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3. THE HERMES EXPERIMENT

3.1 Introduction

The HERMES (HERa MEasurement of Spin) experiment [21] is based at
the German Institute for high-energy physics DESY (Deutsches Elektron
SYnchrotron) in Hamburg. The main objective of the HERMES experiment
is the study of the spin structure of the nucleon by means of deep inelastic
lepton scattering off nucleon targets. The sensitivity to the spin arises from
the use of the polarised lepton beam of HERA and polarised target nuclei.

At HERMES the beam is passing through an open-ended storage cell, in
which either polarised or unpolarised gases are injected. The particles emerg-
ing from the target are detected in a forward-angle spectrometer, consisting
of several tracking and particle identification detectors. In this chapter the
HERMES experimental set-up is briefly discussed, focusing on the features
important for the analyses described in chapters 4 and 5 of this thesis. For
further details we refer to the article [22] in which the HERMES spectrometer
is described.

3.2 The HERA storage ring

In the HERA (Hadron Elektron Ring Anlage) storage ring protons and elec-
trons are stored and both beams can be used simultaneously by four different
experiments. Two of these experiments, ZEUS and H1, are colliding-beam
experiments. HERA-B uses only the proton beam whereas HERMES only
uses the polarised lepton beam.

The lepton beam is accelerated to an energy of 27.5 GeV, reaching in-
tensities (at injection) of at most 50 mA. The typical lifetime of the beam
is 10 hours. The beam is usually dumped at 10 mA. The lepton beam is
transversely polarised by the Sokolov-Ternov effect [23]. In this process, the
leptons predominantly align their spins in the vertical direction, parallel to
the magnetic field of the storage ring, by radiating photons. However, for
the study of the helicity structure of the nucleon a longitudinally polarised
beam is required, i.e. the lepton spins have to be aligned parallel to their
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propagation direction. Therefore, spin rotators are placed before the HER-
MES experiment. These devices rotate the spin of the electrons from the
transverse to the longitudinal orientation. As the Sokolov-Ternov effect [23]
aligns the lepton spins in the vertical direction, spin rotators are placed be-
hind the HERMES experiment to rotate the spin of the electrons from the
longitudinal orientation back to the transverse one, otherwise it would not
be possible for the polarisation to be built up.

3.3 The HERMES target

The target consists of a windowless storage cell in which a gas can be in-
jected. In this way a gas density is reached of ∼1014N cm−2, which is two
orders of magnitude higher than can be obtained with a gas jet target [24]
(∼1012N cm−2).

To limit the influence of the target gas on the beam lifetime a powerful
pumping system is used. The gas is pumped away at both ends of the target-
cell. The cell, with an elliptically shaped cross section, is 29 mm wide, 9.8
mm high and 40 cm long. Polarised gases can be injected from an Atomic
Beam Source (ABS) [25]. The polarisation of the target atoms is measured by
a Breit-Rabi polarimeter (BRP) [26]. Unpolarised gases can also be injected
into the target cell through a separate capillary near the ABS outlet. In
this way target densities of about 1015 N cm−2 have been reached with a
contribution to the lifetime of the beam of only 45 hours, for hydrogen and
deuterium 1.

3.4 The HERMES spectrometer

The HERMES spectrometer is a forward-angle spectrometer located in the
East Hall of the HERA accelerator complex. It is a general purpose instru-
ment that is used to track and identify both the scattered lepton and the
produced hadrons. It has a box acceptance, which ranges from 40 mrad
to 140 mrad in the vertical direction, both above and below the beam-line,
and from -170 mrad to +170 mrad in the horizontal direction. The possi-
ble scattering angles range from 40 mrad to 220 mrad. The layout of the
spectrometer is illustrated in figure 3.1. The various components of the spec-
trometer, the trigger system and the data-acquisition system are discussed
in separate subsections below.

1 Unpolarised gas densities in access of 1016 N cm−2 have also been used at HERMES.
In this case the beam lifetime is reduced to a few hours.
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3.4.1 Spectrometer magnet

In combination with the tracking system the magnet is used to determine
the momentum of the particles. The spectrometer magnet is of the H-frame
type with a deflecting power of 1.3 Tm. The variation of the field is less
than 10% over the whole acceptance. Field clamps both in front and behind
the magnet reduce the field strength in the nearest tracking chambers to less
than 0.1 T .
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Fig. 3.1: The HERMES spectrometer. The horizontal and vertical scales represent
the actual distances in metres.

3.4.2 Tracking

The tracking system consists of several detectors, before, inside and behind
the spectrometer magnet. To establish tracks which traverse the whole spec-
trometer, tracks before and behind the magnet are reconstructed [27] by two
sets of detectors. From the two sets of reconstructed tracks matching pairs
are selected possibly involving the magnet chambers, which are situated in
the spectrometer magnet. These pairs are used to determine the particle
momentum from the deflection of the tracks in the spectrometer magnet.
Moreover, the reconstructed tracks can be correlated with hits in the parti-
cle identification detectors.

The vertex chambers [28], drift vertex chambers and front chambers be-
fore and two sets of back chambers [29] behind the magnet provide the hit
information. The vertex chambers comprise a set of multi-strip gas cham-
bers. During part of the data-taking period, in which the data described in
this thesis were collected the vertex chambers were inactive due to radiation



22 3. The HERMES experiment

damage incurred by the read-out chips. The drift vertex chambers, the front
chambers and the back chambers are conventional drift chambers. In addi-
tion there are magnet chambers, which are multi-wire proportional chambers.
They are used to reconstruct front tracks that are passing outside the accep-
tance of the back chambers. The momentum resolution of the HERMES
spectrometer ranges from 0.7 to 1.25% over the measured kinematic range.
The angular resolution is better than 0.6 mrad.

