
Fixed-Target Experiments at HERA
Measuring Spins with HERMES

The deep-inelastic scattering of polarized electrons 
and muons from protons, deuterons and 3He has 
been used in several experiments in the past to study 
the origin of the spin of the nucleon. The spin-struc
ture functions g1 and g2 can be determined experi
mentally by measuring the difference in cross-sec
tions of polarized electrons on polarized nucleons 
between states where the spins are parallel and anti
parallel. The measurement is possible because the 
polarized electron emits a virtual photon which inter
acts selectively with quarks and anti-quarks with a 
particular spin direction. The spin-structure functions 
are therefore experimentally derived from the asym
metry of the cross-section σ for different relative spin 
orientations, A" = (dσ↓↑ -  dσ↑↑) / (dσ↑↓ + dσ↑↑). The 
Bjorken sum rule provides a relationship between the 
integral over the proton and neutron spin-structure 
functions and the weak-coupling constants, gA and 
gV (Ellis and Jaffe have also derived a similar sum 
rule). In the quark-parton model, the integral over the 
spin-structure function g1 has a relatively simple 
interpretation:

where Au, Ad and As represent the integrals over the 
quark momentum distributions of the up, down and 
strange quarks of the proton, Δq = ∫10 [q↑(x) -  
q↓(x)]dx. Here, q↑(x) {q↓(x)} are the quark plus anti
quark momentum distributions for the quark spin 
parallel {anti-parallel} to the spin of the nucleon.

The European Muon Collaboration has published 
a measurement of ∫10 gp1(x)dx = 0.126 ± 0.010 (stat.) 
± 0.015 (syst.) which is significantly smaller than the 
value predicted by Ellis and Jaffe of 0.175 ± 0.018. 
This result was interpreted as indicating that the 
contribution of the quarks to the proton spin is small, 
while the contribution from the sea of strange quarks 
is large. It has generated much experimental activity, 
from which first results have recently been published. 
The existing data do not contradict each other, within 
their large errors, but show that measurements at 
higher precision are needed.

A new, internal gas-target experiment HERMES to 
measure the spin-structure functions of proton and 
neutron has been approved for HERA. It will be able 
to determine the x-dependence of the polarized struc
ture functions for x-values above 0.02 and Q2 values 
between 1 GeV2 and 12 GeV2 with high precision; 
the detection of the leading hadrons will provide ad
ditional information. Furthermore, the experiment 
should provide access to other structure functions 
such as the transverse structure function g2(x) which 
provides information about the quark-gluon correla
tion. A test set-up of the experiment was mounted in 
early-1994 to study the influence of a gas target on 
the electron beam and the background conditions in 
the presence of the recently installed spin rotators 
used to polarize the beam (see page 93). Installation 
of the experiment and the start of data taking is fore
seen for 1995.

Exploring CP-Violation with HERA-B
The violation of charge-parity symmetry has so far 

only been observed and studied in the kaon system. 
However, in spite of this work, the origin of the viola
tion is not understood and it is therefore very impor
tant to study the phenomena on other systems. 
Neutral B-mesons provide such a system, and the 
analysis of certain decay modes will provide a crucial 
test of the underlying mechanism. In the framework of 
the Standard Model, the origin of CP-violation lies

in a non-zero phase in the Cabibbo-Kobayashi- 
Maskawa matrix.

Most of today’s knowledge about B-mesons comes 
from experiments at e+e- colliders such as ARGUS 
(an experiment at DORIS which was ended last year) 
and CLEO. However, CP-violation cannot be explo
red at existing machines but requires a high-lumino- 
sity e+e- collider in which the energies of the two colli
ding beams are different. An “asymmetric B-factory” 
of this type will be built at SLAC in California, USA, 
and a second one at KEK in Tsukuba, Japan. Hadron 
accelerators provide an alternative source of B- 
mesons and a group centered around the DESY’s 
ARGUS Collaboration has studied the possibility of 
measuring CP-violation at HERA using a wire target 
in the halo of the HERA proton ring as a copious 
source of B-mesons.

