2 ,
LD2, C, Al, Cu and Au.

Several steps in the analysis have been finalized. Track-
ing, C̆erenkov and Calorimeter efficiencies have been
determined. The charge-symmetric background has
been determined for all targets from the measured
cross section with a detected positron. Pion rejec-
tion was implemented in the hardware trigger, and the
further remaining pion background was determined by
using the particle-identification information from the
C̆erenkov and Calorimeter detectors. Corrections for
density changes due to boiling of the cryo targets were
applied.

During the data analysis a rate dependence was found.
The effect was especially noticeable in case of high rate
runs; at the highest rate of 400 kHz about 4% of the
selected tracks were wrong. By improving the track-
selection algorithm this value could be reduced to less
than 0.2 %. As the radiative corrections and radiative
tail subtraction from the measured cross sections are
very important for these data, a comparison between
different prescriptions for such corrections is presently
being made.
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Figure 6.9: Response of individual strips of a single
Lambda Wheel module (“strip map”). The downward
slope to higher strip numbers is caused by a reduction
in strip length.

6.4 The Lambda Wheel project

In the spring of 2002 the Lambda Wheels were rein-
stalled, after an absence of about one year, in the ex-
pectation of more favorable beam conditions at HERA
in the year to come. Their operation during the rest
of the year was hampered by the much too high fringe
field of the transverse-target magnet. However, during
the short periods when this magnet was switched off,
the Lambda-Wheel electronics was tuned and by the
end of the year the Lambda-Wheel data were included
in the normal data stream. Fig. 6.9 shows the strip map
for a single module obtained in the first run. The hit
pattern of events recorded in the same Lambda-Wheel
module (displayed in Fig. 6.10) is seen to reflect the
geometrical shape of the module.

The Beam Loss Monitor (BLM) saw its first complete
year of operation. For the greater part of 2002 it was
also connected to the dump kicker of the HERA lepton
storage ring. No beam dumps were triggered by the
system this year. The output of the BLM was used to
estimate the accumulated radiation dose in the front
region of the HERMES detector. Fig. 6.11 shows the
results of the chambers closest to the beam pipe, lo-
cated at approximately 6 cm from the beam. The dose
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Figure 6.10: Position of hits recorded in a single
Lambda-Wheel module. The threshold used for this
plot is set at half of the signal produced by a minimum
ionizing particle (i.e. 0.5 MIP).

falls off rapidly with distance to the beam. The length
characterizing this decrease amounts to 6.5 cm on the
inside curvature of HERA, while the decrease is slightly
less at the outside of HERA corresponding to a charac-
teristic length of 8.5 cm. The total accumulated dose
in 2002 did not exceed 20 kRad.

6.5 Longitudinal Polarimeter

The longitudinal polarimeter (LPOL) at HERA exploits
the asymmetry in the Compton cross section by scat-
tering circularly polarized photons off longitudinally po-
larized electrons. The interaction point is located 39
m downstream of the center of the HERMES target.
The backscattered photons are detected in a calorime-
ter that measures the total energy of the photons. Due
to their very large boost almost all photons are scat-
tered into a very small cone around 180◦ in the lab-
oratory frame and travel along the electron beam. In
order to separate the photons from the electron beam
a dipole magnet is used to bend the electrons by 0.54
mrad. This is enough to extract the photons from the
beam line 16 m downstream of this bend.

Two calorimeters are available to measure the backscat-
tered photons. The first is a crystal calorimeter made
from four independent crystal detectors which allow the
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Figure 6.11: Accumulated dose recorded with two of
the six ionization counters of the HERMES Beam Loss
Monitor. The dose is seen to increase in the course of
the year due to the increased positron beam currents
injected in HERA. The red (blue) curve represents the
results of a chamber located on the inside (outside) of
the ring.

simultaneous determination of the energy and position
of the scattered photon on the face of the detector.
The second, sampling calorimeter is not segmented and
needs an independent detector to measure the position
of the Compton photons. For this purpose a scintilla-
tion fiber detector is located in front of the sampling
calorimeter that has a position resolution of better than
1 mm. A new scintillation fiber detector for horizontal
and vertical beam positioning has been built as a re-
placement. Also a new case to hold the detector has
been built with much better shielding against low en-
ergy synchrotron radiation to protect the fibers against
radiation damage.

After the upgrade of HERA the LPOL was used to mon-
itor the first attempts to build up polarization in the re-
configured HERA lepton storage ring. At the same time
these attempts could be used to test the performance of
LPOL after porting the data acquisition system and all
analysis software to a new Linux-based operating sys-
tem. Figure 6.12 shows the polarization of the positron
beam in the HERA machine as measured by the LPOL.
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Figure 6.12: First evidence of polarization of the positron beam stored in HERA after the upgrade of 2001. The data
have been recorded with the longitudinal polarimeter during two periods in October 2002. On the horizontal axis the
day number in October is displayed.

The maximum polarization measured during these first
polarization-tuning efforts was around 40%.

6.6 Outlook

In the year 2003 data taking with the transversely polar-
ized target will continue. It is expected that sufficient
data will be collected to carry out a first determination
of the transverse structure function h1(x). The antic-
ipated margins of uncertainty will depend strongly on
the availability of high-intensity HERA lepton beams
during the entire year.

A small modification of the local electronic read-out of
each Lambda-Wheel module is foreseen for the spring of
2003. This modification will make it possible to operate
the new silicon detectors in the high fringe fields of the
transversely polarized target. Thereafter, data taking in
the extended acceptance opened by the Lambda Wheels
will get started.
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7 DELPHI

7.1 Detector exhibit

The DELPHI detector stopped data taking at the end of
the year 2000. The barrel part of the DELPHI detector
is being prepared as a permanent exposition for CERN
visitors. In December it was moved to its final position
in pit 8, compatible with the spatial arrangement of
the LHCb counting houses. It is foreseen to make the
detector exhibit available to the public from summer
2003 onwards.

7.2 Reprocessing

No real data reprocessing took place this year, most of
the analyses being based on the last data processing
finished in 2001. Although the bulk of the Monte Carlo
event generation was made in 2001, a further 170 mil-
lion events were generated and reconstructed in 2002.
These samples were mainly used for the study of sys-
tematics in the high precision measurements.

7.3 Selected research topics

A total of 8 papers were published or accepted for pub-
lication in refereed journals in 2002 and an additional 3
papers were submitted for publication. Out of these, 3
papers were still based on LEP1 data. In addition, 28
papers are in preparation and many other analyses are
still underway, which should lead to another 30 publi-
cations in the next two years.

Sixty papers were submitted to the ICHEP Conference
in Amsterdam, of which 19 were exclusively based on
LEP1 data.

The NIKHEF group contributed to B physics, W
physics, measurement of the ZZ cross section and
to the Higgs search. One PhD thesis was finished,
discussing the measurement of Z boson pair production
and the search for the Higgs boson. Three topics,
with contributions from the NIKHEF group, will be
discussed here.

Search for the Higgs boson

The final result on the search for the Standard Model
(SM) Higgs boson has been sent to the journal. The
latest calibration and alignment of the detector during
the full LEP2 data taking and new Monte Carlo simula-
tion (both for the 4-fermion and the 2-fermion physics)
have been used. The analyses have an improved sensi-
tivity with respect to previous DELPHI Higgs searches
and were extended to low Higgs masses, down to 12
GeV/c2. The SM Higgs mass was excluded to be lighter
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Figure 7.1: CLs , the pseudo confidence level for the
signal hypothesis as function of the Higgs mass, mH .
Curves are the observed (full) and expected median
(dashed) confidences from experiments with only back-
ground channels while the bands correspond to the
68.3% and 95.0% confidence intervals for the hypoth-
esis of only background processes. The intersections
of the curves with the horizontal line at 5% define the
expected and observed 95% CL lower limits on mH .

(at 95% CL) than 114.1 GeV/c2, while an exclusion
limit at 113.3 GeV/c2 was expected. The pseudo con-
fidence level for the signal hypothesis as function of the
Higgs boson mass, mH , is shown in Figure 7.1. Typi-
cally, for a Higgs mass of 110 GeV/c2 one would expect
to observe a 4 standard deviation signal, which would
be hard to miss. Lower limits on the masses of neutral
Higgses in the minimal supersymmetric model have also
been set.

W production cross section and branching ratios

The analysis of the W pair production cross section for
the full data set has been finalised. The total lumi-
nosity corresponds to about 670 pb−1 . Hadronic and
leptonic decays of the W have been selected. The mea-
sured cross section as a function of the centre of mass
energy ranging from 161 to 209 GeV is shown in Fig-
ure 7.2. The hadronic and leptonic W branching ratios
are shown in Figure 7.3. All results are in excellent
agreement with the Standard Model predictions.

From the W decay branching ratios one can, using the
experimental knowledge of the sum |Vud |2 + |Vus |2 +
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Figure 7.2: Measurements of the W +W− cross section
compared with the Standard Model prediction. The
shaded area represents the uncertainty on the theoreti-
cal calculations.

|Vub|2 + |Vcd |2 + Vcb|2, derive a rather precise value of
the CKM matrix element |Vcs| of 0.973±0.019(stat)±
0.012(syst).

Trilinear Gauge Boson Couplings

An important topic is the study of Trilinear Gauge bo-
son Couplings (TGC), i.e. the coupling of three bosons.
Different processes are sensitive to the WWZ or WW γ
couplings: the production of a W +W− pair (in par-
ticular the production cross section discussed above)
and e.g. the production of a single W in the reaction
e+e− →Weν.

Here only the results based on the analysis of the single
W process will be discussed. The main processes with
a WWZ or WW γ vertex leading to a Weν final state
are shown in Figure 7.4.

The data are used to determine ∆g Z
1 , the difference of

the WWZ coupling strength and the Standard Model
value, ∆κγ , the difference of the value of the dipole
coupling and the Standard Model value, and ∆λγ , the
difference for the WW γ quadrupole parameter. In the
Standard Model g Z

1 and κγ are equal to 1 and λγ is 0.

In the analysis an effective Lagrangian for the inter-
action of two W bosons and a photon or Z is used
imposing CP conservation and SU(2) × U(1) invari-
ance. This leads to the following relation of the WW γ

DELPHI W decay Branching Ratios

183-207 GeV

BR(W→eν)

BR(W→µν)

BR(W→τν)

10.55 ± 0.31 ± 0.14 %

10.65 ± 0.26 ± 0.08 %

11.46 ± 0.39 ± 0.19 %

SM : 10.83 %

Assuming lepton universality

SM : 67.51 %

BR(W→qq) 67.45 ± 0.41 ± 0.24 %

Figure 7.3: Measurements of the W branching ratios
in comparison with the Standard Model expectations.

and WWZ parameters ∆κZ = ∆gZ
1 − s2

w/c2
w ∆κγ and

λZ = λγ , where sw and cw denote respectively the sine
and cosine of the electroweak mixing angle.

The data set taken from 1998 to 2000 for energies rang-
ing from 189 GeV to 207 GeV was analysed, corre-
sponding to a total integrated luminosity of 570 pb−1 .
Three different final states were selected: the W de-
cayed leptonically either to an electron and a neutrino
(1), or to a muon and a neutrino (2), or hadronically
to a quark pair (3). In total 23 events with an electron,
31 events with a muon and 207 hadronic events were
selected. The corresponding efficiencies (signal purities
in brackets) were respectively 37% (57%), 50% (69%)
and 20% (30%). The single W cross sections for the
different final states were determined using a likelihood
fit and the results are shown in Figure 7.5. The results

e+

W  

Z/  

W  

e+

e  e

Figure 7.4: Feynman diagrams leading to a single W
in the final state.
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coupling 68% CL

∆κγ −0.13+0.12
−0.14(stat) ± 0.05(syst)

∆λγ −0.02+0.26
−0.25(stat) ± 0.01(syst)

∆gZ
1 +0.25+0.34

−0.66(stat) ± 0.05(syst)

Table 7.1: Single W results for the centre-of-mass en-
ergies

√
s = 189 - 206.7 GeV for the TGC parameters

∆κγ , ∆λγ and ∆gZ
1 with the 68% CL errors.

are compatible with the Standard Model expectation.

For the extraction of the couplings, the production cross
sections for the three final states were combined. To
improve - slightly - the sensitivity to the couplings, the
forward-backward asymmetry in the leptonic channels
was also used. From the data the TGC parameters
∆gZ

1 ,∆κγ and ∆λγ were fitted. The results are sum-
marised in Table 7.1. The single W channel is in par-
ticular sensitive to the parameter ∆κγ .

The results for the trilinear gauge couplings are com-
patible with the Standard Model expectation. Determi-
nations of the TGC parameters using other observables,
such as the cross section and the W production angle
in W pair production, confirm this conclusion.
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Figure 7.5: The single W cross section as a function of
the energy for the final states (a) eνeν (b) µνeν (c)
qq̄eν. The dots correspond to the measurements, the
arrows to the 95% CL upper limits and the solid line
to the Standard Model expectation. The bands reflect
the uncertainty on the predictions.
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The L3 Detector during dismantling – one of the four experiments of the LEP accelerator.
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8 L3

8.1 Introduction

L3 was a general purpose detector designed with good
spatial and energy resolution of electrons, photons,
muons and jets produced in e+e− reactions.

The closure of LEP at the end of 2000 ended the yearly
data-taking which began in 1989. Effort in 2002 con-
centrated on completion of analyses and their publica-
tion. In 2002 14 papers were submitted for publication,
and a large number of contributions were made to con-
ferences, e.g., 56 to the International Conference on
High Energy Physics in Amsterdam. The collaboration
expects the analysis of the L3 data sample to last at
least until the end of 2003.

The number of physicists working on L3 further de-
clined in 2002. In The Netherlands during 2002, a PhD
degree was obtained by six L3 students; there remain
five PhD students analysing L3 data,

NIKHEF physicists contribute primarily to analyses of
the mass and couplings of the W -boson; QCD, in par-
ticular multiplicity correlations and Bose-Einstein cor-
relations; two-fermion production, in particular τ pairs;
searches for the Standard Model Higgs; ZZ production;
charm and bottom production in two-photon collisions;
and studies of the cosmic ray muon flux. Of the PhD
theses defended in 2002, one was on the mass of the
W -boson, two on Bose-Einstein correlations, one on
multiplicity correlations, one on the search for the Higgs
boson and the fractality of the QCD parton shower, and
one on the cosmic ray muon spectrum.

As in previous years, the computer farm in Nijmegen
contributed a large fraction of the L3 Monte Carlo event
production, accounting for more than 24 million events.

8.2 Searches

Following the publication, as first of the LEP experi-
ments, of final results on the search for the Standard
Model Higgs boson in 2001, attention turned to other
possible Higgs scenarios. An example is the so-called
fermiphobic Higgs which is predicted in Two Higgs
Doublet Models of Type I for certain choices of param-
eters. Such a Higgs does not decay to fermions at all at
tree level. Accordingly, it should decay predominantly
to a pair of photons if its mass is below about 90 GeV.
In Higgs triplet models one of the neutral scalars has
similar behaviour. The superior photon detection ca-
pabilities of L3 enable a search for such Higgs bosons
in e+e− → Zh where the Z decays to a quark pair,

10
-2

10
-1

1

60 80 100
m

h
 GeV

B
(h

→
γ
γ
)

Excluded

m
h
 = 105.4 GeV

Observed (189-209 GeV data )

Expected

Fermiophobic prediction

Figure 8.1: Excluded values at 95% confidence level of
the branching ratio of h → γγ under the assumption
of the Standard Model production cross section. The
expected 95% confidence level limit and the theoretical
prediction are also indicated.

a neutrino pair, or a charged lepton pair and where
h → γγ. The analysis places a lower limit on the mass
of mh > 105.4 GeV at 95% confidence level as shown
in Figure 8.1.

Above a mass of about 90 GeV, the decay modes
h → ZZ∗ and h → WW ∗ dominate over h → γγ.
Combining the results of searches in these channels with
those of the γγ mode results in the limit mh > 108.3
GeV at 95% confidence level.

Limits were also placed on the masses of the neutral
Higgs bosons expected in the Minimal Supersymmetric
Standard Model as a function of the parameter tanβ
of this model.

Supersymmetry models often assume R-parity conser-
vation. R = (−1)3B+L+2S , where B and L are baryon
and lepton number, respectively, and S is the spin.
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Figure 8.2: Exclusion regions at 95% confidence level
for (a) the anomalous couplings responsible for the
flavour-changing neutral currents and (b) the branch-
ing ratios. Also shown are the limits from the CDF
experiment at the Tevatron.

Thus, R = +1 for ordinary particles and −1 for super-
symmetric particles, which means that super-symmetric
particles can only be produced in pairs. The main rea-
son for making this assumption is the absence of proton
decay. However, R-parity conservation can be relaxed,
retaining only the requirement of either B or L con-
servation and still satisfy the current limits on proton
decay. Then a super-symmetric particle could decay to
ordinary particles. Limits were placed on the masses of
such super-symmetric particles and on their production
cross sections.

A search was also performed for single top production,
e+e− → tc̄ , which could have a measurable cross sec-
tion if new physics includes flavour-changing neutral
currents, which are prohibited at tree level in the Stan-
dard Model. This is complementary to the studies of
flavour-changing neutral current decays of the top per-
formed at the Tevatron.

No evidence for such processes was found, and limits
were placed which are more stringent than those from
the Tevatron, as shown in Figure 8.2.

Multiphoton final states, e+e− → nγ with n > 1, were
used to set limits on deviations from QED, excited elec-
trons, spin-3/2 leptons, contact interactions, and extra
space dimensions.

The measurement of the cross section of e+e− → Zγγ
was used to put limits on anomalous quartic gauge bo-
son couplings.

