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Preface

The tragic death of Eric Wassenaar has shocked us all.
Eric was responsible for the local network and its con-
nection to Internet. As a spider in his web he controlled
all incoming and outgoing traffic with great dedication.

In the year 2000 we received with joy the approval
of the proposal to join the ANTARES collaboration.
The Netherlands’ Organization for Scientific Research
(NWO) made available resources for a major capital
investment in parts of the prototype neutrino detector
to be launched in the Mediterranean Sea near Toulon.
The design, including R&D work, of the data transmis-
sion from the detector to a shore station and the fast
handling of the data –within the NIKHEF ’all data to
shore’ concept– has well advanced.

The three LHC experiments in which NIKHEF partic-
ipates are approaching the final design specifications
such that the Memorandum of Understanding for each
experiment has either been signed or was ready to be
signed in 2000 (LHCb). This also signals that in several
cases, notably for the ATLAS detector, the R&D phase
is moving into the production phase. NIKHEF is now
in the position to start the fabrication of the large mon-
itored drift tube (MDT) muon chambers, after it had
shown the first real prototype chamber to meet specifi-
cations. Likewise, the production by Dutch industry of
major parts for the ATLAS end cap toroidal magnets is
well in progress.

Two of the experiments at the HERA collider of DESY
received major upgrades in which NIKHEF had a lead-
ing role. The micro vertex detector for the ZEUS ex-
periment was almost completed in the NIKHEF work-
shops by the end of 2000; the first completed half
was shipped to DESY in December. Similarly, most
of the wheel shaped silicon detector for the HERMES
experiment –again with major NIKHEF involvement–
was installed in the experiment. Both projects largely
benefited from the development of a silicon lab within
NIKHEF over the past three years. This lab, with
state-of-the-art equipment, will also play an important
role in the construction of the vertex detectors for the
ATLAS, ALICE and LHCb experiments thereby ensur-
ing even more NIKHEF’s future in the physics analysis
of the data from the LHC collider.

NIKHEF is also preparing its future in computing for

the LHC era. Together with four other major partners
and CERN, the Institute signed an EU proposal for data
grid. Together with its participation in a virtual labora-
tory, for which additional funds from the Dutch Govern-
ment are available, NIKHEF could significantly upgrade
its connection to the outside world (to the 1Gb/s level).
It also successfully installed a compute farm with 50
dual processor PC’s which is now running Monte Carlo
simulations for the D0 experiment at Fermilab, later to
be used for data reconstruction. This activity can also
be seen as a precursor of NIKHEF’s role in a global data
grid.

The year 2000 was very important for physics results.
First and for all there was the heroic attempt of the
four LEP experiments to try and find the Higgs boson.
The NIKHEF groups in DELPHI and L3 participated
enthusiastically. The combined signal, however, only
allowed a three standard deviations result for a Higgs
particle with a mass of 115 GeV/c2. Possibly, with
five years of hard work at the Tevatron (Fermilab) and
provided a similar result is obtained at the same mass,
the Higgs can just be seen before the LHC is switched
on. Apart from the non-significant Higgs signal, LEP
has produced a wealth of impressive, very precise tests
of the Standard Model of the weak interaction and also
of QCD. This year also saw the announcement made
at CERN of the existence of the quark-gluon plasma
based on the evidence of a number of experiments with
heavy ion beams at the SPS. NIKHEF played a modest
role in this through its participation in the WA98 and
NA57 experiments.

The NIKHEF team in the CHORUS experiment took
advantage of the large sample of neutrino-induced deep
inelastic reaction events by deducing the structure func-
tions F2 and xF3 from these data. They turned out to
be of a precision comparable to that of the results of
two earlier studies (CCFR and CDHSW) and helped to
solve the discrepancy between them.

The ZEUS collaboration has now fully analyzed –up
to a resolution of Q2 = 800 GeV2/c2– the proton
structure with a precision of typically 2%. Comparable
precision for higher Q2 is in part in the data taken in
2000. Good precision data for the ultimate resolution
of Q2 > 104 GeV2/c2 has to wait for the luminosity
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upgrade of the HERA collider. The HERMES collabo-
ration succeeded among others in obtaining with high
precision the flavor decomposition of the nucleon spin.
The HERA-B collaboration at DESY, finally, was less
fortunate. They were plagued by a not fully commis-
sioned detector and a relatively short run period. After
a review, the DESY directorate decided for a two-year
program for the time being.

At the end of the year 2000 NIKHEF was subjected
to a heavy evaluation (past performance and future
prospects) by the principal funding agency NWO by
an external panel set up by FOM. This evaluation, in-
cluding a site visit, was well stood. The final outcome
of the process may well be some room for an additional
long term physics and R&D programme.

Ger van Middelkoop
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A Experimental Programmes

1 AmPS

1.1 Introduction

The analysis of the experiments performed with the
former in-house facility MEA/AmPS reaches its final
stage. One experiment is related to the work in the
endstation EMIN, the remaining part is related to the
work in the internal target facility ITF. One of the most
challenging parts of the research program was the mea-
surement of the charge form factor of the neutron. Al-
though the neutron has no net electric charge, it does
exhibit a charge distribution. Precise measurements in
which thermal neutrons are scattered from atomic elec-
trons, show that it has a positive core surrounded by a
region of negative charge, the exact distribution being
described by the charge form factor G n

E (Q2). Since sta-
ble free neutron targets are not readily available, exper-
imentalists mostly resorted to precise unpolarized elas-
tic electron-deuteron scattering measurements to de-
termine this form factor. An extensive analysis has
been performed by Platchkov et al.. However, the
G n
E results of these experiments are flawed by large

model-related uncertainties; they constrain the shape
of G n

E (Q2), while the scale remains poorly known. In
order to obtain model-independent results, several years
ago a worldwide effort (Mainz, JLab, MIT/Bates, and
NIKHEF) was started to constrain G n

E by using polar-
ized electrons, and where either the target is polarized,
or the polarization of the knocked-out neutron is mea-
sured. At NIKHEF both polarized 2H and 3He targets
have been used. In spite of the fact that the amount
of beam time was quite limited, the experiment with
polarized 2H has resulted in a data point for the charge
form factor of the neutron with unprecedented preci-
sion.

The polarized 1H experiment yields information on the
spin content of the nucleon and possible deformation of
baryons. The analysis of the data on quasi-elastic scat-
tering from polarized 3He in the (e, e ′p), (e, e ′n) and
(e, e ′d) channel allows a comparison to results of state-
of-the-art three-body models, e.g., the non-relativistic
continuum-wave Faddeev model by Golak et al., where
re-scattering is taken into account to all orders.

Several research subjects, initiated at the AmPS facil-
ity, will be further studied at JLab, MIT/Bates and
Mainz with the help of parts of the instrumentation
from EMIN and ITF.

The experiment to measure the pion form factor at the
Thomas Jefferson National Accelerator Facility, JLab,
has resulted in a PhD thesis. Finally, the first data
have been taken for the experiment on 3He(e, e ′pn)p
in Mainz. This is the complementary reaction to
3He(e, e ′pp)n, one of the last experiments we have
done at EMIN .

1.2 Experiments at EMIN
Depletion of the Fermi sea in 208Pb
(Prop. 94-13; with Glasgow, Saclay, INFN-Rome,
INFN-Lecce)

In the first study of the reaction 208Pb(e, e ′p) with the
MEA facility it was found that the spectroscopic fac-
tors for knockout of valence protons were about 50%
of the independent-particle shell-model (IPSM) predic-
tion unity. This observation was attributed to long-
range and short-range correlations not accounted for in
the IPSM wave functions. In a next 208Pb(e, e ′p) ex-
periment carried out with the AmPS facility the high-
momentum components in the wave functions of these
valence protons were measured up to a missing momen-
tum (pm) of 500 MeV/c . The resulting momentum dis-
tribution for the summed transitions showed that the
data lie well above the values calculated with IPSM
wave functions for pm > 300 MeV/c . They can only be
described if long-range and short-range correlations are
included in the wave functions. However, a difficulty in
the interpretation here is that for valence orbitals both
types of correlations contribute to the quenching of the
spectroscopic strength. This is in contrast to the spec-
troscopic strength for protons in deeply bound states,
where the long-range correlations no longer play a role
and only short-range correlations contribute to the de-
pletion.

Therefore, a follow-up experiment was performed in
which the reaction 208Pb(e, e ′p) was studied up to a
missing energy of 100 MeV. This experiment succeeded
in determining the strength of deep-lying orbits in the
binding-energy range 30-60 MeV. The obtained value
is 78±6% of the IPSM prediction unity (see Fig. 1.1).
Since ab initio calculations for a heavy finite nucleus
are difficult to perform, the data are compared to cal-
culations for correlated (infinite) nuclear matter (NM).
Such calculations produce values between 79 and 83%
for the occupation (nNM) of the deepest bound states.
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Figure 1.1: Spectroscopic strength, relative to the
IPSM value, as deduced for proton orbitals in 208Pb,
as a function of the mean removal energy in each or-
bit. The triangles represent the present data for each
orbital, the circles represent earlier data for the quasi-
hole pole of orbits near the Fermi energy (EF ). The
curves represent the calculated occupation nNM (solid
curve) and quasi-hole strength ZNM (dashed curve) for
correlated infinite nuclear matter and for 208Pb (Z (Pb),
dashed-dot curve). The dotted curve is the background
contribution (see text).

As shown in Fig. 1.1 this is in good agreement with our
data. For orbits closer to the Fermi energy the mea-
sured strength comes down to 60-70% of the IPSM
value. Here, long-range correlations that invoke 2p2h
excitations (as indicated by the background contribu-
tion nNMc ) start to play a role. Such a further depletion
is indeed predicted by the nuclear-matter calculation for
the spectroscopic strength (ZNM = nNM − nNMc ). Fi-
nally we observe a difference between the earlier mea-
sured spectroscopic factors (circles) and the spectro-
scopic strength (triangles) from the present experiment.
This is due to the presence of higher lying fragments
for each orbit that were included in the present data,
whereas the earlier data represent only the strength for
the quasi-hole pole. These higher lying fragments are
due to coupling of the quasi-hole state to RPA surface
vibrations, which do not exist in infinite nuclear matter.
The dashed-dot curve is an approximation to describe
these effects by adding RPA effects to the nuclear mat-
ter results.

The total depletion of the Fermi sea, i.e. Σ(2j + 1)Znlj
amounts to 62 ± 4 protons. This means that about
a quarter of the 82 protons in 208Pb is not found in
the energy-momentum region range (Em < 60 MeV,

pm <270 MeV/c) of the present experiment. Advanced
calculations predict that these protons should be found
at much higher energies and momenta.

In conclusion, we now avail of a consistent picture
that explains why the spectroscopic strength for pro-
ton knockout rises from about 50-60% at the Fermi
level to about 80% for the deepest lying states. In or-
der to describe such a behavior both long-range and
short-range correlations should be included in the nu-
clear wave function.

1.3 Experiments at ITF
Quasi-free pion production on 4He
(Prop. 91-08; with ODU and Virginia)

The reactions 4He(e, e ′p 3H)π0 and 4He(e, e ′p 3He)π−

have been studied at invariant energies ranging from
the pion production threshold to the delta resonance
region. Comparison of the cross sections with those of
pion production on the proton will provide information
on ∆N and πN dynamics inside the nucleus 4He.

The triple coincidence measurements were carried
out at the internal target facility at NIKHEF with a
670 MeV electron beam and a 4He open-ended storage
cell target. The scattered electrons were detected in
the BigBite magnetic spectrometer and the knocked
out protons in the HADRON4 detector. Simultaneous
measurement of both reaction channels was achieved
by detecting the recoiling nuclei in a recoil detector
positioned opposite to the three-momentum transfer.
In this way the detection of the neutral pion was
avoided.

The target density of 5.3x1014 atoms/cm2 was deter-
mined from the 4He(e, e ′ 4He) reaction, for which the
cross section is accurately known, resulting in an inte-
grated luminosity of 2.60 pb−1. About 700 neutral and
1200 charged pion production events were identified in
the missing mass spectrum, which was shown in the
NIKHEF annual report of 1999.

Various methods were used to determine the efficien-
cies of the three detection systems and the trigger sys-
tem. The detection efficiency of the low-pressure wire
chamber of the recoil detector was determined as a
function of the kinetic energy of the particle and the
impact angle and varied between 20% and 100% for
tritons and between 90% and 100% for 3He particles.
The dead time of the HADRON4 frontends was deter-
mined for each datafile and as a function of the beam
current. GEANT Monte Carlo simulations were used
to determine the proton reconstruction efficiency. The
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Figure 1.2: Comparison of the measured 4He momen-
tum density with PWIA and DWIA calculations.

detection effiency of the C̆erenkov detector of BigBite
was determined from the number of photoelectrons as
a function of impact position. The trigger efficien-
cies of the three detectors were taken into account for
each datafile. The detection volume was calculated
by means of a Monte Carlo simulation for the three-
detector setup.

The analysis method could be verified by applying it to
4He(e, e ′p 3H) coincidence events, for which reaction
channel the cross section is well known in the kine-
matical regime covered by the experiment. In Fig. 1.2
the measured momentum density is compared to DWIA

calculations, for which the parameters of the optical
model have been adjusted to describe the data of refer-
ences [1, 2]. The agreement between the DWIA calcu-
lation and the data is satisfactory, except in the middle
of the spectrum, justifying the analysis method.

The determination of the cross sections, that will be
presented as a function of the invariant mass of the
pion-nucleon system and the pion angle with respect to
the transferred three-momentum, is almost completed.

G n
E with vector polarized deuterium

(Prop. 97-01; with ETH, Virginia, Arizona, JLab, MIT,
Hampton, Novosibirsk)

The measured sideways asymmetry A′
x (or recoil polar-

ization) arises from an interference of the small charge
form factor with the dominant magnetic form factor
G n
M . Such spin observables are predicted to be rather

insensitive to details of the nuclear wave function. We
show here the results of a measurement utilizing a po-
larized electron beam and a vector-polarized deuterium
target.
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GE
n

NIKHEF 2H 
Mainz    2H 
Mainz    3He
Bates    2H 
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Figure 1.3: Data on Gn
E obtained in exclusive spin-

dependent measurements. The deuterium data from
NIKHEF and Mainz have been extracted by using full
model calculations by Arenhövel. The datum from
Bates has been extracted from a PWIA calculation.
The lowest Q2 point from 3He from Mainz has been
corrected for the effects from FSI, while the highest
Q2 datum from Mainz has been determined from a
PWIA analysis. The arrows indicate the correction on
G n
E when FSI are taken into account. The shaded area

indicates the uncertainty due to the model dependence
in the analysis of unpolarized results by Platchkov et
al..

By simultaneously detecting both protons and neutrons
in the same detector, one can construct asymmetry
ratios for the two reaction channels 2�H(�e, e ′p)n and
2�H(�e, e ′n)p, in this way minimizing systematic uncer-
tainties associated with the deuteron ground-state wave
function, absolute beam and target polarizations, and
possible dilution by cell-wall background.

We performed the measurement at a momentum trans-
fer Q2 = 0.21 (GeV/c)2, i.e. at the maximum of
G n
E (Q2) determined from the analysis of Platchkov

et al.. Combination of these data with our result
and the known slope of the charge form factor at
Q2 = 0 puts strong constraints on G n

E up to Q2 =
0.6 (GeV/c)2. By a comparison of the data to the
predictions of the model of Arenhövel, averaged over
the detector acceptance for various values of G n

E , we
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Figure 1.4: Radial charge density distribution of the
neutron according to the Amsterdam parameterization
(full curve), the parameterization of Platchkov et al.
for the Paris potential (dashed curve) and the Mainz
parameterization (dotted curve). The shaded area in-
dicates the uncertainty in the Amsterdam parameteri-
zation. The inset shows the charge density distribution
of the proton according to the dipole parameterization.

extract G n
E (Q2 = 0.21 (GeV/c)2) with an overall accu-

racy of 23%. The result is shown in Fig. 1.3, together
with data from other spin-dependent measurements.

Our result for G n
E favors the extraction from the unpo-

larized data using the Nijmegen nucleon-nucleon poten-
tial. By comparison to the predictions of vector-meson
dominance model of Gari and Krümpelmann, with and
without including the φ-meson, our result favors the
latter. This indicates that the strangeness content of
the nucleon may be small.

The results can also be transformed to r -space as shown
in Fig. 1.4. The figure confirms the expectation that
the neutron consists of a positive core surrounded by
a region of negative charge. This can be interpreted
as a bare nucleon surrounded by a meson cloud. The
fact that the central charge density of the neutron is
about five times smaller than in the proton (see inset)
indicates that only a fraction of the physical neutron is
determined by the |pπ−〉 state.

Spin correlation effects in the ∆ region for the
1,2�H(�e, e ′) reaction
(Prop. 97-01; with ETH, Virginia, Arizona, JLab, MIT,
Hampton, Novosibirsk)

A topic of interest in particle physics concerns the spin
content of the nucleon, in particular the contribution
of orbital angular momentum, of which little is known.
It has been argued that the failure of the quark model
to properly describe fundamental observables such as
GA/GV , the SU(3) decay ratio (D + F )/(D − F ) and
the πN∆ coupling constant, might be removed if one
allows for a substantial D-state admixture in the wave
functions of the baryons. This issue can be experimen-
tally addressed by measuring double-polarization elec-
tromagnetic observables in the ∆ region which are sen-
sitive to the quadrupole transition form factors (C2 and
E2) of the N-∆ excitation, hence to a possible D-state
admixture in the nucleon and ∆ wave function. Consid-
erable work has been done at a four-momentum trans-
fer Q2 = 0, using polarized real photons, constraining
the E2/M1 ratio. The present experiment was per-
formed with a 720 MeV polarized electron beam and
an upgraded internal gas target (target thickness up to
1.1×1014 atoms/cm2 and polarization up to 0.7). Scat-
tered electrons were detected in the large acceptance
magnetic spectrometer BigBite, the ejected hadrons in
a single time-of-flight scintillator array. The well-known
elastic form factors of the proton were used to predict
the spin correlation parameters in the elastic channel
and determine the product of the beam and target po-
larizations.

Fig. 1.5 shows preliminary results fot the spin correla-
tion parameter AT ′ from measurements in which the
target polarization was parallel to the momentum tran-
fer in the ∆ region for the 1�H(�e, e ′) reaction, at an av-
erage Q2 value of 0.11 GeV/c2. The N-∆ quadrupole
form factor E2 enters AT ′ via an interference with
the dominant magnetic (“spin-flip”) dipole form fac-
tor M1. Comparison of the data to model predictions
reveals that a correct description of the data requires a
non-zero amount of quadrupole strength in the nucleon
and/or Delta.

Polarized electron scattering from polarized 3He
(Prop. 94-05; with ETH, Virginia, Arizona, JLab, MIT,
Hampton, Novosibirsk)

Currently, continuum-wave Faddeev calculations are
available that give an exact solution for both the bound
state and the final state of the 3-nucleon system for
a given NN-potential. Therefore, theory and experi-
ment can be compared on a sound basis. Some micro-
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curves assume 2.2 and 4.3% E2 strength, respectively.

scopic nuclear-structure issues cannot be addressed in
deuterium but are optimally accessible in 3He (most
notably the possible existence of 3-body forces and
the presence of the mixed-symmetry S ′-configuration).
Furthermore, polarized 3He can be considered as an ef-
fective polarized neutron target, since the spins of the
two protons pair off to a large extent.

The ITF facility provided the means for executing a
program with spin dependent electron scattering from
polarized 3He. In order to be able to study all as-
pects of the 3He nuclear structure (and to use 3He
as an effective neutron target), a setup has been de-
veloped in which large acceptance detectors were em-
ployed, enabling the simultaneous study of various re-
action channels - (e, e ′), (e, e ′p), (e, e ′d), (e, e ′n), and
channels with pions in the final state - in a broad kine-
matic range.

Spin-exchange optical pumping was employed to ob-
tain polarized 3He gas, which was fed via a capillary
from a glass pumping cell to the storage cell, consist-
ing of an open-ended cylindrical tube co-axial to the
polarized electron beam. The storage cell was cooled
to typically 20 K in order to further enhance the tar-
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Figure 1.6: Induced asymmetry Ay
0 for the reaction

3He(e, e ′n) as a function of missing momentum at four-
momentum transfer squared Q2 = 0.16 (GeV/c)2. The
solid (dashed) curve represents the full Faddeev result
(the PWIAS result) by Golak et al.

get density. Three sets of orthogonal Helmholtz coils
around the target were employed so that the target po-
larization axis could be selected in any given direction.
Neutrons and charged hadrons were measured using a
time-of-flight detector consisting of two walls of scin-
tillator bars. Protons and deuterons were in addition
detected by a range telescope, preceded by wire cham-
bers to obtain sufficient angular resolution. Recoiling
low-momentum particles were detected by a silicon de-
tector located in the vacuum of the target area.

Although the focus of the experiment was on G n
E , we

simultaneously accumulated large amounts of data in
the ∆ resonance region (both inclusive and exclusive
channels).

As an example we show in Fig. 1.6 the induced asym-
metry A0y as a function of missing momentum pm for

the reaction 3He(e, e ′n). This asymmetry is particularly
sensitive to reaction-mechanism effects, since it arises
from the interference of Feynman diagrams. Due to
the Fermi-Watson theorem it is strictly zero in PWIA,
where only a single diagram contributes to the cross
section. It is compared to the continuum Faddeev cal-
culations by Golak et al. The asymmetries are sizeable,
and the calculations describe the data well.
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1.4 Experiments abroad
Study of the Charged Pion Form Factor
(with the TJNAF E93-021/E96-007 collaboration)

The charge form factor of the pion was studied at JLab
by scattering electrons from a virtual pion in the pro-
ton. Using the High Momentum Spectrometer and the
Short Orbit Spectrometer of Hall C and electron en-
ergies between 2.4 and 4.0 GeV, data for the reaction
1H(e, e ′π+)n were taken for central values of Q2 of

0.6, 0.75, 1.0 and 1.6 (GeV/c)2, at a central value of
the invariant mass W of 1.95 GeV. Several calibrations
were performed with the over-determined 1H(e, e ′p) re-
action.

Cross sections were obtained from the measured yields
using a Monte Carlo simulation of the experiment. Be-
cause of correlations between the relevant variablesW ,
Q2, t and θ within the experimental acceptance, a de-
tailed cross section model was used in the Monte Carlo
simulation.

The cross section for pion electroproduction can be
written as

d3σ

dE ′dΩe′dΩπ
= ΓV (ε σL + σT +

+
√
2ε(ε+ 1) σLT cosφ+ ε σTT cos 2φ), (1.1)

where ΓV is the virtual photon flux factor, ε is the
virtual-photon polarization parameter, and φ the az-
imuthal angle of the outgoing pion with respect to the
electron scattering plane. The cross sections σX de-
pend on W , Q2 and the Mandelstam variable t.

The φ acceptance of the experiment allowed the in-
terference terms σLT and σTT to be determined. A
representative example of the cross section as function
of φ is given in Fig. 1.7. Since data were taken at two
energies at every Q2, σL could be separated from σT
by means of a Rosenbluth separation. The longitudinal
cross section σL is dominated by the t-pole term, which
contains Fπ . The results for the pion form factor are
shown in the form of Q2Fπ in Fig. 1.8 in comparison to
the results of various theoretical calculations [3]. The
data globally follow a monopole form obeying the pion
charge radius, and are well above values predicted by
pQCD calculations. In the extraction of Fπ from σL use
was made of a Regge model by Vanderhaeghen, Guidal
and Laget. The model uncertainty is displayed as the
grey band.
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Figure 1.7: φ dependence of the cross section at
Q2=1.0 (GeV/c)2 for high and low ε (filled and empty
circles, respectively). The curves represent the results
of the fits.
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Study of the 3He(e, e ′pn) Reaction
(Prop. A1/4-98; with the Universities of Mainz,
Tübingen and Glasgow)

Nucleon-nucleon correlations in the three-nucleon sys-
tem are under investigation by means of a 3He(e, e ′pn)
experiment. This system has been chosen because
Faddeev calculations with realistic NN interactions are
presently available. The interpretation of these data
will be done in combination with the existing data of
the complementary 3He(e, e ′pp) reaction, obtained at
AmPS. This will permit to investigate the relative im-
portance of pp and pn correlations, as well as the con-
tribution of isobar and meson exchange currents in the
three-nucleon system.

