
Chapter 3

The HERMES experiment

For a clear understanding of the boundary conditions to which the design of the Lambda

Wheels was subjected (chapter 5) and to set the framework for the analysis described

in this thesis (chapter 4) the HERMES experiment is briefly described in this chapter.

The HERMES experiment has been designed to study the spin structure of the nucleon

by scattering polarized leptons off a (fixed) polarized target. It is situated in the East-

section of the HERA lepton-proton collider facility of DESY in Hamburg. HERMES only

uses the lepton beam which is scattered from polarized atomic nuclei that are injected

into a target cell internal to the beam. This is in contrast to the ZEUS and H1 experi-

ments which use both beams in collider mode, and the HERA-B experiment which uses

the proton beam only.

The HERA storage ring is described in section 3.1, and the polarized HERMES target

in section 3.2. The HERMES spectrometer is the subject of section 3.3.

3.1 The HERA storage ring

The lepton storage ring of HERA at DESY can either store electrons or positrons with

an energy of 27.5 GeV and has a length of 6.3 km. At the start of a fill of the lepton

ring typical beam currents of 30 to 40 mA are achieved. The life time of one fill is ty-

pically 12 hours. At about 10 mA the remaining lepton current is dumped. Due to the

Sokolov-Ternov effect [32] a transverse polarization of the leptons is built up. In order

to obtain the longitudinal polarization utilized in the HERMES experiment spin rota-

tors are placed in front of and behind the HERMES experiment. A mean polarization

of about 40 to 60 % is achieved with a rise time of about 22 minutes. The value of the

polarization is measured with both a longitudinal and a transverse polarimeter. The

transverse polarimeter [33] is located close to the west section of HERA. It measures

an up-down asymmetry of photons Compton scattered from the beam leptons with
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a systematic uncertainty of 3.4 %. The measured asymmetry is proportional to the

beam polarization. The longitudinal polarimeter [34] is situated near the HERMES in-

teraction point and uses the spin dependent angular distribution of the Compton cross

section for longitudinally polarized leptons. The longitudinal polarization of the lepton

beam is measured with a fractional systematic uncertainty of 1.6 %. Furthermore, the

ratio of the polarizations measured with the longitudinal and transverse polarimeters

is found to be about 1.02, i.e. the two polarimeters yield consistent results within their

respective systematic uncertainties.

3.2 The internal gas target

The advantage of the HERMES experimental set-up as compared to other polarized

DIS facilities is the possibility to use an internal target in combination with a storage

cell. As a result undiluted highly polarized gases could be used. In other experiments

massive polarized targets are used with large dilution factors, as hydrogen polarization

is always obtained in combination with another atom.

At HERMES the gas atoms are brought into the middle of a tube with an ellip-

tical cross section through which the lepton beam passes. This tube is known as the

target cell and is 40 cm long. If it is cooled down to 100 K, target thicknesses of

about 1014 nucleons/cm2 are obtained for polarized hydrogen and deuterium, and 1015

nucleons/cm2 for polarized 3He gas. If unpolarized gas atoms are used as target the

thickness can be increased to about 1016 nucleons/cm2. This mode of operation has a

large impact on the lepton beam life time, i.e. it is reduced to a few hours or less. It

has therefore been used only at the end of a fill in order to collect a large sample of

unpolarized DIS data in a relatively small amount of time. The analysis described in

this thesis is, however, limited to the polarized hydrogen and deuterium data collected

in the years 1997-2000.

3.3 The HERMES spectrometer

The HERMES experiment is built around a forward angle spectrometer mostly designed

for studying semi-inclusive DIS on polarized (internal) targets [35]. The spectrometer

is divided in a front and backward part with respect to the spectrometer magnet. The

dipole magnet has an integrated field of
∫

B · dl = 1.3 Tm. The tracks reconstructed in

the front and backward regions are combined in the middle of the magnet, enabling a

momentum measurement based on the measured bending of the track. The momentum
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Figure 3.1: Side view of the HERMES spectrometer.

resolution ∆p/p of the scattered lepton is about 1-3 % and the angular resolution is

better than 0.6 mrad. The spectrometer consists of an upper and lower part which are

mirror images of each other. The vertical acceptance has a gap due to a steel plate that

is needed to shield the lepton beam from the magnetic field of the spectrometer magnet.

The acceptance of the experiment in the horizontal and vertical direction is |θx| ≤ 170

mrad and 40 mrad ≤ |θy| ≤ 140 mrad, respectively. The spectrometer acceptance and

the beam energy of 27.5 GeV result in an accessible kinematic range limited to 0.02 <

x < 0.8 and 0.2 GeV2 < Q2 < 20 GeV2.