8.3 W physics

One of the main goals of the LEP program is the mea-
surement of the properties of the W -boson and its cou-
plings to other gauge bosons. In total some 10000
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Figure 8.3: Decay angular distributions for leptonic W
decays for four W− production angle regions. The
predictions of the Standard Model, as calculated by the
KORALW program are also shown.

e+e− →W +W− candidate events have been selected.

The polarisation of the W bosons and its dependence
on the W -boson production angle were measured and
found to agree with the Standard Model. For exam-
ple, the fraction of longitudinally polarised W bosons
is 0.218±0.027±0.016. The agreement of the W decay
angular distribution for four intervals of the production
angle is shown in Figure 8.3

At LEP single-W production, e+e− → e+νeW−γ, pro-
vides one of the best experimental measurements of the
trilinear gauge boson coupling parameters, in particu-
lar of κγ . It is complementary to the measurement
of the coupling parameters in W -pair production. In
the single-W process, only the electromagnetic cou-
plings of the W are probed, whereas in W -pair pro-
duction also the couplings involving the Z are involved.
The result for the two electromagnetic coupling param-
eters, κγ and λγ , are shown in Figure 8.4. There is fair
agreement with the Standard Model values κγ = 1 and
λγ = 0.

Final results on the mass and width of the W are ex-
pected in 2003. In 2002 progress was made on reduc-
ing the systematic uncertainties in these measurements.
The dominant systematic uncertainty on the measure-
ment of the W mass and width in the four-quark chan-
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nel arises from theoretical uncertainty on two QCD ef-
fects. One is the amount and nature of colour flow
between gluons arising in the hadronisation of the qq̄
from one W , e.g., W− → dū, and those from the other
W , e.g., W + → s̄c. This is usually referred to as colour
reconnection. The other effect is Bose-Einstein corre-
lations (BEC) between identical bosons from different
W bosons.

Both of these effects have been intensely studied. Pre-
liminary results have ruled out the most extreme models
of colour reconnection. In 2002 L3 published its final re-
sult on BEC between identical bosons coming from dif-
ferent W bosons. The study compares the two-particle
density, ρ2, as a function of the four-momentum differ-
ence, Q, for like-sign pairs from fully-hadronic, semi-
hadronic, and mixed semi-hadronic events. The quan-
tity ∆ρ(Q) = ρfully

2 − 2ρsemi
2 − 2ρmix

2 is expected to be
zero in the absence of inter-W BEC and positive oth-
erwise. The value of the integral of ∆ρ over the low-Q
region is shown in Figure 8.5 and compared to the ex-
pectation of a Monte Carlo model containing inter-W
BEC. The result is consistent with no inter-W BEC and
about 3 standard deviations away from the model.

A LEP-wide working group plans to combine the re-
sults of all experiments on both colour reconnection
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Figure 8.5: Values of the integral, J, (explained in the
text) at different centre-of-mass energies and their av-
erage. The error bars are statistical. The bands indi-
cate the average value including systematic uncertain-
ties. The value from a Monte Carlo model including
inter-W BEC is also shown.

and inter-W BEC in order to reduce the systematic un-
certainties on the LEP-wide combination of W mass
and width.

8.4 QCD

L3 has also studied Bose-Einstein correlations in Z de-
cays. In 2002 results were published on three-particle
BEC. Not only are genuine three-particle BEC observed,
but a comparison with two-particle BEC results shows
consistency with the hypothesis of fully incoherent pion
production. Both two- and three-particle BEC is found
to be inadequately parametrised by a Gaussian; an
Edgeworth expansion is used to fit the data. These
results are shown in Figure 8.6.

Final results on the strong coupling constant, αs , de-
termined using event shapes were published. Combined
with previous L3 results at lower energies, αs is found
to “run” as expected in QCD.
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Various results from γγ collisions were published. An
example, is a study of Λ and Σ0 production. The cross
sections σ(γγ → Y Ȳ ), where Y is a Λ or a Σ0, are
measured as a function of the γγ centre-of-mass en-
ergy and compared to two models of the structure of
the baryon, a quark-diquark model and a three-quark
model. Some preference for the quark-diquark model
is observed, which is further supported by preliminary
evidence from σ(γγ → pp̄).

8.5 L3+Cosmics

Understanding of the systematic uncertainties on the
measurement of the cosmic ray muon spectrum and on
the charge ratio of this spectrum has increased consid-
erably in 2002. This resulted in a PhD thesis containing
the measurement of the spectrum. This measurement

is unique in the sense that the series of measurements
presented had never been done before within a single
experiment. Furthermore, the precision on the vertical
spectrum is as good or better than a combination of
all previously existing data above 100 GeV. The final
measurement is expected in 2003.

A preliminary combination of air shower and muon de-
tector information indicates large discrepancies with
current air shower Monte Carlo models. Final results,
expected in 2003, are eagerly awaited by the authors of
these models.

A search is being performed for an excess of muons
correlated in time and direction with gamma ray bursts
observed by the BATSE satellite. Preliminary results
are available for 8 gamma ray bursts. Both burst-like
signals and signals spread over 24 hours in time around
the time of the gamma ray burst have been searched
for. No significant signal is seen. A search for signals
from unidentified gamma sources is under way.

Using the earth’s magnetic field as a charge separator,
the shadow of the moon is used to set a limit on the
anti-proton to proton ratio. The moon’s shadow, ob-
served as a deficit of cosmic ray showers, is seen with a
significance of more than 10 standard deviations. How-
ever, no deficit of muons is seen in the displaced re-
gion which would correspond to the shadow of negative
(anti-proton) primary cosmic rays. Preliminary results
indicate an upper limit of about 0.2 at 90% confidence
level on the ratio of anti-protons to protons of energy
in the TeV energy range.
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9 Transition Programme

9.1 AmPS: Experiments abroad

Correlations and currents in 3He studied with the
(e, e ′pn) reaction

(Prop. A1/4-98; with the Universities of Mainz,
Tübingen and Glasgow)

In the A1 hall of MAMI, Mainz, data production for
the 3He(e, e ′pn) experiment has been completed. By
means of this investigation, nucleon-nucleon correla-
tions and two-body currents in the three-nucleon sys-
tem are under study. The choice for 3He as the target
is motivated by the availability of continuum-wave Fad-
deev calculations with realistic NN interactions.

The experimental setup (see Fig. 9.3) was such that the
scattered electrons were detected in the magnetic Spec-
trometer B, proton detection was performed with the
highly segmented scintillator array HADRON3, while
the neutrons were detected in three time of flight units
(TOF) placed at central angles 108o, 125o and 141o.
Each TOF unit has an in-plane angular acceptance of
11o.

After detector tuning and calibrations on a 2H target,
data were taken for the 3He(e, e ′pn) reaction in the
kinematics shown in Fig. 9.1, at an incident electron
energy of 855 MeV. Five different kinematic settings
were employed that encompassed two different energy-
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Figure 9.1: Momentum transfer q vs. energy transfer ω
measured in the 3He(e, e ′pn) experiment. The dashed
lines indicate the centroids of the peaks corresponding
to quasi-elastic proton knock-out (left) and excitation
of the ∆ resonance (right). The solid line corresponds
to the coverage of real photons in the (ω, q) plane.

transfer ranges (170-270, and 220-320 MeV) and four
different momentum transfer ranges with central values
300, 330, 375 and 445 MeV/c. These settings range
from the dip region (kinematics A1 and Y1) towards
the delta resonance (kinematics B2, A2 and Z2).

The analysis software allowed to monitor on-line the
performance of the detectors, as well as to produce on-
line spectra containing the physical quantities of the
experiment. Missing-energy and missing-momentum
spectra were obtained after subtraction of accidental
events. A typical result is shown in Fig. 9.2, in which
the peak in the missing energy spectrum located at
7.7 MeV corresponds to the three-body break-up of the
3He nucleus.

An estimate of the number of real triple coincident
events collected was obtained by integration of the area
subtended by the peak, from -10 to 20 MeV. In total,
385 effective hours were spent on 3He(e, e ′pn) data
taking, collecting 3.107 C of integrated current. The
results from the on-line analysis indicated that in total
125000 real triple coincident events were obtained for
the five kinematic settings.
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Figure 9.2: Missing-energy spectrum of kinematics Z2,
obtained from the on-line data analysis.
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Figure 9.3: Triple coincidence setup of the (e,e’pn) experiment in the A1 hall at MAMI, Mainz. The blue spectrometer
(specB) at the left detects scattered electrons, the HADRON3 detector (center front) measures protons, while the
black TOF stands (back) measure the neutrons.

The off-line calibration of the three detectors is in full
progress and will shortly result in experimental cross
sections for the 3He(e, e ′pn) reaction. The interpreta-
tion of these data will be done in combination with the
existing data of the complementary 3He(e, e ′pp) reac-
tion, obtained at AmPS (D.L. Groep et al., Phys. Rev.
C 63 (2001) 014005). This approach offers the possi-
bility to investigate the relative importance of pp and
pn correlations, as well as the contribution of isobar and
meson-exchange currents, in the three-nucleon system.
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9.2 Medipix R&D activities: Pixel Detec-
tors

Know-how, obtained by designing semi conducting pixel
detectors for high-energy physics, can be used to de-
velop digital X-ray imagers, for use in medical, biolog-
ical or industrial applications. This “photon-counting”
imaging method is up to 50 times more sensitive than
current methods based on photographic films or on
scintillators combined with CCD’s. It means that pa-
tients and medical staff using X-rays for diagnostics or
therapy, will receive lower doses of ionizing radiation.

NIKHEF participates in several interdisciplinary re-
search projects in the field of semi conducting Pixel
Detectors. The activities center around the MediPix
Collaboration, an R&D project endorsed by the CERN
division for Education and Technology Transfer (ETT).
It bundles the research by 16 European universities
and research institutes. Apart from that, we have
bilateral contacts with two other institutes: with the
Czech Academy of Sciences, Prague we obtained
an EU-funded Marie Curie fellowship, and with the
University of Twente, Enschede, we share two PhD
positions in deep submicron chip-design. One such
position was funded, back in 1998, by a EU-TMR grant
from the European Union, and the second was granted
recently by FOM in the framework of “Projectruimte
2002”. Further funding requests are pending.

NIKHEF has designed and built the MUROS-2 inter-
face unit, based on a Field Programmable Logic Array
(FPLA). This circuit converts between parallel and se-
rial transmission at speeds up to 200 MHz, and per-
forms the needed signal level conversions. Some 18
systems have been delivered to the Medipix members,
and to our industrial partner, in 2002. Also the pro-
duction batch of Medipix-2 chips has been probed at
NIKHEF. 12 wafers, out of a total batch of 48, have
been probed and show many working chips, although
some wafers have an anomalously low yield, which has
probably been caused by processing variations in the
CMOS foundry. This is being studied further with the
CMOS manufacturer. Just before the end of 2002, the
first silicon sensor was bump-bonded onto a Medipix-
2 chip, and successfully tested. The first images with
256 x 256 pixels at a pitch of 55 µm were obtained and
show excellent sensitivity and uniformity.

In collaboration with our Electronics Technology (ET)
department, a 2 by 4 Multi-chip carrier has been de-
signed, to carry a tiled array of 8 MEDIPIX-2 chips,
allowing an X-ray imager with 28 x 56 mm2 fully sen-
sitive area. It uses cutting edge high-density intercon-

Figure 9.4: The 4th International Workshop on Radia-
tion Imaging Detectors

nect technology (HDI), with a nine-layer printed wire
board in stacked microvia buildup technology. Some
prototype boards were successfully produced at CERN,
and a first production series has been ordered from a
company in Belgium. Our goal is to combine eight
Medipix-2 chips on a single sensor matrix, to obtain a
larger imaging area of 28 x 56 mm2 and a total of 0.5
million pixels.

Finally, NIKHEF has successfully hosted the 4th In-
ternational Workshop on Radiation Imaging Detectors
(IWORID2002), September 8-12, 2002.

(see also: http://www.cern.ch/medipix and http:

//www.iworid2002.nl )
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9.3 Future Projects: Linear Collider

Introduction

There is now worldwide consensus in the particle physics
community that the next major accelerator after the
LHC should be a linear collider.

To realize this Global Linear Collider (GLC) new
techniques are under study. One of the projects under
study is TESLA (DESY). It is a superconducting
e+e− collider of 500 GeV total energy, extendable to
800 GeV. Other approaches (SLAC,KEK), focus on a
’warm’ technology.

Physics Motivation

The Higgs particle is expected to play a central role in
the experimental program of the GLC. At 500 GeV col-
lision energy a Standard Model (SM) Higgs boson of
mass up to 400 GeV/c2 can be observed. This is well
above the upper limit of about 200 GeV/c2 obtained
from precision measurements at LEP. If Higgs-boson(s)
exist in this mass range they will for sure be discov-
ered at the Large Hadron Collider under construction
at CERN (and possibly already at the Fermilab Teva-
tron collider). However, previous experience has shown
that proton-(anti)proton colliders and e+e− colliders
are complementary. The W and Z bosons were discov-
ered at the Spp̄S collider of CERN in the early eighties.
But precision measurements at LEP of the properties
of the Z and W bosons really established the Standard
Model, allowing a precise prediction of the top quark
mass and to constrain the Higgs boson mass. Even if
the Higgs is discovered before at the LHC, the clean
experimental conditions of the e+e− collider allow pre-
cise determination of its properties like mass, width,
spin, decay branching fractions. In addition, the GLC
offers the unique possibility to establish the coupling of
the Higgs boson to itself. The precision of the mea-
surements will be vital for the full understanding of the
origin of mass.

Further powerful tests of the Standard Model can be
made by comparing the top quark mass, precisely mea-
sured from a threshold scan, with much better mea-
surements of the electroweak mixing angle θW and of
the W boson mass, by lowering the energy of the GLC
to 91 GeV (Giga-Z factory) and to around 161 GeV
(WW threshold scan), delivering 100 times more data
at these energies than collected at LEP.

Supersymmetry (SUSY) predicts many new particles,
partners of the matter and force particles that we know
today, and more than one Higgs boson. Although there

is a large spectrum of masses for these supersymmetric
particles, depending on the values of the parameters
of the theory, again the GLC is complementary to the
LHC in the sense that precision measurements of the
masses and other properties of the particles accessible
in the energy range of the GLC, will allow an accurate
determination of the parameters of the theory.

The physics case for the GLC and a possible detector
have been worked out in a series of workshops around
the TESLA project and is reported in the TESLA Tech-
nical Design Report (See: http://tesla.desy.de/

tdr/). NIKHEF was involved in the study of the mea-
surement of the branching ratio of the Higgs boson
decaying into two photons. This is an important decay
mode to measure, as it proceeds through (heavy) parti-
cle loops and is therefore very sensitive to new physics.
It was shown that a relative uncertainty on this branch-
ing ratio of between 10% and 16% could be obtained
for a Higgs mass of 120 GeV/c2. Together with a mea-
surement of the total width of the Higgs boson, possible
in the γγ mode of operation of TESLA, a precision of
10% on the partial width of the Higgs boson decaying
into γγ is feasible.

Detector R&D

The ECFA-DESY workshop is continuing with special
emphasis on higher energies up to 1 TeV, on γγ, eγ
and e−e− options, and review of the detector design
following further detector R&D. Important aspects of
the detector design are related to track momentum res-
olution, vertexing, energy flow and hermiticity. The
proposed TESLA detector therefore consists of a very
high precision vertex detector, surrounded and comple-
mented in the forward directions by several additional
layers of Si detectors, a large tracking volume covered
by a Time Projection Chamber (TPC), and a high gran-
ularity calorimeter, all embedded in a 4 Tesla solenoidal
magnetic field.

A small NIKHEF group participates in the R&D for
a TPC (DESY-PRC R&D 01/03) with groups from
Canada, France, Germany, Poland, Russia and the
USA. Particular emphasis is put on the R&D for a
new type of gas amplification system, based on micro-
pattern gas chambers such as the Gas Electron Multi-
plier (GEM, see Fig. 9.5) or MicroMEGAS. These de-
vices replace the wire chambers at the end-plates of a
classical TPC. They are intrinsically two-dimensional,
with a hole or grid spacing similar to the point resolu-
tion of around 100 µm.

Instead of using (small) pads to collect the charges
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Figure 9.5: View of a GEM foil (top) and a cross section
of a typical GEM hole (bottom).

after gas multiplication, the NIKHEF group plans to
use a pixel readout chip, with a pitch that matches
the hole/grid spacing of the GEM/MicroMEGAS. This
would allow to collect and detect the charge from
single primary electrons liberated by the high-energy
charged particle traversing the TPC gas volume. A
small (∼1 liter) test TPC was constructed and equipped
with two or three successive GEM foils for the gas mul-
tiplication and (anode) strips for the readout. With two
foils a gas multiplication of about 1100 was obtained.
With three foils the gas multiplication reached ∼25000
with voltages across the foils between 320 V and 380 V.

The next step is to replace the anode strips by a pixel
readout chip. The plan is to use the Medipix2 chip, de-
scribed elsewhere in this report. This chip has 256×256
pixels of 55×55 µm2, low noise and a minimum thresh-
old of about 1000 e−. A gas gain of a few thousand

should therefore be sufficient. Preparations are under
way to mount one Medipix2 chip on a small readout
PCB and mount it on the test chamber.
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9.4 Grid Projects

Introduction

The LHC experiments at CERN are adopting the Grid
Computing paradigm for their main work of Monte-
Carlo event production, data distribution and access,
and later for reconstruction and data analysis. Grid
Computing works with advanced authorization and au-
thentication methods to allow the HEP software, data,
and task execution to be fully distributed among partic-
ipating institutes. The LHC data and computing cen-
ters will no longer be centrally located at CERN but will
be distributed across the world. The scheme also has
advantages locally, since an institute such as NIKHEF
will have substantial local power, which can be deployed
according to institute priorities.

