
The GEM detector: jewel of the SSC. 

particle accelerator, has proved to be 
a resounding, unqualified success -
as have physics experiments on the 
Z particles produced by the highly 
polarized beam. 

A conservative approach was called 
for, due to concerns about possible 
charge saturation effects. A relatively 
thick (0.3 micron) gallium arsenide 
layer was used for the photocathode 
in the SLC polarized electron source. 
With a titanium-sapphire laser oper
ating at 865 nanometres shining on 
this photocathode, electron beam 
polarization has exceeded 75 percent 
at the source and has reached 65 
percent at the SLC interaction point. 
Most of the loss occurs as the elec
tron beam traverses the north SLC 
arc. Still higher polarization levels are 
expected using presently available 
cathodes, which will soon be tested 
under actual operating conditions. 

This marked increase in polarization 
and a recent doubling of the SLC 
luminosity are together having a 
dramatic effect on the collider's 
physics potential. Because the figure 
of merit for the accuracy of certain 
key measurements - e.g. the weak 
mixing angle - is proportional to the 
polarization, the SLD collaboration 
can look forward to major improve
ments over the 1992 results. A 
banner SLC year is anticipated. 

SUPERCOLLIDER 
A GEM of a detector 

Now being prepared as a major 
experimental facility for the 87-
kilometre Superconducting 
Supercollider (SSC) being built in 
Ellis County, Texas, is the GEM 
detector project. GEM thus becomes 
the companion to the Solenoidal 

Detector Collaboration (SDC), the 
first major SSC detector to emerge 
(March 1992, page 13). This is in 
keeping with the SSC Laboratory's 
aim of two major detectors with 
overlapping and complementary 
strengths. 

GEM is designed to observe all 
SSC signatures, with emphasis on 
precise measurement of electrons, 
photons and muons. Hence the 
name GEM - "Gammas, Electrons 
and Muons." Design goals are clean 
signatures for leptons, jets, and 
missing transverse energy, maximum 
sensitivity to narrow resonances, and 
low backgrounds. Also important is 
maintaining significant capability at 
high luminosity (10 3 4 c m 2 s 1 ) . 

GEM has some distinctive features. 
A key concept is the exterior magnet, 
surrounding all detector elements. 
Inside the magnet are a muon 
tracking system, a precision calorim
eter, and a compact central tracker. 
This allows the muon momentum to 
be measured the air of the radiation-

shielded area outside the thick 
calorimeter, giving both high preci
sion and robustness at high luminos
ity. 

A large magnet gives a large lever 
arm (at least 4 m) for precise muon 
momentum measurement. Placing 
the magnet outside also minimizes 
the material between tracker and 
calorimeters, so that the calorimeters 
are limited only by their inherent 
resolutions. 

Interpolating cathode strip cham
bers (CSCs) have been chosen for 
muon tracking. These are multiwire 
proportional chambers in which an 
ionizing particle's position is given by 
the charge induced on a segmented 
strip cathode, rather than by reading 
out the anode wires. CSCs offer the 
full functionality of the muon system -
precise measurement of the bend 
coordinate, fast inputs to the momen
tum trigger, and timing to tag the 
beam bunch crossing - in a single 
device. The momentum of a 500-
GeV/c muon will be measured to 
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T H E F E R T I L E V O I D 

Vacuum "made in Germany" acce
lerates CERN reseach. 
Obtaining fertile knowledge in fundamen
tal research needs vacuum. 
This also applies to the new CERN 
accelerator project - the "Large Hadron 
Collider". An ultimate energy of about 
7 TeV is the design goal for the LHC. To 
achieve this within the 27 km long tunnel, 
superconducting magnets are absolutely 
essential. Operation of these magnets 
requires a pump system for helium 
capable of a nominal pumping speed of 
18 g/s {= 13,380 m 3 x h~1 ) at 30 mbar and 
6 g/s at 10 mbar. Because so much 
depends on the quality of the vacuum 
CERN has decided to let LEYBOLD build 
the pump system. 

We are proud of this, and would like to 
thank CERN for their confidence in us. 