The first beam time period of the 3He(e, e ′pn) experi-
ment took place in the A1 hall at MAMI, in Mainz, dur-
ing April 2000. The scattered electrons were detected
by the magnetic Spectrometer B. Proton detection was
performed with the highly segmented scintillator array
HADRON3, while the neutrons were detected by a time
of flight unit placed opposite to HADRON3.

In the preparation phase of the experiment the
HADRON3 detector was made fully operational and
capable of rotating independently with respect to
the beam line in the A1 hall. Its data format was
modified and its data-stream incorporated in the data-
acquisition system of A1. In the backward direction,
three TOF stands were positioned, each consisting of
8 veto counters followed by three layers of E-counters.
The total wall surface of this detector is 16.56 m2 and
its thickness amounts to 16 cm. The double-sided
readout of the scintillator bars is performed by means
of 192 photomultipliers.

The presence of an electron trigger signal provided by
Spectrometer B was required in HADRON3 to enable
the sending of a proton trigger to the coincidence elec-
tronics. However, TOF was always read out under the
condition of a HADRON3 and Spectrometer B coinci-
dence signal.

A set of 3He(e, e ′pn) data were taken at a momen-
tum transfer q = 375 MeV/c and an energy trans-
fer ω = 220 MeV at an incident electron of energy
Ee = 855 MeV. These data are collected at beam cur-
rents of 2µA and 4µA.

A second but small set of 3He(e, e ′pn) data was also
taken at q = 375 MeV/c and ω = 310 MeV. These
data will be used to optimize the next beam time period
of this experiment.

The single arm calibrations of the HADRON3 detector,
like gain fitting, determination of attenuation factors
and particle identification windows, have been accom-
plished via its single event data. The development of
the codes for the TOF and HADRON3 detectors for
the analysis of double and triple coincidence events is
in progress.
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An artist’s view of the ANTARES detector. (Artwork by F. Montanet CPPM/IN2P3/CNRS - Univ. Mediterranee)
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2 ANTARES

The Antares collaboration will deploy a detector
consisting of 1000 photomultipliers in the deep
sea (2.5 km) off the Mediterranean coast near Toulon.
The Čerenkov light associated with muons originating
from charged current neutrino scattering in or near
the active volume of the detector (0.1 km2× 0.3 km)
will be measured (arrival time and amplitude). Recon-
struction of the muon track will yield an estimate of
the muon’s - and therefore of the parent neutrino’s -
energy and a measurement of its direction.

The cosmic neutrino spectrum is unknown. Antares will
measure it from a few times 10 GeV up to the highest
energies occurring in nature (in excess of 1021 eV) con-
sistent with a detectable flux. The angular resolution
of the track reconstruction will allow the identification
of point sources, if they exist. The exploratory research
programme of Antares holds the promise of contributing
new and unique knowledge for astrophysics, cosmology
and high energy physics.

In 2000 the collaboration completed a Conceptual De-
sign Report, stipulating the choices for the technical
realization of the project (Optical Modules, front end
electronics, timing and position calibration and moni-
toring, electrical power generation and distribution, lay
out, deployment procedures, etc.). The photomulti-
pliers will be organized in triplets, 12 meters apart in
the vertical direction, along 13 ‘strings’ with an instru-
mented length of 300 meters. The strings will be, typ-
ically, 60 meters apart.

In view of the exploratory nature of the research pro-
gramme a data sample as unbiased as possible is de-
sirable. The NIKHEF group therefore developed the
‘All Data to Shore’ concept: timing, amplitude and in
some cases waveform information will be sent to the
data acquisition station on shore (40 km away from the
detector) for all photomultiplier hits. This will allow
maximum flexibility in devising optimal algorithms for
data filtering in view of new insights or external infor-
mation (e.g. a Gamma Ray Burst warning).

The counting rate of the 10” photomultipliers is entirely
dominated by beta-decay of 40K in the sea water and by,
intermittent, bioluminescence. The (in situ) measured
counting rate per photomultiplier is about 100 KHz,
leading to a total data rate of about 1 GByte/sec.
The technology of choice for transporting the data is
DWDM: dense wavelength division multiplexing. The
NIKHEF group is designing a read-out system based on
this modern technology. The design will allow to trans-

fer all data from the detector to the shore station. A
proof of concept of the readout-system has been estab-
lished and the production is expected to start in sum-
mer 2001. The group is also designing the on-shore
data processing system which will consist of a large
PC farm. A fast algorithm has been developed which
can filter the physics signals from the background at
the foreseen maximum data rate. The involvement of
the group in the off-line reconstruction software devel-
opments has lead to a significant improvement of the
muon reconstruction efficiency.

During the year 2001 the definitive Technical Design
Report will be completed and construction of the first
string will start. Deployment of one sector, a modular
unit corresponding to 1/6 of a string, is foreseen for
2002. After successful deployment and recovery of this
first sector, ‘routine’ production of subsequent strings
should lead to a detector producing first physics data
in 2003 and to a full detector in 2004.
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Figure 2.1: Principle of dense wavelength division multiplexing (DWDM) read out illustrated for one string.
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3 ATLAS

3.1 Introduction

In the year 2000 the ATLAS/D0 group extended its
interest towards massive computing using the GRID
concept in view of the challenging data handling re-
quirements of the LHC. Our expertise with the RASNIK
alignment system led one of us to explore the possibility
to improve the determination of the gravitational con-
stant GN using coupled pendulae monitored by RASNIK
systems.

Regarding the detector construction efforts for the
ATLAS experiment at CERN, major milestones were
passed with the successful completion of the module-0
MDT chamber and with the assembly of the first
silicon detector module. Concerning the D0 experi-
ment at FermiLab, the detector hardware components
constructed in the Netherlands were commissioned
and we are now eagerly awaiting the first pp̄ collisions1

in the spring of 2001 to confront our reconstruction
and analysis code with real data as opposed to Monte
Carlo simulation!

3.2 ATLAS experiment

Muon Spectrometer

MDT chamber construction

Early 2000 the semi-automated MDT wiring line
(“robot”) developed jointly by CERN, NIKHEF and
Frascati was installed in the large clean-room. The
robot successfully wired about 700 tubes. These
tubes were all individually tested for mechanical wire
tension, wire location, gas leak rate and high voltage
behaviour. Few tubes were found to be defective.
In parallel with this work the spacer structure with
the important RASNIK alignment components was
assembled using the precision jig mounted on the large
granite table. As a final step six (2× 3) layers of each
72 tubes were glued onto the spacer structure using
again the precision jig. Fig. 3.1 shows the module-0
MDT chamber during one of the gluing steps.

After completion, the gas manifold has been connected
and tested. Subsequently the chamber was sent to
CERN to undergo an X-tomography scan to determine
the position of each of the 6 × 72 = 432 wires. The
analysis software, written by us, gave an overall r.m.s.
on the location of the wires of 16 µm, well below the
specified 20 µm. With this the MDT assembly line in

1First pp̄ interaction were registered by the D0 experiment on
April 3, 2001.

Figure 3.1: Photograph of the module-0 MDT chamber
during the final assembly step.

Amsterdam has been certified for the subsequent pro-
duction of the 96 MDT chambers.

Despite the excellent mechanical quality of the module-
0 MDT chamber, it was decided to adapt some specific
parts of notably the quality control equipment (e.g. the
single tube gas leak rate and the high voltage test se-
tups). This in view of a reduction of the required man-
power during the four years of MDT chamber produc-
tion. These changes will delay the start of production
to the summer of 2001. By the end of 2001 we expect
to have completed ten MDT chambers.

RASNIK alignment system

In 2000 the design of the RASNIK CCD camera, light
source and data-acquisition electronics has been largely
completed. Thousands of CCD cameras and light
sources have been delivered to and are presently em-
ployed at many institutes world-wide. Even though the
industrial supplier of the lenses had serious difficulties
to meet the agreed upon characteristics, the lenses re-
quired for the RASNIK in-plane systems are available in
large quantities. With this a major commitment of the
NIKHEF ATLAS group has been completed successfully
although not entirely within the foreseen budget.

Apart from ATLAS other parties have shown interest
in the RASNIK as well. E.g. tests are ongoing to use
RASNIK systems for the alignment of the magnets for
the LHC machine, for the CLIC project (one of the can-
didate technologies for a multi-TeV e+e− collider), for
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Figure 3.2: Half Vacuum Vessel Shell ready for final
Machining at Machine Fabriek Amersfoort (IJsselsein).
Photo: courtesy Charles de Graaff, Schelde Exotech

the monitoring of elements of the optical delay lines
of the Very Large Telescope at the European Southern
Observatory and for the quality control of the dimen-
sions of metal sheets produced by the CORUS (former
Hoogovens) group.

End Cap toroids

The ATLAS End Cap Toroids (ECTs) are an in kind
contribution of NIKHEF to the ATLAS collaboration.
Their basic design was made by the Rutherford Apple-
ton Laboratory (RAL). Dutch Industry is responsible
for the manufacturing. Contracts for the manufactur-
ing were signed in February 1999. NIKHEF’s supply for
the ECTs consists of three major parts:

1. a 1:5 scale model of the vacuum vessels, completed
and tested in 1998.

2. two aluminium vacuum vessels of 10.7 m diameter
and 5 m axial length and a weight of 80 ton each.
Each vessel houses a cold mass.

3. two cold masses each consisting of eight super-
conducting coils of 4× 4.5 m2 and eight keystone
boxes. The keystone boxes are used as reinforce-
ment 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 ton.

Vacuum vessel

The vacuum vessels are made by Schelde Exotech
(EXO) in Vlissingen. Manufacturing started mid

Figure 3.3: Final machining at Machinefabriek Amers-
foort (IJsselsein) of a half Vacuum Vessel Endplate.
Photo: courtesy Charles de Graaff, Schelde Exotech

1999 after a successful Production Release Review
(PRR). Manufacturing is done in two steps. First
half shells (Fig. 3.2) and end-plates (Fig. 3.3) are
made to oversized dimensions by cutting, bending
and welding of 40 to 75 mm thick aluminium plates.
This step was mainly realized by EXO. Then the
parts are machined to within the required 1 mm and
even 0.1 mm tolerances. Machinefabriek Amersfoort
(MFA) in IJsselstein is able to machine the halves in
“one go” while machining at EXO would require four
translations on the cutting machine. Therefore it was
decided to subcontract this part to MFA. End of 2000
the end-plate halves were completed at MFA. The huge
amount of full penetration welds required much more
time then expected. This results in a six month delay
in the delivery of the first vessel which now will be
shipped to Geneva in June 2001. The ATLAS Magnet
Project has enough float to accommodate this delay.
Production of the second vessel is well underway. This
vessel will be delivered on schedule, i.e. assembled and
tested by March 2002.

Cold mass

HMA Power Systems in Ridderkerk manufactures the
cold masses. RAL’s design was completed but at the
request of ATLAS it was decided to improve the reliabil-
ity of the cooling by implementing dual cooling circuitry
and additional heat shields. Fortunately only manufac-
turing drawings had to be modified “thanks” to a delay
in the schedule. The commissioning and fine tuning of
the winding street was performed by winding a dummy
coil. This full size coil is made prior to the manufac-
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turing of the 16 double pancake coils. The fabrication
problems encountered by one of the two suppliers of
the super-conducting conductor encounters have not
been resolved yet but fortunately the second supplier
can supply all required conductor if needed. The de-
livered conductor is cleaned by bead blasting prior to
impregnation. An in-line set-up in the winding street is
operational. The aluminium coil formers are made by
RDM in Rotterdam. All required aluminium has been
delivered. A total of 650 m of aluminium pipe for the
liquid He cooling circuitry has been supplied. Its bend-
ing and welding will be sub-contracted. Vacuum im-
pregnation of the coils is foreseen. A vacuum mould is
under construction and commissioning of the resin mix-
ing machine was ongoing end of 2000. A mixture of two
resins and a hardener will be used. The recipe has been
develop by RAL and should yield a more (thermal) crack
resistant epoxy at 4.5 K. The procedure will be tested
through the impregnation of the dummy coil. Proper
cleaning of all material that has to be impregnated is
essential for the bonding. Tests on the procedure for
the production series are ongoing. April 2000 the UK
based FKI company became the new owner of HMA.
There was a change in HMA’s directorate an also the
cold mass project leader left the company end of 2000.
Although the new owner’s focus is on the production of
generators the completion of the cold mass contract is
not endangered. Nevertheless there is a delay of about
six months in the delivery of both cold masses.

Semi-Conductor tracker

This year saw the successful production of a carbon
fiber disc prototype with a new core material, Korex,
which is easier to glue and reduces the cost of an in-
dividual disc significantly. This disc is undergoing vi-
bration testing and checks are being made on how sta-
ble the structure remains when the relative humidity
changes. In parallel we also started the preparations to
build 100 silicon detector modules. The highly auto-
mated assembly station has been completed, with re-
liable pattern recognition routines to help position the
silicon detectors to a precision of 5 µm before gluing.
Three prototypes have been made, showing the system
can reach the required accuracy. A photograph of such
a module constructed at NIKHEF is shown in Fig. 3.4.
We expect to finalise both the disc and module designs
in 2001 such that in 2002 all discs and silicon mod-
ules can be constructed. The integration of discs and
modules commences in 2002 as well.

The modules transfer their data via laser diodes and
fiber optics. We have set up an optical readout system

Figure 3.4: Photograph of a silicon detector module for
the ATLAS Semi-Conductor Tracker.

in Amsterdam, using a homemade data encoder in place
of the future Atlas encoder which could not be realized
in time by the responsible institute. Our setup is crucial
for the quality control of the components and for the
testing the final modules at NIKHEF. Since there are
very few test stands working within the collaboration,
other institutes (like e.g. Universität Freiburg ) also
employ our test stand to test their modules.

Detector simulation and reconstruction software

In the last years, the ATLAS collaboration produced
large samples of fully simulated data using procedure
based software (written in FORTRAN). This data was
successfully used to validate the physics performance
of the detector. Nevertheless, it became clear that
experiments like ATLAS should benefit from the use
of modern object oriented software techniques (C++,
JAVA, Eiffel, etc.). These techniques have been ex-
plored within the context of a CERN based R&D project
managed by a Dutch ATLAS group member. As a re-
sult ATLAS has decided to opt for the object oriented
C++ programming language. The current mission for
the software development in ATLAS is to merge the
large knowledge of the procedure approach with the
best practice of object oriented design. NIKHEF con-
tinues to play a very active role in these developments.

Detector description

One of the crucial improvements of the object oriented
design is its compatibility with a completely modular
architecture. In particular, the description of the de-
tector geometry is isolated from all “clients” programs,
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i.e. simulation, reconstruction and visualisation pack-
ages. To describe the detector geometry, including log-
ical structure, readout tree and a material database, a
syntax in XML was developed and adopted by the AT-
LAS collaboration. The syntax utilises the symmetries
as present in the geometry of the ATLAS detector; as an
example Fig. 3.5 shows the XML generated geometry
for the forward semi-conductor tracker. By using the
XML industry standard many utility tools like inspec-
tion, validation and visualisation tools are facilitated.

Figure 3.5: Visualisation of the lower half of the forward
semi-conductor tracker, using the XML description.

Current effort is underway to obtain a complete de-
scription for each of the ATLAS sub-detectors using
this XML syntax (see Fig. 3.6). This information is
parsed through a ‘generic model’ that creates a tran-
sient representation, and can be inferred by the client
software. For example, the geometry information can
be translated via the generic model to GEANT4 objects
and subsequently be used for simulation of the response
of the geometry to traversing particles. Other packages
have been developed that allow instantaneous visuali-
sation of the geometric description of the detector as
described by XML. Various reconstruction programs will
interface to this ‘generic model’ in the near future as
well.

Track reconstruction

Apart from these contributions to the central software
architecture, NIKHEF plays a very active role in the
development of track reconstruction programs. The
AMBER and COBRA programs, developed and im-
plemented in C++ at NIKHEF, are the first object
oriented reconstruction programs that perform equally
well or better than the FORTRAN equivalents. One of

XML
Description

Inner Detector Calorimeter

C++ program

ReconstructionSimulationVisualisation

Muon Chamber

Transient
model

Client
Software

Figure 3.6: Schematic view of the interfaces between
the XML descriptions, the transient model, and all ap-
plication programs.

them was used to successfully reconstruct cosmic muon
tracks in the DATCHA experimental set-up.

The ‘COmBined Reconstruction for ATLAS’ (COBRA)
package, is developed to reconstruct tracks from
muons by combining the results from the ATLAS
sub-detectors. Relying on the pattern recognition and
cluster finding algorithms of the sub-detectors, CO-
BRA adds general tracking and fitting. Thus, COBRA
allows for individual re-fits to obtain the covariance
matrix for any point along the track, a global re-fit,
including both trackers in ATLAS, propagation of
tracks (including propagation of the covariance matrix)
for track matching and statistical combination of
track segments. The reconstruction method does not
depend on the detector-version. As a consequence, the
package can be applied to detectors other than ATLAS
as well. Its physics performance both in combined and
in stand-alone mode is very good.

Trigger, data-acquisition & detector control

In 2000 the ATLAS trigger, Data-Acquisition (DAQ)
and Detector Control (DCS) Technical Proposal was
submitted to the LHCC. Contributions to this proposal
and to further work on the development of trigger, DAQ
and DCS systems were made by NIKHEF in four areas:

1. Study of the Read Out Buffers (ROBs): very good
results were obtained with the hardware and soft-
ware developed for this purpose.

2. Paper and computer modelling results essential for
the design have been obtained.

3. Work on the “On-Line Software” (responsible for
control of the DAQ system); in particular on the
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information exchange between the DCS and the
“On-Line Software”.

4. We assumed responsibility for the software for the
ELMB. This is a dual processor CAN node devel-
oped jointly by CERN and NIKHEF. It will be used
for control of the various ATLAS sub-detectors.
General purpose application software and a frame-
work for dedicated software were supplied.

Directly related to these contributions is the develop-
ment of the MROD, a Read-Out Driver for the MDT
muon chambers. This is a joint project of the Nijmegen
and Amsterdam groups. The function of the MROD is
to decode and multiplex the data from six MDT cham-
bers onto a single link. In total about 200 MROD mod-
ules are needed. Each MROD is connected via one
output link to a ROB. A first partial prototype of the
MROD was successfully tested. This prototype made
use of the hardware developed for the ROB study, the
100,000 gate FPGA was reconFig. d to obtain the ROD
functionality. Fault-tolerant decoding of the input data
from one chamber (using simulated data based on data
taken in the L3+COSMICS experiment) at full speed
was demonstrated. Also the multiplexing function was
studied with hardware developed for the ROB study: it
was shown that full speed operation most probably can
be obtained with the new prototype MROD-1 design.
This design has almost been finished in 2000, produc-
tion and testing will take place in 2001.

3.3 D0 experiment

NIKHEF has further developed the NIKHEF D0 Monte
Carlo Production farm to a state that it can now run
productions and do the reconstruction and analysis of
the Monte Carlo generated data without human inter-
vention. The production manager also takes care of
the storage of the meta-data in the database (“SAM”)
and the transfer of the results to the tape-robot at Fer-
miLab. At this time NIKHEF is the most productive
site for Monte Carlo generated events in the D0 col-
laboration and has produced more events than all other
institutes together.

The farm consists of 100 CPUs plus a dedicated farm
server which runs the batch software and a dedicated
file server where the results are stored temporarily be-
fore being declared in the database and send to Fermi-
Lab to be stored on tape. The latest version of the pro-
duction software is now continuously used to produce in
the order of one event per three minutes per CPU for a
typical tt̄ event with 2.5 minimum-bias events superim-
posed. This means we can produce 50,000 events per

day. One event produces 2 MBytes of data. So per day
the farm produces 100 GBytes of data. One such cal-
culation of three minutes includes the generation of an
event with Pythia or Isajet, the full D0 detector Monte
Carlo (using GEANT3), the addition of minimum-bias
events, the reconstruction using the latest version of
the D0 reconstruction code and the analysis package.

Much work has been invested in trying to use the net-
work connection between NIKHEF and FermiLab to
minimise the transfer time and the failure rate. This
connection is now in such a stable state that it be-
comes feasible to also use the NIKHEF D0 farm for on-
line event reconstruction from experimental data from
the detector. This mode of operation has not been tried
but will be seriously considered and could give NIKHEF
collaborators first hand access to the real data from the
detector.

Another option which is under test is the local storage
of data. The results produced by the farm using Monte
Carlo generated or experimental data does not always
have to be stored in the tape robot at FermiLab. The
meta-data describing the data has to be stored in SAM,
the D0 database of which a “local station” has been
installed on the farm server. In the meta-data one has
to specify where the real data is stored and this could
be the FermiLab tape-robot but also the SARA tape-
robot. In the event that somewhere else in the world
somebody requests a file from SAM which happens to
be stored at SARA, the system will take care that the
data will be read back from the tape at SARA and
transfered to the user and cashed locally for further
analysis. It is expected that this will reduce the file
transfers by a considerable amount as the data is only
transfered when needed. This system is operational in
principal but has not been tried with real users yet.

From the D0 farm to the DataGRID

The NIKHEF D0 Farm is only a first step towards
a much larger fabric which will eventually lead to
the computing infrastructure for reconstruction and
analysis for the LHC data. Further developments in
this direction are done within the European DataGRID
Project of which NIKHEF is one of the five princi-
pal partners. NIKHEF participates in several work
packages one of which is farm management. In this
project the D0 farm becomes part of a much larger
farm where also jobs for ATLAS, ALICE and LHCb
can run. Moreover NIKHEF is active in the network
research work package, the particle physics application
work package and in the test bed. In the DataGRID
project the Amsterdam Computing Centre SARA and

17



the Dutch Meteorological Office KNMI are assistant
contractors of NIKHEF; SARA to collaborate on
networking, mass storage and the test-bed; and KNMI
to provide the project with a different application to
particle physics namely Earth Observation.

Much coordination is needed in projects of the size of
the DataGRID which span the many countries and in-
stitutes and many different technologies.

3.4 ATLAS detector R&D spin-off

An experiment to determine GN using RASNIK

The intended GRAPPA experiment employs a dual-
pendulum set-up for the measurement of Newton’s
Gravitational constant GN with a relative precision of
about 1.0 × 10−4. The pendulum motion is measured
with RASNIK systems. A coded mask, the essential
component for the RASNIK system in GRAPPA, was
made. Its chess-board pattern (1× 1 mm2) consists of
a million chess field squares of 1 × 1 µm2 each. With
state-of-the-art chip mask technology, contour position
precision of 5 nm could be reached.

Recently, a publication by a group of the University
of Washington claimed the measurement of GN with a
relative precision of 1.3×10−5. In this experiment, the
influence of the environmental gravitational field was
eliminated by a slow rotation of the field masses. The
torsion of the pendulum wire (a major error source)
was eliminated by an active feedback method. The
geometry of the field masses and the test mass has been
chosen such that many first and second order errors are
eliminated.

Since our present GRAPPA concept can not compete
with the results of the group in Washington; we are
investigating how to combine the excellent features of
the Washington set-up with the high precision of the
RASNIK system.

MediPix

MediPix is a collaboration between 15 European uni-
versities and research institutes. It is based at CERN,
Geneva and it is an R&D activity approved by the CERN
division for Education and Technology Transfer (ETT) .
Know-how obtained in designing semi conducting pixel
detectors for high-energy physics is used to develop im-
proved digital X-ray imagers, for use in medical, bi-
ological or analytical applications. Industrial partners
have been identified, who are interested in commercial
exploitation of these new imagers.

The MediPix detector is a sandwich structure of two

chips, one consisting of a matrix of reverse biased sensor
diodes surrounded by a guard ring, the other contain-
ing a corresponding matrix of (deep)-submicron CMOS
readout electronics. Every pixel electronics contains an
amplifier, one or two individually tunable comparators
and a digital counter. This CMOS circuit is bump-
bonded in “flip-chip” technology to the sensor chip.
For the sensor chip, high-resistivity silicon can be used
with 100% conversion efficiency up to an X-ray energy
of 10 keV. For higher energies GaAs and Cd(Zn)Te offer
better conversion efficiencies.

At present, two versions of the CMOS readout circuit
have been designed: Medipix-1 for the readout of 4096
pixels of 170 × 170 µm2 each, and Medipix-2 for the
readout of 65536 pixels of 55× 55 µm2 each. Medipix-
1 has been tested primarily on GaAs sensors. Recently,
our measurements on Medipix-1 with a silicon sensor
have shown that the lower threshold in X-ray energy
is about 5.5 keV, which opens up a range of interest-
ing applications, especially because we hope and expect
that the Medipix-2 circuit, which was submitted for pro-
duction in December 2000, will show even less noise.