NIKHEF is one of the five main sites for the embry-
onic European HEP Grid (the European DataGrid).
NIKHEF also provides effort for tests of transatlantic
Grid operation (DataTAG) and for the Dutch National
e-Science Infrastructure (VLE, DutchGrid).

Local Facilities

Approximately 270 CPUs are dedicated to Grid (or grid-
like) computing service at NIKHEF. An additional 15
machines supply Grid administrative functions like site
information services, Grid user databases, distributed
file storage, network monitoring, and control of access
to local resources by remote Grid users. Local storage
amounts to about 0.6 terabyte. We have access to 12
terabyte of Grid-based storage at SARA in the adjacent
building.

Roughly half of the 270 CPUs come from the NCF
Grid Fabric Research Cluster. These machines (66 dual-
CPU AMD boxes) were briefly deployed as part of our
EDG (see below) production facility, but they fail under
heavy load due to a poor design of the air-cooling flow
across the motherboard. As of this writing, NIKHEF is
working with the manufacturer to solve this problem.

During 2002 the Networking Group installed a new
router for the Grid section of our computing network.
This separates our Grid infrastructure from the general
NIKHEF user network. The worker CPUs are isolated
from the outside world except for connections initiated
from the workers themselves. These connections are
managed by Network Address Translation (NAT) on
board the new router.

The European DataGrid Project

The European DataGrid (EDG) is a project funded

by the European Union with the aim of setting up a
computational and data-intensive grid of resources for
the analysis of data coming from scientific exploration.
NIKHEF is one of the five “core sites” of the European
DataGrid.

NIKHEF runs both a “production” and a “develop-
ment” cluster. We also operate virtual-organization
servers (databases mapping people onto their exper-
iment organizations for accounting and security pur-
pose) and data catalog servers.

We summarize below the local contribution to the var-
ious tasks (“work packages”) in EDG.

Data Management

NIKHEF staff made extensive local and remote tests of
the EDG Data Management subsystem in 2002. The
results of these tests were used to improve the current
code and inform the design of the next version of the
subsystem (due for release in May 2003).

Fabric Management

It is important that resources, for example compute
clusters, are only available to users that are properly
authorized. This interface from the Grid to the local
systems is taken care of by NIKHEF. This Local Centre
Authorization Service (LCAS) has been widely deployed
last year, and also plays an important role in securing
site access in other Grid projects, e.g. in the PPDG Grid
at FermiLab. The more advanced system LCMAPS will
recognize experiment membership and roles within the
experiments (“MC Production Manager”). It will be
developed at NIKHEF in 2003.

In order for the Grid to effectively distribute computa-
tional work across the participating computer centers,
the centers need to provide some estimate of how avail-
able their site is. The current practice is for a site to
provide an “estimated traversal time” which indicates
that if the queue were to accept a job now, how long
will it be before it actually starts to execute. This is a
tough problem when there are multiple groups accessing
the same pool of queues, and scheduled according to
some local policy. NIKHEF is contributing to research
in this area (the Masters’ Thesis work of H. Li).

Testbed Integration

NIKHEF is one of the five core sites in the EDG project.
The NIKHEF development testbed (five machines) is
usually (together with Rutherford Lab in the UK) the
first site to deploy a new EDG software release after it
has been tested at CERN. NIKHEF has provided many
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bug fixes to these releases. NIKHEF staff also provide
support to both local and remote users in diagnosing
run-time problems with computational tasks submitted
on the EDG.

This effort also provides central services for Grid “vir-
tual organization” membership to all Grid sites. Fur-
thermore we provide the Grid file-catalog service for the
D0, LHCb and Alice experiments, as well as to members
of the biomedical and earth-observation communities.

Security services

When interconnecting a multitude of systems world-
wide with high-speed connectivity, such a system will
instantly become a valuable target for abuse. It is there-
fore important to do strong authentication of the users
of such a system, and to make sure that authorization
reflects usage policies.

The user authentication in the Grid is based on public-
key cryptography and an associated Public Key Infra-
structure (PKI) to distribute the keys. This system
is well known from its role in e-commerce transactions,
where sensitive financial data (credit card numbers) are
encrypted such that only the intended recipient (the
web trader) can read it. The Grid takes this technique
one step further, and has also the individual end-users
authenticate in this way. Using limited-lifetime “prox-
ies”, it has been successfully leveraged to provide “sin-
gle sign-on” for all users on the Grid: you only need
to type your pass phrase once at the beginning of the
day, and all grid resources can be used without further
hassle.

The DutchGrid Certification Authority, run by NIKHEF,
provides trusted services to all users in the Netherlands
and its statements are trusted world-wide. To promote
interoperability between the various counties, in partic-
ular with the advance of LHC computing, the Dutch-
Grid CA has worked on definition of common require-
ments and procedures within the Global Grid Forum.

Networking

Aside from the network monitoring machine on the
Testbed, Grid networking activities at NIKHEF are
common across projects. They will be described in the
DataTAG section below.

HEP Applications

The NIKHEF representative for HEP Applications on
the Grid participated in a variety of tasks during 2002.

The first was to produce a “use case” document for

the project architecture group. This document has be-
come something of a “Grid bible” in HEP and has been
used to drive architectural activities on Grid middleware
in both EDG and for the LCG (LHC Computing Grid)
project.

Secondly the ATLAS collaboration ran the first Data
Challenge on the Grid, and NIKHEF contributed both
as a testbed site as well as through assistance from the
HEP Applications representative.

The third main contribution was to participate in the
EDG Architecture Task Force (ATF) as the HEP appli-
cation representative.

AliEn

AliEn is a grid prototype constructed by members of
the Alice Collaboration at CERN. NIKHEF was the first
site (outside of CERN) on which AliEn was successfully
installed and this experience contributed valuable cor-
rections to the AliEn design. NIKHEF has continued
to contribute one CPU to AliEn production and tests
throughout 2002.

D0 Grid

The 104-CPU D0 farm has been running efficiently for
the past year; details of the Monte-Carlo production
done with the farm can be found in the ATLAS/D0
section of this annual report. Besides D0, the farm has
also been used to run Monte-Carlo production for the
ANTARES and L3 experiments.

Trials with running the D0 Monte-Carlo production
chain under the EDG environment were successfully car-
ried out in late 2002. The EDG platform runs only on
an older Linux version for which D0 production software
is no longer available, so serious tests are awaiting the
release of EDG 2.0 in May 2003.

DataTag

The DataTag project started in 2002. The fundamental
objective of the DataTAG project is to create a large-
scale intercontinental Grid test bed involving the Data-
Grid project, several national projects in Europe, and
related Grid projects in the USA. This allows explo-
ration of advanced networking technologies and inter-
operability issues between different Grid domains. The
project addresses the issues that arise in the sector of
high-performance inter-Grid networking, including sus-
tained and reliable high-performance data replication,
end-to-end advanced network services, and novel mon-
itoring techniques. The project has its own dedicated
Trans-Atlantic optical link of capacity 2.5 Gbps between
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Figure 9.6: The DataGrid connects the world.

CERN and Starlight(Chicago). The project directly ad-
dresses the issues that arise in the sector of interop-
erability between the Grid middleware layers such as
information and security services. The advances made
are being disseminated into each of the associated Grid
projects.

DataTag has accomplished upto 1 Gbps transfers be-
tween machines (in Amsterdam and Sunnyvale CA,
USA) separated by more than 10,000 km. This feat
won the world land speed record (in collaboration with
UvA and SLAC) in late 2002. Currently 10 Gbps tech-
nology is being tested over this same link.
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C Theoretical Physics

1 Theoretical Physics Group

1.1 Introduction

The understanding of subatomic phenomena, and the
analysis of experiments in this branch of physics, rest
heavily on the development and applications of relativis-
tic quantum theory: the description of quantum me-
chanical properties of particles in the relativistic regime
of energies. For point-like particles, the particle-wave
duality implies that such theories can be cast in the
formalism of quantum field theory: particles are dis-
crete quanta of energy carrying particular values of
spin, charge and other quantum numbers, which re-
flect the properties of the parent field. A very suc-
cessful quantum field theory exists that describes all
known subatomic particles and their observed interac-
tions: the quarks and leptons from which atoms and
nuclei are made, and the electro-magnetic, weak and
strong subatomic forces that govern their scattering
properties, their bound states and their transmutations.
This model is simply referred to as the standard model.
It is a highly successful theory, not only for qualitative
understanding of particle phenomena, but increasingly
as a framework for the analysis of precision measure-
ments.

It has been widely speculated in recent years that at the
level of smallest imaginable distances —when quantum
gravity becomes relevant and space-time starts to be-
have as a dynamical arena for physical processes— such
a quantum-field theory approach is no longer sufficient,
and other extended objects such as quantum strings
and membranes come into play. So far this has not led
to many firm predictions for phenomena observable at
particle accelerators, but in all scenarios two ingredi-
ents seem required. The first of these new ingredients
is supersymmetry, which requires every particle in na-
ture of integral spin to have a partner of half-integral
spin and vice-versa. The other requirement is the ex-
istence of new dimensions of space in which quantum
strings can extend and move. As a result much work
is done worldwide on analyzing the consequences of in-
corporating supersymmetry and extra dimensions into
the framework of the present standard model of particle
physics.

1.2 QCD

The nuclear particles known as hadrons, including e.g.
protons, neutrons and pions, are composite objects;

their constituents, generically called partons, are of two
types: there are quarks which are of fermionic type and
obey the Pauli principle; as such they carry half a unit
of spin. In addition there are gluons, massless particles
of unit spin, which carry the strong color force binding
the partons into the composite nuclear particles. At the
short sub-hadronic distance scales these strong interac-
tions are becoming increasingly well-understood. Prob-
ing the structure of hadrons with high-energy particles,
be they electrons, photons or other hadrons, leads to
the creation of new heavy quarks that under ordinary
circumstances are not present inside protons and neu-
trons. Such inelastic scattering teaches us much about
the dynamics of strong interactions of partons at short
distances.

In the NIKHEF theory program detailed theoretical in-
vestigations of the production of heavy quarks, the so-
called c, b and t quarks (for charm, bottom and top),
are performed. Of special relevance are resummation
techniques, which allow the extension of perturbation
theory results to a larger kinematical domain. Much
expertise in this area has been developed and put to
use in the analysis of experiments, e.g. at DESY and
FNAL.

Another area of expertise developed under the NIKHEF
theory program is the calculation of high-order quantum
corrections, encoded in Feynman diagrams with two,
three and even four internal loops. In this field the
NIKHEF theory program is world leading. The work is
technically and computationally very demanding, but
the results are likely to be of crucial importance to de-
scribe the constitution of particles like the proton with
sufficient accuracy that future experiments at the Teva-
tron (FNAL) and LHC (CERN) can be used for preci-
sion tests of the standard model, and possibly discover
deviations indicating new physics phenomena outside
the standard-model framework.

Finally, the structure of hadrons can change in non-
standard environments, for example at finite temper-
ature, pressure and/or particle density. Such environ-
ments are created in the collisions of heavy ions. A
theoretical study of these thermodynamic properties of
hadrons, using lattice field-theory methods, is part of
the NIKHEF theory program. The studies are per-
formed in cooperation with the university of Bielefeld.
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1.3 Beyond the standard model

A number of experimental observations in the context
of the standard model indicate the existence of a new
regime of physics at distance scales very short in com-
parison with hadronic distances; this would imply the
existence of new physical forces carried by particles with
masses of the order of 1015 GeV. These forces subse-
quently combine with the known forces in the standard
model to form one unified theory of particle interac-
tions, a scenario referred to as gauge unification theory
(GUT). Such a theory can explain such diverse observa-
tions as the variation of the strength of the known inter-
actions with distance (running couplings), charge quan-
tization (including the fractional charges of quarks),
and neutrino masses. The NIKHEF theory program fo-
cuses in particular on scenarios for unification including
supersymmetry.

At the smallest distance scales, characterized by the
Planck energy of about 1019 GeV, quantum gravita-
tional effects can no longer be ignored and may even
become dominant. Although no single model of quan-
tum gravity exists that has sufficient predictive power
to be compared with present experimental data, theo-
retical and mathematical arguments point to the need
to start from a quantum theory of one-dimensional ob-
jects, superstrings. The particles observed in nature
could then either be tiny curled up strings, or the end
points of strings that extend in extra dimensions and are
invisible from within our four-dimensional space-time.
The interplay of various dimensions, and the objects
that can exist in these dimensions according to the rules
of quantum-mechanics, is very intricate and the neces-
sary mathematics is only being developed now. Under
the NIKHEF theory program the properties of quantum
strings, especially of the open type, and their dynamics
are active fields of investigation.

1.4 Cosmology and astrophysics

Particle physics is becoming of increasing importance to
understand the properties of the early universe, when
it was a very hot and dense fireball. At the same time,
theoretical physicists are aware that their theories can
be tested by working out its consequences for the evo-
lution of the universe, in addition to the predictions
made in the context of laboratory high-energy physics.
At the highest energy scales, those of gauge unification
and quantum gravity, such cosmological observations
may be the only way to test the theoretical framework.
For this reason both string theory and supersymme-
try/supergravity models are frequently applied to cos-
mological models. The NIKHEF theory group has been

involved in efforts to understand the origins of the ex-
pansion of the universe, which may be due to new fun-
damental scalar fields playing a role in the universe at
large.

Another area of high-energy astrophysics where experi-
mental data may become more readily available is pro-
vided by neutrino physics. High-energy neutrinos could
be a signal of energetic physical processes in the early
universe; they may also be produced by annihilation
processes of dark matter. Investigations of such phe-
nomena have recently been taken up and will be studied
further in the context of the NIKHEF theory program.
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D Technical Departments

1 Computer Technology

1.1 Central services

A Sun Enterprise server 3500 provides home and project
file service for Unix and MS Windows clients. The
server is equipped with three RAID disk storage arrays
with a total gross capacity of 1.2 TByte. A Windows-
NT server delivers the very same kind of file service
exclusively for Window clients. The TSM service at
SARA is used to make daily incremental backups of all
home and project files on both these server systems.

A new data file server with 2 TByte disk capacity has
been installed mid 2002. This server runs under the
Linux Red Hat operating system and is meant to store
massive data files without backup services and is struc-
tured in such a way that the data is accessible from
any client in the network using a simple naming scheme
based on projects, e.g. /data/atlas.

Mail services, print services and network services like
DNS, NIS and DHCP are implemented on Sun server
systems running the Solaris operating system. A Dell
Windows-NT server delivers network services for the
client systems in the Windows network domain. Ad-
ditionally the web (http://www.nikhef.nl) and file
transfer services (ftp://ftp.nikhef.nl) are imple-
mented on Dell servers with the Linux Red Hat system.

On request of some of our user groups we set up an
AFS server pilot project. This AFS server offers wide
area network file sharing for users with a local NIKHEF
computer account. As an example, when at CERN a
NIKHEF computer user can access her/his files from a
CERN desktop using the pathname /afs/nikhef.nl.
AFS is a popular service within the high-energy physics
community, but is not widely spread outside this com-
munity.

We implemented an LDAP directory server which con-
tains all relevant public coordinates of each individ-
ual NIKHEF employee (name, e-mail address, phone
number, and so on). The directory server is filled
regularly with the data extracted from the personnel
database system. A web interface has been made avail-
able to make these coordinates accessible from outside
NIKHEF.

On request of the ANTARES project group we have
installed the Oracle server software on a SUN Solaris
system. On request of the NIKHEF management we

have installed MeetingMaker service software on a SUN
Solaris system. Additionally, we have installed Meeting-
Maker client software on a number of Windows desk-
tops.

At the end of the year 2002 we closed the support for
the HP-UX system and shut down the two HP server
systems. This marked the end of a long period of the
usage of HP systems at NIKHEF, which started in the
early eighties of the last century with the introduction
of the Apollo systems.

1.2 Network infrastructure

The backbone of our local area network and the firewall
to the external networks are implemented in a Foundry
BigIron 8000, a network device with capabilities for
high-speed routing and switching IP traffic. A total of
32 ports with a capacity of 1 Gb/sec and 24 ports with a
capacity of 100 Mb/sec are available to connect servers
and switches directly to the network backbone. Access
from the external networks to the NIKHEF network is
controlled by the firewall function of the router. The
security level has been increased again: for instance,
telnet requests are refused by the firewall while the se-
cure shell protocol is allowed. Stackable switches, with
up to 96 ports (100Mb/sec) and a 1 Gb/sec uplink for
each stack, are connected to the gigabit backbone of
the local area network. The network is partitioned into
a number of ‘class C’ type network segments. Access
policies may differ for each individual segment. For in-
stance, the ‘guestnet’ segment is available to connect
laptops and computers that are not under control of the
regular Computer Technology (CT) group. The access
from this segment to the more secured segments is not
enabled for all services. A second Foundry BigIron net-
work router has been installed to separate the regular
operational network from the experimental network for
grid developments.