3.4.3 Particle identification

In order to achieve lepton identification with a high efficiency and a low
hadron contamination the responses of various dedicated detectors are com-
bined. The particle identification system consists of a Čerenkov detector, a
transition radiation detector, two sets of hodoscopes, and an electro-magnetic
calorimeter [30]. The hodoscope in front of the calorimeter is preceded by
two radiation lengths of lead such that it acts as a pre-shower counter. In
1998 the existing threshold Čerenkov counter was replaced by a Ring Imaging
Čerenkov Hodoscope (RICH) [31] to improve the identification of protons,
pions and kaons.

The combined outputs of the calorimeter, the pre-shower counter, the
Transition Radiation Detector (TRD) and the threshold Čerenkov provide
an electron detection efficiency larger than 95% with a hadron contamina-
tion of only 1% in the lowest x-bin. The signals of the four detectors are
combined using likelihood distributions. First the results of the calorime-
ter, pre-shower and Čerenkov are used to form the following quantity for the
Particle IDentification, PID3:

PID3 = log10
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]
, (3.1)

where P i
j is the conditional probability that a particle of type i produced a

given response in detector j. These P ’s are determined by comparing the
measured detector responses for each track to a library of response func-
tions, which are obtained either from data or modelled using Monte Carlo
techniques. For the TRD, which consists of six independent chambers PID5
is calculated:

PID5 = log10[P
e
TRD/P h

TRD]. (3.2)

In general, requirements on the sum of PID3 and PID5 are used to select
leptons and hadrons. By only using conditional probabilities the effect of
the non-uniform flux of particles incident on the detectors is neglected. This
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results in a momentum and scattering-angle dependence of the PID distri-
butions. To calculate real probabilities one needs to perform a Bayesian it-
erative procedure. The conditional probabilities and the flux ratio, Φ, which
is the ratio of hadrons to positrons incident in the detector, serve as input
for this procedure. One starts with Φ0=1 and uses this to calculate P 1

e+ and
Φ1, which enters the procedure to give P 2

e+ and Φ2. This scheme is repeated
until |Φn−1 − Φn| becomes smaller than the uncertainty of Φn, which usu-
ally occurs within 10 steps. The end-result is a log-likelihood distribution
with PID efficiencies and contamination factors which are momentum and
scattering angle independent.

3.4.4 Luminosity measurement

For a proper weighting of the data collected in different time periods, the
number of selected events have to be normalised. The normalisation is ob-
tained by measuring the luminosity, which is the product of the target-gas
density and the beam current. To achieve this, a luminosity monitor is in-
stalled 7.2 m downstream of the centre of the target. The luminosity detector
consists of two small electro-magnetic calorimeters, which are moved close
to the beam line before data taking is started. Both calorimeters are re-
tracted during injection and ramping of the lepton beam. The measurement
is based on elastic scattering of the beam leptons off the target-gas electrons.
Both the scattered lepton and the hit electron are detected in coincidence,
with the requirement of each depositing at least 5 GeV in the calorimeters.
In case of an electron beam the process is e−e− → e−e−, known as Møller
scattering. For a positron beam the processes are e+e− → e+e−, known as
Bhabha scattering, and the annihilation into photon pairs e+e− → γγ. Both
are electro-dynamical processes which are well understood, including the as-
sociated radiative corrections. In principle, this system can be used for an
absolute determination of the luminosity. However, the data for the relative
cross sections presented in this thesis only rely on the relative normalisation
provided by the luminosity detector.

3.4.5 Trigger

The trigger system is designed to select events on the basis of signatures of
potentially interesting events and reject background events. For a DIS event,
hits in the three scintillator hodoscopes and a signal from the calorimeter
corresponding to a deposition of at least 1.4 GeV in two adjacent calorimeter
rows in coincidence with the HERA bunch signal are required. There are
several other triggers available which are used to identify different possible
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hadronic final states as well as to determine trigger efficiencies. The max-
imum trigger rate which can be handled by the HERMES data-acquisition
system with a dead time of less than 10% is at most 500 Hz. For a 3.5 GeV
calorimeter threshold, used when taking data with unpolarised targets, about
2/3 of the triggers had tracks. Of the reconstructed tracks 95% came from
the target, and about 1/3 of these events had a possible DIS lepton track.

3.4.6 Data acquisition

To minimise the dead time of the data-acquisition system (DAQ) double
buffering is implemented. Event collection is done in parallel with the read
out of the next event. Nevertheless, it is not always possible to accept all
the events generated by the triggers. As this dead-time effect influences the
number of selected events it has to be taken into account in the normalisation
of the measured data. The dead-time fraction is defined for each trigger
individually:

δi = 1 − T i
acc

T i
gen

, (3.3)

where T i
acc and T i

gen represent the numbers of accepted and generated triggers
of a certain scheme, respectively. Since the DAQ throughput depends on
trigger rates, the trigger dead time fractions are calculated for short time
periods of 10 seconds, called bursts. For several reasons these bursts can be
shortened sometimes. As a consequence information stored on a burst-by-
burst basis has to be corrected for burst-length differences.

3.4.7 Data taking

At HERMES there are three modes of data taking. The most common mode
is normal polarised-target data taking where the luminosity is limited by
the target densities which can be obtained with the atomic beam source.
Data taking with unpolarised targets can be done in two ways. Normally,
unpolarised target densities are limited by the beam lifetime and a luminosity
of at most 1032 N cm−2 is obtained. Alternatively, data are collected in higher
density running, which is done either in a dedicated run for HERMES only2,
or regularly at the end of each fill. Under these conditions the luminosity is
limited by the trigger rates or the dead time. In this way luminosity values
slightly in excess of 1033 N cm−2 have been obtained.

2 The other HERA experiments do not collect data during such runs.