The tracking chambers are mostly normal drift chambers. They all have their wires

either oriented vertically, or tilted either +30 ◦ or -30 ◦ with respect to the vertical axis.

The Vertex Chambers [36] (VC), however, are composed of 2 sets of 3 microstrip gas

counters. In the front region the Drift Vertex Chambers (DVC) and the Front Chamber

(FC) are both drift chambers composed of 6 planes. The Magnet Chambers (MC) are

used for low momentum tracks that do not reach the Back Chambers (BC) and the

particle identification detectors. The front tracking is based on a combination of VC,

DVC and FC information. While the VC provided the most precise tracking information

it had to be removed in 1998 due to severe radiation damage encountered when the

HERA beam was lost in the vicinity of HERMES.

The remainder of the section is organized as follows. First the detectors used for
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particle identification are described in subsection 3.3.1. The luminosity monitor used

for the measurement of the beam luminosity is the subject of subsection 3.3.2, and in

the last subsection the HERMES trigger and the data acquisition system are introduced.

3.3.1 Particle identification

Initially, particle identification at HERMES was mainly designed to achieve a very good

lepton-hadron separation. This was accomplished with a threshold Čerenkov detector,

a transition radiation detector (TRD), a pre-shower counter and an electromagnetic cal-

orimeter. With the installation of a Ring Imaging Čerenkov Chamber in 1998, which

replaced the threshold Čerenkov detector, it became possible to identify πs, Ks and

protons in a large momentum range [37].

The threshold Čerenkov counter detects Čerenkov light emitted if the speed of a

particle is above the speed of light in the gas medium, which is given by the refractive

index n of the medium vt = c/n. For particles with a different mass m a different

threshold momentum results, which is given by

pt =
γtmc

n
(3.1)

with γt = n/
√

n2 − 1. It is thus possible to identify hadrons of the smallest mass, i.e.

πs, in the momentum range between the threshold for a π Čerenkov signal (3.9 GeV)1

and the threshold for K detection (13.7 GeV). Above the K threshold it is not possible

to separate πs and kaons. It is, however, possible to minimize proton contamination up

to the proton threshold (26.2 GeV). With the inclusion of the RICH also the angle of

the Čerenkov radiation is measured. This angle θC is given by

cosθC =
1

βn
(3.2)

with β = v
c

the relative velocity of the particle. This angle is determined from the

signals of a matrix of 1934 photomultiplier tubes per detector half which detect the

Čerenkov radiation reflected in a mirror array. The RICH detector enables π, K and

p identification in the momentum range from 2 GeV to 15 GeV [38]. The lower limit

could be achieved by also using aerogel as refractive material. In the case of the thres-

hold Čerenkov counter only a N2-C4F10 gas mixture was used.

The transition radiation detector (TRD) consists of a box filled with polyethyle-

ne/polypropylene fibers containing Xe(90%)/CH4(10%) gas. The numerous boundaries

between the materials with a different dielectric constant result in transition radiation

1Values are given for the 1997 set up.
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when a high energy particle is propagating through it, which is measured (mainly X-

rays) with a multiwire proportional counter. At HERMES γ > 6000 for positrons or

electrons while hadrons have γ < 200. A lower Lorentz factor γ results in a lower energy

of the transmitted photons. Therefore, a measurement of the radiated energy enables

a clear distinction between leptons and hadrons.

The pre-shower detector consists of 42 plastic scintillator modules with a width

of 9.3 cm each, a length of 91 cm and a thickness of 1 cm. The modules are placed

in two rows such that an overlap of 1.5 mm exists in between two adjacent modules.

The modules are read out with photomultiplier tubes with a diameter of 5.2 cm. The

difference in the longitudinal shower profile between leptons and hadrons results in

a pre-shower value. The combination of the pre-shower detector and the calorimeter

detector signals can be used to improve the lepton-hadron separation.

Each half of the calorimeter [39, 40] consists of (42 × 10) radiation resistant F101

lead glass blocks. A block measures 9 × 9 cm2 and is 50 cm long. Each block is coupled

to a 7.62 cm photomultiplier using silicone glue. In order to prevent radiation damage

during injection and ramping of the beam the calorimeter can be moved away from the

beam. The energy resolution of the calorimeter is given by [40]

σ(E)

E
[%] =

10.0 ± 2.0

E[GeV]
+

5.1 ± 1.1
√

E[GeV]
+ (2.0 ± 0.5) +

10.0 ± 2.0

E[GeV]
. (3.3)

The energy response to electrons is linear within 1 % from 1 GeV to 30 GeV.