This year we started the deployment of a wireless LAN
infrastructure in the NIKHEF buildings. The commu-
nication is based on the 802.1x protocol. Due to the
concrete structure of the NIKHEF buildings, many wire-
less LAN access points are needed to obtain an overall
coverage of the network. Therefore we have decided to
limit the coverage of the wireless LAN in this first stage
of deployment to the meeting rooms and public spaces
such as the Spectrum.
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desktop system number remark
Windows 220 including instrum-
(98/NT/2000/XP) entation systems
Linux 180 excluding farm

systems
Sun Solaris 30
Apple Macintosh 3
Total 433

Table 1.1: Desktop systems

The external connectivity for the NIKHEF community
to the internet is provided by a 1 Gb/sec uplink to
the access router of SURFnet5 located at the SARA
building. The capacity of this link is sufficient and it
can easily handle the amount of incoming and outgo-
ing traffic during rush hours. SURFnet5 is the research
network within the Netherlands. SURFnet5 is directly
linked to a number of international networks. Most rel-
evant for the NIKHEF scientists is the connection from
SURFnet5 to the European research network GEANT
(e.g. CERN and DESY) and the points of presence
in Chicago where a direct link between SURFnet and
the research networks in the US and far-east countries
exists.

IPv6 is the latest version of the internet protocol and is
compared to the current version of the protocol (IPv4)
able to cope with a much larger address space. IPv6
traffic can be handled by modern routers in parallel with
IPv4 traffic. In collaboration with SURFnet we have set
up an IPv6 testbed at NIKHEF and established ‘native’
IPv6 connections with sites elsewhere in the internet.
For this purpose SURFnet provided a dedicated uplink
to their IPv6 testbed environment. The aim of this
project was to gain experience with this protocol for
future use in a compute and data grid infrastructure.

1.3 Desktop systems

Table 1.1 presents a summary of the number of desktop
systems for each platform. The total number of desk-
top systems has increased with almost 20% compared
to the last year’s numbers. The W2000 edition is the
favorite Windows release for the desktop this year, al-
though Windows XP became more popular in the last
quarter. The Red Hat versions 6 and 7 have been in-
stalled on about 90% of the Linux desktops. Only the
HERMES group from DESY prefers the SUSE Linux
version 7. The design engineers from the electronic
and mechanical groups make use of CAE software that
runs on Sun Blade workstations under the Sun Solaris

Figure 1.1: The NCF compute node

8 operating system.

1.4 EU-DataGrid testbed

NIKHEF is one of the five core sites for the testbed
of the European DataGrid project. This testbed is di-
vided into two parts, on part dedicated to the devel-
opment of the grid services and one part dedicated to
the development of the grid applications provided by
the LHC detector groups. The NIKHEF testbed runs
grid directory services like a Replica Catalogue and the
Certification Authorization for the DutchGrid domain.
Grid users can submit their jobs to a Compute Element
with 75 worker nodes and store their data sets on a
Storage Element in the NIKHEF (or SARA) testbed.
The testbed network segment (‘farmnet’) is separated
from the regular NIKHEF network by a gigabit router,
which acts as a firewall between the network segments
and acts as a collapsed gigabit backbone network for
the computers in the farmnet.

We have installed an additional 66 dual-processor
worker nodes into the testbed for two purposes:
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Figure 1.2: A view of the D0 farm at NIKHEF

first we wanted to be able to do research on the
managements of large clusters and second we wanted
to add computing capacity to the testbed. This cluster
is known as the NCF research cluster, because the
costs for the system have been subsidized by NCF, the
Stichting Nationale Computerfaciliteiten, which is part
of NWO. Unfortunately the 1U-high rack-mountable
compute nodes became overheated during stress tests,
due to the high power consumption of the AMD
processors. At the end of the year 2002, this problem
was still under investigation.

1.5 D0 compute farm

The D0 farm, consisting of 50 dual CP worker nodes, a
farm server and a fileserver, produced more than 10 mil-
lion Monte Carlo events for the D0 experiment. Of
these 9.7 M were stored in SAM, the mass store and
meta database in Fermilab, 1 million events were stored
in the tape robot at SARA.

During the iGrid 2002 Conference in Amsterdam the
nodes of the D0 farm were moved to the EDG testbed.
During the conference the processing of D0 data was
demonstrated, not only the production and storing of
MC data but also the retrieval of files from FNAL, the
processing of the data at NIKHEF and the storing of
the results at FNAL. The MC production during iGrid
2002 resulted in 400 K events.

After iGrid 2002 the D0 nodes had to be detached from
the EDG testbed since the testbed runs RedHat version
6 and the latest versions of the D0 software need Red-

Hat version 7. A second SAM station has been installed
which is used to fetch files from FNAL to be analyzed
at NIKHEF. The 2 NIKHEF SAM stations form part of
a worldwide D0 grid. Work is under way to integrate
this grid with other grids like the European Datagrid.

1.6 Amsterdam Internet Exchange

The amount of traffic exchanged through the Amster-
dam Internet Exchange (AMS-IX) increased from an av-
erage throughput of 4 Gb/sec in January to 8 Gbit/sec
in December. The AMS-IX has kept its position in 2002
as one of the largest exchanges in the world. NIKHEF
is one of the four housing locations of the AMS-IX.

To stay competitive with the other three locations, we
have decided to take measures to improve the quality
of services for the NIKHEF housing location. The di-
rectors of NIKHEF and SARA signed a memorandum
of understanding, with the intention to set up a closer
collaboration between the housing locations and to har-
monize procedures regarding site access, security and
installation rules.

Backup power system

In 2001 we took the decision to install a no-break
backup power system for the network equipment of
the customers of the AMS-IX housing location. In
the course of this year the technical facility department
started to prepare the installation of the power system.
After thorough tests, the backup system became op-
erational at December 16th. Ironically a major power
interruption in a large part of Amsterdam happened at
November 6th. At that time the backup system was

Figure 1.3: The 12-cylinder Stamford/Perkins diesel
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not available yet and all AMS-IX and NIKHEF server
systems were down for some hours. NIKHEF computer
users will benefit of the backup, because the power feed
of all major NIKHEF servers is part of the backup sys-
tem as well.

The system consists of a no- break part (a double UPS
battery system including converters) and a short-break
part (a diesel generator, see Fig. 1.3). In case of a
power failure, the UPS can supply the full AMS-IX elec-
trical power demand for a period of up to five minutes.
During this period, typically after a few seconds, the
diesel generator will start, supplying electricity to the
UPS batteries, the AMS-IX racks, the NIKHEF server
systems and the cooling system of the computer rooms.

1.7 Conference support

ICHEP2002

In July 2002 the International Conference on High-
Energy Physics ICHEP2002 took place in the RAI
Congress Centre in Amsterdam. The CT system
group participated in the set up and support of the IT
infrastructure during the conference. An Internet Café
(see Fig. 1.4) with 50 PC’s and a wireless network for
laptops has been made available to the about 1000
participants of the conference. Apart from this café,
we installed a local web server and scanning equipment
for the speakers’ corner. The NIKHEF webmaster
was involved in the design and implementation of the
conference web site.

iGrid2002

In September computer scientists joined the Interna-
tional Grid applications-driven testbed event iGrid2002
at the WTCW campus. 28 teams of scientists showed
on this occasion how their applications can utilize multi-
gigabit optical networks. A NIKHEF team presented
and demonstrated how high-speed optical network con-
nections can be utilized to transport raw data produced
by the D0 detector at FNAL to the analysis farm at
NIKHEF. On request of the organization of the iGrid
event we provided assistance for the IT infrastructure
and for the design and implementation of the confer-
ence web site.

1.8 Software engineering

ATLAS Detector Control System

The development of the ELMB (Embedded Local Mon-
itor Box), a general purpose front-end device containing
an ADC and digital I/O, has continued. Radiation tests
proved the design matches the ATLAS constraints. An

Figure 1.4: The Internet Café at the ICHEP conference

initial series of around 100 ELMB’s has been provided
to different sub-detector groups. The experience gained
with this model has lead to another, probably final, de-
sign, of which around 5000 boxes will be manufactured.
Further radiation tests are necessary and the final ap-
proval for the production is expected to be given in
2003.

The development of the embedded software of the
ELMB’s is the main responsibility of NIKHEF. A basic
version, including the CANopen protocol and handling
the ADC and digital I/O, is available on the web.

ATLAS MUON sub-detector

The production of the BOL (Barrel Outer Large) cham-
bers progressed on schedule in 2002. The CT group
contributed a variety of software written in LabView
and MS-Visual C++. Several Visual C++ applications
monitor and guard the production. They also provide
the global MS-ACCESS database in which all relevant
information of the chambers and tubes in particular is
stored. The production of a chamber now takes six
days and is highly automated. A special purpose inter-
active online manual was developped. It performs pre-
and post checks of each production step and provided
feed back when problems are detected.

During the summer period we tested several types of
barrel and end cap chambers at CERN in the H8 test
beam environment. DCS and TDAQ integration as-
pects have been investigated and have been tested on
site. A major component of the detector control system
is the supervisory control and data acquisition system
(usually referred as SCADA), for which the ATLAS col-
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Figure 1.5: The ANTARES network in La Seyne

laboration and the other three LHC-detector collabora-
tions selected the PVSS software package of the Aus-
trian company ETM.

The aim of the test beam runs was to perform the tem-
perature readout of the chambers. Each chamber is
equipped with an ELMB for the readout of the temper-
ature sensors. The ELMB’s are connected into a single
CAN field bus network which is interfaced to a PCI CAN
controller in a PC. A dedicated OPC driver controls the
board and the nodes in the connected CAN field bus
network. A PVSS application was made to read, dis-
play and store the temperatures as read with a regular
time interval from the sensors. The hardware and soft-
ware of the ELMB is designed to be able to monitor and
control other devices such as magnetic field sensors and
JTAG registers as well.

ATLAS SCT sub-detector

We started the design of the database to support the
production of 20 carbon-fiber discs for the inner tracker
silicon sub-detector. During the production all relevant
data will be stored into this production database. The
implementation of the database will be done in MS
ACCESS and is in this respect comparable with the
production database for the MUON chambers.

ANTARES IT infrastructure

The CT group configured and installed the computer
and network infrastructure for the first string tests of
the ANTARES neutrino telescope situated at the bor-

ders of the Mediterranean Sea in La Seyne (France).
The network comprises a server PC, two PC’s for con-
trol and monitoring the experiment and a cluster with
seven compute nodes. The computers are connected to
the network by either a 100 Mb/sec link or, in case the
connection is part of the data flow path, a 1000 Mb/sec
link. The high- speed Ethernet connection to the neu-
trino telescope on the bottom of the sea is through the
gigabit switch with the compute nodes in the farm. The
server PC and both control and monitoring PC’s act as
a gateway between the internet and the ANTARES on-
line network with the front-end and farm nodes.

The CT group participated in the design and develop-
ment of software for the ANTARES DAQ system, which
is described in more detail in the corresponding chapter
in this report.
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Mechanical design of the Antares MLCM Electronics crate.
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2 Electronics Technology

2.1 Introduction

The expertise of the electronics department covers a
broad area. It is applied in a number of projects, which
can be divided in three main streams:

• Aftercare for the Zeus microvertex detector and
the Hermes lambda-wheel detector. Both detec-
tors are running in experiments at DESY.

• Design of components, fabrication of prototypes
and production runs for the detectors that will
be used in the LHC experiments ATLAS, LHCb
and ALICE. For the prototyping the group pro-
vides support with high standard instrumentation
like signal analyzers, oscilloscopes, power meters,
SMD (Surface Mounting Devices) handling tools,
etc.

• Design of components for non-accelerator based
experiments like ANTARES and Medipix.

Because of this large number of projects there is a
permanent high claim on manpower and expertise. In
Fig. 2.1 the projects are listed that consumed more than
0.5 FTE.

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00
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Atlas-MDT
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Antares

New Projects

NIKHEF

Internal

Figure 2.1: ET manpower distribution in 2002

2.2 Projects

Information on most projects can be found on the
NIKHEF web site and elsewhere in this annual report.
Below the involvement of the Electronics Technology
Group is described in new developments for each of the
projects.

HERMES

The HERMES target magnet was replaced to allow run-
ning with a transversely polarized target. However, at
the position of the lambda-wheel detector, the stray
fields of this magnet are much larger than that of the
previously employed longitudinal magnet. At the max-
imum magnetic field, the stray fields are so large that
they inhibit proper operation of the lambda-wheel elec-
tronics. The field saturates the ferrite of the pulse
transformers that are used to isolate the control sig-
nals. Several options to solve the problem have been
investigated and it was decided to replace the inductive
coupling by a capacitive variant. This implies a reduc-
tion of the common-mode rejection, but tests showed
an acceptable decrease of less than a factor two. A
miniature modification printed circuit board has been
designed and taken into production. The electronic
modules of the lambda-wheels will be modified during
the HERA shutdown period in 2003.

The Beam Loss Monitor has been redesigned, mainly
to include integration of the radiation dose with a time
constant of one second. This was necessary because
a good fraction of the measured radiation can be at-
tributed to long periods (several seconds) with a mod-
erate radiation dose. The new module is currently in
production and will also be installed during the 2003
shutdown period.

ATLAS

Monitored Drift Tubes - MDT

For the ATLAS muon spectrometer, NIKHEF builds de-
tectors for the outer layer of the barrel muon detector.
These so-called MDTs consist of two times three layers
of 72 aluminum detector tubes on top of each other.
Five of these detectors, each measuring 6 × 2.5× 0.6
m, are mounted above each other in a test station, the
cosmic ray test stand. Cosmic muons pass through this
set up and are detected by the tubes (2160 in total).
They are read out by a computer and the reconstructed
tracks can be displayed. Especially for the ‘Open Day’
it seemed more attractive to have a real time display
of the tubes’ activity. A 3:1 scaled representation of
the detector was built, using large LEDs. The display
is 80 cm wide and 120 cm high. A dedicated PC spies
on the data that are transported on the local area net-
work and sends them to the display via a serial link.
The display is updated at an average rate of 30 Hz, the
trigger rate of the muon chambers. One can clearly
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recognize straight tracks and test signals introduced at
a few locations. The display can be viewed from a large
distance and a wide angle and attracted many people
visiting NIKHEF on the occasion of the ‘Open Day’.

Muon Readout Driver - MROD

The MROD-1 prototype supports six optical Input
Links, each coming from the Chamber Service Module
(CSM) on a Muon MDT chamber, and converts
serial data-bits from at maximum 18 Time to Digital
Converters (TDC) on a chamber into 32-bit data
words. The MROD groups these data words for each
TDC and checks whether the data words from all
TDC’s belonging to the same event number have
arrived. The data from this event are formatted and
sent via an output link to the Read-Out Buffer (ROB)
for further processing by the downstream Trigger and
Data Acquisition system.

A small series of MROD-1 modules was produced by
external companies and tested. Serious problems con-
cerning the soldering of the Ball Grid Array (BGA) de-
vices showed up. In contrast to what was expected,
the soldering process of the BGA devices turned out to
be critical. Severe temperature stress in the printed cir-
cuit board caused the loss of one module. Furthermore,
other modules had to be sent back for resoldering due
to bad connections.

The CSM modules on the MDT chambers are located
in a high-intensity radiation environment and need ra-
diation tolerant hardware. The six Input Links on the
MROD are compatible with the ATLAS S-Link stan-
dard, but radiation tolerant S-Link hardware does not
exist. To resolve this problem the radiation tolerant Gi-
gabit Optical Link (GOL) device, based on 1.6 Gbit/s
point-to-point data transmission technology and devel-
oped at CERN, is used on the CSM to drive the optical
link. At the MROD side a modified version of the stan-
dard S-Link HOLA implementation, receives the data
from the CSM. The HOLA hardware is redesigned (now
called GOLA) to be compatible with the data format
and protocol used by the GOL device.

Read-Out-Buffer - ROBIN

The ATLAS Trigger/DAQ system (TDAQ) is connected
via a large number of Read-Out-Buffers to the differ-
ent sub-detectors of ATLAS. The main hardware com-
ponent of the Read-Out-Buffers is an intelligent in-
put module called RobIn, that accepts the input data
stream consisting of data fragments from the sub-
detectors. It provides temporary storage for these data
fragments and delivers specific fragments upon request

to the downstream system. Logically a total of 1600
RobIn’s are required, each one dealing with a maximum
input fragment rate of 100 kHz and a maximum input
bandwidth of 160 MByte/s, delivered via a standard
ATLAS optical link (S-Link). Output rate and band-
width are of the order of 10% of the input values. De-
pending on the final TDAQ architecture multiple logical
RobIn modules will be assembled into a single physical
RobIn component, with multiple inputs and a single
output. The physical RobIn can be either connected
directly to the main TDAQ Ethernet network or can be
attached via a PCI-bus to a host system that provides
the Ethernet interface.

As a joint effort of the University of Mannheim, Royal
Holloway University London and NIKHEF, a prototype
has been developed that accepts data from two input
links and that allows to investigate both the fully net-
work based (Ethernet) and fully bus based (PCI) imple-
mentation of the RobIn. The final version can be de-
rived from this prototype via small modifications, e.g.
by changing the mechanical format and by omitting the
unused Ethernet or PCI downstream port.

Semi-Conductor Trackers

Practice shows that it is very difficult to design stable
hybrids with front-end chips with a large power-supply.
Minimizing the supply-current modulation of the chips
is one of the requirements for designing front-end hy-
brids. A careful analysis of the behavior of the prototype
hybrids resulted in a modification that solved the insta-
bilities. For that purpose extra decoupling of the power
distribution was required, proving again that a careful
layout of the ground system is of basic importance.

B Physics

LHCb Outer Tracker

The current local readout test-system used for the HP
TDC is adapted for the new Otis TDC, which was re-
ceived at the end of the year. The current TDC boards
where adapted as readout boards so that the system, in-
cluding a concentrator, timing and fast control, could
still be used. It also involved a new I2C control set,
hardware and software. As timing we have provided a
Timing and Trigger Control (TTC) generator and re-
ceiver to trigger the present and future front ends in
a CERN compatible way (on glass fiber). Furthermore
a first proposal was worked out for signal and power
distribution at the LHCb outer tracker detector. This
means distribution of supply, slow control, timing sig-
nals, and data fibers.
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Figure 2.2: HV board with capacitor for LHCb-OT, cut
in half

For the detector straw module several models have been
constructed for end pieces, electronics boards, housings
and mechanics including gas in- and outputs. Special
attention had to be given to the limited space available
between modules.