During a test-beam run at the European Synchrotron
Radiation Facility (ESRF) in Grenoble, we have further
characterised this Medipix-1 chip with a silicon sensor.
Results are encouraging, especially the fine mapping
with a pencil beam shows that full efficiency can be
retained in the inter-pixel region, by suitable tuning the
comparator levels. A high-speed test has shown an ac-
quisition rate of 100 frames per second. No blooming
or after-glow effects were seen.

Ongoing activities at NIKHEF include: deep submicron
design for further versions of Medipix, especially to im-
plement an ADC on the pixel level, wafer-probing of
Medipix-1 and Medipix-2 wafers, I-V and C-V charac-
terization of sensors, production of DAQ systems for
MediPix-1, design of DAQ systems and chipboards for
MediPix-2, and last but not least, combining several cir-
cuits in one larger sensor chip, to obtain large (about
3 × 6 cm2) uniform imagers without any intermediate
dead area.
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4 B Physics

4.1 Introduction

The B physics group at NIKHEF studies the breaking of
charge-parity (CP) symmetry. To accomplish this the
group is involved in the HERA-B experiment at DESY
and the LHCb experiment at CERN. The HERA-B ex-
periment has been installed in 2000 and was partially
commissioned before the shutdown in September 2000.
The LHCb experiment at the LHC collider is planned to
become operational in 2006. The development of de-
tector components for LHCb is proceeding on schedule,
while the same is true for software development and the
study of data analysis methods.

4.2 HERA-B

Hardware

Most subsystems of HERA-B were installed and (par-
tially) commissioned until the shutdown of HERA in
early September 2000. Problematic units are the Outer
Tracker (OTR) –to which NIKHEF contributed– , the
Inner Tracker (installed, but not yet fully equipped) and
the Muon chambers (of which the pad chambers, used
for the pretrigger, show bad efficiency). The commis-
sioning of the most important subsystem of HERA-B,
the First Level Trigger (FLT), has been started, but is
not yet complete. Below, we will give some details on
the status of the OTR and of the FLT.

Outer Tracker

The installation of the OTR of HERA-B was completed
in January 2000. Since then, the system has been avail-
able for more than 90% of the time. The high voltage
and gas systems are operational and fully integrated
with the global HERA-B slow control.

The following minor problems were identified and sub-
sequently solved:

• Gas leaks. A lengthy search was carried out reveal-
ing dirt in the bellows of pumps, and loosening of
gas fittings.

• About 2% (138) of the readout boards did not give
signals, mostly caused by loose cables. Measures
were taken to prevent this problem in the future.
With two mechanical changes the cable weight is
eliminated, and a more secure fixation of the plug
itself is provided.

• Due to reflections between the TDC outputs and
the FLT-Linkboards, the discriminator thresholds

of the first 4 superlayers had to be raised. The
source of the problem –poor termination– has been
identified, and measures are taken to eliminate the
noise.

More important was the high rate of HV failures. When
the chambers were opened during the HERA shutdown,
it turned out that about 90% of these failures were
due to radiation damage on the HV-distribution boards.
This exclusively concerns the back of the distribution
boards on which two capacitors are treated with an-
other insulating film than those on the frontside. These
boards are being corrected and replaced, and should re-
store 90% of the shortened HV channels.

The remainder of the shortages were mostly due to me-
chanical instabilities, and measures are being taken to
improve this. The effectiveness of these actions is not
easy to prove since the shortage rate is now already at
such a low level, that in three months time no signifi-
cant statistics has been build up.

First-Level Trigger

The analysis of the data taken allows some insight in
the operation of the FLT. It must be noted that the low
efficiency of the OTR chambers (only about 93%, due
to higher discriminator thesholds than foreseen, and due
to channels for which the HV was switched off) leads to
a low efficiency of the FLT, and makes the result of this
analysis rather uncertain. Since these problems are now
solved –the cause of reflections has been eliminated,
allowing lower TDC thresholds, and the cause for 90%
of the HV failures has been eliminated– the input to the
FLT will be of much better quality than before. Current
estimates find Track-Finding- Efficiencies of the FLT
including the OTR efficiency in the range of 50% to
80%. Since the FLT is geared to trigger on two leptons
(electrons or muons) with an invariant mass of about
the J/Ψ mass, the total trigger efficiency for the 2000-
Run was much worse than the design value. This does
not take into account that part of the acceptance was
not yet fully equipped (the ITR), which reduces the
FLT efficiency still more. The installation of the ITR is
progressing steadily.

Physics Results

The analysis of the data taken until the shutdown yields
about 3000 J/Ψ → µ̄µ and 40000 J/Ψ → e+e−

events. In the electron channel, the J/Ψ peak appears
clearly only if one requires not only the electron hits in
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the ECal, but also a hit from the bremsstrahlung pho-
tons. This cut reduces the number of analyzed J/Ψ’s
in the e+e− channel to about 4000.

Nevertheless, it seems possible even with this sample to
establish an A-dependence of the J/Ψ production cross
sections.

Searches for detached vertices involving J/Ψ’s which
are indicative of B-meson decays, have resulted until
now only in very small numbers of candidates; The
intriguing point is that more candidates are found
than expected (one expects roughly 1 B per 1500
J/Ψ’s). However, given the large uncertainties in the
b-production cross section, this is highly speculative.

In spite of a critical report of the Extended Scientific
Council of DESY, the Directorate of DESY has decided
on Dec. 22nd to continue HERA-B until the end of the
year 2002. The physics program will encompass studies
of heavy quarks, charmonium and Ypsilon production,
Drell-Yan physics and rare decays such as D → µ̄µ. It
is uncertain whether HERA-B will continue beyond the
year 2002.

4.3 The LHCb Experiment

The B physics group at NIKHEF is heavily involved
in the LHCb experiment at CERN. The group concen-
trates on tracking and has accepted various responsibil-
ities such as the leadership for the Outer Tracker project
and the coordination of Tracking Software activities.
Moreover, NIKHEF is fully resonsible for the pile-up
detector and the mechanical design of the micro-vertex
detector. In addition, NIKHEF participates in the devel-
opment of radiation hard front-end read-out electronics
of the vertex detector.

Outer Tracker

Given that the proton beams in LHC interact every
25 ns, it is important to restrict drift times to a nar-
row window: time overlap of signals from many bunch
crossings would render pattern recognition unfeasible.
Tests of prototype arrays of straw tubes have been car-
ried out with pion beams from the CERN Proton Syn-
chrotron.

Drift time spectra were measured for a large range
of drift gas mixtures with varying CF4 content. The
admixture of CF4 is essential for short signal collec-
tion times. Reduction of the CF4 content however im-
proves the resolution of the drift cell, allows for cham-
ber operation at lower voltages and makes the detec-
tion gas cheaper. A drift gas mixture of Ar/CF4/CO2
(75/15/10) seems to be optimal with respect to low

CF4 content and drift speed, even for magnetic fields
up to 1.4 T. In the beam test measurements the ob-
served drift cell efficiency and resolution have reached
their design values, due to improved electronics and a
better grounding scheme. See also Fig. 4.1.

r (mm)

∆r (mm)

t 
(n

s)

Figure 4.1: A fit of the t(r) relation for a
straw tube (upper graph) and resolution determina-
tion from the residuals histogram (lower graph) for:
Ar/CF4/CO2=75/15/10, B=0, HV=1600 V.

Straw chambers of 2 m length have been incorporated
in the beam test setup. The long anode wires have to be
supported at intervals with positioning pieces (twistors)
inside the straw tube. Measurements have shown that
the twistors fix the wire within the required mechanical
precision and cause an insensitive straw length of only
12 mm.

The amount of cross-talk between neighbouring straws
is investigated both in beam test and laboratory condi-
tions. Together with the detailed studies on electrical
behaviour and shielding properties of straws with outer
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Figure 4.2: Three-dimensional drawing of the frame
containing stations T7 to T10.

windings of various materials, the module design could
be significantly improved.

Another 2 m long prototype straw chamber has been
incorporated in the HERA-B detector during the 2000
physics run. The total dose received by the prototype
equals 4 months of running in the hottest regions of
the LHCb Outer Tracker. The chamber was operated
with the standard HERA-B gas mixture, which is equal
to the gas mixtures used in earlier ageing tests. During
this ageing test, no deterioration of straw tube char-
acteristics has been observed. This increases not only
the confidence in the use of Kapton XC as a cathode
material but also the selection of materials used in the
module construction.

The frame design for the downstream stations T7 to
T11 has made much progress. Detailed design work is
done to integrate the modules into the station frame
with high mechanical precision. In the design of sup-
port frames attention should not only be paid to the
accessibility of station modules but also reaching the
inner tracker stations or accessing the magnet track-
ing stations should be easily done. For these reasons a
geometry is preferred that permits openening and clos-
ing. In Fig. 4.2 a three-dimensional model drawing of
the station frames for T7 to T10 is depicted.

For a proper readout of the straw tube signals, exten-
sive tests have been performed on the straw tube and
ASDBLR preamplifier-discriminator combination. The

ASDBLR, originally developed for the ATLAS TRT de-
tector, seems to match our needs entirely. Straw tubes
with an aluminium outer winding have been selected
as the baseline solution because of their low cross-talk
characteristics.

A digital readout chain based on the HP-TDC chip is
advancing to the prototype stage. Apart from this base-
line the development of a new TDC has started at the
ASIC lab in Heidelberg. This new TDC is designed for
use in the LHCb Outer Tracker and therefore is better
matching our needs; it offers better performance with a
more compact data format. The TDC will be designed
in a radiation-hard process which allows for integration
of the chip in the on-detector electronics, thereby sav-
ing a large amount of cabling.

4.4 Vertex detector

The identification of detached vertices associated with
B-meson decay (with an average track length of 7 mm)
is an important feature of the LHCb detector. The
vertex detector consists of 25 pairs of silicon strip de-
tectors. During data taking the detectors have to be
positioned at 8 mm from the beam, but during refill of
the collider with protons from the SPS and the accel-
eration stage they have to be retracted over 3 cm.

NIKHEF is responsible for the vacuum vessel of the
vertex detector, including the shielding and movement
of the detector components. It is not possible to place
the detectors directly in the ring vacuum system. In the
first place the outgassing from the detectors with their
associated electronics, support and cabling is in conflict
with the ultra-high vacuum requirements of the ring.
Furthermore, the detectors have to be shielded from
the high electromagnetic fields that will be induced by
the passage of the beam. And finally the rapid variation
of the beam pipe dimension in the detector vessel will
introduce strong wake fields that will cause beam blow-
up.

Therefore, a design has been made in which the detec-
tors are located in a secondary vacuum box, as is shown
in Fig. 4.3. Since the detectors are partly overlapping,
the construction of the separation foil is far from triv-
ial. The physicists demand as little material as possible
in order to diminish multiple scattering and unwanted
particle production. For safety reasons one would like
to have a sturdy separation between the primary ring
vacuum and the secondary vacuum in which the silicons
are located. As a compromise the separation foil will
be made from 250 µm aluminum. The vulnerability of
the foil puts strong safety requirements on venting and
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Figure 4.3: The vacuum tank of the vertex detector. The silicons are placed in a secondary vacuum vessel. The
figure shows the situation, in which the two secondary vacuum vessels are in the closed position. During injection
the two secondary vacuum vessels will be moved apart. Each detector halve is connected to the tank through a large
rectangular bellow. In the figure one detector halve is visible outside the tank.

evacuation of the vertex tank. A PLC-based control
system has been designed to accomplish this task.

For the cooling of the silicons and the electronics a two-
phase system with gaseous and liquid CO2 has been
proposed. The radiation resistance of CO2 is excellent.
In a first test set-up this system has shown to have the
required cooling capacity.

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

Special attention has to be given to the front-end chip
of the silicon detectors due to the harsh environment, in
which the hybrids will reside; at a distance of 5 cm from
the LHC beams the expected radiation level amounts to
2 Mrad/year. In a collaboration between the ASIC-lab

in Heidelberg, Oxford University and NIKHEF various
components of the front-end chip have been submit-
ted in the 0.25 µm CMOS technology, which promises
excellent radiation hardness if appropriate layout tech-
niques, like enclosed transistors and guardrings, are
used. These measures improve the behaviour under
irradiation, especially with respect to leakage current
and single event latchup. The performance of these
test chips, containing a preamplifier and pulse shaper,
LVDS output drivers, analog outputs and comparators
has been tested and compared with simulations.

In September 2000 the first 128 channel 40 MHz full-
size Beetle1.0 chips, featuring pipelines and I 2C con-
trol logic, came back from the manufacturer. Since
then measurements of the chip characteristics like pulse
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shape and equivalent noise charge are performed. Also
the radiation hardness is under investigation.

Further submissions of improved versions of the
Beetle1.0 chip are foreseen to take place in 2001.

Pile-Up Veto System

A large fraction of the crossings at LHCb will contain
multiple interactions. Since the processing of those
events is time consuming and problematic in track re-
construction, their rejection is essential at the level-0 of
event selection. Two dedicated Si-detector planes are
placed in the backward region of the vertex detector
vessel. The detector planes are identical to those used
for the level-1 trigger in the rest of the vertex detector.

Hits in the two planes are correlated if they have the
same origin. A correlation matrix provides a vertex ori-
gin histogram. The highest peak is ascribed to the true
vertex. The hits correlated with that peak are masked
and the peak search is performed once more. A second
peak points to the second interaction. The effect of
the Pile-Up Veto is shown in Fig. 4.4, the relative gain
in “single” B-event statistics is about 30-40%.

The readout chip is the Beetle chip. The comparator
outputs will produce a direct signal for a combination
of 4 detector strips. Under study are the hybrid, cables,
connectors and vacuum feedthroughs. Most design is-
sues are similar to those for the level-1.

In Fig. 4.5 a schematic view of the layout of the Ver-
tex Finder processor is given. Event data is sent to a
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Figure 4.4: Number of “single” B-events as a function
of luminosity: events produced (top), after level-0 high-
pt trigger and pile-up veto (middle) and after level-0
trigger without pile-up veto (bottom).

(4x)

histo+peakfinder

maskbuffer

Vertex Finder

FPGA1 FPGA2

histo+peak finder
inter

face

Result

Multi-

plexer

Event

Feeder

Data

Det. Level0

320

Figure 4.5: Schematic layout of the Pile-Up Veto elec-
tronics.

Vertex Finder module; the next (of four in total) will
get the following event. For the processing tasks two
Mgate XILINX FPGA’s are foreseen. The results of
the Vertex Finder modules are multiplexed and sent to
the Level-0 supervisor. The conceptual design has been
completed, a subdivision of the system and definition
of the subcomponents is proceeding.

4.5 Track Reconstruction

The tracking system serves to find and measure all the
tracks produced in a B-B̄ event. A typical event in
the simulation program is depicted in Fig. 4.6. Besides
a handful of B-decay particles on average a hundred
additional particles are produced, either directly in the
pp collision or as secundaries, in interactions of primary
particles with the detector material.

Figure 4.6: A simulated B → π+π− event in the LHCb
detector.

The LHCb software consists of a simulation program
and a reconstruction program. In the GEANT simula-
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Figure 4.7: Reconstructed mass difference distributions
for simulated B → ππ events (15 MeV, left plot) and
for Ds → KKπ events (4 MeV, right plot).

tion program the detector response (the “hits”) to each
traversing particle are simulated, in the reconstruction
program the detector hits are again linked to form re-
constructed tracks. Resolutions and efficiencies are cal-
culated by comparing the reconstructed tracks to the
original particle trajectories. The results of these stud-
ies are used to optimise the design of the LHCb detec-
tors. For the tracking part the optimisations are mainly
related to the optimal number and size of the tracking
planes, the required granularity, the choice of the stereo
angles, and the comparison of the relative importance
of resolution vs. multiple scattering.

The NIKHEF group is responsible for the overall track
reconstruction program, as well as for most of the track-
ing optimisation studies.

The track reconstruction program is an object oriented
package in which algorithms for pattern recognition and
the momentum refitting are implemented. Both algo-
rithms use a Kalman fit method for track reconstruc-
tion, profiting from the iterative nature of the Kalman
method in the pattern recognition task.

The pattern recognition algorithm itself consists of sub-
algorithms of “track seeding”, i .e. finding initial seg-
ments of tracks in well suited areas of the detector,
and of “track following”, i .e. following the tracks from
the seed area into other parts of the spectrometer. The
seed areas are the downstream region of tracking sta-
tions towards the end of the spectrometer and the re-
gion of the vertex detector. In both regions, due to
absence of a strong magnetic field, track segments can
be well approximated by straight lines.

Currently only the upstream tracking algorithm is im-
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Figure 4.8: Reconstructed momentum resolution as
a function of track momentum. The resolution is
parametrised by: δp/p =

√
(0.32)2 + (0.0002× p)2.

plemented, leading to an efficiency of 90% to recon-
struct the tracks in a B → ππ event.

In the track refit, the particle trajectory is fitted from
the vertex, through the dipole magnetic field, towards
the calorimeters. The result of this fit is a precise
prediction of the position, the direction and the mo-
mentum of the particle at each position along the tra-
jectory. The momentum of the particle is mainly de-
termined from the measurements of the main tracking
system, while the position and direction at their pro-
duction vertex are determined from the vertex detector
hits. The momentum resolution of the reconstructed
tracks is shown as a function of the true momentum
of the track in Fig. 4.8. The average momentum res-
olution is δp/p = 0.37%. For particles up to energies
of 100 GeV, the precision of the momentum determi-
nation is limited by multiple scattering. Only for even
higher energies, the measurement precision of the inner
and outer trackers become important.

Precise measurements of the momentum and direction
of B-decay particles lead to a precise measurement of
the reconstructed mass of the resonance, which is sub-
sequently important to obtain a background free se-
lection of B-decays. In Fig. 4.7 the mass resolution
distribution is shown for two benchmark decays: a de-
cay of a B-meson into a ππ final state, and a decay
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Figure 4.9: Decay time difference ditribution for simu-
lated Bs → DsK events. The expected time resolution
is 36.6 fs, or 3% of the Bs lifetime.

of a Ds -meson into a KKπ final state. The obtained
resolutions are 15 MeV and 4 MeV respectively.

4.6 Physics Performance

In the physics performance studies NIKHEF focused on
the decays of the Bs -meson. One of the main challenges
of physics with the Bs -meson is to resolve the oscillation
frequency of the Bs - B̄s oscillations, for which the lower
limit currently is δms > 14 ps−1. The expected decay
time resolution for reconstructed Bs -mesons in LHCb is
3% (see Fig. 4.9).

The topics studied by NIKHEF are:

• Reconstruction of the decay-channel Bs → D∓
s π

±.
This channel can be used to measure the mix-
ing frequency of Bs system, due to the fact that
the charge configuration of the final state directly
relates to the flavour of the B-meson at decay.
Current studies indicate a sensitivity up to δms =
60 ps−1.

• Reconstruction of the decay-channel Bs →
D∓
s K

±. Contrary to the previous channel, in
this decay each charge configuration of the final
state can be reached by both flavour B-mesons,
allowing for CP violation to occur. This decay
is optimally suited to study the angle γ in the

unitarity triangle of the CKM matrix. The re-
construction of this channel is very similar to the
previous channel, the main experimental challenge
is the suppression of backgrounds.

• Reconstruction of the channel Bs → J/ψφ. The
final state in this decay is a CP eigenstate, such
that it can be produced by decays of the CP eigen-
states of the Bs -meson: Bheavy and Blight. An an-
gular analysis of the final state particles allows a
measurement of the difference of the decay rate
of the Bheavy and Blight-mesons and in particular
of the CP angle δγ. A value of δγ different from
zero indicates the presence of physics beyond the
Standard model.

More information on HERA-B, LHCb and the NIKHEF
participation in the two experiments can be found at
http://www-hera-b.desy.de
http://lhcb.cern.ch
http://www.nikhef.nl/pub/experiments/bfys
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5 CHORUS

5.1 Introduction

NIKHEF participates in the CHORUS (WA95) collabo-
ration at CERN since 1992. The experiment has been
designed to discover or exclude νµ ↔ ντ oscillation with
high sensitivity in the parameter region of small mixing
(< 10−3) and ‘large’ ∆m2(> 10(eV 2/c4)2). The re-
sults –even if only excluding neutrino oscillations in its
region of sensitivity –severely constrain theoretical os-
cillation scenarios.

The CHORUS detector is ‘hybrid’, having electronic
tracking components and an active nuclear emulsion
target. This combination provides a powerful detection
method for ντ charged current (CC) interactions. In
the νµ ↔ ντ channel, this method and the fact that
the CERN-SPS νµ beam has a negligible ντ contam-
ination (3.3 × 10−6), allows in principle to claim the
observation of neutrino oscillation in the case of a sin-
gle recognised ντ CC interaction event.

In the emulsion target, charged particles produce –after
development– silver grains with an average size of 1 µm
and a density of 300 per mm. A τ can be recognised by
its decay (kink) topology. This method allows a back-
ground free ντ CC interaction detection for leptonic τ -
decays while bringing an almost negligible background
for hadronic decay channels (‘white kinks’: hadron scat-
tering without visible nuclear break-up or recoil, which
can resemble τ -events).

Upon any event trigger in the electronic part of the
detector, kinematic measurements are carried out
using the muon and the hadron spectrometer, and the
(118 ton) compensating lead-‘spaghetti’ calorimeter.
Precise positions and directions of trajectories are de-
duced from fiber tracker planes. For events of interest,
these trajectories are followed backward, pointing the
way to the corresponding neutrino interaction vertices
and possibly associated decay kinks of short lived
particles in the emulsion.

5.2 Neutrino oscillation analysis

The first phase of the neutrino oscillation analysis has
been completed (see Fig. 5.1). Results have been
published [1]. No τ -candidates having been found,
the oscillation probability has got an upper limit of
P(νµ ↔ ντ ) ≤ 3.4 · 10−4 at 90% CL.

The second phase of scanning and analysis –in progress
at present– aims at the full exploitation of the CHO-
RUS potential for oscillation physics, and –as important
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Figure 5.1: Exclusion plot for (νµ ↔ ντ ) oscillation
with the CHORUS Phase-I analysis result [1].

additional research topic– charm physics. A major re-
structuring and upgrade of the analysis software, as well
as a development of new methods in scanning (because
of increasing scanning speed), has been accomplished.
Developing this new software took more time than fore-
seen. Re-processing the data could be accelerated using
Condor [2] on more than 100 Linux desktop PC’s, partly
compensating for the time delay.

The emulsion scanning is to a major extent performed in
Japan. European institutes that have joined the scan-
ning effort contribute increasingly. An automatic scan-
ning facility (three microscope systems) with megapixel
digital camera and digital signal processors has been
set-up by CERN and NIKHEF for flexible –fully software
controlled– track and vertex finding in the emulsion. A
dedicated computer farm is used for on-line processing
of the scanning data.

During the year 2000 the NIKHEF team was involved in
emulsion scanning and analysis for neutrino oscillation
physics. In addition a careful study for understanding
the kinematic behaviour of the (marginally significant)
‘white kink’ background in hadronic τ decay channels
was carried out. Simultaneously the analysis of CC νµ

interactions, in the emulsion target as well as in the
calorimeter was pursued.
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5.3 Charm production

A pioneering study [3] has been made for charm pro-
duction in the emulsion target. The search includes
both deep inelastic and diffractive charm production.
The use of emulsion allows to record different classes
of ν-events with high precision. To suppress any back-
ground, the deep-inelastic charm production study con-
centrates on the muonic decay channels of the charmed
hadrons. The first sample of 132 charm decay events
has been analysed. It is a forebode of a much larger
sample being collected in the phase-II analysis. Mea-
surements have been obtained for charm production as
a fraction of the CC cross section, the charm quark
mass and the strangeness-down ratio of the nucleon.
The methods developed for the analysis can be applied
to the forthcoming more extensive charm studies. As
an example, the neutral-to-charged charm production
ratio for muonic decay events as a function of neutrino
energy, compared with a previous emulsion experiment
(E531), is shown in Fig. 5.2.
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Figure 5.2: Production ratio of neutral and charged
charmed hadrons with muonic decay as a function of
incoming muon-neutrino energy. The CHORUS data
(statistical errors only) are compared with data from
the earlier E531 Fermilab emulsion experiment.