Several decays of B-mesons can be used to study 
CP-violation, with the decay B0 → J/ΨKS0 being espe
cially suited, as its theoretical description has no 
uncertainties due to hadronic matrix elements. CP- 
violation leads in this decay to a time-dependent 
asymmetry in the decay rate of B0 and B0 into J/ΨK0S,

Here, x  = ΔM/Γ   0.67 (where Γ is the decay width) cha
racterizes the B0, B0 flavour mixing and t is the decay 
time measured in units of the B0-lifetime. The quantity 
sin(2β) is a measure of the size of CP-violation and has 
an expected range of 0.16-0.98. In order to perform a 
decisive measurement one has therefore to determine 
sin(2β) with a precision of Δsin(2/β) ≈ 0.05.

The measurement of ACP requires a knowledge of 
the initial flavour of the decaying B-meson. Since the 
decay B0 → J/ΨK0S leads to a CP-eigenstate, one 
cannot tell from the final state whether it originated 
from a B0 or B0. The initial flavour can be tagged how
ever, either through the charge of leptons from the 
semileptonic decay of the second B in the event, or 
through the charge of a leading kaon from the decay 
of the second B. In order to clearly identify the decay 
B0 → J/ΨK0S, only the decay of the J/Ψ into a pair of 
leptons is considered, as it provides a clear signature 
and can be used in a highly selective trigger.

The statistical error in the determination of the CP- 
asymmetry sin(2β) is given by Δsin(2Δ) = (1/D)√K/N, 
where N is the number of tagged events, D the dilu
tion factor originating from flavour mixing and wrong 
tagging, and K a cut-dependent statistical factor 
arising from a cut in the decay time. To achieve a sta
tistical error on sin(2β) of 0.05, about 3000 tagged 
and reconstructed events are needed. Taking into 
account the ratio of the b cross-section to the total 
inelastic cross-section, the probability to generate a 
B0 or B0 in a b-event, the branching ratio for the 
decay B0 → J/ΨK0S, the leptonic J/Ψ  branching ratio, 
the branching ratio for the decay K0S → π+π- and esti
mates for efficiencies in triggering, tagging and 
reconstruction one finds that about 1015 interactions 
are needed to reach the required accuracy. Given the 
bunch-crossing rate of HERA of 10 MHz and assu
ming 4 interactions per crossing, this corresponds to 
a data taking period of 5 years.

Studies made so far indicate that a significant mea
surement of sin(2/β) should be possible, and extensi
ve experiments using a wire target in the halo of the 
HERA proton beam have already established that the 
required primary interaction rate can be obtained. 
The experiment, HERA-B, was recently approved 
provided certain conditions relating to funding and 
timely completion can be clarified by the end of 1994.

A schematic illustration of the 
HERMES internal gas-target 
experiment. It will use HERA’s 
longitudinally polarized electron 
beam and a longitudinally polari
zed proton, deuteron or 3He gas 
target. The target will be a long, 
windowless storage tube which is 
traversed by the beam and 
contains the polarized atoms in 
their pure atomic form, avoiding 
any dilution by other atoms. The 
plan is to polarize the hydrogen 
and deuterium atoms using an 
atomic beam method, while the 
3He atoms will be polarized using 
optical pumping.

An open spectrometer downs
tream of the target will measure 
the scattered electrons and the 
leading hadrons resulting from 
fragmentation of the target in 
coincidence with the scattered 
electron. Microstrip gas chambers 
and drift chambers in front of and 
behind the magnet, and proportio
nal chambers inside the magnet, 
will monitor the trajectories of par
ticles identified using a Cerenkov 
counter, a transition radiation de
tector and finally a lead-glass 
calorimeter.

Layout of HERA-B’s internal wire- 
target experiment in the halo of 
HERA’s proton beam. The requi
rements on a detector running 
under the conditions foreseen re
present a major technical chal
lenge. The detector has to be 
able to: reconstruct multiple
events with as many as 50 tracks 
per bunch crossing at a 10 MHz 
bunch crossing rate with high effi
ciency; reconstruct B-decay ver
tices; identify leptons and charged 
kaons ; trigger rapidly and highly 
selectively on J/Ψ.
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