Special High Voltage boards have been constructed
with capacitors inside the board for improved low
current-leakage characteristics. Together with the
board manufacturer the production process has been
improved in order to ensure low dropout of HV-
channels. This has the advantage that the low leakage
current of the capacitors can not be spoiled by external
influences (see Fig. 2.2).

Additional Rasnik units (from ATLAS) have been de-
livered to the collaboration for a prototype setup of an
alignment system.

The ET group has joined the LHCb electronics steer-
ing work group, in which the electronics for all LHCb
detectors is reviewed and the design of electronics that
can be common for all detectors is worked out.

LHCb-Vertex RF measurements

As required by the CERN RF experts the frequency
measurement range is enlarged from 150 MHz-1.5 GHz
to 300 kHz-1.5 GHz because of the importance of the
impedance behavior in the lower frequency part of the
band. The higher signal levels give a lower noise level
in the output results. During beam fill time of the
LHC the two silicon strip detector boxes will be set
in open condition (60 mm maximum distance) for the
maximum beam-stay-clear situation. In order to reduce

the RF coupling between beam path and suppressor the
Wakefield suppressor has been extended with side flaps
(see the figure in the LHCb section).

Measurements show that the coupling impedance for
the open condition is improved such that it has a real
part of 150 Ω for a single resonance at about 800 MHz.
There is still a low-Q resonance at about 800 MHz that
did not change in frequency but only in amplitude for a
change of the detector box distance from 2 to 60 mm.
This effect is not a serious problem, but nevertheless
some time will be spent to discover the cause of this
resonance.

The setup in the mockup tank will be changed. The
detector boxes will be covered with the realistic cor-
rugated RF foil and the Wakefield suppressors will be
modified such as to contain less material.

LHCb-Vertex Silicon detector shielding

We simulate the beam in the frequency domain by a
coaxial RF power line at 50 Ω. The outer conductor of
the coax consists of 30 µm aluminum. The CW signal
level in the coax was 10 W at 40 MHz. At 5 mm from
the coaxial outer conductor the prototype silicon strip
detector is mounted. As a second step we made a hole
in the aluminum outside conductor just in front of the
silicon strip detector, which gives much higher EM field
levels.

In both situations we do not see an influence on the
working of the silicon in combination with the electron-
ics of the test setup. There was no change in noise
level. Further tests will be concentrated on that part
of the frequency spectrum in the beam that is related
to the circumference of LHC (kHz band).

LHCb-Pile up Veto system

For the pile-up veto system a full-scale prototype of the
vertex processor was designed. Presently the printed
circuit board is being developed. The central part of
this board consists of two large Field-Programmable
Gate Arrays (FPGA), consisting of 3.2 million logic
gates each. These FPGA’s contain the correlation ma-
trices that produce the trigger decision as input for the
level0 trigger logic.

The pile-up veto system supplies a trigger decision to
the level0 trigger of LHCb. As such, digital data are re-
quired prior to level0 buffering. The only readout chip
for strip detectors that can deliver these discriminated
signals is the Beetle chip. This device is a 128 chan-
nel analogue pipeline chip for silicon strip detectors. It
has been designed by the ASIC Labor in Heidelberg in
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Figure 2.3: Test hybrid with the Beetle front end chip
and detector

cooperation with NIKHEF. This year several new front-
end test chips have been characterized. Based on these
results, the final front-end for the complete Beetle chip
was chosen. The 16 chip hybrid that was designed at
the end of 2001, was fully equipped with a Beetle chip
and bonded to a silicon detector of the Vertex Loca-
tor (VELO) (see Fig. 2.3). This prototyped hybrid was
tested extensively with a 120 GeV pion beam at the
CERN X7 facility. All 16 chips have been character-
ized and the noise contribution of the hybrid is negli-
gible. Based on the laboratory and beam test results
the VELO group has chosen the Beetle as the preferred
front-end chip.

The comparator circuits in the Beetle chip, which are
necessary for the pile-up veto project, have been char-
acterized. The offset variation between different cir-
cuits in the same chip was found to be too large. With
Monte-Carlo techniques we discovered that the main
contribution to the offset results from the threshold
variation of the deep sub-micron process. An improve-
ment can only be made by extending the range of the
digital to analogue converters of the threshold from 3 to
5 bits. A redesign is in progress and will be submitted
a next run.

A full scale hybrid for the pile-up project has been de-
signed. The hybrid has an additional 256 differential
digital signal as compared to the VELO hybrid men-
tioned before. An 8-layer design with kapton as base
material is needed. This hybrid is being produced at
CERN. To test the vertex finder board, a dedicated
pattern generator was designed, produced and tested.

cooling
pipes

ladder with detector modules

endcap
modules

Figure 2.4: Two Detector Layers with ladders con-
nected to two EndCap Modules

The large FPGA’s on the vertex finder are being repro-
grammed to reach the operating frequency of 40 MHz
for LHC operation. The prototype design of the kapton
cables for the VELO is in progress. The cables must
meet the stringent requirements on shape, flexibility, ra-
diation hardness and outgassing, and at the same time
provide a controlled impedance path for the signals and
act as shield for electro-magnetic pick-up.

ALICE

For the Silicon Strip Detector (SSD) in the Inner
Tracker System (ITS) of the ALICE experiment we
design electronics that handles the signals between
the front-end hybrids in the detector and the data
acquisition outside the detector. This electronics is
placed at both ends of each detector ladder and is
called an EndCap module. In total 144 modules are
needed. In the design of the EndCap module the
amount of power consumption and spacial extensions
are very important restrictions. The electronics must
be radiation tolerant and therefore application specific
IC’s (ASIC’s) are being developed using a special IC
technology employing 0.25 µm CMOS. Low-power
ASIC’s reduce the power consumption and spacial
dimensions, as compared to a solution employing
commercial IC’s.

Two types of ASIC’s are necessary, a control and buffer
chip (ALCAPONE) for all signals that are needed for
the front-ends on the detectors, and an analog buffer
(ALABUF) to send the analogue data from the detector
to the data-acquisition system.

The ALCAPONE chip has functions for buffering digital
(LVDS and CMOS) signals, for the control of configu-
ration data of the front-end chip and the chip itself, and
for power regulation in the EndCap and the front-end
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Hybrid. This makes this ASIC a “mixed signal” design
with analogue and digital functions. Both the analogue-
and digital parts are verified with simulations. The dig-
ital part is designed using Verilog as the description
language, and then synthesized to a schematic of stan-
dard gates by software. The digital layout is generated
“automatically”, whereas the analogue part must be
laid out by hand completely. The ALCAPONE0 design
has been prototyped and successfully tested. Small im-
provements are necessary, but no major design changes
have to be made before going into production in 2003.
The ALABUF is a complete analogue design, consisting
of two differential fixed gain signal amplifiers preceded
by a two-channel analogue multiplexer. The ALABUF1
design has now been verified and accepted to go into
production early 2003.

To verify the functional behavior of the complete End-
Cap module, a test board was designed for the AL-
CAPONE0 and ALABUF1 chips. With 7 of these
boards connected, all functions could be tested in a
setup controlled by a LabView program. The results
will be included in the next ALCAPONE design.

ANTARES

Optical network

The Gigabit Ethernet (GbE) electric-optical conversion
boards used in the connection between the offshore
GbE switch and its counterpart at the shore station has
been developed and realized. Commercially available
GbE-PCI adapters together with an in-house designed
electric-optical GbE retimer are used to make an Ether-
net connection with a PC. A GbE test-bench has been
set up and consists of two PCs that maintain a GbE con-
nection between them, over 50 km with a dispatched
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Figure 2.5: Block diagram of the interface part of the
EndCap module

Figure 2.6: Test setup for the Alice chips

data transfer speed of 80 MB/s. Measurements with
the produced boards over the link at minimum optical
input level show a bit-error rate of one per 1022 trans-
ferred bits. Three independent optical data links have
been produced for the test-sector line; GbE boards for
the two MLCM (Master Local Control Modules) con-
nections and 100 MHz Ethernet boards for the SCM
(String Control Module) link. The entire setup is mul-
tiplexed and de-multiplexed with DWDM filters to a
single fiber to shore and vice versa.

Figure 2.7: Transmitter and receiver board for the op-
tical communication in ANTARES
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Power distribution

Based on the anticipated power distribution from the
conceptual design report the string power distribution
topology has been designed. It consists of two parts: a
string power module and a local power box. The string
power module will convert the power from shore to a
DC power in such a way that it minimizes noise and
optimizes efficiency. This power will be converted by
the local power box in each module to the voltage levels
needed by the various electronic boards (see Fig. 2.8).
Both items are realized in an extremely tight planning
scheme with the Dutch firm BF-Power Concepts.

Figure 2.8: Local power box of an Antares module.

Medipix

A High-Density-Interconnect board to support 8
particle-detection chips, each containing 64,536 pixels
is being made in collaboration with the firm Electronic
Workbench and CERN. These dense chips required
Chip-On-Board Technology and wire bond the chips in
the same way as used for the hybrids of the LHCb-Pile
up detector. A maximum number of 1601 wire bonds
are used to the gold plating top layer of the PCB.

2.3 Department development

For all projects described above a wide field of elec-
tronic expertise is required. To keep the expertise on
the required level and to increase the employability
of the members of the electronic department various
courses were attended by members of the group. For
instance, knowledge about electromagnetic compatibil-
ity is a very important factor in the high-frequency de-
signs of communication electronics and electronics in
a noisy environment. This is especially necessary for

near-beam experiments and when switching power is
close to the electronic circuits. An ET-member joined
a reference team to judge the grounding and shielding
solution in the ZEUS straw tube tracker.

Other fields in which expertise is required are VLSI-
design, PCB-design and optical networks. The elec-
tronics group participates in two projects concerning
microelectronics. One is for ALICE, for which two
ASIC’s are in development, and the other is for LHC-
B. In the latter case, design support is given to the
NIKHEF group that contributes to the development of
the Beetle chip (responsibility : “ASIC Labor in Hei-
delberg”). This work contains besides the design also
improvements of the comparator. In addition, software
support is given for the Medipix project, in which a new
ADC is designed for future pixel-based detector chips
using a deep-submicron IC technology.

In the field of PCB layout most of the board layout is
done in house because of the specific electronic con-
straints on printed circuit boards. This means a high
claim on expertise and tools. Several courses to opti-
mize the PCB designs have been followed by members
of the group.

In order to fully exploit the expertise in the group the
instrumentation has to meet the highest standards and
performance. Therefore, periodically new instrumenta-
tion is purchased as replacement and upgrading.

The ergonomic aspects of the office furniture and the
workshop furniture are being evaluated on a continu-
ous basis. New desks are in accordance with the latest
ergonomic and safety regulations.
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3 Mechanical Workshop

3.1 Introduction

The mechanical workshop has contributed to several
projects in the experimental programs. For the LHC
experiments the emphasis is changing from prototyping
to production and production-startup. This production
stage will require additional manpower for the coming
two years.

3.2 Projects

ATLAS Muon Chambers

During the first part of this year 12 Muon Chambers
were completed. In July 2002, material problems with
the small brass gas-inlet tubes were detected. There-
fore, it was decided to use stainless steel inlet tubes
instead of the previously used brass ones. In total ap-
proximately 320.000 O-ring joints will have to be made
gas tight. The first shipment of these gas tubes will
arrive in April 2003.

A small fraction of the wires in the drift tubes was
observed to break. This problem is caused by high gas
flows but it can now be avoided by reducing the gas inlet
speed. Moreover, a technique was developed to repair
broken wires in an already completed Muon Chamber.

The Muon-Chamber production itself is now running
smoothly. During production in the year 2002, 32 of the
largest chambers have been built (see Fig. 3.1). The
first chamber (built in 2001) took 18 days completion
time. Meanwhile we have managed to reach a 6 days

Figure 3.1: Storage of the ATLAS Muon Chambers in
the former accelerator-building.

cycle for completing a chamber by partially assembling
it outside the cleanroom (see Fig. 3.2).

We expect to complete the last of the 96 chambers in
July 2004, after which the electronics, the gas-system
and Faraday cages have to be mounted. It is planned
to have all chambers ready in October 2004.

Finally, for the ATLAS muon spectrometer 1200 mag-
netic field sensors have to be calibrated with a relative
accuracy of 10−4. The workshop started to build the
mechanics for a calibration stand.

ATLAS Semi-Conductor Tracker

This year two experimental support discs have been
constructed with inserts to test the glueing methods
and tooling, and to test their strength and accuracy.
Ordering of all inserts has been done. Meanwhile,
the first (small) delivery of inserts is being used on
these discs, which form the support structure of the
tracker. Since the delivery of the end caps at CERN is
planned for March 2005, the assembly schedule shows
a large need for manpower in 2003 and 2004. To get
both end caps delivered in time two assembly lines (in
The Netherlands and United Kingdom) are being set
up. NIKHEF is producing the 80 modules that will be
mounted on the discs. For this purpose, a cooled test
box has been constructed (see Fig. 3.3).

Figure 3.2: Construction of the Muon-Chamber frame
outside the cleanroom. The lower two spacers form the
basis of the station. The upper one is copied using
precision parts.
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Figure 3.3: The test box with two modules to be tested.

The starting point of the assembly schedule is the ex-
pected delivery date of bare discs. A manufacturer for
these discs was selected, and the first discs arrived in
November. The first disc had a flatness within speci-
fications, but the second one did not meet these spec-
ifications. Therefore, the manufacturer changed his
tooling, which resulted in a satisfactory improvement.
Disc reception measurements are being performed at
NIKHEF, while also machining of all 20 raw discs, which
takes several days per disc, will be carried out in the
NIKHEF mechanical workshop. Each assembly line (at
NIKHEF and in the UK) will handle nine discs, two
discs will be kept as spares. After machining, all inserts
must be glued on, and again machined flat within spec-
ification. For this purpose, a stiff support disc has been
produced onto which the discs will be mounted during
machining (see Fig. 3.4).

Between the steps in the machining process all specifi-
cations will be checked with a 3D measuring machine.
The “mass production” for this project will start in
the beginning of 2003. Part of the tooling has still
to be produced, but has already been (pre-)designed.
Installation of services and installation of modules onto
nine discs will be performed in the room that has been
conditioned especially for the Semi-Conductor Tracker
project. Test and quality control activities will also take
place in this room. Furthermore, assembly of the end
cap cylinder will also need cooling and other environ-
mental conditioning.

LHCb Vertex detector

In 2002 several new prototypes for the wake-field sup-

pressors have been produced, and a new mold has been
developed. The latest tests show that the prototypes
function satisfactorily and that they could stand en-
durance tests. The attachment piece to the vacuum
box has also been finalized and is ready for production.

At the Vrije Universiteit Amsterdam a full-size mold has
been produced for forming the RF foil, that is used to
separate the silicon modules from the primary vacuum.
Several RF foils have been formed and were tested to
be gas-tight.

The smallest bending radius of the RF foils that we
can produce is 8 mm. With this radius the present
design of the silicon modules cannot be accommodated,
especially for the phi-detector, so re-design of the silicon
modules seems necessary.

The constitution of the material plays a dominant role:
both the chemical composition and the conditions of
the fabrication are very important. Methods presently
being investigated are:

• Cold formation: press-heat-cool-press (more than
15 cycles, 2 - 70 bar)

• Forming after heating to 350 degrees (Hot Metal
Gas Forming)

• Heat to 520 degrees (Superplastic formation, pres-
sure up to 10 bar - one step)

• Explosive forming

The first and second method turn out to produce good
foils. The third method yields a material that is too
hard; it easily breaks at larger deformations. The explo-
sive forming technique (an experimental process carried
out by an external firm) did not come near the deforma-
tion that is needed. Since the second method requires
less steps in the production process than the first one,
it has been chosen for the final production.

In order to cure possible pinholes in the foils we have
also investigated the use of a poly-amide-imide coating.
This kapton-like coating makes the foil vacuum tight,
it is a good electric insulator and is radiation resistant
(it is used in space research). It is not yet sure whether
it is necessary to apply this coating in the secondary
vacuum.

The test set-up for the motion control of the RF foils
has been produced and is presently being tested in the
Electronics Technology Department.
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Figure 3.4: Machining a disc with inserts, mounted on a stiff support.

The production of prototype bellows was not yet suc-
cessful; we performed two experiments to solder a com-
plete bellow in a vacuum-oven. Both failed because of
deformation during heating up, even though the second
time a mold was made to fix all parts during the heating
process.

One of these bellows has been exposed to an endurance
test; no signs of rupture were observed after the (re-
quired) 10000 movements by 30 mm. Only after 50000
such movements small cracks appeared at places that
showed already folding marks in the beginning.

It has been decided to weld the bellow parts together by
using molds to lead away the heat in the 0.15 mm thick
stainless steel shells. First experiments for such a weld-
ing process have been started (see Fig. 3.5). The total
welding length per bellow is approximately 70 meter.

Six bellows are needed in total.

LHCb Outer Tracker

For the LHCb Outer Tracker, the emphasis was on the
preparation of the new cleanroom (see Fig. 3.6) and the
development of tooling for the production of the straw
chambers in the coming two years.