After a charm-production study [4] based on di-muon
events from neutrino interactions in the (lead) calorime-
ter, a high statistics data sample with the CHORUS
calorimeter as active target was obtained during a ded-
icated run in 1998 after the emulsion data taking had
stopped. The analysis of these data provides a mea-
surement [5] of neutrino-induced deep-inelastic differ-
ential cross sections on lead (see Fig. 5.3), from which
F2(x ,Q2) and xF3(x ,Q2) structure functions can be ex-
tracted with a precision comparable to earlier results for
iron targets. Neutrinos with an energy between 10 and
200 GeV were selected for the analysis. After cuts the
data sample comprises about 1.1M ν-events and 230k
ν̄-events. A fast Monte Carlo simulation has been de-

veloped to correct for acceptance and the experimen-
tal resolution. The underlying cross section model is
based on the GRV94LO parton distributions with mod-
ifications to allow for a non-zero longitudinal cross sec-
tion and nuclear effects. A phenomenological correc-
tion is applied to improve the description of the data
at low Q2.

Simultaneous measurements on four targets of widely
different nuclear compostion (polyethylene, marble,
iron and lead) to measure the neutrino neutron-proton
total cross section ratio are in an advanced state of
analysis.
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6 Heavy Ion Physics

6.1 Introduction

February 10th, 2000 marked the official announcement
by CERN of the experimental observation of a new state
of matter, the quark gluon plasma (QGP). This state,
which is only produced for a fraction of a second in
collisions of heavy nuclei, has a temperature that is
sufficiently high to melt the protons and neutrons into
their constituents, the quarks and gluons.

The experiments that confirmed the existence of the
QGP, consisted of large particle detectors located at
the end of lead beams extracted from CERN’s super
proton synchrotron, the SPS. The SPS delivered lead
ions with maximum energies per nucleon of 158 GeV.

The experiments were for a large part dedicated to mea-
suring only one aspect of the collisions: photons, lep-
tons, charged hadrons, etc. Only a combination of the
results of all experiments could exclude any explana-
tion for the observed signal other than the quark gluon
plasma.

The ultimate experiment where the properties of the
quark gluon plasma will be measured is ALICE, a multi-
purpose detector at the future LHC collider. The LHC
will accelerate heavy ions, in addition to the regular
proton-proton programme. Maximum energies will be
5 TeV per nucleon at the LHC, which will yield a totally
baryon-free plasma in thermal equilibrium.

The joint-venture NIKHEF contributes to CERN’s
heavy-ion programme through a participation in three
fixed-target experiments (WA98, NA49 and NA57) and
a major participation in the ALICE experiment. In this
report we describe recent results from the fixed-target
experiments and the progress in the preparation of the
ALICE detector.

6.2 Direct photons with WA98

One of the probes to study nuclear matter in heavy-
ion collisions is the production of direct photons, as
these photons decouple immediately after their produc-
tion and are not affected by the hadronisation process.
As such, direct photons are good indicators of the prop-
erties of the nuclear matter in the early stages of the
interaction.

Direct photons are produced in both hard QCD pro-
cesses, i.e. initial interactions of the constituents, and
as thermal radiation from a deconfined (Quark Gluon
Plasma) phase or a hadron phase. Photons from hard

processes dominate the spectrum at high p⊥, while the
thermal photons constitute the main part at the low end
of the spectrum. Unfortunately, this low p⊥ regime,
which is the most interesting domain in view of the
search for the QGP, is not yet understood theoretically.

It is difficult to measure the presence of direct pho-
tons, as their yield amounts only to a few percent of
the total number of photons produced in a collision at
the conditions at the CERN-SPS accelerator. The large
background of the detected photons originates from the
decays of neutral mesons, mainly π0’s and η’s. The ac-
curate determination of the direct photon yield depends
on the correct reconstruction of the background spec-
trum of these decay photons.

The first conclusive experimental evidence for direct
photon production has been obtained by the WA98 ex-
periment, in Pb+Pb collisions at the CERN-SPS [1].
The experimental set-up contains a large area lead-glass
calorimeter, supplemented by a charged particle veto
detector placed in front of it. Two calorimeters further
downstream determine the centrality of the events by
measuring forward and transverse energy flow, respec-
tively.

As the first step in determining the direct photon spec-
trum, the π0 and η spectra were determined by using a
two-photon invariant mass analysis. The thus obtained
spectra were then used to calculate the hadronic de-
cay photon spectrum. Comparison of this calculated
spectrum with the actually observed photon spectrum
reveals an excess of photons due to direct photon pro-
duction, as shown in Fig. 6.1.

Due to limitations imposed by the reconstruction of the
parent mesons, the direct photon yield is only accurate
at relatively high p⊥. Since direct photons produced in
hard initial scattering are expected to show up in this
region, as indicated by the scaled p-A data in Fig. 6.1,
no conclusion on the thermal contribution to the direct
photon production can be drawn.

In order to investigate the thermal regime, the data of
the WA98 experiment are being reanalysed in Utrecht,
using an alternative method of analysis based on the
inclusive photon spectra [2]. As this method uses ra-
tios of central and peripheral photon and pion spectra,
part of the systematical uncertainties encountered in
the previous method partly cancel. Therefore, more
accurate results are expected from this new analysis,
especially in the lower p⊥ domain.
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Figure 6.1: Invariant direct photon yield observed in
central 158 AGeV Pb+Pb collisions by the WA98 ex-
periment. Arrows indicate 90% confidence level upper
limits.

A preliminary result for the photon yield, based on
about 50% of the available data, obtained using the
inclusive photon method is shown in Fig. 6.2. This
first result is in good agreement with the earlier WA98
result. However, the necessary detailed study of the
systematical errors in the direct photon yield is not yet
completed, and consequently it is currently not possi-
ble to be conclusive concerning direct photons in the
thermal regime.

6.3 Strangeness enhancement in NA57

The production of particles with one or more strange
quarks has been proposed as a powerful probe for
the transition of ordinary matter to the quark-gluon
plasma.[3]

The WA97 experiment at CERN was designed to mea-
sure the production of strange baryons (Λ, Ξ, Ω). The
yields of these strange particles were determined in both
p-Be and Pb-Pb reactions at 158 AGeV. It was shown
that the number of strange baryons per event in Pb-Pb
collisions is enhanced with respect to the yield from p-
Be collisions, scaled with the number of participants.
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Figure 6.2: Preliminary result on the direct photon
production in central 158 AGeV Pb+Pb collisions, ob-
tained using the inclusive photon method. Only statis-
tical errors are shown. For comparison, a part of the
spectrum of Fig. 6.1 is included.

Furthermore, it was seen that this enhancement in-
creases with the strangeness content of the particle [4].
This could be an indication of the creation of a state
close to the phase transition.

The NA57 experiment is the successor of WA97 and
extends its scope. In 1998 the measurements of WA97
for Pb-Pb reactions were repeated at 158 AGeV with
an upgraded spectrometer: the silicon strip detectors of
the tracking telescope were replaced by new, improved
silicon pixel detectors. In this way together with the old
silicon pixel detectors a high resolution pixel telescope
was created. Furthermore the gas pad chambers in the
lever arm of the spectrometer were replaced by silicon
microstrip detectors. These microstrip detectors were
developed by the department of Subatomic Physics of
Utrecht University/NIKHEF and serve to improve the
track momentum resolution of fast tracks. They have a
size of 7.3×4.0 cm2 in horizontal and vertical directions,
respectively. The strip detectors are double sided with a
stereo angle of 35 mrad and have a thickness of 300 µm.
The pitch of the strips is 95 µm and the strips are
orientated in vertical direction, such that the resolution
is best in the bending direction of the particles. Due to
the small stereo angle the vertical resolution is worse,
in the order of 1 mm.

Together with improving the resolution of the tracking
telescope, NA57 also made an effort to reduce various
background sources in order to extend the covered cen-
trality range towards more peripheral events. For those
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events the created system will be smaller and the onset
of the strangeness enhancement can be investigated.

In order to reduce the energy density of the system,
NA57 took data in 1999 at a beam energy of 40 AGeV
for both p-Pb and Pb-Pb interactions. By reducing
the beam energy, we can search for a possible thresh-
old effect in the yield curve. The 1998 experiment was
repeated in 2000 to increase the statistics on the pe-
ripheral events. Besides taking data, NA57 also has
started to publish their first papers in 2000, [5] and the
analysis of the data collected in 1998 starts to give the
first results.

In the 1998 experiment four double-sided microstrip
detectors were placed along with four pixel detectors
in the lever arm. In the 1999 experiments the lever
arm comprised only the micro-strip detectors. The re-
construction software has been adapted for using the
micro-strip detectors in the improvement of the fast
track measurement. With this software the invariant
mass spectra of the Λ for around 2 million events of
the 1999 Pb-Pb data have been determined with and
without the micro-strip lever arm (Fig. 6.3). For the
invariant mass spectrum only those Λ’s were selected
which had at least one decay particle in the lever arm.
It can be seen that the mass spectrum resolution has
improved from σ = 44 MeV/c2 to σ = 36 MeV/c2 and
that more Λ’s are reconstructed by the analysing soft-
ware. This improvement made that in the 2000 exper-
iment two single-sided microstrip detectors were added
in the lever-arm, because at 158 AGeV beam energy
the momentum of the measured particles is higher and
the lever arm is essential.

The reconstruction of the charged particle tracks and
the first selection of V 0 decay candidates has already
been completed for the 1998 and 1999 data. For the
1998 data the analysis of WA97 has been repeated in
Utrecht and the yield per participant for the Λ and the
Λ̄ has been determined. Due to the improved trigger
conditions an extra bin for peripheral events could be
added next to the four centrality classes of WA97 [6].
This bin corresponds to a value of 62 for the number
of participants. In Fig. 6.4 the relative yield per partic-
ipant for the Λ and the Λ̄ with respect to the proton
induced reaction are shown for the five centrality classes
of NA57. It can be seen that the most peripheral bin
shows a drop in the relative yield per participant with
respect to the more central bins for both particles. This
drop in strangeness production could be an indication
that in these peripheral collisions the system size has
been too small to produce a QGP. This effect is also

seen in the Ξ and especially the Ξ̄ relative yields as has
been shown at the QM2001 conference [7].
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yield of Λ’s and Λ̄’s. The error bars only indicate the
WA97 results while the preliminary NA57 results from
the analysis of the Pb-Pb 1998 data, are given by the
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6.4 Charm and strangeness with NA49

The NA49 experiment studies the production of
hadrons in collisions of protons and nuclei at the
CERN SPS. NA49 is a fixed target experiment which
uses a magnetic spectrometer, consisting of several
large TPCs, to measure charge and momentum of
the produced particles [8]. An additional time of
flight system and the dE/dx information of the TPCs
provide particle identification over a large part of the
acceptance.

The physics programme of NA49 covers different sub-
jects such as total production and spectra of many par-
ticles, ranging from pions to heavy strange baryons. In
addition different types of correlations are studied, such
as the Hanburry-Brown-Twiss (HBT) effect, stopping
and even-by-event fluctuations. These phenomena can
be studied as a function of system size and as a func-
tion of collision energy. For the study of the system size
dependence, the following types of events have been
recorded: p − p, C-C, Si-Si and Pb-Pb. For the study
of the energy dependence, the following beam energies
have been used: 40, 80 and 158 AGeV.
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The focus of the NIKHEF group in NA49 is the study
of flavour (strangeness and charm) production in nu-
clear collisions. The analysis efforts are centred around
measuring the total kaon and D-meson production in
158 AGeV Pb-Pb collisions.

Recently, a first result on kaon production at 40 AGeV
beam energy has become available. In Fig. 6.5 this re-
sult is plotted together with published data from the
AGS and an earlier preliminary result for kaon produc-
tion at the highest SPS energy from NA49. In fact,
what is plotted is the strangeness to entropy ratio as a
function of Fermi’s F variable, which is proportional to
the expected energy density in the collision. Clearly the
recent result at 40 AGeV indicates that the strangeness
to entropy ratio does not rise monotonically as a func-
tion of energy density. Within a statistical picture of
the collision, this can be attributed to the transition
from a system where hadrons are the relevant degrees
of freedom to a system where quarks and gluons are the
degrees of freedom. The line in Fig. 6.5 was calculated
using such a model [9].

We are currently finalising the analysis of the 40 AGeV
data. The data which have been taken in September
2000 at 80 AGeV beam energy will be analysed in the
near future, to better pin down the transition region.

The NIKHEF group is doing the re-analysis of the data
at 158 AGeV beam energy.

In the near future the measurement of the kaon produc-
tion in central Pb-Pb collisions at 40, 80 and 158 AGeV
beam energy will be completed. Runs with 20 and
30 AGeV beams have been approved by CERN and will
probably take place in 2002.

The next step for the NIKHEF group will be to search
for D-mesons in central Pb-Pb collisions at 158 AGeV
(cf. Ref. [10]). Last year’s run has been used to accu-
mulate statistics for this study and other studies which
require large numbers of events.

6.5 Preparations for ALICE

The Dutch participation focuses its efforts on the de-
velopment and construction of the two outer layers of
the inner tracking system (ITS). These two layers con-
sist of silicon strip detectors (SSD). The system is built
together with groups from Turin, Strasbourg, Nantes,
St. Petersburg, Kharkov, Kiev and Triest.

In 1999 the design of the ITS was described in the tech-
nical design report, which was subsequently approved
by the LHCC. However, during the year 2000 some ad-
justments to the design were found necessary. In order
to bring the cost of the SSD layers down, both layers
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were reduced in length by 4 cm. This reduction of ac-
ceptance was compensated by reducing also the radius
at which the layers are mounted slightly. The effect on
the physics performance of the ITS was shown, by sim-
ulation, to be small. During the LHCC review of the
technical design report is was noticed that the tracking
efficiency of the ITS could be improved by changing the
stereo angles on the SSD. Formerly the orientations of
the strips in the fifth and sixth layers of the ITS were
symmetric with respect to the beam axis. This means
that ambiguities encountered during track reconstruc-
tion in layer six are repeated in the fifth layer. The
tracking efficiency was improved by making the SSD
asymmetric and mounting the detectors differently in
the two layers. In addition the collaboration has de-
cided to replace the front-end ASIC (A128C) by a more
radiation tolerant design. The new ASIC (HAL25) will
also be designed by LEPSI in Strasbourg, but will use
the IBM 0.25 µm technology with special libraries to
make them radiation tolerant.

The changes in the design of the SSD layers have af-
fected the work to be done by NIKHEF in a relatively
modest way. The main consequence is a change in the
end-cap design, which now has to be connected to the
new front-end chip. Therefore NIKHEF has decided to
develop a new ASIC, also in IBM 0.25 µm technology.

The most challenging parts of the new end-cap ASIC
design will be prototyped in the first quarter of 2001.

The experience gained by making several prototypes
of hybrids and detector modules during the year 2000
has demonstrated the advantages of the use of micro-
cables for the SSD module design. Probing the limits
of this technology has lead to successive improvements,
directed towards a reliable industrial production possi-
bility. An important consequence of this experience has
been the decision to use the opportunity given by the
change of the front-end chip to change the positions of
the bonding pads on this ASIC to better suit the prop-
erties of the micro-cables. It is expected that the final
design of the SSD module can be finished during the
year 2001.

NIKHEF has also started to design the assembly ma-
chine that will assemble SSD modules on their carbon
support structures. The concepts were sufficiently de-
veloped to give the project to a commercial company,
which will further develop the motion control software
of the machine.

The ALICE collaboration has agreed upon a memoran-
dum of understanding (MOU) which formally regulates
the sharing of the work and the cost for the construc-
tion of the ALICE detector between the laboratories
involved. At the end of 2000, the transition from the
R&D phase towards the construction phase has begun
for the SSD teams. The carbon support structures are
already in production and the (CERN) procedure to
order silicon detectors has started. Nearly all remain-
ing hardware development work is expected to be com-
pleted during the year 2001.
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7 HERMES

7.1 Introduction

The year 2000 was a successful year for the HERMES
experiment in general, and the NIKHEF group in par-
ticular. At DESY the HERMES experiment collected
up to a factor of three more data as compared to any
previous year. Moreover several important physics re-
sults were published, including the first determination
of the gluon polarization in the proton.

For the NIKHEF group in HERMES the year 2000 was
remarkable as well. Now that the first physics run of
HERMES (1995 – 2000) has been concluded, the group
has proposed to extend its involvement in HERMES un-
til the end of HERA operations in 2006. After various
reviews the proposal has been approved by the NIKHEF
directorate. Furthermore, a dedicated proposal to study
a newly discovered nuclear effect in deep-inelastic scat-
tering was approved in the annual FOM project com-
petition. This effect was first observed in an analy-
sis of HERMES data carried out at NIKHEF in 1999.
Apart from additional measurements on heavy nuclei
at HERMES, this observation also gave rise to a new
experiment at Jefferson Laboratory in Newport News,
Virginia. This experiment, in which our group partic-
ipates, was successfully carried out in the summer of
the year 2000.

After the HERA luminosity upgrade, which is scheduled
to be completed in the summer of the year 2001, data
taking will be continued (“HERMES run II”). The av-
erage luminosity will be roughly a factor of 2 higher in
run II as compared to (most of) run I. The physics ob-
jectives of the second data taking period include mea-
surements of the polarization of strange quarks, gluons,
and transversely oriented valence quarks.

In order to prepare for the future the HERMES spec-
trometer has been upgraded in various steps. In the last
years a Ring-Imaging Cherenkov (RICH) detector, an
iron wall with a scintillator hodoscope behind it to iden-
tify muons, a forward quadrupole spectrometer (FQS),
a wide-angle muon hodoscope to detect muons pass-
ing through the iron of the spectrometer under a large
angle, and a wheel-shaped silicon array downstream of
the target to increase the acceptance for hyperon de-
cay (known as the Lambda Wheels) have been devel-
oped. The Lambda Wheel project is led by the NIKHEF
group. During the year 2000, a prototype silicon mod-
ule was successfully operated for many months in the
HERMES experiment. The series production of all 12

required modules was almost completed by the end of
the year.

7.2 Data taking

The overal performance of the experiment during the
years 1996 – 2000 is summarized in figure 7.1, in which
the accumulated DIS events are plotted versus the num-
ber of days in that year since the start of the run. While
the data taking conditions in the years 1996, 1997 and
1999 were quite comparible, the situation in 1998 and
2000 was different. In the year 1998 considerably less
data were collected due to the late start of the run,
and the relatively poor beam conditions when HERA
changed over from positron to electron running that
year. On the other hand running conditions in 2000
improved dramatically as compared to previous years.
The storage cell containing the polarized target was re-
placed by one with a smaller diameter, resulting in an
increase of the effective target density by 50%. A new
(microwave) dissociator was used to feed the atomic
beam source, and the HERA positron currents reached
values as high as 50 mA on injection. Together these
improvements represent an increase of the luminosity
of the experiment by a factor of 2.5.
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Figure 7.1: The integrated number of deep-inelastic
scattering events collected by the HERMES experiment
at DESY in the years 1996 – 2000.
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During several months in 2000 the deuterium target was
operated in both vector and tensor polarization states.
Data collected on the tensor polarization states will en-
able the determination of the – sofar unmeasured –
structure function b1(x), which can be used to extract
the quadrupole moment of the sea quarks in deuterium.

Apart from data collected on polarized deuterium,
about 13 Million DIS events have been collected on
various unpolarized targets. This large number of
events has been obtained by injecting a dense stream
of unpolarized gas into the beam during the last hour
of each fill. In this way the life time of the HERA
positron beam was reduced from typically 12 hours
to about 1 hour, and luminosities as a high as a few
times 1033 N/cm2/s were reached.

Near the end of the data taking period, the HERA
positron beam was operated for several days at a re-
duced incident energy of 12 GeV. It was possible to
take data with the HERMES spectrometer during this
low-energy run, which will make it possible to extend
the kinematic coverage of many existing measurements
that have been collected at 27.5 GeV.

7.3 Physics analysis

In this section some of the most prominent results are
presented that have been obtained in the year 2000 by
the HERMES collaboration.

The spin structure of the nucleon

The proton spin structure function gp1 (x ,Q2) was ex-
tracted from deep-inelastic scattering data collected on
a polarized 1H target in 1997. As compared to previous
analyses, additional data at low x have been obtained
by relaxing the requirements on Q2 and y . The data
are compared to measurements from SLAC (E143 and
E155) and CERN (EMC and SMC) in Fig. 7.2. By
fitting the Q2 dependence of the data for separate x-
bins, evidence is obtained for scaling violations of the
polarized structure function gp1 (x ,Q2) at low x .

Using the inclusive and semi-inclusive target-spin asym-
metries obtained on polarized 1H (1996 and 1997) and
3He (1995) targets, the separate polarization of u, d
and sea quarks in the nucleon was obtained. From the
data (shown in fig. 7.3) it is seen that the u quarks
are polarized parallel to the spin of the proton, which
is partially canceled by the negative polarization of the
d quarks. The polarization of the sea quarks is con-
sistent with zero. The precision of the data displayed
in fig. 7.3 is expected to improve considerably when
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Figure 7.2: The spin-dependent structure function gp1
of the proton as a function of Q2. Data for different x-
bins are connected by the dashed lines, which represent
the results of phenomenological fits. The HERMES
(closed and open circles) data are compared to data
from SLAC (triangles) and CERN (stars).

the polarized 2H data collected in 1998 – 2000 are also
included in the analysis.

The formation time of pions and protons

Experimental information on the formation time of a
particle can be obtained by producing such a particle in
deep-inelastic lepton scattering inside the nucleus of an
atom. In the nuclear environment the produced pion
or proton will rescatter from any of the neighbouring
nucleons. As a result the number of pions observed
on a heavy nucleus will be reduced as compared to
that number on a hydrogen or deuterium target. The
reduction will be larger if the pion is formed sooner.
Hence, the ratio of the number of pions produced on a
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Figure 7.3: Results of the flavour decomposition of the
nucleon spin. The results are derived from the 1995,
1996 and 1997 HERMES data on polarized 1H and 3He
targets. The coloured areas near the bottom of each
panel represent the systematic uncertainty of the data.

heavy nucleus to that on deuterium is a direct measure
of the formation time.

The results of such measurements on 14N and 2D are
shown in Fig. 7.4 as a function of the energy transfer ν.
Whereas the reduction for positive and negative pions
and negative hadrons is roughly the same, the reduc-
tion for positive hadrons is considerably less. As there
are many more protons in the positive hadron sample
than anti-protons in the negative hadron sample, this
difference can be attributed to a formation time dif-
ference between protons and pions. The data seem to
imply that the formation time of protons is considerably
longer than that of pions.

Deep-Virtual Compton Scattering

Exclusive production of real photons in deep-inelastic
scattering (known as deep virtual Compton scattering
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Figure 7.4: The ratio of the number of hadrons pro-
duced on 14N and 2D normalized by the number of
scattered electrons. The data for hadrons (upper panel)
and pions (lower panel) are separately displayed for the
two charge states. The curves represent phenomeno-
logical fits of the data with the formation time as a
free parameter.

– DVCS) is of considerable interest as it gives access
to the recently introduced Skewed Parton Distributions
(SPDs). The SPD’s represent a generalization of the
ordinary parton distributions by also taking into account
the dynamical correlations between partons of different
momenta. Most importantly DVCS might enable inves-
tigations of the role of the orbital angular momentum
of the quarks Lq , although the relation between DVCS
data and Lq is not beyond theoretical debate.

Experimentally it is difficult to observe DVCS events
due to the dominance of photons originating from
the Bethe-Heitler process. However, by determining
single-spin azimuthal asymmetries using polarized
lepton beams one can isolate the DVCS process,
because this asymmetry is hardly affected by the
Bethe-Heitler process.

At HERMES the electromagnetic calorimeter was used
as a photon detector. The azimuthal asymmetry of the
produced photons relative to the lepton scattering plane
was determined in the exclusivity limit for two opposite
helicity states of the incoming positron beam. The re-
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Figure 7.5: The asymmetry of real photons produced
in deep-inelastic scattering (DVCS) with respect to the
helicity of the positron beam as a function of the az-
imuthal angle φ. The data – collected in 1997 – have
been obtained using an unpolarized hydrogen target.
The curve represents a fit of the data assuming a sim-
ple sin(φ) dependence of the asymmetry.

sults are displayed in Fig. 7.5. The sin(φ)-weighted

azimuthal asymmetry A
sin(φ)
LU was measured to be 0.18

± 0.04(stat) ± 0.02(syst). By plotting the missing-
mass dependence of the sin(φ)- weighted asymmetry,
it can be shown that non-zero values are only observed
in the limit of Mx ≈ Mp, i.e. for exclusively produced
photons only. This is illustrated in Fig. 7.6. The result
represents the first experimental observation of DVCS
off a proton, and holds promise for future study of the
total angular momentum of partons in the nucleon.