Lepton/Hadron separation

The outputs of the pre-shower detector (Pre), the Čerenkov detector (Cer) and the

calorimeter (Cal) are combined into a quantity PID3 which is used to separate leptons

from hadrons

PID3 = log10

[

(P e
PreP

e
CerP

e
Cal)

(P h
PreP

h
CerP

h
Cal)

]

. (3.4)

Here P k
l is the conditional probability that a particle of type k gave a signal in the

detector l. For the transition radiation detector TRD a separate PID variable is made

PID5 = log10

[

(P e
TRD)

(P h
TRD)

]

, (3.5)

which in the analysis is usually added to PID3 and denoted as PID (without sub-

script). Hadrons or leptons are identified by imposing requirements on the PID vari-

able. Application of this PID scheme gives a lepton detection efficiency over 97% with

a hadron contamination below 0.01%. The hadron detection efficiency is 99% with a

lepton contamination below 0.6%.
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3.3.2 Luminosity monitor

The luminosity of the experiment is measured by detecting elastic scattering of the

beam leptons from electrons of the target atoms. The scattered and ejected electrons

are detected in a calorimeter on either side of the beamline, 7.2 m downstream of the

center of the target cell. The calorimeter consists of NaBi(WO4)2 crystals with a very

high radiation tolerance. Like the calorimeter these crystals are moved away from the

beam during injection. The energy resolution of the calorimeter is [41]

σ(E)

E
[%] =

4.3

E[GeV]
+

9.3
√

E[GeV]
+ 0.3, (3.6)

for electron energies between 1 and 6 GeV.

In practice the luminosity follows from the luminosity trigger rate per burst accor-

ding to

L = CLumiflL̇∆Burst, (3.7)

where the luminosity constant CLumi takes into account the acceptance of the detector

and the cross sections for Møller scattering or Bhabha scattering and pair annihilation,

fl is the ratio of nucleons to atomic electrons which is introduced to arrive at a lumi-

nosity per nucleon, and L̇ is the frequency of coincident hits in the time interval of one

burst ∆Burst. In [41] the reciprocal value of the luminosity constant was determined to

be C−1
Lumi,e+ = 2.22±0.14 µb for a positron beam, and C−1

Lumi,e− = 3.59±0.22 µb for an

electron beam. For the effective luminosity Leff = ηDeadL a correction, on burst level,

for the dead time of the data acquisition system is applied.

3.3.3 Trigger system and data acquisition

A first level trigger system is used for the selection of the events to be recorded. The phy-

sics trigger for DIS and SIDIS events is provided by requiring hits in all the hodoscopes

and an energy deposit in two adjacent columns of the calorimeter above 1.4 GeV. For

quasi-real photo-production events a separate trigger is needed as no scattered positron

is detected. This is accomplished by the requirement of at least one track in both the

upper and lower detector halves. For the identification of these tracks the three hodos-

copes and the first backward drift chamber are used. For each of the triggers it is also

required that they are in coincidence with the accelerator bunch crossing signal.

The different detectors have their own read out system that also acts as a buffer

before the data are sent to the on-line work stations. Here the raw data (in EPIO

format [42]) are stored to disk and tape simultaneously. While the detectors are read
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out and the digitization of the data is in progress no new triggers can be accepted. As a

consequence a dead-time is introduced. If this dead-time becomes too high some of the

triggers can be pre-scaled to reduce the dead-time. Part of the data is reconstructed

‘on the fly’ in order to monitor the functioning of the HERMES detector during data

taking. Besides the information retrieval following the occurence of a trigger, online

information is recorded at fixed time intervals. This information normally doesn’t fluc-

tuate during small time intervals and is called slow-control information. It contains

almost constant control variables of the various detectors, such as high voltages and

temperatures. The slow-control data are continuously monitored every 10 seconds of a

run.

In order to analyze the data the event information is decoded by the Hermes Decoder

Code (HDC) and written in the ADAMO [43] format. The Hermes Reconstruction Code

(HRC) tracks the events in the front and the back region, and combines both tracks.

Besides tracking, HRC also determines the momenta of the particles and combines the

PID information and the measured amount of energy deposited in the calorimeter with

reconstructed full tracks. After HRC part of the decoded data is stripped and a µDST2

is made containing the event information in a format suitable for physics analyzes.

This information is the starting point for the tracking and analyzis work discussed in

chapter 4 and 6.

2The Data Summary Tape contains only information needed for a physics analysis.