The wire locators and end-pieces that support the wires
have been finished and the first pre-series are being
produced. Molds that keep the straws in place during
gluing have been developed and ordered. A module of
2500 mm length has been built and parts for a 1 meter
prototype chamber were produced at the end of the
year. The first chamber will be built in the beginning
of 2003 and will contain only final parts.
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Figure 3.5: Bellow parts (2 x 0.15 mm thickness) for
the LHCb vertex detector being welded together in a
mold.

ANTARES

For Antares we constructed cooling blocks that will hold
and cool the electronics boards for the test-string in the
Mediterranean sea.

DUBBLE

Based upon the prototype slit constructed in 2001
twelve slits have been produced and tested this year.
They will be installed at ESRF in Grenoble in the be-
ginning of 2003.

Figure 3.6: The new LHCb cleanroom with some pro-
duction tooling.

AMS

The flexible thermal connectors for connecting the
modules to the cooling ring were developed and 120
sets have been produced.

ALICE

The development of a production tool for folding and
gluing the kapton flat-cable to the read-out modules for
the ALICE detector has been started.
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4 Engineering Department

4.1 Atlas muon chambers

The production drawings for 7 types of muon cham-
bers (MDTs) are ready to send to the Engineering Data
Management system at CERN. The design of the tool-
ing for the gluing of the small MDT version has been
finalised. The design of the transport frames of these
chambers is ready.

At NIKHEF, 96 large chambers are constructed. In
collaboration with Frascati (Italy) the design of a sta-
tion to construct the spacer outside the cleanroom has
been finalised. This station is operational and allows
to prepare the spacers independly of the assembly in
the cleanroom. We optimised the production site leak
test set-up included in the integral test set-up. The pro-
curement of gas bars, cross plates and transport frames
has been realised. Studies of broken wires have been
ongoing. We designed the projective alignment com-
ponents.

The design of the common support structure to couple
the trigger chambers (RPCs) with the MDT detectors
has been completed.

4.2 Atlas silicon tracker

In July 2002 the contract with Programmed Compos-
ites, Inc. to produce 20 carbon fibre discs according
to the European community standards was finalized.
The discs function as a support structure and will be
equipped with high precision silicon dectector modules.
The first disc was delivered and accepted in December
2002. To study the routing of the necessary cabling
and cooling pipes, a so called ’Cheap O’ disc (Fig. 4.1)
was designed and constructed. The design of the in-
serts that hold the services and modules made out of
Torlon is finished and the first prototypes are available.
We designed the disc tooling to machine both sides of
the discs and its inserts within 0.1 mm flatness. Work
on the design of the assembly tools, needed to mount
the modules on the discs is in progress. The design of
the storage box for the discs has been updated.

4.3 LHCb Outer tracker

The main issue for the LHCb detector in 2002 was
the change to the so called ’light version’ of the outer
tracker. The final design of the straw assembly with re-
spect to the electrical and mechanical compatibility re-
quired close collaboration of the mechanical group and
the colleagues from the electronic department. A 2.5 m
prototype module has been manufactured in order to

Figure 4.1: Photograph of the ’Cheap O’ disc on the
3D measuring device at NIKHEF.

optimise the fabrication procedure. Some modifica-
tions to the modules were made to ensure gas tightness
and grounding of the straws. The procedure for injec-
tion molding of the wire locators has been updated. A
first set was successfully produced as can be seen in

Figure 4.2: Injection molding prototype of two wire
locators (black cylinders at top left and right), one end-
and one middle-block (black cylinders at bottom left
and right), produced with a four-fold injection mould
at Philips CFT. Still visible is the plastic frame that
holds the various parts together during the production
process.

77



Figure 4.3: The cross section of the present design of
the LHCb vertex detector.

Fig. 4.2. The integration with the inner tracker has
been designed. A clean room for the production of the
5 m modules has been prepared. Part of the production
tooling is designed and manufactured. The collabora-
tion with our colleagues in Heidelberg (Germany) and
Warshaw (Poland) resulted in an optimal sharing of the
production tasks.

4.4 LHCb vertex

The design of the vertex detector of LHCb has evolved
to a complex but feasible set-up. A drawing of this
setup is shown in figure 4.3. We contribute to the de-
sign of the vacuum vessel. Fig. 4.4 shows the result of a
study using the finite element method to minimise the
mechanical stresses. The main issues were the devel-
opment of the aluminium separation foil and the large
bellows. Our work on the foil led to a promising solution
while the bellows are still in the prototyping stage.

The functioning of the ’gravity valve’ still is being stud-
ied. This safety valve protects the primary vacuum
against back streaming from the secondary housing us-
ing only mechnical components. See also the LHCb
section elsewhere in this report.

In December, the the total setup was reviewed by
the Engineering Design Review committee, which con-
cluded in the ’go ahead’ signal.

4.5 ALICE

NIKHEF is responsible for the assembly of ALICE sili-
con strip detection modules (SSD) on carbon fibre sup-
port structures and the subsequent mounting of these

Figure 4.4: A graph of the mechanical stress of the
LHCb vacuum tank, obtained in a study using the finite
element method.

ladders on carbon fibre support cones.

NIKHEF is also involved in the discussions about in-
tegration of the detectors in the inner tracking system
(ITS) with the Time Projection Chamber (TPC). The
TPC directly surrounds the SSD system, which itself
forms the outer layers of the ITS. Therefore integration
issues directly affect the production procedures of the
SSD system.

During 2002, the corrosion properties of the Phynox
tubes (40 µm wall thickness) selected for the cooling
system on the detection modules were verified. The
design of the detection modules was frozen and a first
prototype was constructed.

For the positioning of the modules on the suppport
frames, it is required that the modules, which consist of
a hybrid and the actual sensor, are assembled with high
mechanical precision. NIKHEF developped the tool to
assemble the modules, which is now nearly completed.

The carbon support frames for the modules were pro-
duced in St. Petersburg. The engineering department
has prepared tools for quality control of these frames,
assuring that mounting of the modules on these frames
will result in a system with the required accuracy.

The design of the tools for assembling ladders on their
support cones was started. Possible locations for this
assembly activity are being investigated.
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Figure 4.5: Photograph of the cooling circuit for the AMS silicon tracker.

4.6 Antares

The engineering group contributed to the analysis of
the thermal management of the crates that house an
important part of the read-out electronis of Antares.
A prototype electronics set-up was build and tested in
a water reservoir to study the temperature behaviour.
Our prediction based on computer simulations appeared
to be in close agreement with the measurements.

4.7 AMS

The engineering of the AMS cooling circuit is finalised
(see Fig. 4.5) and the production drawings are available.
Integration issues still have to be solved while the man-
ufacturing phase is started. In collaboration with NLR
and AMS the design of the TTCS (Tracker Thermal
Control System) circulation unit is being developed.

4.8 ESRF-Dubble

In 2002 the redesign, the manufacturing and the in-
stallation of several precision components has been re-
alised. Herewith, a successful collaboration of 12 years
with ESRF in Grenoble came to a conclusion.
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Production of J/ψ, χc , and B-mesons at Hera-B
Charm Production: from Threshold via SPS to
RHIC and LHC , Trento, Italy June 17-22, 2002

[14] M. Merk
Prospects of B Physics at LHC
Hadron Collider Physics 2002 Conference, Karl-
sruhe, October 2, 2002

[15] M. van Beuzekom, W. Vink and L.W. Wiggers
Pile-Up Veto L0 Trigger System for LHCb using
large FPGA’s
8th Workshop on Electronics for LHC Experi-
ments, Colmar, September 2002

[16] T. Ketel et al.
Measuring the linear polarization of gammas in 20-
GeV to 170-GeV range
16th Int. Conf. on Particles and Nuclei (PANIC
02), Osaka, Japan, September 30-October 4, 2002

[17] N. van Bakel, M. van Beuzekom, E. Jans, S. Klous,
H. Verkooijen et al.
Performance of the Beetle Readout Chip for LHCb
8th Workshop on Electronics for LHCb Experi-
ments Colmar, September 9-13, 2002
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[18] T. Ketel
Beam tests with prototype vertex detectors for
LHCb
Florence, March 15, 2002

[19] J.F.J van den Brand
Materie, antimaterie en Big Bang
Publiekslezing, Open Dag, Amsterdam, October
20, 2002

[20] G. Raven
CP violation: observing matter-antimatter asym-
metries
Meeting of the Dutch Physical Society, Lunteren,
October 2002

[21] H. Snoek
A front-end chip for the LHCb vertex locator:
pulse shapes and signal over noise ratios
Meeting of the Dutch Physical Society, Lunteren,
October 2002

[22] H. Wahlberg
Physics Results and Prospects from HERA-B
Meeting of the Dutch Physical Society, Lunteren,
October 2002

[23] A. Sbrizzi
The HERA-B first level trigger
Meeting of the Dutch Physical Society, Lunteren,
October 2002

[24] M. Zupan
The Pile-up Veto detector for LHCb
Meeting of the Dutch Physical Society, Lunteren,
October 2002

[25] B. Hommels
Triggering with Outer Tracker stations in LHCb
Meeting of the Dutch Physical Society, Lunteren,
October 2002

DATAGRID

[26] D. Groep
Security in the European Data Grid
TERENA Grid-AN BoF, March 2002

[27] D. Groep
Grid Computing: from a solid past to a bright fu-
ture?
Oracle Nederland BV, August 2002

[28] J. Templon
Grids: How, Why, and What Next?
ESA Grid Workshop 2002, October 25, 2002, ESA
ESTEC, Noordwijk, The Netherlands

[29] D. Groep
DutchGrid
NG4-NLHC6 meeting, Uppsala, November 2002

HERMES

[30] E. Garutti
HERMES results on nuclear effects in DIS
Workshop on Low x Physics, Antwerp, Belgium,
Sept. 16-19, 2002

[31] G. van der Steenhoven
Polarized structure functions
Int. Conf. on the Structure of Baryons, Jefferson
Lab., Newport News, Virginia, March 3-8, 2002

[32] G. van der Steenhoven
Concluding remarks on the QCD-N’02 workshop
European Workshop on the QCD Structure of the
Nucleon (QCD-N’02), Ferrara, April 3-6, 2002

[33] G. van der Steenhoven
The (spin) structure of the nucleon
Int. Conf. on quark-nuclear physics, (QNP02),
Juelich, June 9-14, 2002

[34] B. Zihlmann
Nuclear Effects in Deep Inelastic Scattering
Gordon Conf. on Photonuclear Reactions, Tilton,
New Hampshire, August 18-23, 2002

[35] M. van Beuzekom
The HERMES Silicon project - the radiation pro-
tection system
9th European Symposium on Semi-Conductor De-
tectors, New Developments on Radiation Detec-
tors, Schloss Elmau, June 23-27, 2002

[36] M. van Beuzekom
Recoil Detection at Future QCD Facilities
6th Int. Conf. on Position Sensitive Detectors,
University of Leicester, Leicester, UK, September
9-13, 2002

[37] E. Garutti
Hadron Formation in Nuclei in Deep Inelastic Lep-
ton Scattering
Int. Conf. on the Structure of Baryons, Jefferson
Lab., Newport News, Virginia, March 3-8, 2002

92



[38] E. Garutti
Hadron Formation in Nuclei in DIS
Int. Workshop on Deep Inelastic Scattering
(DIS2002), Cracow, Poland, April 30-May 4, 2002

[39] A.J. Reischl
Beam Loss Monitor: a protection system for the
new silicon tracker in HERMES
Meeting of the the Dutch Physics Society, Lun-
teren, The Netherlands, October 25, 2002

[40] M.C. Simani
Recent results on the helicity structure of the
nucleon from HERMES
Int. Workshop on Deep Inelastic Scattering
(DIS2002), Cracow, Poland, April 30-May 4, 2002

[41] G. van der Steenhoven,
Nuclear effects in deep-inelastic scattering
University of Giessen, Germany, January 17, 2002

[42] V. Tvaskis
Nuclear Dependence of R = σL/σT at low Q2

Meeting of the the Dutch Physics Society, Lun-
teren, The Netherlands, October 25, 2002

LEP-DELPHI

[43] M. Blom
Single W measurement at DELPHI
Meeting of the American Physical Society, Albu-
querque, New Mexico, April 2002

[44] P. Kluit
Bs mixing at LEP/SLD/CDF-1
Workshop on the CKM Unitarity Triangle, CERN,
Geneva, February 2002

[45] I. van Vulpen
On-shell Z boson pair production at DELPHI
Lake Louise Winter Institute on Fundamental In-
teractions, Lake Louise, Canada, February 2002

[46] J. Timmermans
R&D for a Linear Collider TPC at NIKHEF
ECFA-DESY LC Workshop, Prague, November
2002

LEP-L3

[47] A.J.M. Muijs
Fermion Pair Production and New Physics Inter-
pretations of LEP Precision Measurements
Lake Louise Winter Conference, Lake Louise,
Canada, February 17–23, 2002

[48] M. Dierckxsens
Final state interactions, QCD effects in WW→4q
events
Rencontres de Moriond, Les Arcs, France, March
9-16, 2002

[49] J. van Dalen
Update of the L3 BE results, using MCs based on
new tuning
LEP WW Workshop, CERN, Geneva, Switzerland,
April 19, 2002

[50] Š. Todorova-Nová
Bose-Einstein correlations in e+e− →WW events
at LEP
Xth Int. Workshop on Multiparticle Production,
Crete, Greece, June 8-15, 2002

[51] Š. Todorova-Nová
Experimental evidence in favour of internal struc-
ture of the Lund string
Xth Int. Workshop on Multiparticle Production,
Crete, Greece, June 8-15, 2002

[52] Š. Todorova-Nová
Bose-Einstein correlation at LEP and HERA
ICHEP 2002, Amsterdam, The Netherlands, July
25, 2002

[53] W.J. Metzger
Oscillating Hq, Intermittency Indices, and QCD
XXXII Int. Symposium on Multiparticle Dynam-
ics, Alushta (the Crimea), Ukraine, September 11,
2002

[54] W.J. Metzger
Color Reconnection and Bose-Einstein Effects in
W+W− Events from L3 at CERN
Colloquium, IOPP, Wuhan, China, October 4,
2002

[55] W.J. Metzger
Color Reconnection and Bose-Einstein Effects in
W+W− Events from L3 at CERN
Colloquium, IHEP, Beijing, China, October 11,
2002

[56] H. Wilkens
Electron and Muon Densities from Extensive Air
Showers Measured at L3+C
NIKHEF Annual Scientific Meeting, December 18,
2002
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Transition Program (AmPS, CHORUS, Medipix)

[57] D. Vavrik
X-ray Dynamic Defectoscopy
14th European Conf. of Fracture, Cracow, Poland,
September 9-13

[58] A. Fornaini
A multi-chip board for X-ray imaging in build-up
technology
IWORID-2002 workshop, Amsterdam, September
9, 2002

[59] D. San Segundo Bello
Design of an interface board for the control and
DAQ of the Medipix2 chip
IWORID-2002 workshop, Amsterdam, September
9, 2002

[60] E. Heijne
Semiconductor Detectors in the Low Countries
IWORID-2002 workshop, Amsterdam, September
8, 2002

[61] H.J. Bulten
Few-body systems studied with internal targets in
the NIKHEF electron storage ring
Nuclear Physics Spring Meeting DPG, NNV,
BNV/SBP, Muenster, March 11-15, 2002

[62] H.P. Blok et al.
The Pion Form-Factor
Exclusive Processes at High Momentum Transfer,
Newport News, Virginia, May 15-18, 2002

[63] P. Barneo
Investigation of the 3He(e,e’pn) reaction
Nuclear Physics Spring Meeting DPG, NNV,
BNV/SBP, Muenster, March 11-15, 2002

Theory

[64] A. Vogt
Mellin Moment Techniques for Parton Distribution
Analyses
Workshop on Advanced Statistical Techniques in
Particle Physics, Durham, March 2002

[65] F. Riccioni
Low-energy couplings for brane supersymmetry
breaking
XIV Workshop Beyond the Standard Model, Bad
Honnef, March 11, 2002

[66] F. Riccioni
Considerations about non-perturbative type-I
strings
Rijksuniversiteit Groningen, November 11, 2002

[67] J. van der Heide
Pion Form Factor in Non-Perturbative QCD
DRSTP AiO School Theoretical Physics, Jonker-
bosch (Nijmegen), January 2002

[68] J. van der Heide
Pion From Factor in Lattice QCD
NNV Meeting, Lunteren, October 2002

[69] J.W. van Holten
Inflation and Quintessence
Universiteit Nijmegen, January 18, 2002

[70] J.W. van Holten
Inflation and Quintessence
NIKHEF, February 8, 2002

[71] J.W. van Holten
Inflation and Quintessence
Universiteit Utrecht, May 15, 2002

[72] J.W. van Holten
Inflation and Quintessence
RWTH Aachen, November 28, 2002

[73] E. Laenen
The Standard Model and the Strong Force
Universiteit Nijmegen. February 2002

[74] E. Laenen
ICHEP Summary
University of Iceland, Reykjavik, December 2002

[75] A. Vogt
Higher-order QCD effects in parton densities and
structure functions
Karlsruhe University, May 2002

[76] A. Vogt
DIS at three loops
NIKHEF Annual Scientific Meeting, December
2002

[77] J.H. Koch
Meson structure from lattice QCD
NIKHEF Annual Scientific Meeting, December
2002

[78] A.N. Schellekens
An unoriented trip to the edge of string theory
Ehrenfest Colloquium, Leiden, January 30, 2002
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[79] A.N. Schellekens
String Theory – Van Leidsche Flesch tot Kleinse
Fles
Symposium ”De Leidsche Flesch”, March 19, 2002

[80] A.N. Schellekens
Meromorphic c=24 conformal field theory
Wiskunde colloquium, Universiteit Nijmegen, April
2002