7.4 The JLab experiment

In order to investigate the unexpected nuclear effects
observed in the inclusive Deep-Inelastic Scattering
(DIS) data at HERMES, a dedicated experiment at
Jefferson Laboratory (JLab) was carried out. The
advantage of the experimental set-up in Hall C of
JLab is that a high-luminosity DIS experiment can
be performed at various energies of the incident
electron beam. This makes it possible to separate the
longitudinal and transverse components of the DIS
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Figure 7.6: The sin(φ) weighted azimuthal asymmetry
ALU for DVCS events at HERMES. The data are plotted
versus the missing mass Mx . The non-zero asymmetries
for Mx < 0 GeV are due to the finite resolution of the
spectrometer.

cross section, whose ratio is supposedly enhanced in
nuclei.

The experiment made use of 2.3, 3.4 and 5.6 GeV elec-
tron beams and the High Momentum magnetic Spec-
trometer (HMS) of Hall C. Data were taken at various
scattering angles, ranging from 10 to 60 degrees, on
targets of 1H, 2H, 12C, Al, Cu, and Au, which makes
it possible to perform a longitudinal-transverse separa-
tion for a range of x and Q2 values as a function of the
nuclear mass A.

The analysis of the data is in progress. Various efficien-
cies have been determined, the pion-electron separation
has been optimised, and ‘positron’ contaminations have
been determined. Special attention is being given to
the radiative corrections, especially those due to elastic
scattering which are important at these relatively low
energies and Q2 values.

7.5 The Lambda Wheel project

In the framework of the upgrade of the HERMES spec-
trometer, a new wheel-shaped silicon detector is being
developed. The purpose of this detector is to increase
the acceptance of the spectrometer for Λ0 hyperons
and charmed particles, such that the polarization of

40



strange quarks and gluons can be measured with im-
proved precision. Most of the design and construction
work related to the Lambda Wheel project is carried
out at NIKHEF.

In the year 2000 extensive measurements have been
carried out with a prototype detector module that was
installed inside the beam vacuum just downstream of
the internal target. The commissioning of the proto-
type module has shown that it is possible to operate
such a silicon counter under ultra-high vacuum con-
dititions close to the high-intensity electron beam of
HERA. After some problems with the cooling systems
(which were resolved), it has been possible to carry out
a range of systematic studies. From these studies it
was found that the efficiency of the prototype module
ranged from 95 – 97%, depending on conditions. It was
also found that the average track multiplicity amounted
to only 1.2 tracks per module (after cuts). Hence, there
are no concerns about possible tracking ambiguities.

During the year 2000 the HERA positron beam was
unintentionally lost several times in the vicinity of the
HERMES interaction point. As a result the leakage
current of the prototype module increased dramatically.
Such events will reduce the life time of the silicon detec-
tor and the readout chips. For that reason it has been
decided to develop a Beam-Loss Monitor (BLM), which
will create a trigger signal if the beam starts to diverge
from its usual orbit. The trigger signal will be sent
to a kicker magnet that will be installed in the HERA
positron ring in 2001. A prototype BLM consisting of
two simple ionization chambers was successfully tested
during the last month of HERA operations in 2000.

The series production of the Lambda Wheel modules
was started in the beginning of 2000, yielding 12 op-
erational silicon modules near the end of the year. Of
these modules five were successfully tested at DESY
using a low-intensity electron beam. In Fig. 7.7 it is
seen how one of the modules is installed in the wheel
using a dedicated test set-up at NIKHEF.

7.6 Outlook

Data taking at HERMES will only be resumed after the
HERA luminosity upgrade has been completed, i.e. in
the fall of 2001. At that time the Lambda Wheels and
all other upgrades of the HERMES spectrometer are
expected to be fully operational.

The start of HERMES RUN II marks the beginning of
a new hardware responsibility issues for the NIKHEF
group, which was the result of a reallocation of tasks
within the collaboration. As the vertex chambers

Figure 7.7: Installation of a detector module in the
new wheel-shaped silicon detector (’Lambda Wheels’).
The picture was taken during a test of the installation
procedure in the NIKHEF workshop.

(based on the Multi-Strip Gas Chamber technology)
will only be used as a spare detector in the front
region in the coming years, manpower could be freed
to take part in the operation and maintenance of the
Longitudinal Polarimeter (LPOL). The LPOL measures
the longitudinal polarisation of the HERA lepton beam
to a precision of 2% close to the HERMES interaction
point.
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Installation of the Micro Vertex Detector (MVD) at ZEUS.
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8 ZEUS

8.1 Introduction

The running conditions at HERA were extremely
good in 2000 and the ZEUS experiment collected
≈50 pb−1 out of the delivered 60 pb−1. All running
was with positrons of 27.5 GeV colliding with protons
of 920 GeV, in spite of requests by the ZEUS col-
laboration for an increase in the amount of electron
data. In the beginning of October 2000 the machine
shut down to allow the modification of the accelerator
to reach higher luminosity. The total integrated
luminosity collected by ZEUS in the ‘pre-upgrade’ era
is summarised in table 8.1

lepton lepton proton integrated
year charge energy energy luminosity

(GeV) (GeV) (pb−1)
2000 + 27.5 920 48
1999 + 27.5 920 20
1999 - 27.5 920 12
1998 - 27.5 920 4
1997 + 27.5 820 28
1996 + 27.5 820 11
1995 + 27.5 820 7
1994 + 27.5 820 4
1993 + 27.3 820 1

Table 8.1: Total collected luminosity.

The papers published by ZEUS in 2000 mainly con-
cern the data collected up-to and including 1997, with
some preliminary results dealing with differences be-
tween e+p and e−p using also the data from 1998 and
1999.

8.2 Physics highlights

The extraction of the F2 structure function from the
820 GeV proton running, corresponding to data taking
periods up-to and including 1997, was completed. Fig-
ure 8.1 shows the structure function for several differ-
ent values of Q2 (defined as minus the four-momentum
transfer squared). The measurements extend to Q2 >
30000 GeV2/c2. Good agreement is obtained with a
NLO QCD fit to the data for Q2 > 2.5 GeV2/c2. Fig-
ure 8.1 also shows the F2 values obtained at low Q2 us-
ing a special calorimeter and tracking system placed at
very small angles to the electron direction. The marked
increase of the structure function at low values of x (the
fraction of the proton’s four-momentum carried by the
struck quark) is observed as Q2 increases. In QCD this
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Figure 8.1: F2 as a function of x for different values of
Q2.

increase in the structure function is explained by the
increase of the number of quarks and anti-quarks, due
to the splitting of gluons to quark anti-quark pairs. The
rate of increase is a measure of the gluon density inside
the proton.

The structure function has now been measured with
an accuracy of around 2% over a very large part of
the available phase-space. Figure 8.2 shows the phase-
space covered by the present measurements and the
measurement accuracy obtained. The limiting fac-
tors for the accuracy are the estimate of the photo-
production background (near the line E = 8 GeV), the
understanding of the acceptance of the detector near
the rear beam-hole (the line θ = 177o) and the un-
derstanding of the proton remnant fragmentation (the
line W = 20 GeV). The statistical uncertainty begins
to dominate the systematic uncertainty in the region
of Q2 > 800 GeV2/c2. It is clear that the addition of
the remaining data from 1999 and 2000 will be effec-
tive in reducing the error only above this value. Fu-
ture post-upgrade running will concentrate on the high
Q2 range so that in effect the measurements below
Q2 = 800 GeV2/c2 are the final ZEUS results.

The low Q2 measurements of fig. 8.1 were not fitted
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to the NLO QCD parameterisation but rather to a gen-
eralised vector meson dominance formalism (GVDM).
At these low values of Q2 perturbative QCD becomes
unusable. Recently there has been considerable interest
in the region where the transition takes place between
the (hard) perturbative QCD description and the (soft)
GVDM description. To investigate this region more sys-
tematically ZEUS has analysed their full Q2 range in a
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Figure 8.2: Statistical (top) and systematic (bottom)
errors on F2.

Figure 8.3: F2 versus Q
2 for different values of x. Lines

are second order polynomial fits in logF2.

somewhat different way. Fig. 8.3 shows the F2 mea-
surements as a function of Q2 for different values of
x . The lines are fits to F2 according to a second or-
der polynomial in logQ2. This allows the extraction
of the derivative of the structure function with respect
to logQ2, dF2/d logQ2, at a fixed value of W . These
logarithmic slopes are shown in fig. 8.4 as a function
of Q2 and of x for different values of W . A marked
turnover is observed as Q2 or x decreases. The point
of turnover moves to lower values of x as W increases.

This turnover is also observed in the NLO QCD fits to
the data, however the position of the turnover is not
reproduced. The data on the logarithmic slopes can
be described at least qualitatively in the context of a
colour dipole model which includes saturation. Specif-
ically the change of the turnover position in x with
changing W is reproduced well. At present theoretical
questions are how to smoothly make the transition from
the dipole description to perturbative QCD, whereas ex-
perimentally different channels such as diffraction and
elastic vector meson production are being investigated.
In view of the importance of the low x region for col-
liders such as LHC a significant effort is being put into
this investigation.

The final highlight was the extraction of αs from com-
parison of the rates of events with two jets plus a rem-
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Figure 8.4: Logarithmic slopes of F2 at fixed values of
W versus Q2 (top) and x (bottom).

nant jet (2+1 jet) and to those with one jet plus a
remnant jet (1+1 jet). At HERA both the total jet pro-
duction and the splitting into 1+1 and 2+1 jet events
depends on αs . A detailed analysis including the error
propagation of the structure function, has allowed an
extraction of the value of αs . Fig. 8.5 shows the ex-
tracted values of αs as a function of Q. The running of
the strong coupling constant is clearly demonstrated,
within one experiment. The value of the constant at
Q = cMZ is found to be

αs(MZ ) = 0.1166 ±0.0019(stat)
+0.0024
−0.0033(exp)

+0.0057
−0.0044(th)

8.3 Microvertex Detector

The work on the microvertex detector has progressed
well. In November the first half of the detector was
shipped from NIKHEF to DESY for further tests. In
the mean time the second half has also been shipped
and preparations are taking place for a test using cosmic
rays.

The detector is constructed of 30 ladders each contain-
ing 20 silicon strip detectors surrounding the beam (See
fig 8.6).

In addition four wheels containing each 28 almost pie
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Figure 8.5: The strong coupling constant αs as a func-
tion of Q.

shaped sensors are placed in the forward direction per-
pendicular to the beam (See fig 8.6).

The readout is organised in such a way that the sensors
in the barrel are merged, combining a rφ strip with a
neighbouring z strip. This method reduces the number
of read out channels by a factor of two and, as has
been verified, does not pose a significant problem in the
pattern recognition. The strips in the wheel sensors are
read out individually.

The analogue readout of the strips and the intermediate
strip implantation allows a resolution of 7 µm for the
coordinate perpendicular to the strip. This has rather
severe consequences for the accuracy with which the
detector has to be built. The ladder design is such that
the stiffness avoids deflections of more than 20 µm.
Furthermore using moulds and positioning under mi-
croscope control allowed a positioning accuracy for the
barrel sensors of the order of 5 µm within the ladder
plane. The ladders themselves could be positioned to
better than 20 µm in the microvertex support tube. All
the positions were measured during the construction
phase of the detector using a 2D and 3D measuring
device. Fig 8.7 shows the result of one such measure-
ment. Here the positions of the holes in the forward
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Figure 8.6: Picture of the microvertex ladders (top) and forward wheels (bottom) positioned in the support tube.
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Figure 8.7: Top: The (x,y) positions of the ladder sup-
port holes (red dots) together with the design values
(black squares). Bottom: differences between measure-
ment and design positions.

barrel flange which provide the positioning accuracy for
the ladders are shown together with the nominal design
values. Also shown are the deviations from the design
values for each of the holes. All values fall within a
band of ±15 µm. This means that the final position of
the ladders is known to better than the ±10 µm as all
measurement information is stored for future use in the
track reconstruction.

In conclusion each sensor has been positioned inside
the support tube to an accuracy which is known to
about 5 µm. This compares favourably to the intrinsic
resolution of the detectors.

During construction and design care was taken to min-
imise the amount of material in the detector. However
the final ladders do contain of the order of 2.8% of a
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Figure 8.8: Breakdown of the material budget for the
microvertex ladders. The total amount of material is
equivalent to 2.8% X0. Sensors and readout account
for more than 50% of this.

Figure 8.9: The impact parameter distribution obtained
using the Kalman filter tracking and a simulation of the
microvertex. All tracks originated from (0,0,0). The
r.m.s of the distribution is 65 µm.

radiation length of material. Fig 8.8 shows the break-
down of different materials. By continuously keeping
track of the dead material a detailed map of the ma-
terial can be constructed for use in the reconstruction
programme.

NIKHEF is also responsible for the track reconstruction
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in the microvertex. A new programme has been created
which makes use of the Kalman filter technique and has
been coded in C++. First results on impact parameter
resolution can be seen in fig. 8.9. The impact param-
eter has a typical resolution of 65 µm both in the rφ
plane and in z. This is to be compared with a typical
flight distance for a charm meson of about 300 µm.
The values obtained without microvertex are 300 µm
in the rφ plane and 2.5 mm in z. The microvertex is
thus on schedule to provide ZEUS with a significant
improvement in charm tagging capability.
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B LEP in 2000

1 Higgs search

In e+e− collisions at the highest available energies
the Higgs particle, “the missing link” of the Standard
Model, is mainly produced in association with a Z -
boson. From the direct searches it was known at the
end of 1999 that its mass had to be greater than 108
GeV/c2. In its last year of operation, LEP the Large
Electron Positron accelerator at CERN, and the four
experiments ALEPH, DELPHI, L3 and OPAL (ADLO)
were therefore optimized for a Higgs search. A special
ramping scheme was introduced to boost the energy,
so that for a period of about one hour per fill ener-
gies well above 103 GeV per beam were reached. The
four experiments were sensitive to Higgs bosons up to
masses of 115 GeV/c2. NIKHEF participates in the
DELPHI and L3 experiments. In Fig. 1.1 the collected
luminosity of DELPHI as function of the beam energy is
shown for the year 2000. As can be seen about half of
the luminosity is collected above 206 GeV with a small
but important amount around 208 GeV. The four LEP
experiments collected about four times this luminosity.
In what follows the results of the analysis of the com-
bined data by the LEP Higgs group as reported in early
November of 2000 are summarised.

The Higgs as well as the associated Z -boson are un-
stable and decay almost immediately. The three main
decay modes of the Z-boson relevant for the search give
a final state with: 1) a quark-antiquark pair producing
two well separated jets of hadrons, 2) an undetectable
neutrino-antineutrino pair and 3) a lepton-antilepton
(electron, muon or tau) pair. Higgs bosons of ∼ 115
GeV/c2 are expected to decay in almost all cases into
a b-quark and a anti-b-quark. This bb̄ pair forms two
almost back to back jets each containing B-mesons,
which travel a few millimeters before decaying into de-
tectable hadrons.

Higgs candidates can therefore be characteriszed as so-
called four-jet, two-jet + missing energy and two jets
+ two leptons events, where the associated Z -boson
decays according to mode 1), 2) or 3) respectively. The
Higgs search makes use of these typical features: a pair
of jets or two leptons with an effective mass compatible
with the mass of the Z -boson, or a missing mass (in
the neutrino case) compatible with MZ , in association
with two jets with large invariant mass originating from
a bb̄ pair. The presence of b quarks can be deduced
from the observation of tracks not coming from the

primary interaction point of the e+e− collisions but
from a secondary vertex. In Fig. 1.4 a Higgs candidate
of the type two-jet + missing energy is shown as it
appeared in the L3 detector at the end of the 2000
data taking period. The reconstructed Higgs mass is
about 114 GeV/c2.

A variety of known processes, like the production of two
Zbosons or a bb̄ pair, form possible backgrounds to
the Higgs signal. The experimental search techniques
employed by the LEP experiments use a combination of
cuts and neural networks to separate the signal from the
background. The result is a number, the significance
or signal to background ratio for each selected event.

In June 2000 the integrated luminosity at a center-of-
mass energy in excess of 206.5 GeV became significant
and a first event compatible with HZ production at
MH = 115 GeV/c2 was detected in the four-jet chan-
nel by the ALEPH Collaboration. By September several
additional four-jet events where found. These tantalis-
ing signs led to LEP’s run being extended untill the
beginning of November. By the end of the running pe-
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Figure 1.1: Collected luminosity as a function of the
centre of mass energy for the DELPHI experiment.
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riod four events have been reported with a high signifi-
cance: three four-jet events from H0qq̄ in ALEPH and
one event compatible with H0νν̄ in L3 (see Fig. 1.4).

In Fig. 1.2 the reconstructed Higgs mass distribution
is shown for a signal to background cut at 1. The
background shown in yellow has a clear peak around
the Z mass due to ZZ production. The expected signal
for a Higgs of 115 GeV/c2 is shown in red. The data
shown as points with error bars is well modelled by the
simulation.

The combined results of the four experiments (ADLO)
are in agreement with the hypothesis of a sig-
nal+background for a Higgs boson with a mass of
MH = 115+0.7

−0.3 GeV/c
2 and 2.9σ significance as shown

in Figure 1.3. The top figure shows the negative
log-likelihood ratio as function of the Higgs mass MH .
The green and yellow bands show the 68% and 95%
compatibility bands for the background hypothesis only
and the dashed line is the expectation in the presence
of a signal. The red line shows the observed result. The
compatability of the data with the background-only
hypothesis can also be given with 1 − CLb as shown
in the figure at the bottom. At the most probable
Higgs mass of 115 GeV/c2 the signal almost reaches
the solid blue line of the 3σ level. The probability
that this minimum arises from a background statistical
fluctuation amounts to only 0.4%.

Although the four LEP experiments requested one addi-
tional year of running to either confirm the background
plus signal or the background-only hypothesis with a 5σ
significance, the representatives of the European com-
munity of high energy physicists were divided, and the

running in 2001 was not granted. The possible Higgs
signal of the LEP experiments can only be confirmed or
refuted by the Tevatron or LHC experiments, however,
this will take at least till 2004 or even 2007.
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Figure 1.3: The probability curves as a funtion of the
Higgs mass for combined LEP experiments (for expla-
nation see text).
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Most significant Hνν candidate

Measured H mass=114.4 GeV
H mass resolution ~3 GeV

mass=5.5 GeV

secondary vtx's view

7.3mm to prim. vtx

1.4mm to prim. vtx

Figure 1.4: A display of the L3 Higgs candidate in the H0νν̄ channel.
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Dismantling of the DELPHI detector.
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2 DELPHI

2.1 Data taking and detector status

The year 2000 was a very successful year for LEP and
the DELPHI experiment. In total an integrated lumi-
nosity of 226 pb−1 was collected. This brings the col-
lected integrated luminosity to 688 pb−1 taken in the
years 1996 through 2000 above the W pair threshold,
well above expectation. Unfortunately, on the 1st of
September 2000, one sector of the Time Projection
Chamber was lost. This was due to a short circuit
caused by a slack wire. One TPC sector corresponds to
1/12 of the azimuthal angle. Other tracking detectors
can partially compensate for this loss.

The average data taking efficiency in 2000 was further
improved and amounted to 95.3%.

After the end of the run on the 3rd of November 2000,
the dismantling of the detector has started. In 2001
a full reprocessing is plannned for the data taken in
the years 1996 to 2000 in order to obtain an improved,
homogeneous data set.

2.2 Selected research topics

In total 30 papers were published in physics journals by
the DELPHI Collaboration in 2000, 15 of which were
based on data collected at LEP II energies. Half of the
papers are based on the data from the Z running pe-
riod. Some 62 contributions were submitted to the In-
ternational Conference on High Energy Physics (ICHEP
2000) in Osaka.

The NIKHEF group contributed to the Higgs search, in
particular the four-jet channel. The results were diss-
cussed in the previous section. A PhD thesis on the s
quark asymmetry around the Z pole was finished. A few
recent subjects, with contributions from our NIKHEF
group, will be discussed here.

2.3 Tau topological branching ratios

Historically, there has been an inconsistency in the mea-
sured τ exclusive branching ratios: the measurements
of exclusive branching ratios to decay modes contain-
ing one charged particle did not sum up to the inclusive
branching ratio for a charged multiplicity of one. While
this has been at least partly resolved in recent years, the
current world average values from direct measurements
of the topological branching ratios have uncertainties
which are significantly larger than the values obtained
through combined fits to all exclusive decay modes. For
the case of the 1-prong branching ratio the difference

between the average and the fit value is more than two
standard deviations.

An analysis has been performed of a dedicated simulta-
neous measurement of the decay rates, in Z → τ+τ−

events, of the τ lepton to different final states as a func-
tion of the charged particle multiplicity. The τ topo-
logical branching ratios are defined as

B1 ≡ B(τ− → (particle)−≥0h0ντ (ν̄));
B3 ≡ B(τ− → 2h−h+≥0h0ντ );
B5 ≡ B(τ− → 3h−2h+≥0h0ντ ),

where h is either a π or K meson.

In an initial step Z → τ+τ− events were selected with a
high efficiency and low background with an emphasis on
controlling the background contamination, which was
estimated from the data themselves.

The DELPHI track reconstruction used four subdetec-
tors: the vertex detector (VD), inner detector (ID),
TPC and outer detector (OD). The pattern recognition
was designed to minimise bad associations. The attach-
ment of the VD to a track is important for rejection of
secondaries of reinterations in the detector material

Converted photons producing e+e− pairs in the track-
ing detectors were reconstructed using a kinematic al-
gorithm based on the reconstructed tracks. This was
complemented by conversion rejection based on an elec-
tron identification algorithm using TPC ionisation and
calorimetry. The total conversion identification effi-
ciency was 87%. Hadrons reinteracting inelastically in
the material before the TPC gas volume were recon-
structed by an algorithm which was 82% efficient.

After removal of tracks which were tagged as secon-
daries from material reinteractions, selection criteria for
the different τ decay topologies were applied based on
the multiplicity of tracks reconstructed in the TPC and
OD and as a function of whether these tracks had asso-
ciated VD hits. Further criteria were applied depending
on the multiplicity of tracks reconstructed in only the
VD and ID, and for 5-prong decays, based on the ob-
served momentum of the 5-prong system. The τ+τ−

events were then classified according to both the hemi-
sphere classifications. A fit was performed to the num-
bers of events estimated in each event topology.

Systematic effects accounted for included: τ+τ− se-
lection; tracking efficiency for isolated tracks and for
tracks in the dense topologies of 3-prong and 5-prong

53



decays; the efficiency of the conversion and nuclear rein-
teraction reconstruction and the attendant misidenti-
fication probabilities; the material composition of the
DELPHI detector; the efficiency and misidentification
probability of the electron identification; the exclusive
τ branching ratios; modelling of the 3-prong τ system;
simulation statistics.

The results obtained for the topological branching ra-
tios were

B1 = (85.316± 0.093stat ± 0.049sys)%,
B3 = (14.569± 0.093stat ± 0.048sys)%,
B5 = (0.115± 0.013stat ± 0.006sys)%.

The B1 and B3 results are consistent with and more
precise than the results obtained in the PDG2000 com-
bined fit to all τ decay data: B1 = (85.32 ± 0.13)%;
B3 = (14.58± 0.13)%, and more than twice as precise
as the existing world averages of (84.59± 0.33)% and
(14.63± 0.25)% respectively (see Fig. 2.1). The result
on the 5-prong branching ratio is in good agreement
with the world average of (0.107± 0.009)%.

Tau topological branching ratios

84 84.2 84.4 84.6 84.8 85 85.2 85.4 85.6 85.8 86

DELPHI

 PDG 2000

13.6 13.8 14 14.2 14.4 14.6 14.8 15 15.2 15.4

DELPHI

 PDG 2000

Tau one prong branching ratio B1 (percent)

Tau three prong branching ratio B3 (percent)

Figure 2.1: Measurements of the one and three prong
tau branching ratio compared to the particle data book
PDG 2000 average.

2.4 Other research topics

The analysis of B0s −B0s oscillations is still continued, as
well as the measurements on the tau lepton. Further,

the DELPHI group contributes to the measurements
of the W mass and W production cross section. The
analysis of the W mass for the 1998 data was finalized
and published. For the above topics the reader is re-
ferred to the NIKHEF annual report of 1999 and the
publication list.

2.5 Trilinear Gauge Boson Couplings

An important topic is the study of trilinear gauge boson
couplings, i.e. the coupling of three bosons. Three
processes were studied as shown in Fig. 2.2. Firstly, the
production of aW+W− pair. Secondly, the production
of a single W in the reaction e+e− → Weν. Finally,
the process e+e− → γν̄ν. These processes are sensitive
to the ZWW or γWW couplings. The NIKHEF group
contributes to the analysis of the single W process.

a) b) c)
e e e

e e

e–

e+

W–

W+ W

W

W

W
γ,Z

γ(Z)

γ

ν ν

ν

Figure 2.2: Diagrams involving three gauge bosons: a)
e+e− → W+W−, b) e+e− → Weν and c) e+e− →
ν̄νγ.

The data are used to determine ∆gZ1 , 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
WWγ quadrupole parameter. In the Standard Model
gZ1 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) × SU(1) invari-
ance. This leads to the following relation of the WWγ
and WWZ parameters ∆κZ = ∆gZ1 − s2w/c

2
w∆κγ and

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

The 1998 data were fully analysed corresponding to
a total integrated luminosity of 155 pb−1. To study
W pair production (process a), 621 events were se-
lected where oneW decayed leptonically and 1130 fully
hadronic events. For the single W final state (process
b), 10 events were selected where the W decayed lep-
tonically and 64 hadronic events. In total 145 events
with one final state photon were selected (process c).

For the extraction of the couplings the production cross
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sections for the three final states were measured. To
improve the sensitivity to the couplings in the W pair
final state also the W− production angle was used and
the W decay angle for the leptonic final state.

From the data ∆gZ1 ,∆κγ and ∆λγ were fitted. The re-
sults including the results from previous years are shown
in Fig. 2.3a-c and the table below.

parameter value
∆gZ

1 −0.02+0.07
−0.07 ± 0.01

∆κγ 0.25+0.21
−0.20 ± 0.06

∆λγ 0.05+0.09
−0.09 ± 0.01

It is possible to translate these results into measure-
ments of the the magnetic dipole moment µW and elec-
tric quadrupole moment qW of theW -boson. Using the
expressions:

µW =
e

2MW
(gγ
1 + κγ + λγ) (2.2)

qW = − e

M2
W

(κγ − λγ) (2.3)

This gives, assuming gγ
1 = 1:

µW
2MW

e = 2.22+0.20
−0.19

qW
M2

W

e = −1.18+0.27
−0.26

In the Standard Model one expects 2 and −1 respec-
tively. The result is shown in Fig. 2.3d. All the results
are compatible with the Standard Model expectation.
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shown in red and yellow (dark and light shading).

56



3 L3

3.1 Introduction

The L3 detector is designed as a general purpose de-
tection system with emphasis on the measurement with
good spatial and energy resolution of electrons, pho-
tons, muons and jets produced in e+e− reactions.

During the 2000 LEP run, L3 accumulated 4.0 pb−1 of
luminosity at the Z peak for calibration of the vertex
detectors. At the highest LEP energies 217 pb−1 was
collected with an on-lin DAQ efficiency of 91%. This
brings the total luminosity above theW+W− threshold
collected with the L3 detector during 1996 to 2000 to
704 pb−1. The analysis of the 2000 data is in progress;
results given below are preliminary. The collaboration
expects the analysis of the L3 data sample will last until
2003.

During 2000, 27 refereed papers were published by the
collaboration, plus the contributions to the large winter
and summer conferences in high energy physics, e.g. 58
papers were contributed to the XXX ICHEP conference
in Osaka (Japan).

In the Netherlands the participation in the L3 experi-
ment is from the FOM institute and the universities of
Amsterdam, Nijmegen and Utrecht. In 2000, NIKHEF
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Figure 3.1: Hadronic production cross sections of vari-
ous e+e− channels.

physicists have contributed to the analyses of mass
and couplings of the W -boson , production of τ pairs
at high energies, charged multiplicity, moments of the
multiplicity and Bose-Einstein correlations in hadronic
Z and W decays, charmonium and bottonium reso-
nance production in two-photon collisions, searches for
Standard Model Higgs production, and studies of the
cosmic ray muon flux.

As in previous years the computer farm in Nijmegen has
been generating Monte Carlo events. About 28 million
events could be added to the pool of L3 Monte Carlo
events, representing 40% of the total L3 production in
2000.

3.2 Searches

The main goal of the year 2000 LEP running was the
search for the Higgs boson and Supersymmetric par-
ticles. The search for the Standard Model Higgs is
described in section B1 and preliminary results of the
Standard Model Higgs analysis of the year 2000 data
have been published at the end of the data taking pe-
riod. The cross-section for the production of a Stan-
dard Model Higgs of 114 GeV/c2 mass in the reaction
e+e− → ZH is compared in Figure 3.1 to hadronic
production in various e+e− channels as measured with
the L3 detector over the last 12 years.

Supersymmetric particles were searched for in many dif-
ferent channels and kinematical regions. No signal was
observed and in many channels limits corresponding to
the allowed kinematic phase space are established. An
example is given in Figure 3.2 for the chargino mass
limit.

By exploiting the complementarity of the different
searches, an absolute limit on the mass of the lightest
neutralino of 39.2 GeV/c2 has been set.

3.3 W physics

One of the highlights of the LEP-2 program is the mea-
surement of the properties of the W -boson. From the
data taken in the 2000 LEP run, approximately 3000
e+e− →W+W− candidate events have been selected,
bringing the size of the total WW sample acquired by
L3 to some 10000 events.

The measured cross sections for e+e− → W+W− as
a function of

√
s are shown in Figure 3.3 for the full

L3 data sample. The measurements are in good agree-
ment with recent Standard Model calculations including
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O(α) radiative corrections in the double pole approxi-
mation.

The events selected in the various W decay topolo-
gies are used to determine the W branching fractions.
The data are consistent with lepton universality. The
branching fraction for hadronicW decay, Br(W → qq̄′)
is measured to be 68.34±0.40(stat.)±0.33(syst.)%.

The differential production and decay cross sections of
W -boson s, as well as their total production cross sec-
tion, are used in fits to determine theWWZ andWWγ
couplings. These results are combined with information
on W couplings obtained from analyses of single W
production, ee → Weν, and single photon production,
ee → ννγ. The self-coupling between the electroweak
vector bosons in the WWZ and WWγ vertices plays
a crucial role in the gauge structure of the Standard
Model. Experimental tests of these couplings are sen-
sitive to new physics beyond the Standard Model.

The results from the fits to the WWZ and WWγ cou-
plings are in agreement with the Standard Model pre-
dictions. Limits have been set on anomalous contri-
butions to the CP-conserving couplings gZ1 , κγ , and
λγ , which are 1, 1 and 0 respectively in the Standard
Model. Some results are shown in Figure 3.4, where
a theoretical relation between κγ and κZ , and λγ and
λZ , based on a remaining SU(2) symmetry, is assumed.
In addition, more general fits without this assumption
are performed. Furthermore, limits on the anomalous,
C- and P-violating, coupling gZ5 have been set.
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Figure 3.3: Cross sections for e+e− → W+W− as a
function of

√
s.

Information on the polarisation of the produced W -
bosons is gained by analysing the polar angle of the W
decay products in theW rest frame. A fit to the distri-
butions of these angles shows that, combining data at√
s = 183− 202 GeV, 25.9 ± 3.5 % of the W -bosons

are longitudinally polarised, in good agreement with the
Standard Model expectation of 24.8%, whereas in the
2000 data at

√
s = 204− 209 GeV these numbers are

21.6±5.3 % and 22.0 %, respectively. CP conservation
demands that the helicity {−1,+1, 0} fractions of the
W− are equal to the {+1,−1, 0} fractions of the W+.
This has been verified experimentally. In addition, cor-
relations between the helicity of the W− and the W+

in a given event have been measured to agree with the
SM prediction.

The cross section for the process e+e− → W+W−γ
has been measured for isolated, energetic photons in the
detector. This channel is sensitive to quartic gauge cou-
plings of the type WWZγ or WWγγ. The measured
cross section agrees with the SM prediction, and lim-
its have been set on anomalous contributions to these
quartic couplings.

Above the WW production threshold, the W mass is
most accurately measured from a fit to the invariant
mass spectrum of W decay products. Events are re-
constructed into four jets (qqqq events), or two jets,
a lepton (or τ “jet”) and a missing momentum vector
identified with an undetected neutrino (qq�ν events).
A kinematic fit is applied to the measured event, de-
manding energy- and momentum-conservation. W
mass is extracted in an unbinned maximum likelihood
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fit by reweighting a fully reconstructed Monte Carlo
sample. Combining the data taken at all center-of-
mass energies, the W mass is measured to be MW =
80.398 ± 0.048 (stat.) ± 0.050 (syst.) GeV/c2.

From the width of the invariant mass spectrum of W
decay products, the W width ΓW is measured to be
2.24± 0.19 GeV/c2.

The dominant systematic error on the measurement of
W mass and width in the qqqq channel arises from fi-
nal state interference effects such as reconfiguration of
the colour flow (colour reconnection) between partons
originating from different W ’s, and Bose-Einstein cor-
relations between identical bosons from different W ’s.
In 2000, significant progress has been made on experi-
mental studies of these effects.

For the study of Bose-Einstein correlations (BEC), a
method has been developed to isolate the correlations
between bosons from different W ’s. The two-particle
density in qqqq events is compared to a density con-
structed by mixing two independent qq�ν events. Fig-
ure 3.5 shows the ratio D ′ of these densities for like-sign
particles in data and in Monte Carlo samples with and
without inter-W BEC. The results show no evidence for
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Figure 3.5: The ratio D ′ of two-particle densities in
qqqq events and mixed qq�ν events for like-sign parti-
cles in data and in Monte Carlo samples with and with-
out inter-W BEC, as a function of four-momentum dif-
ference Q. In order to increase the sensitivity for inter-
W BEC, only low momentum tracks have been used in
(a), and only events with two jets from different W’s
close together in (b).

such inter-W BEC in the data, and their implementa-
tion in various JETSET models is excluded. This result
leads to a significant reduction of the systematic error
on W mass and width due to BEC.

A study of particle- and energy flow between jets in se-
lected qqqq events has been found to be sensitive to
predictions of various realistic models of colour recon-
nection. Preliminary results show moderate amounts
of colour reconnection in data, as predicted by these
models, and exclude very large amounts of reconnec-
tion. This procedure will be developed further, and
will allow for a measurement of colour reconnection in
actual data, and thus a well-motivated and limited sys-
tematic error from colour reconnection onW mass and
width.

3.4 L3+Cosmics

The L3+Cosmics experiment takes advantage of the
unique properties of the L3 muon spectrometer to get
an accurate measurement of cosmic ray muons 30 m
underground. The goal of this experiment is to mea-
sure the absolute cosmic ray muon flux and the muon
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multiplied by p3, as a function of muon momentum.

charge ratio as a function of muon momentum, and to
search for point sources. A new muon trigger, readout
and DAQ system, (provided by NIKHEF and Nijmegen)
has been installed, as well as 200 m2 of scintillator cov-
ering the L3 magnet and is fully operational since the
beginning of the 1999 run. Data taking started as soon
as the L3 muon detector and magnet were operational
at the end of March, and continued without interrup-
tions to the middle of November. A total of 6.9× 109

events were recorded. Together with the 5 × 109 of
1999, our total data set exceeds 1010 events.

In 2000 also the air shower array on top of the L3 build-
ing started taking data successfully. In total 33 × 106

air showers were recorded with 8×106 events triggered
both in the air shower and the muon detector. The
combination of the air shower array and the muon de-
tector will enable studies of the chemical composition
of the primaries.

In Figure 3.6, preliminary results on the measurement
of the vertical muon flux are shown as a function of
the muon momentum. The systematic uncertainty on
this measurement has decreased from 20% in January
to 10% in July 2000. Analysis is in progress to further
reduce the error to a few percent.

The start of the dismantling of LEP and L3 implied the
end of the L3+Cosmics experiment.
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C Theoretical Physics

1 Theoretical Physics Group

1.1 Research program Theoretical Physics

The research in the NIKHEF Theory Group spans a
wide range of subjects in subatomic physics. On the
one hand, there is the reductionist effort to determine
the most elementary building blocks of matter and to
arrive at a unified and detailed description of the laws
that govern their dynamics. This activity includes re-
search in string theory, supersymmetry and conformal
field theory. On the other hand, work is also going on
along constructivist lines: given the present knowledge
of the constituents of elementary particles and their
dynamics, can we derive their structure or predict the
outcome of high energy experiments? A large part of
the research effort of the group goes in this direction,
in particular into sophisticated perturbative QCD cal-
culations.

Much of the research carried out is of direct interest
to the experimental groups at NIKHEF. As a result,
at present two positions for theoretical PhD students
are being provided by experimental groups and sev-
eral longer-term visitors to the group have been co-
sponsored in the past year. The strong involvement
of the Theory Group in the education of scientists
has not been restricted to the supervision of the re-
search of students pursuing their masters or PhD de-
gree. The seniors in the group have taken on a sizeable
course load at the universities that are represented in
NIKHEF and have been heavily involved in the ‘Special
Topics’ courses which are mandatory for all PhD stu-
dents connected to NIKHEF. In 2000, J. W. van Holten
was appointed as extra-ordinary professor of theoretical
physics at the Free University of Amsterdam.

1.2 QCD

Within QCD there exists a well-defined framework for
performing perturbative calculations. Higher order cor-
rections to observables are crucial to obtain quantita-
tive predictions for the strong force and the structure of
hadrons. Vermaseren and co-workers have developed a
new technique to evaluate the deep inelastic structure
functions of the proton at the two- and three-loop level.
The method relies heavily on the use of the computer-
algebra program FORM (see below). The two-loop re-
sults have been published, while work on the three-loop
calculation is in progress.

In some situations large quantum corrections remain
which make perturbative calculations to only a finite
order meaningless. The validity of the perturbative ap-
proach is restored through the analytic resummation
methods, which have been studied by E. Laenen and
co-workers over the past years. It was found that most
resummations may be directly based on the fact that
observables factorize into various functions correspond-
ing to different effective degrees of freedom. Most re-
cently, this approach has been extended to include re-
coil effects of quarks and gluons in the proton wave
function. There are indications that this may resolve
long-standing discrepancies between theory and exper-
iment for prompt photon production.

Due to their large masses, processes involving heavy
quarks with the flavor charm, bottom or top can be
described in a perturbative approach. A perturbative
description of the production of top quarks in high-
energy colliders has been developed by E. Laenen and
his group in close collaboration with the ATLAS/D0
group at NIKHEF. A Monte Carlo computer program
for the simulation of single top production at hadron
colliders was written which includes one-loop quantum
corrections.

The phase structure of QCD is under intensive investi-
gation by theorists and experimentalists. Evidence has
been reported from studies with the CERN SPS that the
transition from the hadronic phase, where the quarks
and gluons are confined to hadrons, to a quark-gluon
plasma may have been seen. Intensive research in this
direction continues at the RHIC in Brookhaven and in
the future at the LHC to firmly establish this transi-
tion and to study the properties of strongly interacting
matter at high temperatures. J. Koch and collaborators
are investigating to what extent the changing properties
of hadrons, embedded in a medium of finite tempera-
ture, signal the approaching phase transition. Assuming
thermal equilibrium, the electromagnetic form factor of
a pion is being calculated for finite temperature. This
is done by means of lattice gauge calculations in col-
laboration with E. Laermann (Bielefeld).

1.3 String theory

String theory goes beyond the quantum field theory
framework, and its ideas are changing our view of na-
ture at its most fundamental level. Recently, open
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strings and higher-dimensional branes, on which their
endpoints may lie, have been at the center of work in
this field. Whereas closed strings can be described per-
turbatively through conformal field theory, this is not
yet the case for open strings.

B. Schellekens and coworkers have studied open strings
from the point of view of two-dimensional conformal
field theory. The string theories of interest sweep out
two-dimensional surfaces that have boundaries and that
are not oriented, such as Moebius strips and Klein bot-
tles. One of the objectives is to arrive at a general de-
scription for conformal field theories on such surfaces.
This then can serve as a starting point for string spec-
troscopy and for a study of relations between different
string theories.

1.4 Supersymmetry

A common feature of many models of physics beyond
the standard model is supersymmetry. This symmetry
concerns degeneracies between fermions and bosons.
Groups of particles with integral and half-integral spin,
respectively, which obey different statistics. have the
same mass, charge and other quantum numbers. The
combination of supersymmetry with other symmetries
within a given particle physics model makes strong pre-
dictions for the properties of particles and can be tested
by experiments. An interesting situation occurs when
an ordinary (internal) symmetry is spontaneously bro-
ken at very high energies or short distances, where su-
persymmetry is still intact. Then massless Goldstone
bosons, corresponding to the broken symmetry, are nec-
essarily accompanied by massless fermions. If in turn
also the supersymmetry is broken at the electroweak
scale, then some of these massless fermions could be
the relatively light quarks and leptons of the standard
model.

Field theoretical work was carried out by members of
the group along these lines. It was cast in a geometrical
language, appropriate to the discussion of symmetries.
Models of quarks and leptons were constructed, based
on the symmetries of unified gauge theories with gauge
groups such as SU(5), SO(10) or E6. Anomaly cancel-
lations in these models, ensuring their quantum consis-
tency, were examined. Several of the results obtained
are contained in the dissertation of S. Groot-Nibbelink,
entitled ‘Supersymmetric non-linear unification in par-
ticle physics’.

1.5 Computational Physics

To test and improve our understanding of field theories
such as QCD by comparing to experiments, it is crucial

to have powerful computational techniques. In this re-
spect the computer-algebra program FORM developed
by J. Vermaseren has become an indispensable tool for
higher order perturbative calculations. The program is
used worldwide and has been optimized with respect
to the speed and the size of the formulas it can ma-
nipulate. FORM can perform complex calculations and
has been used, for example, for the interpretation of ex-
periments at HERA, the Tevatron and for predictions
for the future LHC. In order to keep up with theoret-
ical developments, an effort had been started several
years ago to adjust and extend FORM. In 2000 version
3 of this program was released, which has a variety of
completely new features. Among other things, this ver-
sion has interesting aspects for parallel processing. In
collaboration with the Universität Karlsruhe a version
of FORM is being developed which works with several
processors.
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D Technical Departments

1 Computer Technology

1.1 Introduction

In April 2000 we were shocked by the sudden death of
our colleague Eric Wassenaar, who was responsible for
an important part of the system management, such as
mail, DNS configuration and similar network services.
Eric has contributed in programming of network tools
as host and traceroute since the early days of the
Internet in the late seventies of the past century. This
was illustrated by many reactions on his death from the
Internet community.

Feared by many, but in reality not dangerous at all: the
millenium bug did not attack the NIKHEF computer
and network infrastructure when the clock stroke twelve
January first of the year 2000.

The year 2000 has been the start of the era of LHC
computing. This can be characterized by two projects
that are described in some more detail in this chapter:
the implementation of a gigabit network infrastructure
and the installation of a Linux PC-based compute farm
for D0 event simulation and reconstruction. On Jan-
uary 20 the first meeting on a subject called Datagrid
was held at CERN, with participation from representa-
tives of IT departments of CERN and associated insti-
tutes. By the end of the year the Datagrid project was
well on its way and NIKHEF has committed itself to
participate in both a European and a Dutch Datagrid
program.

Obviously, regular CT activities have been performed
throughout the year 2000 as well. Software contribu-
tions were made to the data-acquisition, detector con-
trol and production systems for the ATLAS detector
and to some minor extent for the LHCb outer tracker.
Design studies and prototyping have been started for
the data-acquisition system of the ANTARES neutrino
telescope.

Linux is without any doubt the preferred choice for sci-
entific end users. The Open Source products, the Linux
system itself and a wealth of applications, are reliable
and match perfectly the requirements of the scientific
users for desk top computing. In the year 2000 Linux
became a favorite system for embedded applications for
data acquisition and control systems of the LHC detec-
tors, where strong requirements are put on performance
and real-time deterministic behavior.
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Figure 1.1: The WTCW campus high bandwidth net-
work.

1.2 Upgrade network infrastructure

The NIKHEF local area network and the external con-
nections have been upgraded to Gigabit ethernet. This
upgrade has been driven and partially financed by the
ICES-KIS projects that were started in 1999 at the insti-
tutes of the Science & Technology Centre Watergraafs-
meer (WTCW). Typical for these projects is the chal-
lenging demand for a high bandwidth between the lo-
cations where the participating scientists reside. Based
on the already existing fiber cable infrastructure, a Gi-
gabit network has been implemented, called WTCW-
net, to distinguish it from its predecessor the WCW-
lan. This network interconnects the institutes CWI,
AMOLF, NIKHEF, SARA and the University of Am-
sterdam to a ‘core switch’ with gigabit ethernet links
(see Fig. 1.1).

After the definition of the requirements and a survey
of the market for Gigabit ethernet switching routers, a
testbed has been setup with the routers of four selected
suppliers. On the basis of the results of this testbed and
the best price/performance ratio, the BigIron switching
routers from a company called Foundry Networks have
been purchased. The NIKHEF configuration consists of
two modules with eight gigabit ports each and one mod-
ule with twenty-four fast-ethernet ports (100 Mbit/s).
Figure 1.2 illustrates the two basic functions of this
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Figure 1.2: The NIKHEF high bandwidth LAN.

switching router: the firewall to the external world and
the collapsed gigabit backbone for the NIKHEF inter-
nal networks. The connection to our Internet Service
Provider SURFnet, has been upgraded to 1 Gbit/s, by
linking the NIKHEF router to the SURFnet-4 point of
presence (PoP) at SARA. Full capacity of this link will
be obtained as soon as the SURFnet-5 infrastructure is
available at the WTCW. The connection from NIKHEF
to the core switch of the WTCW-net has a capacity of
2 Gbit/s, realized by configuring two gigabit links in
parallel (trunking).

1.3 Compute farms for off-line analysis

Commodity PC’s, running Linux and loosely coupled
by fast ethernet switches, are scalable and flexible re-
sources to run simulation and reconstruction analysis
by distributing the compute jobs to these PC’s. Each
compute job analyses one event and runs on one sin-
gle PC and is completely independent from similar jobs
executed at other PC’s in the network. The results of
the analysis are written on disks and packed together
for further analysis and/or transport to other locations.
In theory this distributed batch system can be imple-
mented on ordinary desktop PC’s, scattered around the
building. However, there are some drawbacks in al-
locating these desktop PC’s for compute jobs. The
first one is obviously that the owners of PC’s do not
want their resources to be exhausted by heavy com-
pute jobs running in parallel with their own jobs on the
system. However, distributed batch systems exist that
overcome this drawback by checking system parameters
before and during executing of batch jobs (e.g. Con-
dor). The second drawback of using desktop PC’s is

probably more serious and is caused by the differences
in the hardware and software configurations of the sys-
tems, such as different versions of operating systems,
available memory and disk space, processor power and
so on.

The arguments mentioned above justify a substantial
investment in money and manpower to install power-
ful PC’s for event simulation and reconstruction and
to interconnect these systems in a dedicated switched
network environment. This kind of powerful com-
pute servers are usually referred to as ‘compute farms’.
These farms are flexible and scalable: the number of
‘nodes’ in the farm can be extended anytime whenever
extra compute power is needed and older nodes can
easily be replaced by newer, more powerful PC’s.

Apart from the compute nodes, farms usually contain
special nodes for management and file services. To be
able to deal with a large number of compute nodes, au-
tomation of system and application software and tools
for continuously monitoring are demanded. A flexible
‘farm management’ system allows partitioning the farm
into sectors where per sector different versions of the
operating system and applications can be loaded. By
doing this, the resources of the farm can be dynamically
shared amongst more than one analysis environment.

Compute farms are expected to be heavily used for the
simulation and (in a later stage) the reconstruction of
LHC detector event data. To gain experience with this
technology it has been decided to make a contribution
to the analysis of event data of the D0 experiment at
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Figure 1.3: Schematic overview of the D0 farm.
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Figure 1.4: The D0 farm at NIKHEF.

FNAL by installing a compute farm equipped with 50
dual-processor PC’s (see Figs. 1.3 and 1.4).

Each PC, a DELL Precision Workstation 220, is
configured with two 800 MHz Pentium III processors,
512 Mbyte of RDRAM memory and an internal hard
disk of 40 Gbyte. This configuration is tuned to run
the D0 analysis software. The operating system used
is version 6.1 of the Red Hat Linux distribution. To be
as flexible as possible the operating system is loaded
on the nodes during start up from an image on the
farm server by a mechanism called ‘netboot’. The
farm server is also used to distribute the application
jobs to the farm.