[81] A.N. Schellekens
The geometry of WZW orientifolds
Seminarium, Universidad Autonoma (Madrid),
May 2002

[82] A.N. Schellekens
The geometry of WZW orientifolds
Seminarium, LPTHE, Jussieu (Parijs), June 2002

[83] L. Huiszoon
D-branes and O-planes in WZW models
Seminarium, KUL, Leuven, March 2002

[84] F. Riccioni
Low-energy analysis of non-supersymmetric strings
Rijksuniversiteit Groningen, January 18, 2002

[85] F. Riccioni
Considerations about non-perturbative type-I
strings
Rijksuniversiteit Groningen, Nov. 11, 2002

[86] N. Marques de Sousa
The Bosonic String: introduction and develop-
ments
University of Coimbra, November 21, 2002

[87] N. Marques de Sousa
Introduction to the Bosonic String (3 lectures)
University of Porto, December 2-4, 2002

[88] N. Marques de Sousa
Principles of String Theory
University of Porto, November 29, 2002

[89] J.W. van Holten
Topical lectures on Supersymmetry at the LHC
NIKHEF, March 26-28, 2002

[90] E. Laenen
Topical lectures on QCD
NIKHEF, December 16-17, 2002

[91] E. Laenen
Lecture on Resummation in QCD
DRTSP AIO School Theoretical Physics, Jonker-
bosch (Nijmegen), January 2002

[92] E. Laenen
Inzicht in de subatomaire quantumwereld
Oratie, Universiteit Utrecht, November 2002

ZEUS

[93] E. Tassi
ZEUS NLO QCD fits
10th Int. workshop on Deep Inelastic Scattering
DIS2002, Cracow, April 3-May 4, 2002

[94] S.J.L.A. Grijpink
Measurements of the Charged Current Cross Sec-
tions with the ZEUS Detector
10th Int. workshop on Deep Inelastic Scattering
DIS2002, Cracow, April 3-May 4, 2002

[95] J.J. Engelen,
QCD: HERA and more
A series of lectures given at the NATO Advanced
Study Institute, St. Croix, Virgin Islands, June
2002
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4 Seminars at NIKHEF

[1] January 11, 2002, Amsterdam
Dr. David Wark
Results from the Sudbury Neutrino Observatory

[2] January 17, 2002, Amsterdam
Dr. J. Bahcall
NIKHEF+CHEAF: Solar Neutrinos - An Overview

[3] January 25, 2002, Amsterdam
Prof. Dr. K. Jungmann
Low-energy searches for physics beyond the Stan-
dard Model using atoms and muons

[4] February 8, 2002, Amsterdam
J.W. van Holten
Inflation and quintessence

[5] February 15, 2002, Amsterdam
Simon Hands
Modelling Quark Superconductivity

[6] February 22, 2002, Amsterdam
H. Paar
Experimental Investigation into the Two-Photon
Width of Charmonium

[7] March 1, 2002, Amsterdam
Dr. James Gillies
How the Web Was Born

[8] March 15, 2002, Amsterdam
Neil Turok
The Ekpyrotic Universe and its cyclic extension

[9] March 22, 2002, Amsterdam
Thorsten Ohl
Monte Carlo Event Generation for Future (and
Present) Colliders

[10] April 5, 2002, Amsterdam
A. de Rujula
Gamma Ray Bursts

[11] April 16, 2002, Amsterdam
Einan Gardi
Soft and collinear radiation and factorization in
perturbation theory and beyond.

[12] April 19, 2002, Amsterdam
Leif Lonnblad
The future of Event Generation

[13] April 26, 2002, Amsterdam
Fernando Quevedo
Phenomenological Aspects of D-branes

[14] May 3, 2002, Amsterdam
Charles Timmermans
The Nijmegen NAHSA and LOFAR projects

[15] May 17, 2002, Amsterdam
Francis Farley
The 45 years of muon g-2

[16] May 24, 2002, Amsterdam
Herman ten Kate
Large Scale Superconducting Magnets for Physics
Research, LHC, ATLAS and ITER

[17] June 7, 2002, Amsterdam
Stefan Kluth
Soft and hard QCD tests with e+e− Annihilation
data

[18] June 21, 2002, Amsterdam
E Tassi
Summary of DIS2002

[19] June 28, 2002, Amsterdam
R. Snellings
Heavy-ion physics at RHIC

[20] July 23, 2002, Amsterdam
Dr. J. Huston
A Potpourri of Physics

[21] September 6, 2002, Amsterdam
Hans Chang
FOM: Accenten voor 2002/2003

[22] September 17, 2002, Amsterdam
M. Nozar
The JLAB program - with emphasis on meson
spectroscopy

[23] September 20, 2002, Amsterdam
G. Giudice
Extra Dimensions and Quantum Gravity at the
LHC

[24] September 27, 2002, Amsterdam
D. Ryckbosch
Physics at Hermes: Present and Future

[25] October 4, 2002, Amsterdam
Renate Loll (Utrecht)
Space-time from nothing

[26] October 9, 2002, Amsterdam
N. Hari Dass
How to get sensible scalars
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[27] October 10, 2002, Amsterdam
Lorenzo Magnea
String techniques for the computation of scatter-
ing amplitudes in field theory

[28] October 11, 2002, Amsterdam
Cinzia da Via
Advances in semiconductor detectors for particle
tracking in extreme radiation environments

[29] October 18, 2002, Amsterdam
Dirk Peter van der Werf
Status of Athena and Low-Energy Anti-Proton
Physics at CERN

[30] November 1, 2002, Amsterdam
Fons Rademakers
AliRoot – the ALICE simulation and reconstruction
framework

[31] November 15, 2002, Amsterdam
Rene Laureijs
The Planck mission: scientific objectives and tech-
nical capabilities

[32] November 22, 2002, Amsterdam
H.V. Klapdor-Kleingrothaus
First evidence for neutrinoless double beta decay –
and implications

[33] November 29, 2002, Amsterdam
Ignatios Antoniadis
Testing string theory in accelerators?

[34] December 6, 2002, Amsterdam
Prof. R.H. Sanders
Modified Newtonian dynamics as an alternative to
dark matter.

[35] December 13, 2002, Amsterdam
Prof. Dr. Wim de Boer
Unification scale physics
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5 NIKHEF Annual Scientific Meeting, December 18-19,
2002, Amsterdam

[1] W. Metzger
Status of Delphi and L3

[2] H. Wilkens
Electron and Muon Densities from Extensive Air
Showers Measured at L3+C

[3] M. de Jong
Antares Status Report

[4] B. van Rens
First Test Results from Antares

[5] J. Koch
Meson Structure from Lattice QCD

[6] A. Vogt
Deep-inelastic Scattering at Three Loops

[7] P. Kooijman
Startup of HERA II

[8] E. Maddox
First ep-Collisions Analysed with Vertex Detector

[9] J. van den Brand
Status of LHCb

[10] J. van Tilburg
Tracking and Physics Studies

[11] M. van Beuzekom
LHCb Vertex Detector and Beetle Chip

[12] M. Ouchrif
HERA-B Results

[13] G. de Rijk (CERN)
The LHC Magnets Project

[14] F. Linde
The Making of Atlas and CMS

[15] G. van der Steenhoven
Status of Hermes

[16] B. Zihlmann
DIS on Nuclear Targets

[17] K. Bos
Grid Demonstration

[18] A. Naumann
Status D0

[19] F. Blekman
Top Physics

[20] N. Hessey
Status Atlas and Silicon Tracker

[21] M. Woudstra
The Atlas Muon Spectrometer

[22] R. Snellings
Results from STAR

[23] T. Peitzmann
Status of the Alice Project

[24] E. Schillings
Lambda Polarization in Heavy Ion Collisions

[25] J. Engelen
Reflections of the Director
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F Resources and Personnel

1 Resources

In 2002 the NIKHEF income was 18.9 million Euro. The
budget figures of the NIKHEF partners were: FOM-
institute 12.4 M Euro, universities 4.2 M Euro of which
1.3 M Euro through the FOM working groups. In ad-
dition, third parties contributed 2.3 M Euro to the
NIKHEF income. Expenses for the largest program,
Atlas, consumed almost 30% of the total budget. Cap-
ital investments in 2002 (2.9 M Euro) were allocated
for Antares, Atlas, Alice and LHCb.

66%
7%

15%

12%

FOM-institute SAF/NIKHEF

FOM-working groups SAF

Universities

Third parties

Figure 1.1: Income 2002: 18.9 M Euro
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Figure 1.2: Expenses 2002: 18.9 M Euro
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Figure 1.3: Capital Investments 2002: 2.9 M Euro
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Scientific staff Post-docs and guests
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Figure 1.4: NIKHEF personnel as of December 31,
2002.

99



2 Membership of Councils and Committees during 2002

In 2002 NIKHEF staff members have acted as (anony-
mous) referees for the journals Classical and Quantum
Gravity, European Physical Journal A, European Jour-
nal of Physics, IEEE Trans. Nucl. Science, Journ. High
Energy Physics, J. Phys. G, Nature, Phys Letters B,
Phys. Rev. C, Phys. Rev. D, Phys. Rev. Letters,
Nucl. Phys. A, Nucl. Phys. B, Nucl. Instr. A and
Rev. Mod. Physics. In total 102 papers were reviewed.
In addition 23 proposals were reviewed for the fund-
ing agencies US National Science Foundation, South
African Nat. Res. Foundation, Fonds voor Wet. On-
derzoek Vlaanderen, FOM-VICI commissie, Deutsche
Forschungs Gemeinschaft, Fonds National Suisse and
EU ISTIC program.

NIKHEF Board

S. Groenewegen (VU, chair)
F.T.M. Nieuwstadt (FOM)
K.H. Chang (FOM)
P. van der Heijden (UvA)
S.E. Wendelaar Bonga (KUN)
J.G.F. Veldhuis (UU)
H.G. van Vuren (secretary, FOM)

Scientific Advisory Committee NIKHEF

G. Goggi (Pavia)
K. Pretzl (Bern)
G. Ross (Univ. Oxford)
M. Spiro (IN2P3)
J. Stachel (Univ. Heidelberg)
J. Dainton (Univ. Liverpool)

NIKHEF Works Council

P. de Jong (chairman)
M. Vreeswijk (2nd chairman)
R. Hart (1st secretary)
J. Hogenbirk (2nd secretary)
A. Boucher
J. Dokter
E. van Kerkhoff
R. Kluit
S. Schagen
H. Schuijlenburg
J. Velthuis

Wetenschappelijke Advies Raad NIKHEF

J.W. van Holten (chairman)
P. de Jong (observer from works council)
M. de Jong

F. Linde
K.J.F Gaemers
G. van der Steenhoven
S. de Jong
A.J. van Rijn
J.J. Engelen
R. Snellings
J.F.J. van den Brand
W. Hoogland

FOM Board

S.J. de Jong

Raad voor de Natuur- en Sterrenkunde

J.J. Engelen

Contactcommissie in CERN aangelegenheden

J.J. Engelen
R. Kamermans
F. Linde (secretary)
G. van Middelkoop
S.J. de Jong
further members are :
J. Bezemer
G. ’t Hooft
W. Hoogland
J. Panman
G. de Rijk
H. van Vuuren
H. Weijma
B.Q.P.J. de Wit

Stichting voor de Hoge-energiefysica

J.J. Engelen (chairman)
A. van Rijn (treasurer)
R. Kleiss (secretary)
further members are:
J. Langelaar
K.J.F. Gaemers
W. Hoogland
B.Q.P.J. de Wit

Stichting beta-plus

J.J. Engelen (chairman)
further members are:
W. Wadman
H. Hooghiemstra
J. Walraven
R. Zsom
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A. Smeulders
E. Sennema

NNV Sectie H

K.J.F. Gaemers
E. Koffeman

Restricted ECFA

J.J. Engelen

ECFA

J.J. Engelen
K.J.F. Gaemers
R. Kamermans
E.W. Kittel
G. van Middelkoop

Linear Collider Steering Group in Organisational
Matters

J.J. Engelen

Extended Scientific Council DESY

J.J. Engelen

Astroparticle Physics European Coordination
(ApPEC) Steering Committee

J.J. Engelen (dep. chairman)

INFN Comitato di Valutatione Interna

J.J. Engelen

OECD Global Science Forum’s Consultative Group
on High Energy Physics

J.J. Engelen

LHCC-CERN

H. Tiecke

SPSC-CERN

M. de Jong

NuPECC

G. van Middelkoop (until Dec. 2002)
G. van der Steenhoven (from Dec. 2002)

EPAC Organizing Committee and EPAC Scientific
Committee

G. Luijckx

Beleidsadvies college KVI

G. Luijckx
P.J.G. Mulders

Wetenschappelijke Adviescommissie (WAC) KVI

G. van der Steenhoven

Physical Review Letters

G. van der Steenhoven (Divisional Associate Editor)

Nuclear Physics News International

G. van der Steenhoven (correspondent)

Scientific Committee Frascati Laboratory

G. van Middelkoop

Scientific Council JINR, Dubna

G. van Middelkoop

Scientific Advisory Committee, Physique Nucle-
aire, Orsay

P.K.A. de Witt Huberts

Scientific Advisory Committee DFG Hadronen
Physik

J.H. Koch
P.K.A. de Witt Huberts

Program Advisory Committee, ELSA (Bonn)/MAMI
(Mainz)

H.P. Blok

Program Advisory Committee, Jefferson Labora-
tory

H.P. Blok

NNV Board

E.W.A. Lingeman
J. Konijn
P.J.G. Mulders

Peer Review Committee of the Astro Particle
Physics European Coordination

M. de Jong

Stichting Physica Board

G. van der Steenhoven (from April 2002)
J. Konijn
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Stichting Conferenties en Zomerscholen over de
Kernfysica

G. van der Steenhoven
J. Konijn
G. van Middelkoop
P.J.G. Mulders

ICHEP2002, local organizing committee

G. van Middelkoop (chairman)
G. van der Steenhoven (treasurer)
J.H. Koch
E. Laenen
P. de Jong
F. Linde
S. Bentvelsen
E. Koffeman

Int. Panel Antrag Sonderforschungsbereich Grav-
itationswellenastronomie DFG Transregio 6020

J.W. van Holten

High Energy Physics Computing Coordination
Committee (HEPCCC)

A.J. van Rijn

Kuratorium Institut für Hochenergiephysik der
Oesterr. Akademie der Wissenschaften

E.W. Kittel

FOM Springplankcommissie

J.F.J. van den Brand

Advisory Comittee of CERN Users (ACCU)

M. Merk

European Data Grid Project Architecture Task
Force

J.A. Templon

Gebiedsbestuur Exacte Wetenschappen NWO

R. Kamermans

Standing Committee for Physical and Engineering
Sciences of the European Science Foundation

R. Kamermans

Editorial Board Nuclear Physics A

P.J.G. Mulders

Laboratory correspondent CERN COURIER

P.J.G. Mulders

Other committees

CERN/LCG RTAG: J.A. Templon
CERN, Task Force 2: G. van Middelkoop
ECOS-exact, KNAW: G. van Middelkoop
HTASC: E. de Wolf
IWORID Scientific Committee: J.L. Visschers
IWORID-2002: J.L. Visschers (chairman local organiz-
ing committee)
IEEE-Nuclear Science Symposium Program Commit-
tee: J.L. Visschers
Medipix2: J.L. Visschers (deputy spokesperson)
IdePhix Consortium: J.L. Visschers (work-package
manager for WP8)
WCW Board: A.J. van Rijn
Steering group Development Science park Amsterdam:
A.J. van Rijn
CERN/LCG Grid Deployment Board: K. Bos
European DataGrid Project, Project Management
Board: K. Bos
European DataGrid Project, Project Technical Board:
K. Bos
HENP InterGrid Collaboration Board: K. Bos
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3 Personnel as of December 31, 2002
1. Experimental Physicists

Akker, Drs. M. van den KUN L-3
Apeldoorn, Dr. G.W. van UVA B-Phys.
Baak, Drs. M. VU B-Phys.
Bakel, Drs. N.A. van FOM B-Phys.
Baldew, Drs. S.V. UVA L-3
Balm, Drs. P.W. FOM ATLAS
Barisonzi, Drs. M. UT ATLAS
Barneo González, Drs. P.J. FOM Other Projects
Bauer, Dr. T.S. FOM-UU B-Phys.
Bentvelsen, Dr. S.C.M. FOM ATLAS
Blekman, Drs.Mw. F. FOM ATLAS
Blok, Dr. H.P. VU HERMES.
Blom, Drs. H.M. FOM DELPHI
Bobbink, Dr. G.J. FOM L-3
Boer, Dr. F.W.N. de GST Other Projects
Bos, Dr. K. FOM ATLAS
Botje, Dr. M.A.J. FOM ALICE
Bouhali, Dr. O. GST HERMES
Bouwhuis, Drs. Mw. M.C. FOM ANTARES
Brand, Prof. Dr. J.F.J. van den VU Other Projects
Bruinsma, Ir. P.J.T. GST ANTARES
Bulten, Dr. H.J. FOM-VU B-Phys.
Buuren, Drs. L.D. van GST Other Projects
Cornelissen, Drs. T.G. FOM ATLAS
Crijns, Dipl.Phys.F.J.G.H. FOM-KUN ATLAS
Dalen, Drs. J. van FOM-KUN L-3
Dam, Dr. P.H.A. van UVA DELPHI
Dantzig, Dr. R. van GST Other Projects
Demey, Drs. M. FOM HERMES
Diddens, Prof.Dr. A.N. GST DELPHI
Dierckxsens, Drs. M.E.T. FOM L-3
Djordevic, Drs. M. KUN Other Projects
Duensing, Drs. Mw. S. KUN ATLAS
Duinker, Prof. Dr. P. GST L-3
Eijk, Prof. Dr. B. van FOM ATLAS
Eldik, Drs. J.E. van GST DELPHI
Eldik, Dipl. Phys. N. van FOM ATLAS
Engelbertink, Dr., G.A.P. FOM Other Projects
Engelen, Prof. Dr. J.J. UVA DIR
Eyndhoven, Dr. N. van FOM-UU Other Projects
Ferreira Montenegro, Drs. Mw. J. FOM DELPHI
Filthaut, Dr. F. KUN ATLAS
Fornaini, Drs. A. FOM ATLAS
Galea, Drs. Mw. C.F. FOM ATLAS
Garutti, Drs. Mw. E. FOM HERMES
Gorfine, Dr. G. FOM ATLAS
Graaf, Dr. Ir. H. van der FOM ATLAS
Grijpink, Drs. S.J.L.A. FOM ZEUS
Groep, Dr. D.L. FOM Other Projects
Hartjes, Dr. F.G. FOM ATLAS
Heesbeen, Drs. D. GST HERMES
Heijboer, Drs. A.J. UVA ANTARES
Hesselink, Dr. W.H.A. VU HERMES
Hessey, Dr. N.P. FOM ATLAS
Hierck, Drs. R.H. FOM-VU B-Phys.