For the Monte Carlo simulations of the D0 detector,
dedicated software developed at FNAL, has been in-
stalled to manage jobs and associated data files. Spe-
cial effort has been put into an optimisation of the
transport of the generated data files to the mass stor-

age facilities at FNAL over the wide-area network.
This project benefits from the high bandwidth to the
SURFnet PoP at SARA and of the good quality of the
transatlantic 155 Mbps connection to the STAR TAP
in Chicago. Performance tests demonstrated that the
transport of data was not limited by the available band-
width, but by the network protocols TCP/IP and FTP.
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The BEETLE test chip with four front-ends with different amplifiers.
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2 Electronics Technology

2.1 Introduction

The Electronic’s Department has a staff of 35. The
main assignments are in the area of design and engi-
neering of electronics for the experiments. The ever
increasing number of read out channels, clock rates
and radiation loads affect the connection and simula-
tion techniques. In order to facilitate this, the group
maintains several Electronic Design Automation (EDA)
software suites, such as VHDL, Cadence, Pspice, Men-
tor, which are used by both engineers and PhD stu-
dents. Education is essential for using all these utilities
successfully, and the development of skills is of contin-
uous concern.

Although ‘first time right design’ would be ideal, in
practice intensive prototyping is necessary to achieve
the ultimate ‘best design’. Therefore the group has
high standard instrumentation like signal analyzers, os-
cilloscopes, power meters and surface mounting devices
handling tools.

In addition there are a number of specialized laboratory
rooms (one with a probe station for micro-electronics
test, another is an electrically isolated Faraday-caged
room, to mention some examples). On detector pro-
duction sites the department supports various controls,
such as temperature sensing and logging, gluing ma-
chines, local control systems.

2.2 Projects

We briefly describe the department’s involvement
in projects. Manpower was distributed over these
projects as given in Fig. 2.1. The projects them-
selves are described elsewhere and further infor-
mation on most of these can be found on the
NIKHEF website http://www.nikhef.nl and
http://www.nikhef.nl/pub/departments/et

2.2.1 ZEUS

Cooling system

In order to maintain a stable temperature inside the
Zeus Micro Vertex Detector (MVD), a cooling system
for this sub-detector has been designed and built. The
system cools with water running through stainless steel
pipes inside the MVD. The pipes are mounted in such
a way that contact is made with the hybrids on which
the front-end chips are placed. Power dissipated from
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Figure 2.1: ET manpower distribution in 2000.

the chips is effectively transported out of the detector
volume.

The system is normally controlled via a CAN field-bus,
but can also be controlled via RS-232 for maintenance.
The temperature, water pressure, air humidity and the
possible existence of water in the bottom of the MVD
are continuously monitored. The cooling system is cur-
rently being used at DESY

Electromagnetic compatibility constraints

The analogue signal from the front-end chips is trans-
ported over a distance of typically 30 m. To avoid accu-
mulation of noise or other interference a special receiver
module was developed which restores the signal using
knowledge of the cable shortcomings. Modules were
built and are being tested and installed at the experi-
ment at DESY.

Related to the analog signal treatment, proper connec-
tions to ‘earth’ and ‘ground’ potential are important.
Erroneous signal or return currents may cause interfer-
ence with other channels or even other sub-detectors.
Also the mechanics, which consists of a conducting alu-
minum structure, is part of the consideration for which
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special shielding and electric insulation was sometimes
necessary.

Irradiation tests of the front-end chips

In order to check whether the front-end chips will sur-
vive high radiation doses, a number of HELIX128 (v3.0)
front-end chips have been irradiated up to 500 krad. No
dramatic changes showed up, indicating that the chips
can be used during the entire lifetime of the ZEUS ex-
periment.

2.2.2 HERMES

The first (prototype) silicon module of the lambda
wheels was exposed to normal operation throughout the
complete period of beam in 2000. Radiation damage
was detected; caused mainly by unexpected electron
beam losses. Therefore a Beam Loss Monitor (BLM),
which triggers the HERA beam dump system, was de-
veloped. The prototype of the BLM consisted of 2 small
ionization chambers with electronics and a pc-based
stand-alone data acquisition. This was installed in July
2000. Based on experience gained with this prototype
a full scale BLM of 8 ionization chambers is currently
being developed.

2.2.3 ATLAS

Most work for the ATLAS-project concerned electronics
for the large Muon Drift Tube (MDT) precision cham-
bers. Some parts are in the production phase, in paral-
lel with the chambers themselves. Parts of the readout
systems are still in the design phase.

Detector control system

The design of the MDT Detector Control System
(DCS) is now in the final stage. The system is
furnished with an Embedded Local Monitor Box
(ELMB). This is a joint design of CERN and NIKHEF
and exists of a mezzanine card with a micro-controller,
a CANbus interface and a 64 channel ADC. The
hardware is designed by CERN and the software has
been developed by NIKHEF.

The MDT DCS is capable of measuring and control-
ling 32 temperature sensor channels, two magnetic-field
sensor channels, two interface channels and one 8-bit
digital I/O channel.

Red alignment system Nikhef

The Red Alignment System of the NIKHEF (Rasnik) is

used for the alignment of the MDT chambers in AT-
LAS. The system design, with all of its components,
was finalized. This includes the RasCaM, RasLeD and
RasMuX on the chambers, the MasterMuX in USX15
and the read-out and control electronics with PC’s in
USA15. See also Fig. 2.2 for the various components.
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Figure 2.2: System overview of RASNIK.

The production of RasCaMs and RasLeDs has been
started and first delivery of these parts is expected in
January 2001. The department installed the two dedi-
cated Go/NoGo test set-ups at the manufactures plant
to check the production of these.

The final RasMuX prototype, with 8 RasCam and
16 RasLeD connections, was designed. For its testing,
a MiniMasterMux with a microprocessor was designed.
This microprocessor can handle 4 RasMuXs and com-
bines the MasterMuX and USA15-Mux functionality
for PC readout and control.

Muon Readout Driver

After the successful tests of a first Muon Radout Driver
(MROD) prototype-0, the design of a second, more so-
phisticated MROD prototype has started. This proto-
type, called MROD-1, supports six S-Link inputs, each
arriving from a Chamber Service Module (CSM) on
the MDT-chamber. The CSM converts serial data-bits
from a maximum of 18 TDC’s on one layer of the cham-
ber into 32-bits data-words. The MROD groups these
words for each TDC and subsequently checks whether
all data of the same event has arrived. The data is then
formatted and send via a S-Link output to the Read-
Out Buffer (ROB) for further processing by the central
Data Acquisition System. The use of Digital Signal
Processors (DSP) makes extensive error checking and
recovering possible.

Most of the logic functions of the MROD-1 are imple-
mented with five DSP’s from Analog Devices in com-
bination with seven APEX FPGA devices from Altera.
These devices require the use of the latest software.
Since the software is not error free, this design devel-
oped some delay. The design of APEX FPGA’s of the
MROD-1 is largely finished.
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2.2.4 B-Physics

LHCb-Outer tracker

In the past year, development focussed on longer cham-
bers (up to 2 m). We have investigated the electrical
properties of different straws and chamber construc-
tions, such as signal transport, cross talk, pickup and
resonances. This investigation included beam-tests.
The department further supports high-speed data ac-
quisition system and the installation of electronics for
additional chamber beam-tests at CERN. We also in-
vestigated the properties of the ASDBLR frond-end
chip and boards for the detector. The ASDBLR chips
provide the complete front-end signal processing for
eight straw tubes. Cross talk, double pulse resolution,
stable operation and proper shaping of the selected gas
mixture in the straw tube are currently under study.
Improvements have to be incorporated in the second,
pre-production amplifier prototype, which will also in-
clude a more radhard version of the chips.

In collaboration with the Institute of Nuclear Physics
in Krakow (Poland) we made proposals for a baseline
data acquisition solution for the outer tracker. These
are now accepted and worked out. New TDC boards are
in development including two levels of data reduction,
the so-called “B-timizer”. In Krakow work is done on
a data-concentrator that with a S-LINK output. The
department also contributed to the technical design re-
port of the LHCb outer tracker, by preparing documents
about e.g. high voltage system and detector control.

2.2.5 LHCb-Vertex

RF-investigations

Various calculations were made on the shielding be-
tween the silicon strips and the proton beam. The
thickness of this aluminum foil shielding needs to be
250 µm. The electrical field strength close to the foil
at the side of the silicon strips will then be 1V/m for the
40 MHz frequency component in the beam. The atten-
uation of the electromagnetic field by thin aluminum
foils will be verified.

Pile-up detector

The pile-up trigger of LHCb will provide a veto for
the acquisition of events with multiple primary ver-
tices. The pile-up trigger identifies vertices by cor-
relating the binary hit signals of two silicon detector
wheels. Because of the large number of inputs (2000)
into the trigger, and the requirement to operate at the

full (40 MHz) bunch crossing frequency, the use of “mil-
lion gate” FPGA’s is indispensable. Currently FPGA’s
from Altera and Xilinx are being evaluated by synthesiz-
ing a central part of the vertex trigger processor. The
fact that these new devices require the use of the latest
software, which is not error-free, makes this evaluation
a far from trivial task. After selection of the FPGA
that fits the trigger algorithm best, detailed design of
a prototype will start.

Front-end chip

The front-end chip (BEETLE) is a development of
the ASIC Laboratory in Heidelberg. It is an analogue
readout chip with 128 preamplifiers, shapers, compara-
tors, analogue pipelines and an analogue multiplexer.
NIKHEF participated in this project by designing the
comparator and the analogue output buffer after the
multiplexer. The chip is developed in a 0.25 µm radi-
ation tolerant CMOS technology. First prototypes of
a complete chip have been processed and tested. The
results and improvements will be implemented in a next
version in 2001.

Detector control system

We identify two control systems in the design phase:
the vacuum system and the motion control. The vac-
uum system consists of two parts, a primary and a
secondary system. The primary system is part of the
LHC vacuum with a pressure better than 10−8 mbar.
The secondary system contains the detectors. The vac-
uum in the secondary system will not be better the
10−4 mbar, due to the out-gassing of the detector units.
A thin aluminum foil of 250 µm thick (also for RF
shielding; see above) will separate the two vacuum sys-
tems. The foil can withstand a pressure difference of
10 mbar. A control and safety mechanism should keep
the pressure difference within 5 mbar at any circum-
stances. The system will be controlled, including auto-
matic venting and de-venting, by a Simatic PLC. The
PLC will be connected to the standard SCADA-system
of LHCb. A manual control panel will be available dur-
ing set-up of the system. The PLC is also hard-wired to
the LHC machine safety systems and the LHC machine
group can monitor the state of the vacuum system.

The complete vertex detector consists of two detector
halves, which have to move with respect to the beam,
with respect to each other and as entire system. The
operator has to know the positions of the detector at
any time. Therefore the position readout of the detec-
tor will be carried out by two independent methods. A
Simatic PLC will control this system.
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2.2.6 ALICE

The design of the EndCap electronics for the ALICE
Silicon Strip Detector layer in the ALICE Inner Tracker
has started. At the end of each Silicon detector ladder
inside the detector, a control module is placed. Due to
the radiation, power and space requirements, the use of
ASIC’s is necessary instead of using commercially avail-
able discrete components. A radiation tolerant 0.25 µm
CMOS technology is used for this purpose. Each mod-
ule needs to control 14 double-sided detector modules,
for power, control signals and analogue readout buffer-
ing. Analogue multiplexing, distribution of the serial
control bus and regulation the power for the hybrids
are some of the functions of the EndCap module.

2.2.7 ANTARES

Optical links

For the ‘All-Data-to-Shore’ concept, an optical sys-
tem using Dense Wavelength Division Multiplexing
(DWDM) was further detailed. DWDM systems
employ high spectral purity lasers in the 1550 nm
band. Laser wavelengths can be spaced as closely
as 1.6 nm and multiplexed onto a single fiber with
passive optical DWDM components. For Antares
seven wavelengths on a single fiber will be used. The
DWDM concept was verified with optical simulations.
Within limitations this solution will work in Antares.
First drafts outlining the Passive Optical Network
and the Active Opto-Electrical circuits were written.
Commercial 2.5 Gb/s components like lasers and
optical receivers will be used as transport layer for the
50 km fiber-optic 1 Gigabit Ethernet connection from
the deep-sea experimental set-up to the Shore Station.

An engineering firm specialized in this type of optical
networks has been invited to evaluate the preliminary
outlines of the final optical designs. Special attention is
given to long term stability –10 years experiment life–
and testability.

2.2.8 Several small projects

RIPE-NCC

The ET is asked for help design an interface for RIPE-
NCC. This GPS interface was needed for test traffic
measurements on Internet. The interface is connected
to a smart GPS antenna. Together with a dedicated
computer with the appropriate software installed, an

accurate timestamp can be generated. This is use-
ful for measuring network performance and time de-
lays. The main advantage of the GPS time is the
high accuracy anywhere on the world. These inter-
faces (200) are being build and will be placed, all over
the world, at Internet network servers. The interface
consists of an isolated power-supply and level convert-
ers (RS485 ⇔ RS232). All the electronics are placed
on one PCI-card. The computer PCI-bus powers the
interface. The smart GPS antenna is powered by the
interface, which has an isolated output. Standard CAT5
computer network cable can be used for connecting the
antenna; this facilitates installation.

Zero Iron Power Supply

A DC-DC converter has been developed for use in a
magnetic field as a proof of concept. This can be useful
in big detectors like ATLAS to save thousands of power
cables, transmission losses and stabilization losses. The
converter has a special transformer without ferrite or
iron to achieve isolation and the right outputs. This
transformer is realized on an 8 layer PCB (Fig. 2.3).
An efficiency of 76% has been achieved at 3 W. Special
attention needs the RF-field emission.

Figure 2.3: Zero Iron Power Supply.

Low Noise Amplifier for Capacitive Detectors

This amplifier was designed in 0.6 µm CMOS tech-
nology from AMS. Two versions have been realized, a
‘radiation tolerant’ (gate-around FET’s) and a ‘rectan-
gular’ version. The main difference in behavior seems
to be the linearity.

Medipix

An interface has been developed for the control and
readout of the Medipix IC, designed for medical X-ray
imaging applications. This system (MUROS-1) is
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based on standard commercial analogue and digital
I/O boards and a simple dedicated interface. The
interface (Fig. 2.4) has three main functions:

• Power supply for the Medipix circuit

• Clamping of the TTL signals to CMOS level

• Simple test pulse generator

Figure 2.4: MUROS-1 interface.

NIKHEF-infrastructure

The internal information system of the NIKHEF insti-
tute has been upgraded. Whereas the previous one was
based on an Amiga-computer, the new system is based
on a personal computer running MS PowerPoint. The
PC is connected to a video broadcasting system, and
the information is displayed on various TV screens in
the institute.

2.3 Department development

The ET department identifies three main items; con-
nection techniques, microelectronics and electronic de-
sign automation. In the first, the department inves-
tigates the suppression of induced electromagnetic ef-
fects, which often have a link also to the mechanics
of a system. Throughout the field, signal transfer over
any reasonable distance is being replaced from electri-
cal to optical connections. Compactification leads to
changes in inter IC connection techniques. For exam-
ple, we presently use field programmable arrays (FPGA)
with over 600 inputs and outputs in ATLAS and LHCb
electronics

Microelectronics is a vast area of activity. After several
years of education, 15% of the engineers are working in

the field of VLSI design. The design of IC’s (in partic-
ular deep sub-micron) is now frequently done in-house.
There are close international collaborations with Euro-
pean ASIC laboratories (University Twente, Heidelberg,
CERN).

Finally, design automation is connected to the expo-
nential growth of the number of cells in e.g. FPGA’s
and consequently to the design of printed circuit boards.
The computing group (CT) is instrumental in the appli-
cation of embedded software in digital signal processors
(DSP).
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Milling of parts for the ATLAS Silicon Tracker.
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3 Mechanical Technology

3.1 Introduction

The group Mechanical Technology has been involved in
12 projects in the year 2000. In Fig. 3.1 the manpower
invested in the most demanding projects is listed.
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Figure 3.1: Distribution of manpower of MT in 2000
over the most important projects.

3.2 Projects in exploitation

DUBBLE

The group took care of service aspects of the equip-
ment delivered in the past to ESRF in Grenoble. In
2000 we completed many experimental set ups for the
SAX/WAX experiments.

COLDEX

Measurements of desorption effects of the LHC vacuum
wall are in full progress. The apparatus that we have
designed, built and tested is, at present implemented
in the electron positron accumulator EPA at CERN,
producing data with which the conditions in the future
accelerator can be simulated.

D0

At Fermi lab the mechanics of the Roman pots, pro-
duced by NIKHEF, were revised because an accident
with a baking procedure caused a major failure.

MEA/AmPS

Support has been given to permit an adequate transfer
of the last accelerator parts of MEA/AmPS to JINR at
Dubna.

3.3 Projects in development

ATLAS Muon chambers

Major progress has been made in finalizing the tooling,
that is necessary to produce 96 of the largest muon
chambers of the ATLAS detector. The assembly ma-
chine of the tubes, developed by CERN is commissioned
and fulfills its purpose. Quality control after assembly
is obtained with a wire position and tension control ap-
paratus. The first space frame is manufactured and
checked on the 3D survey machine. The leak tightness
of the tubes has been checked in first instance by the
so-called coffin method. Afterwards we concluded that
the test method used by Frascati has to be preferred,
because it is less sensitive to the background of helium.
The decision was made that a new test set up based
on this principle will be developed. The gluing machine
has been realized and tested, resulting in a good quality
joint between the MDT tubes and the center frame. Fi-
nally, the assembled chamber without gas flow system

Figure 3.2: The ATLAS Muon chamber.
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Figure 3.3: Half of the ZEUS micro vertex detector.

has been transported to CERN in order to be checked
in the X-ray tomograph.

ATLAS-SCT

Prototype carbon fiber honeycomb constructions have
been designed and manufactured in industry in order
to measure stiffness, gluing properties and eigen fre-
quencies. The fact that the final assembly and quality
control of the position of the silicon detectors on the
discs will be done at NIKHEF urged us to develop po-
sitioning equipment with an accuracy of 2 µm. An
apparatus with which we are able to study the heat
conduction problems between the source (the electron-
ics) and the cooling fluid was built. With this appa-
ratus it is possible to optimize the amount of material
while choosing between minimum multiple scattering
and maximum stability. The machining of the inserts
had to be developed in such a way that the modules
are in one plane within an accuracy of 2 µm. Stiffening
rings in epoxy have been designed and manufactured in
industry.

LHCb Outertracker

Three prototype straw chambers have been built and
subsequently tested with beam at CERN and DESY
in order to study stability, signal quality and radia-
tion hardness. We varied the length (1.6 meter has
proven to function well) in order to study the stiff-
ness. We studied the electrical conductivity of 3 types
of straw tube material. Tests were performed with sev-
eral grades of humidity in order to find out what the
consequences are for the deformation of the straw. Two
manufacturing methods for the modules were developed
in parallel to find out what the mass production conse-
quences will be. We concluded that aluminum straws
directly glued on a honeycomb material of 10 mm thick-
ness covered with conductive foil, fulfill the specifica-
tions. The detection wire locators in the straw still need
development, especially in view of the large number of
straws that has to dealt with. Design studies of the
stations, in which the modules have to be mounted in
front of the analyzing magnet, are finalized. Optimiza-
tion of installation aspects and dismantling and cabling
problems are important criteria that were determined
in this study.

LHCb Vertex detector

Regular discussions with CERN have resulted in an in-
creasing confidence in the design of the detector tank
and the vacuum system. The secondary vacuum sys-
tem and its safety aspects, issues of great concern of the
LHC machine people, have been discussed thoroughly
at various occasions. Progress has been made in a new
design based on bellows constructions. The CO2 cool-
ing, the selection of feedthroughs (22000) and the rf
shielding are to be determined soon. Prototypes of the
interaction chamber and differential vacuum contain-
ment are being constructed. Finite element studies are
being done on the thin-walled separation foil between
the secondary and the primary vacuum.

HERMES

The bonding of all silicon modules was done and tested.
A test mounting in HERA has been successfully per-
formed and the positions of the modules in the lambda
wheels are checked. The cooling set up is revised. The
final assembly in HERA will be realized in the beginning
of 2001.

ZEUS micro vertex detector

The silicon layers, a cooling system and many support
structures for the fragile silicon wafers have been manu-
factured. Problems encountered with the form stability
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Figure 3.4: Ladder assembly tooling for ALICE.

of the carbon fiber constructions were solved. A posi-
tioning system has been fabricated and tested in order
to mount the modules in a precise way on the lad-
ders. The final assembly in the supporting carbon fiber
cylinder, followed by control measurements with the 3-
D survey machine, is completed. Also the mounting
of the cooling channels and the cabling was a delicate
and time-consuming job. Every part in the detector has
been thoroughly designed in order to minimize multiple
scattering effects. The installation of the detector will
take place in the beginning of 2001.

ALICE

In collaboration with the University of Utrecht we are
contributing to the ALICE detector. Especially we de-
livered the design of the ladder assembly tooling. A
preliminary study has been done and resulted in ac-
cepted ideas for an automated positioning of the silicon
detectors. We have generated ideas about the overall
integration of the detector that are being discussed in
the collaboration.

3.4 Projects for third parties

ATLAS end cap

NIKHEF will deliver as an inkind contribution the vac-
uum vessels of the end cap toroids of ATLAS to CERN.
The Royal Schelde is manufacturing these huge (di-
ameter 10 meter and a height of 5 meter) aluminum
vacuum constructions (see Fig 3.5). People from our
group were and will be involved in the assembly and test
phases of these vessels. Vacuum test procedures have

Figure 3.5: One of the ATLAS end cap toroids during
the manufacturing stage. Photo: Courtesy Eddie Towndrow

been agreed upon between NIKHEF, Royal Schelde and
the designers of RAL.
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Stefan Groot Nibbelink’s PhD Thesis; one of the twelve theses finalized in 2000.
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General Physics Colloquium, Nijmegen University, The
Netherlands, March 28, 2000

[10] N.J.A.M. van Eijndhoven
Towards a library for the new millennium
Invited talk for the opening ceremony of the new library,
Utrecht University, The Netherlands, May 25, 2000

[11] N.J.A.M. van Eijndhoven
Selected topics in high-energy physics
Lectures given at the University of Cape Town, South
Africa, August 2000

[12] N.J.A.M. van Eijndhoven
Towards a heavy-ion programme for the new millennium
University of Cape Town, Rondebosch, South Africa, Au-
gust 2000

[13] N.J.A.M. van Eijndhoven
Probing the Plasma temperature
University of Cape Town, Rondebosch, South Africa, Au-
gust 2000

[14] N.J.A.M. van Eijndhoven
Can we use p⊥ spectra to probe thermalisation and collec-
tive effects in heavy-ion collisions ?
University of Cape Town, Rondebosch, South Africa, Au-
gust 2000

[15] N.J.A.M. van Eijndhoven
Exploring the cosmos
University of Cape Town, Rondebosch, South Africa, Au-
gust 2000

[16] N.J.A.M. van Eijndhoven
The quest for a quark-gluon plasma in nucleus-nucleus col-
lisions
University of the Western Cape, Belville, South Africa, Au-
gust 2000

[17] J. Engelen
Recent QCD Results from HERA
SLAC Summer Institute, Topical Conference, USA, August
23-25, 2000

[18] M. Ferro-Luzzi
Spin structure of the deuteron from the reaction
2H(e, e′p)n
16th IUPAP International Conference on Few-Body
Problems in Physics, Taipei, Taiwan, March 6-10, 2000

[19] M. Ferro-Luzzi
The AmPS spin physics program in Amsterdam
Gordon Conference, New Hampshire, USA, August, 2000.

[20] M. Ferro-Luzzi
The polarized source for hydrogen and deuterium at AmPS
Workshop on polarized jet targets, Brookhaven National
Laboratory, USA, January 25-26, 2000

[21] A. Fornaini, D. Calvet, J. Visschers
Soft X-ray sensitivity of a photon-counting hybrid pixel de-
tector with a Silicon sensor matrix
Second International Workshop on Radiation Imaging De-
tectors (IWoRID 2000), Freiburg, Germany, July 2-6, 2000.

[22] E. Garutti
Nuclear Effects on R in Deep-Inelastic Scattering
Workshop on Hadron structure 2000, Stara Lesna, Slovakia,
October 2-6, 2000

[23] E. Garutti
Physics at HERMES
The ZEUS weekly seminar, DESY, Hamburg, Germany, De-
cember 1, 2000

[24] Hartjes, F.
Radiation tolerance of CVD diamond detectors for pions
and protons
3rd International conference on Radiation Effects on Semi-
conductor Materials, Detectors and Devices, Florence, Italy,
June 2000

[25] Hesselink, W.H.A.
Violent Collisions between Nucleons in Atomic Nuclei
International Symposium on Strong Correlations in Many
Body Systems, Mount Nikko, Tokyo, Japan, 26-30 juni
2000

[26] J.W. van Holten
Over de grenzen van de natuurkunde
Oratio, Vrije Universiteit Amsterdam, The Netherlands,
June 9, 2000

[27] J.W. van Holten
Consistent supersymmetric sigma-models
Workshop Beyond the Standard Model, Bad Honnef, Ger-
many, February 2, 2000
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[28] J.W. van Holten
Het vroege heelal
University of Twente, Enschede, The Netherlands, March
16, 2000

[29] J.W. van Holten
Supersymmetry
Rijksuniversiteit Groningen, Groningen, The Netherlands,
April 10, 2000

[30] J.W. van Holten
Anomalies and charge quantization in d=4 supersymmetric
scalar field theories
SUSY 2000 Conference, CERN, Geneva, Switzerland, July
1, 2000

[31] J.W. van Holten
Gravitational Waves
Theory Colloquium, CERN, Geneva, Switzerland, Novem-
ber 30, 2000

[32] J.W. van Holten
Beyond the standard model
Winterschool Theoretical High Energy Physics DRSTP, Nij-
megen, The Netherlands, January 24-28, 2000

[33] J.W. van Holten
Supersymmetric spheres
Theor. Physics Symposium, Univ. Wuppertal, Wuppertal,
Germany, December 11, 2000

[34] B. Hommels
The LHCb Outer Tracker Beauty 2000, Sea of Galilei, Israel,
September 2000.

[35] L. Huiszoon
Open strings and Conformal Field Theory
Workshop ”Beyond the standard model”, Bad Honnef, Ger-
many, February 21-24, 2000.

[36] Jans, E.
Investigation of the exclusive 3He(e, e’pp) Reaction
Fall Meeting of the American Physcial Society, Williams-
burg, VA, USA, October 4-7, 2000

[37] P.M. Kluit
B physics at LEP, Status of the CKM Matrix
QUARKS2000, St. Petersburg, Russia, May 2000.

[38] P.M. Kluit
Rare B decays at LEP
Beauty 2000, Sea of Galilei, Israel, September 2000.

[39] J.H. Koch
Form factors in pion electroproduction
Workshop on the Pion Form Factor, NIKHEF, Amsterdam,
The Netherlands, January 18, 2000

[40] B. Koene
CP violation and design principles of the LHCb experiment
Colloquium at Tsinghua University, Beijing, People’s Re-
public of China, April 11, 2000

[41] B. Koene
Tracking detectors for LHCb
Colloqium at Tsinghua University, Beijing, People’s Repub-
lic of China, April 12, 2000

[42] E. Laenen
Issues in Heavy Quark Fragmentation
B-physics Workshop, Fermilab, USA, February 25, 2000

[43] E. Laenen
Summary of Production, Fragmentation, Spectroscopy
Working Group
B-physics Workshop, Fermilab, USA, February 26, 2000

[44] E. Laenen
Lectures on resummation in QCD
Jyvaskyla Summer School, Jyvaskyla, Finland August 2000

[45] E. Laenen
Recoil and Threshold resummation in prompt photon pro-
duction
DIS Workshop, Leiden University, Leiden, The Netherlands,
July 2000

[46] E. Laenen
Combined recoil and threshold resummation in hard scat-
tering cross sections
ICHEP 2000, Osaka, Japan, July 2000

[47] E. Laenen
NLO heavy flavour production in two-photon collisions
Photon 2000, Ambleside, United Kingdom, August 2000

[48] E. Laenen
NLO QCD calculations for heavy flavour production in two-
photon collisions
Photon 2000, Ambleside, United Kingdom, August 2000

[49] E. Laenen
Combined recoil and threshold resummation in hard scat-
tering cross sections
Lund University, Lund, Sweden, November 2000

[50] E. Laenen
Quarks, Gluons and Strings
Lund University, Lund, Sweden, November 2000

[51] E. Laenen
Current issues in prompt photon production
DIS 2000, Liverpool, United Kingdom

[52] E. Laenen
Combined recoil and threshold resummation in hard scat-
tering cross sections
Nordita, Denmark, November 2000

[53] L. Lapikás
Probing the nuclear standard model with the (e, e′p) reac-
tion.
Workshop on The Nuclear Standard Model: Ieri, Oggi, Do-
mani, Elba, France, June 2000

[54] S. Moch
Structure functions: Reconstruction from Mellin moments
Workshop ”Loops and Legs in Quantum Field Theory”,
Bastei, Germany, April 13, 2000

[55] S. Moch
Soft gluon resummation for polarized deep-inelastic heavy
quark production
DIS2000, Leiden, The Netherlands, July 28, 2000

[56] S. Moch
Towards the deep-inelastic structure functions at three
loops
International workshop QCDNET2000, Paris, France,
September 14, 2000

[57] R. Muis
Hardware developments for the ANTARES experiment
SAP Seminar, Utrecht, The Netherlands, October 2, 2000

[58] G.J.L. Nooren
Technical aspects of the ANTARES project
SAP Seminar, Utrecht, The Netherlands, January 31, 2000

[59] G.J.L. Nooren
Influence of temperature and pressure on light propagation
in fibres
ANTARES Collaboration Meeting, CERN, Geneva, Switzer-
land, June 7, 2000
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[60] G.J.L. Nooren
The Inner Tracking System in ALICE
International Symposium LHC Detectors and Physics,
Dubna, Russia, 28-30 June 2000

[61] R.G.C. Oldeman
Measurement of differential neutrino-nucleon cross-sections
and structure functions using the CHORUS Lead calorime-
ter
XXXth International Conference on High Energy Physics
(ICHEP2000), Osaka, Japan, July 27 -August 2, 2000

[62] R.G.C. Oldeman
Deep inelastic scattering with neutrinos at CHORUS
University of Pennsylvania, USA, April 17, 2000,

[63] D.W. Reid
Neutral Current Review
Tau2000, Victoria, Canada, September 2000.

[64] David San Segundo Bello
Design of analog-to-digital converters for energy-sensitive
hybrid pixel detectors
Second International Workshop on Radiation Imaging De-
tectors (IWoRID 2000), Freiburg, Germany, July 2-6, 2000.

[65] David San Segundo Bello
Pixel-Level Analog to Digital Converters for Hybrid Pixel
Detectors with energy sensitivity
2000 IEEE Nuclear Science Symposium and Medical Imag-
ing Conference, Lyon, France, October 15-20, 2000

[66] K. Schalm
Warped compactifications in M and F theory
Massachusetts Institute of Technology, USA, March 2000

[67] K. Schalm
Warped compactifications in M and F theory
University of Groningen, Groningen, The Netherlands, May
2000

[68] A.N. Schellekens
Meromorphic c=24 conformal field theories
Workshop on Algebraic Combinatorics, Monster and Vertex
Operator Algebras, Santa Cruz (CA), USA, July 24- 28,
2000.

[69] A.N. Schellekens
Open Strings, Simple currents and fixed points
ESI-Workshop “Duality, Strings and M-Theory” Erwin
Schroedinger Institut, Vienna, Austria, April 16, 2000.

[70] A.N. Schellekens
Open Strings, Simple currents and fixed points
University Freiburg, Freiburg, Germany, January 19, 2000.

[71] A.N. Schellekens
Boundaries, crosscaps and simple currents
ITP, Universidad Autonoma, Madrid, Spain, November
2000.

[72] E. Schillings
Strangeness 2000: A Summary
SAP Seminar, Utrecht, The Netherlands, November 16,
2000

[73] G. van der Steenhoven
Recoil Detection at HERMES
Workshop on ELFE Detectors, CERN, Geneva, Switzerland,
January 21, 2000

[74] G. van der Steenhoven
The FAST Detector Concept
Workshop on ELFE Detectors, CERN, Geneva, Switzerland,
January 21, 2000

[75] G. van der Steenhoven
Quarks en gluonen
Technische Universiteit Eindhoven, Eindhoven, February 8,
2000

[76] G. van der Steenhoven
Nuclear Effects on R = σL/σT in Deep-Inelastic Scattering
Workshop on ”Deep-Inelastic Scattering 2000”, Liverpool,
United Kingdom, April 25-30, 2000

[77] G. van der Steenhoven
The HERMES physics program
DESY Workshop on “Skewed Parton Distributions and
Lepton-Nucleon Scattering”, Hamburg, Germany, Septem-
ber 11-12, 2000:

[78] J. van Tilburg
Vertexing Performance of the HERA-B detector
SAP Seminar, Utrecht, The Netherlands, October 16, 2000

[79] J. Vermaseren
Physics and Computer Algebra
Univ. Madrid, Madrid, Spain, February 2000

[80] J. Vermaseren
Mathematics for Structure Functions
Workshop ”Loops and Legs in Quantum Field Theory”,
Bastei, Germany, April 13, 2000

[81] J. Vermaseren
Towards three loop QCD structure functions
Univ. Granada, Granada, Spain, June 2000

[82] J. Vermaseren
Attempts to evaluate the three loop anomalous dimensions
in deep inelastic scattering
DIS Workshop, Leiden, The Netherlands, July 2000

[83] J. Vermaseren (with D. Fliegner)
A Parallel version of FORM
ACAT2000, Fermilab, USA, October 2000

[84] J. Vermaseren
Review of the parallel session of symbolic problem solving
ACAT2000, Fermilab, USA, October 2000

[85] J. Vermaseren
Symbolic Problem Solving in Perturbative Field Theory
Univerity of Wuppertal, Wuppertal, Germany, October
2000

[86] J. Vermaseren
Physics and Computer Algebra
University of Madrid, Madrid, Spain, December 12, 2000

[87] J. Vermaseren
Perturbative QCD in the future
University of Madrid, Madrid, Spain, December 13, 2000

[88] G. de Vries
Direct photons as a probe of quark-gluon plasma
Institute for Theoretical Physics, Utrecht University, The
Netherlands, July 6, 2000

[89] I. van Vulpen
2-fermion & 4-fermion production at LEP2
XXXV-th Rencontres de Moriond QCD (2000), Les Arcs,
France, March 11-18, 2000

[90] S. Weinzierl
Single top production at hadron colliders
DESY, Hamburg, Germany, July 12, 2000

[91] S. Weinzierl
Dimensional regularization, γ5 and K-theory
6th ECFA/DESY Workshop, Padova, Italy, May 2000
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[92] S. Weinzierl
Dimensional regularization and K-theory
LPTHE Jussieu, Paris, France, April 27, 2000
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4 Seminars at NIKHEF
[1] January 24, 2000, Amsterdam

David Groep (NIKHEF)
Correlations and Currents in 3He Studies with the (e,e,’pp)
Reaction

[2] February 4, 2000, Amsterdam
K. Rummukainen (Niels Bohr Institute, Copenhagen)
New developments in the lattice electroweak phase transi-
tion calculations

[3] February 11, 2000, Amsterdam
S. Forte (Roma)
Structure functions and parton distributions: recent
progress and new ideas

[4] February 17, 2000, Amsterdam
G. Sigl (Meudon Observatory)
High Energy Cosmic Neutrinos as Probes of Astrophysics
and Physics beyond the Standard Model

[5] February 18, 2000, Amsterdam
G. D’Agostini (ROMA)
Bayesian inference

[6] March 7, 2000, Amsterdam
K. Rith (Erlangen)
The HERMES physics program until the year 2006

[7] March 10, 2000, Amsterdam
W. Snoeijs (CERN-MIC)
Pixel tracking detectors for High-Energy Physics experi-
ments, IC-design and Radiation effects

[8] March 24, 2000, Amsterdam
R. Jakob (Wuppertal)
Generalized parton distributions: a new tool in the investi-
gation of hadron structure

[9] March 31, 2000, Amsterdam
J. Rachen (Utrecht)
Neutrino’s from Cosmic Accelerators

[10] April 14, 2000, Amsterdam
B. Hertzberger (UvA)
ICES/KIS: The virtual laboratory

[11] May 12, 2000, Amsterdam
D. Zeppenfeld (UW Madison)
Measuring Higgs boson properties: prospects for the LHC

[12] May 12, 2000, Amsterdam
M. Ouchrif (Bologna)
Recent Macro Data on Magnetic Monopoles Searches and
its implication for the SLIM experiment

[13] May 19, 2000, Amsterdam
J. Smit (UvA/UU)
Baryogenesis and quantum field dynamics

[14] May 24, 2000, Amsterdam
R. Jones (CERN), L. Mapelli (CERN), R. Hart (NIKHEF)
ATLAS Trigger/DAQ Back-end Software

[15] May 26, 2000, Amsterdam
N. Magnussen (Barcelona)
Ground-Based Gamma-Ray Astronomy: Present and Fu-
ture

[16] June 9, 2000, Amsterdam
U. Baur (SUNY-Buffalo)
Probing weak boson couplings in collider experiments

[17] June 21, 2000, Amsterdam
C.J.G. Onderwater (University of Illinois)
The g-2 experiment at Brookhaven

[18] June 23, 2000, Amsterdam
R. Brandenberger (Brown University)
Inflationary Cosmology: Progress and Problems

[19] June 30, 2000, Amsterdam
M. Pohl (CERN/Nijmegen)
The FAST experiment at PSI

[20] July 7, 2000, Amsterdam
P. Kooijman (NIKHEF)
Summary of DIS2000 Structure Function Working Group

[21] July 14, 2000, Amsterdam
K. Hicks (University of Ohio)
Hadronization lengths determined at FNAL

[22] September 15, 2000, Amsterdam
E. Laenen et al
ICHEP 2000 - Summary talks

[23] September 22, 2000, Amsterdam
J.J. Engelen (NIKHEF/UvA)
Status of the LHC experimental programme

[24] September 27, 2000, Amsterdam
A. Turcot
Higgs Search at D0

[25] October 6, 2000, Amsterdam
R. Timmermans (KVI)
Physics beyond the Standard Model with trapped isotopes

[26] October 13, 2000, Amsterdam
K. Rajagopal (MIT)
The Phases of QCD in Heavy Ion Collisiosions and Compact
Stars

[27] October 20, 2000, Amsterdam
S. Menary (Toronto)
The BTeV experiment

[28] November 3, 2000, Amsterdam
W.D. Nowak (DESY-Zeuthen)
Electron Scattering at TESLA with Polarized and Unpolar-
ized Nucleon Targets

[29] November 10, 2000, Amsterdam
R. van Dantzig (NIKHEF)
Summary of NOW2000 workshop

[30] November 17, 2000, Amsterdam
R. Stock
First observation of the QCD parton-hadron phase transi-
tion

[31] November 24, 2000, Amsterdam
A. Mueller
The parton model and a Boltzmann equation for the early
stages of a relativistic heavy ion collision

[32] December 1, 2000, Amsterdam
M. Botje (NIKHEF)
Parton Distributions from Deep Inelastic Scattering

[33] December 21, 2000, Amsterdam
W. Verkerke
First CP Physics results from Babar
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5 NIKHEF Annual Scientific Meeting, December 14-15,
2000, Amsterdam

[1] J. Timmermans
Higgs physics at LEP

[2] J. van Dalen
Cross-Talk Phenomena in WW Events

[3] M. Needham
Nikhef on LHCb: Status Report

[4] N. van Bakel
Vertexing at LHCb

[5] M. Mevius
Status and Prospects of Hera-B

[6] P. Kooijman
Recent results from ZEUS

[7] J. Velthuis
The ZEUS vertex chamber

[8] E. Pesen
Results and outlook from the CHORUS experiment

[9] H. van der Graaf
The GRAPPA project

[10] J. Vermaseren
3-Loop Structure Functions

[11] K. Schalm
String theory and experiment

[12] E. de Wolf
The ANTARES project

[13] A. Heijboer
ANTARES’ view on the universe

[14] J. Visschers
MediPix, X-ray imaging with Pixel detectors

[15] M. Vreeswijk
NIKHEF contributions in ATLAS and the making of BOL-0

[16] W. Lavrijsen
ComBined Reconstruction in Atlas

[17] O. Peters
D0 status and Muon Spectrometer

[18] K. Bos
GRID and the local Farm

[19] J. Steijger
The Hermes silicon project

[20] J. Visser
Nuclear Effects in DIS

[21] L. van Buuren
Quadrupols of the proton

[22] A. Buijs
Status of ALICE

[23] P. van der Ven
Transverse mass spectra of Λ and Λ̄ in Pb-Pb collisions at
158 A GeV/c

[24] M. van Leeuwen
Strangeness production in NA49

[25] M. Pohl
Colliders for Future Physics
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F Resources and Personnel

1 Resources

In 2000 NIKHEF received a budget for exploitation
(including salaries) of some MHfl 37.4 (Fig. 1.1).
The budget figures of the NIKHEF partners were:
FOM-institute (SAF/NIKHEF): MHfl 25.5, universities
MHfl 9.3 of which FOM supplied MHfl 3.1 through
the Reserach Division Subatomic Physics (SAF). Third
parties contributed MHfl 2.6 to the NIKHEF income.

Income 2000: 37,4 Mfl

68%

8%

17%

7%

FOM-institute SAF/NIKHEF

FOM-working community SAF

Universities

Third parties

Figure 1.1: NIKHEF funding.

Expenses 2000: 37,4 Mfl

10%

1%

5%

8%

8%

24%8%

15%

5%

9%

7% LEP
Chorus
AmPS
Zeus
Hermes
Atlas
Alice
LHCb
Theory
Trans.prog.
Third parties

Figure 1.2: Exploitation budget.

The largest program, ATLAS, consumed about a quar-
ter of the exploitation budget. Theory is for the first
time recognizable in budget terms as a separate pro-
gram. Capital investements in 2000 were directed at
the three LHC experiments to which NIKHEF con-
tributes, while the computing, networking and technical
infrastructure were strengthened by a capital injection
of MHfl 2.4.

Capital investments 2000: 7 Mfl

35%

18%14%

33%
ATLAS
Alice
LHCb
Infrastructure

Figure 1.3: Capital investments.

NIKHEF Personnel

30

99 99

64
163

support staff

technical staff

Junior scientists

Senior scientists

Figure 1.4: Personnel as of December 31, 2000. Subdi-
vision of personnel: the scientists are divided into senior
and junior scientists (right plot).
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2 Membership of Councils and Committees during 2000

NIKHEF Board
F.T.M.Nieuwstadt (FOM, Chairman)
K.H. Chang (FOM)
J.J.M. Franse (UvA)
S. Groenewegen (VU)
C.W.P.M. Blom (KUN)
J.G.F. Veldhuis (UU)
H.G. van Vuren (secretary, FOM)

Scientific Advisory Committee NIKHEF
P. Söding (DESY, Chairman)
B. Frois (CEA Saclay)
G. Goggi (CERN)
D. von Harrach (Univ. Mainz)
G. Ross (Univ. Oxford)
J. Stachel (Univ. Heldelberg)

NIKHEF Works Council
L.W. Wiggers (Chairman)
R.G.K. Hart (1st secretary)
J.J. Hogenbirk (2nd secretary)
H. Boer Rookhuizen
J.H.G. Dokter
W.D. Hulsbergen
F.B. Kroes

FOM Board
J.J. Engelen

Fund for Scientific Research, Flanders, Belgium
G. van Middelkoop

SPC-CERN
J.J. Engelen
K.J.F. Gaemers

LHCC-CERN
J.J. Engelen (Chairman)

SPSC-CERN
B. Koene

Extended Scientific Council, DESY
K.J.F. Gaemers

ECFA
J.J. Engelen, K.J.F. Gaemers, R. Kamermans, E.W. Kittel,
G. van Middelkoop (also in Restricted ECFA)

NuPECC
G. van Middelkoop

HEP Board EPS
J.J. Engelen

Research Board CERN
J.J. Engelen

Extended Scientific Council DESY

J.J. Engelen

EPAC

G. Luijckx

Beleidsadvies college KVI

G. Luijckx

Scientific Committee

Frascati Laboratory

G. van Middelkoop

Scientific Advisory Committee,

Physique Nucleaire, 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 Laboratory

H.P. Blok

Other committees

ASP Board W. Hoogland

ASTRON W. Hoogland

EPCS W. Heubers

ESRF G. Luijckx

HTASK K. Bos

ICANN R. Blokzijl

IRI J.H. Koch

IUPAP, C11 committee W. Hoogland

Kuratorium HEPHY, Vienna E.W. Kittel

NOMINET R. Blokzijl

OECD Global Science Forum Consultative Group G. van

Middelkoop

RIPE R. Blokzijl

SURF W. Hoogland

WCW Board A.J. van Rijn
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3 Personnel as of December 31, 2000

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. TE stands for temporary employee, GST for
guest. Other abbreviations refer to the experiments, projects and
departments.

1. Experimental Physicists

Agasi, Drs. E.E. GST DELPHI
Akker, Drs. M. van den KUN L3
Apeldoorn, Dr. G.W. van UVA B Phys
Bakel, Drs. N.A. van FOM B Phys
Baldew, Drs. S.V. UVA L3
Balm, Drs. P.W. FOM ATLAS
Barneo González, Drs. P.J. FOM AmPS Phys
Batenburg, Drs. M.F. van GST AmPS Phys
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 AmPS Phys
Blom, Drs. H.M. FOM DELPHI
Bobbink, Dr. G.J. FOM L3
Boer, Dr. F.W.N. de GST ALGEMEEN
Boersma, Drs. D.J. GST AmPS Phys
Bokel, Drs. C.H. GST ZEUS
Bos, Dr. K. FOM ATLAS
Botje, Dr. M.A.J. FOM ALICE
Bouhali, Dr. O. FOM HERMES
Brand, Prof.Dr. J.F.J. van den VU AmPS Phys
Bruinsma, Drs. M. FOM B Phys
Bruinsma, Ir. P.J.T. GST ANTARES
Buis, Drs. E.J. GST ATLAS
Buijs, Prof.Dr. A. UU ALICE
Bulten, Dr. H.J. FOM-VU HERMES
Buuren, Drs. L.D. van FOM AmPS Phys
Calvet, Dr. D. GST ATLAS
Cârloganu, Dr. Mw. F.C. FOM ANTARES
Crijns, Dipl.Phys.F.J.G.H. FOM-KUN ATLAS
Dalen, Drs. J. van FOM-KUN L3
Dam, Dr. P.H.A. van UVA DELPHI
Dantzig, Dr. R. van GST CHORUS
Daum, Prof.Dr. C. GST ATLAS
Derrick, Prof.Dr. M. GST ZEUS
Diddens, Prof.Dr. A.N. GST DELPHI
Dierckxsens, Drs. M.E.T. FOM L3
Dierendonck, Drs. D.N. van GST L3
Duensing, Drs. Mw. S. KUN ATLAS
Duinker, Prof.Dr. P. FOM L3
Eijk, Prof.Dr. B. van FOM ATLAS
Eijk, Ir. R.M. van der FOM B Phys
Eldik, Drs. J.E. van GST DELPHI
Engelen, Prof.Dr. J.J. UVA ZEUS
Erné, Prof.Dr.Ir F.C. GST L3
Ferreira Montenegro, Drs. Mw. J. FOM DELPHI
Filthaut, Dr. F. KUN L3
Fornaini, Drs. A. FOM ATLAS
Garutti, Drs. Mw. E. FOM HERMES
Gouz, Dr. I GST B Phys
Graaf, Dr.Ir. H. van der FOM ATLAS
Grijpink, Drs. S.J.L.A. FOM ZEUS
Groep, Drs. D.L. FOM Other Projects
Gulik, Drs. R.C.W. UL L3
Hartjes, Dr. F.G. FOM ATLAS

Heesbeen, Drs. D. FOM HERMES
Heijboer, Drs. A.J. UVA ANTARES
Heijne, Dr. H.M. GST Other Projects
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
Hoogland, Prof.Dr. W. UVA B Phys
Hu, Drs. Y. FOM-KUN L3
Hulsbergen, Drs. W.D. 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
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Lefévere, Y. FOM
Leguyt, R. FOM
Mul, F.A. FOM-VU
Munneke, Ing. B. FOM
Overbeek, M.G. van FOM
Petten, O.R. van FOM
Rietmeijer, A.A. FOM
Roeland, E. FOM
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