Hommels, Ir. L.B.A. FOM B-Phys.
Hunen, Dr. J.J. van FOM B-Phys.
Jans, Dr. E. FOM AmPS-Phys.
Jong, Dr. M. de FOM ANTARES
Jong, Dr. P.J. FOM ATLAS
Jong, Prof. Dr. S.J. KUN ATLAS
Kamermans, Prof. Dr. R. FOM-UU ALICE
Ketel, Dr. T.J. FOM-VU B-Phys.
Kittel, Prof. Dr. E.W. KUN L-3
Klok, Drs. P.F. FOM-KUN ATLAS
Klous, Drs. S. FOM-VU B-Phys.
Kluit, Dr. P.M. FOM ATLAS
Koffeman, Dr. Ir. Mw. E.N. FOM ZEUS
König, Dr. A.C. KUN ATLAS
Konijn, Dr. Ir. J. GST Other Projects
Kooijman, Prof. Dr. P.M. UVA ZEUS
Kuijer, Dr. P.G. FOM ALICE
Laan, Dr. J.B. van der FOM Other Projects
Lapikás, Dr. L. FOM HERMES
Lavrijsen, Drs. W.T.L.P. FOM-KUN ATLAS
Laziev, Drs. A.E. FOM-VU HERMES
Leeuwen, Drs. M. van FOM ALICE
Linde, Prof. Dr. F.L. UVA ATLAS
Luijckx, Ir. G. FOM ATLAS
Maas, Dr. R. FOM Other Projects
Maddox, Drs. E. UVA ZEUS
Massaro, Dr. G.G.G. FOM ATLAS
Merk, Dr. M.H.M. FOM B-Phys.
Metzger, Dr. W.J. KUN L-3
Mevius, Drs. Mw. M. FOM-UU B-Phys.
Mexner, Drs. Mw. I.V. FOM-BR HERMES
Middelkoop, Prof. Dr. G. van GST Other Projects
Muijs, Dr. Mw. A.J.M. FOM ATLAS
Nat, Drs. P.B. FOM HERMES
Naumann, Drs. A. FOM ATLAS
Nooren, Dr. Ir. G.J.L. FOM-UU ALICE
Novak, Drs. T. KUN L-3
Ouchrif, Dr. M. FOM B-Phys.
Peeters, Ir. S.J.M. FOM ATLAS
Peitzmann, Prof. Dr. T. UU ALICE
Pellegrino, Dr. A. FOM B-Phys
Peters, Drs. O. UVA ATLAS
Phaf, Drs. L.K. FOM ATLAS
Pijll, Drs. E.C. van der FOM-UU Other Projects
Pohl, Prof. Dr. M. KUN Other Projects
Putte, Dr. Ir. M.J.J. van den FOM Other Projects
Raven, Dr. H.G. VU B-Phys.
Reischl, Drs. A.J. FOM HERMES
Rens, Drs. B.A.P. van FOM ANTARES
Rijke, Drs. P. de FOM-UU ALICE
San Segundo Bello, Drs. D. FOM-HCM Other Projects
Sbrizzi, Drs. A. FOM B-Phys.
Schagen, Drs. S.E.S. FOM ZEUS
Schillings, Drs. E. FOM-UU ALICE
Scholte, Ir. R.C. UT ATLAS
Schotanus, Dr. D. J. KUN L-3
Schrader, Ir. J.H.R. FOM Other Projects
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Snellings, Dr. R.J.M. FOM ALICE
Sokolov, Drs. A. UU ALICE
Steenbakkers, Drs. M.F.M. GST Other Projects
Steenhoven, Prof. Dr. G. van der FOM HERMES
Steijger, Dr. J.J.M. FOM HERMES
Templon, Dr. J.A. FOM B-Phys
Tiecke, Dr. H.G.J.M. FOM ZEUS
Tilburg, Drs. J.A.N. FOM B-Phys.
Timmermans, Dr. J.J.M. FOM DELPHI
Tvaskis, Drs. V. VU HERMES
Uiterwijk, Ir. J.W.E. GST Other Projects
Velthuis, Ir. J.J. FOM ZEUS
Vermeulen, Dr. Ir. J.C. UVA ATLAS
Visschers, Dr. J.L. FOM Other Projects
Visser, Drs. E. KUN ATLAS
Vos, Drs. M.A. UT ATLAS
Vreeswijk, Dr. M. FOM ATLAS
Vries, Drs. G. de UU ANTARES
Vries, Dr. H. de FOM B-Phys.
Wahlberg, Drs. H. UU B-Phys.
Wang, Drs. Q. KUN L-3
Wiggers, Dr. L.W. FOM ZEUS
Wijngaarden, Drs. D.A. KUN ATLAS
Wilkens, Drs. H.G.S. GST L-3
Witt Huberts, Prof.Dr. P.K.A. FOM ANTARES
Wolf, Dr. Mw. E. de UVA ZEUS
Woudstra, Dr. Ir. M.J. FOM ATLAS
Zihlmann, Dr. B. FOM-VU HERMES
Zupan, Drs. M. FOM B-Phys.

2. Theoretical Physicists

Bachetta, Drs. A. FOM-VU
Banfi, Dr. A. FOM
Dijkstra, Drs. T.P.T. FOM
Eynck, Dipl.Phys. T.O. FOM
Fuster, Drs. Mw. A. GST
Gaemers, Prof. Dr. K.J.F. UVA
Gato–Rivera, Dr. Mw. B. GST
Heide, Drs. J. van der FOM
Henneman, Drs. A. GST
Holten, Prof. Dr. J.W. van FOM
Iersel, Drs. M. van FOM-VU
Kleiss, Prof. Dr. R.H.P. KUN
Koch, Prof.Dr. J.H. FOM
Laenen, Dr. E. FOM
Marques de Sousa, Drs. N.M. GST
Mulders, Prof. Dr. P.J.G. VU
Nyawelo, B.Sc. T.S. FOM
Pijlman, Drs. F. VU
Riccioni, Dr. F. FOM
Schellekens, Prof. Dr. A.N.J.J. FOM
Veltman, Prof. Dr. M.J.G. GST
Vermaseren, Dr. J.A.M. FOM
Vogt, Dr. A. TMP
Warringa, Drs. H. VU
Wit, Prof. Dr. B.Q.P.J. de UU

3. Computer Technology Group

Akker, T.G.M. van den FOM
Antony, A.T. FOM
Blokzijl, Dr. R. FOM
Boterenbrood, Ir. H. FOM
Damen, Ing. A.C.M. FOM
Eijk, Dr. Ir. R.M. van der FOM
Geerts, M.L. FOM
Harapan, Drs. D. FOM
Hart, Ing. R.G.K. FOM
Heubers, Ing. W.P.J. FOM
Huyser, K. FOM
Joosten, Dr. Mw. K. GST
Kuipers, Drs. P. FOM
Leeuwen, Drs. W.M. van FOM
Oudolf, J.D. TMP
Schimmel, Ing. A. FOM
Steenbakkers, Ir. M.F.M. FOM
Tierie, Mw. J.J.E. FOM
Venekamp, Drs. G.M. FOM
Wijk, R.F. van FOM

4. Electronics Technology Group

Balke, D. FOM-UU
Berkien, A.W.M. FOM
Beuzekom, Ing. M.G.van FOM
Boer, J. de FOM
Boerkamp, A.L.J. FOM
Born, E.A. van den FOM
Evers, G.J. FOM
Fransen, J.P.A.M. FOM
Gotink, G.W. FOM
Groen, P.J.M. de FOM
Groenstege, Ing. H.L. FOM
Gromov, Drs. V. FOM
Haas, Ing. A.P. de FOM
Harmsen, C.J. FOM
Heine, Ing. E. FOM
Heutenik, B. FOM
Hogenbirk, Ing. J.J. FOM
Jansen, L.W.A. FOM
Jansweijer, Ing. P.P.M. FOM
Kieft, Ing. G.N.M. FOM
Kluit, Ing. R. FOM
Kok, Ing. E. FOM
Koopstra, J. UVA
Kroes, Ir. F.B. FOM
Kruijer, A.H. FOM
Kuijt, Ing. J.J. FOM
Mos, Ing. S. FOM
Peek, Ing. H.Z. FOM
Reen, A.T.H. van FOM
Rewiersma, Ing. P.A.M. FOM
Schipper, Ing. J.D. FOM
Sluijk, Ing. T.G.B.W. FOM
Stolte, J. FOM
Timmer, P.F. FOM
Verkooijen, Ing. J.C. FOM
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Vink, Ing. W.E.W. FOM
Wieten, P. FOM
Zevering, J. FOM-VU
Zwart, Ing. A.N.M. FOM
Zwart, F. de FOM

5. Mechanical Engineering Group

Arink, R.P.J. FOM
Band, H.A. FOM
Boer Rookhuizen, H. FOM
Boomgaard–Hilferink, Mw. J.G. FOM
Boucher, A. FOM
Buskop, Ir. J.J.F. FOM
Doets, M. FOM
Duisters, D.H. TMP
Kaan, Ir. A.P. FOM
Korporaal, A. FOM
Kraan, Ing. M.J. FOM
Lassing, P. FOM
Lefévere, Y. FOM
Liem, Ing. A.M.H. FOM
Munneke, Ing. B. FOM
Riet, Ing. M. FOM
Schuijlenburg, Ing. H.W.A. FOM
Snippe, Ir. Q.H.C. FOM
Thobe, P.H. FOM
Verlaat, Ing. B.A. FOM
Werneke, Ing. P.J.M. FOM

6. Mechanical Workshop

Apel, A.W. FOM
Arends, Mw. W. FOM
Berbee, Ing. E.M. FOM
Beumer, H. FOM
Boer, R.P. de FOM
Bron, M. FOM
Brouwer, G.R. FOM
Buis, R. FOM
Burg, R.H. van der TMP
Ceelie, L. UVA
Hagedorn, J. TMP
Homma, J. FOM
Jaspers, M.J.F. UVA
John, D. FOM
Kok, J.W. FOM
Kuilman, W.C. FOM
Langedijk, J.S. FOM
Leguyt, R. FOM
Mul, F.A. FOM-VU
Oskamp, C.J. FOM
Overbeek, M.G. van FOM
Petten, O.R. van FOM
Rem, Ing. N. FOM
Rietmeijer, A.A. FOM
Roeland, E. FOM
Rövekamp, J.C.D.F. UVA
Stoffelen, N. FOM
Tump, I. TMP

Veen, J. van FOM

7. Management and Administration

Berg, A. van den FOM
Buitenhuis, W.E.J. FOM
Bulten, F. FOM
Cossee, Mw. N. FOM
Doest, Mw. C.J. FOM
Dokter, J.H.G. FOM
Echtelt, Ing. H.J.B. van FOM
Egdom, T. van FOM
Geerinck, Ir. J. TMP
Greven–v.Beusekom, Mw. E.C.L. FOM
Heuvel, Mw. G.A. van den FOM
Hooff, F.B. van TMP
Kerkhoff, Mw. E.H.M. van FOM
Kesgin–Boonstra, Drs. Mw. M.J. FOM
Langelaar, Dr. J. UVA
Langenhorst, A. FOM
Lemaire–Vonk, Mw. M.C. FOM
Louwrier, Dr. P.W.F. TMP
Mors, A.G.S. UVA
Pancar, M. FOM
Post, Mw. E.C. FOM
Rijksen, C. FOM
Rijn, Drs. A.J. van FOM
Spelt, Ing. J.B. FOM
Vervoort, Ing. M.B.H.J. FOM
Visser, J. FOM
Vries, W. de FOM
Willigen, E. van FOM
Witlox, Ing. W.M. TMP
Woortmann, E.P. FOM

8. Apprentices in 2002

Abou El Khair, M.M. Computer Technology
Adamakis, I. ANTARES
Alazhar, M. Computer Technology
Amoraal, J.M. B-Phys.
Bobeldijk, A. Mechanical Engineering
Boer, Y.R. de ATLAS
Bozkus, B Mechanical Workshop
Bruijn, R. ANTARES
Cuperus, M. Electronics Technology
Dalhuizen, J.M. ATLAS
Dirks, B.P.F. ATLAS
Elbers, M.C. HERMES
Esajas, E. Mechanical Workshop
Faquir, M. THEORY
Goossen, R Electronics Technology
Hadri, A. ATLAS
Hagebeuk, J.C. Mechanical Engineering
Hegeman, J.G. ATLAS
Hoekstra, T. Electronics Technology
Horvath, F.L. Electronics Technology
Huijse, L. THEORY
Jansen, F.M. ATLAS
Jimenez–Delgado, P. B-Phys.
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Kemmers, P. L-3
Kocabas, K. Electronics Technology
Koeroo, O.A. Computer Technology
Kop, A. Mechanical Workshop
Koutsman, A.J. ZEUS
Kruijtzer, G.L. ATLAS
Laldijsing, S. Mechanical Workshop
Li, H. Other Projects
Lim, G.M.A. ATLAS
Limper, M. ATLAS
Nat, P.B. van der HERMES
Nijenhuis, N. ANTARES
Plas, B.A. van der ZEUS
Rantwijk, J. van Computer Technology
Reus, D. Electronics Technology
Scholten, M. Mechanical Engineering
Schouten, S.S. Electronics Technology
Snoek, H.L. B-Phys.
The, J. Computer Technology
Timmer, R.L.A. ATLAS

9. They left us

Blouw, Dr. J. HERMES
Bobeldijk, A. Mechanical Engineering
Boersma, Dr. D.J. Other Projects
Bokel, Drs. C.H. ZEUS
Bozkus, B Mechanical Workshop
Bruijn, R. ANTARES
Bruinsma, Dr. M. B-Phys.
Bruyn, E.J. Mechanical Workshop
Buis, Dr. E.J. ATLAS
Cârloganu, Dr. Mw. F.C. ANTARES
Cherzor, Drs. Mw. P. HERMES
Dalen, Dr. J.A. van L-3
Dulmen, Mw. A.C.M. van Management and Administration
Eijk, Dr. Ir. R.M. van der B-Phys.
Ganesh, A.J. Mechanical Workshop
Gouz, Dr. I. B-Phys.
Gulik, Drs. R.C.W. van L-3
Hemmer, Mw. M.W. Management and Administration
Hollenberg, P.A.M. Mechanical Workshop
Horazdovski, Dr. ZT Other Projects
Hover, Ing. E.P. Mechanical Engineering
Huiszoon, Dr. L.R. THEORY
Hulsbergen, Dr. W.D. B-Phys.
Jacobs, J. Mechanical Workshop
Jiang, X Electronics Technology
Koene, Dr. B.K.S. B-Phys.
Kohout, Dr. Z. Other Projects
Kop, A. Mechanical Workshop
La Rooij–Cooper, Mw. T.J. Other Projects
Malyshev, P. Other Projects
Manach, Dr. E. ATLAS
Mangeol, Dr. D. L-3
Mettivier, Dr. G. THEORY
Metz, Dr. A. THEORY
Montesi, Dr. M.C. THEORY
Needham, Dr. M.D. B-Phys.

Nozar, Dr. Mw. M. Other Projects
Pomarede, Dr. D. ATLAS
Popule, Dr. J. ATLAS
Profijt, R.S. Mechanical Workshop
Roux, Drs. B. L-3
Sanders, Dr. M. L-3
Simani, Dr. Mw. M.C. HERMES
Spada, Dr. Mw. F.R. Other Projects
Steenbakkers, Ir. M.F.M. Other Projects
Stonjek, Dipl. Phys. S. ZEUS
Stuurop, B. Management and Administration
Tassi, Dr. E. ZEUS
Tilborg, R.J. Mechanical Workshop
Tomasek, Dr. M. ATLAS
Vankov, P.H. B-Phys.
Vavrik, Dr. D. Other Projects
Ven, Dr. P.A.G. van de Other Projects
Verschuijl, J.R. Mechanical Engineering
Visser, Dr. J. HERMES
Vulpen, Dr. I.B. van L-3
Zalmijn, R.W. Mechanical Workshop
Zegers, Ing. A.J.M. Mechanical Engineering
Zhou, Dr. M. THEORY
Zonderman, N. Mechanical Workshop

FOM, and the universities UVA, VU, KUN and
UU are partners in NIKHEF (See colofon). UL and UT
denote the universites of Leiden and Twente. TMP
stands for temporary employee, GST for guest. Other
abbreviations refer to the experiments, projects and
departments.
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