LEYBOLD AG 
m Leutschenbachstr. 55, CH-8050 Zurich 
• Bonner Strasse 498, D-50968 Cologne 

(lh) 
L E Y B O L D 

I n n o v a t i v e Vacuum Technology A Degussa Company 

CERN Courier, July/August 1993 15a Circle advertisement number on reader service form 



A quadrant of the GEM detector. 

between 5 and 13%, depending on 
angle. This requires a track error 
below 55 microns, and the alignment 
of three superlayers of CSCs to 25 
microns. An optical system will 
dynamically measure and correct 
deviations. 

Because the system can measure 
muons without relying on the central 
tracker, high resolution muon meas
urements will be available even at 
maximum luminosities, providing one 
of GEM's "complementary" strengths. 

Photons and electrons will be 
accurately measured by a state-of-
the-art electromagnetic calorimeter 
using a noble liquid sampling calo
rimeter with an accordion plate 
structure. Using a thin (1 mm) lead 
absorber and a dense sampling 
medium (liquid krypton) in the barrel 
should achieve an energy resolution 
of 6%/VÉ + 0.4%. Liquid argon will 
give 7.5%/VË + 0.4% in the 
endcaps, where the average energy 
of emitted particles is higher. For a 
high energy particle, the calorimeter 
will measure the shower energy to 
better than 1 % , while determining its 

position to about 1 mm. Three-fold 
longitudinal segmentation allows 
good angular resolution of the 
shower direction, fixing the produc
tion vertex to about 5 mm. Measur
ing a photon's direction as well as its 
energy gives photon pair masses 
without an independent determina
tion of the vertex. This is important 
for rejection of two-photon and 
neutral pion backgrounds and will 
make for robustness at high 
luminosities. 

Precise photon measurement could 
find a Higgs particle between 80 to 
140 GeV, where only its decay into 
two photons has reasonable signal to 
background ratio. With high resolu
tion, GEM hopes to strongly sup
press the large background of quark-
produced photon pairs in the 
two-photon channel, as well as jets 
imitating single photons by fragment
ing into neutral pions. This channel 
is considered to be one of the com
plementary strengths of the detector. 

With a Higgs between 140 GeV and 
180 GeV, precise energy measure
ment of electrons will play a vital role 

in the search for its decay into four 
charged leptons, two leptons plus 
two jets, or two leptons plus missing 
energy. The background is more 
favourable in this case, but the rate is 
low. Precise electron energy meas
urement will also be useful in other 
particle searches. 

Although GEI\7I hadronic calorimetry 
is slightly downplayed because of the 
inherent limitations of jet definition, it 
is still important. The hadron calo
rimeter helps identify electrons and 
photons, and measure jets and 
missing energy. 

The first part of the hadronic shower 
is measured in the liquid calorimeter, 
so that massive supports, services, 
and feedthroughs can be put out of 
the way. The remainder is measured 
in a relatively simple scintillator 
calorimeter in the barrel region, 
where ensuring an adequate lever 
arm for muon measurement calls for 
minimizing the calorimeter's outer 
radius. The scintillator calorimeter 
improves jet energy resolution and 
missing transverse energy measure
ments. Both hadronic sections also 
aid in identifying muons and measur
ing any muon energy loss in the 
absorber. 

At forward angles, an extremely 
radiation-hard electromagnetic and 
hadronic calorimeter system extends 
the coverage for missing transverse 
energy measurements, detects and 
measures jets, and shields the muon 
system. The electromagnetic section 
uses a novel configuration in which a 
quartz fibre spirals around a copper 
cylinder inside a copper sleeve, with 
liquid argon in the gap. The geom
etry avoids the problem of positive 
ion buildup, even at high luminosities. 
The hadronic section uses liquid 
scintillator flowing through capillaries 
in a tungsten absorber. The heavy 
absorber is used to limit the lateral 
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SSC underground 

By late April, 12 shafts for the 
SSC Superconducting 
Supercollider had been sunk to 
tunnel depth, with four more 
under construction. Completed 
shafts include two for magnet 
delivery, three utility shafts, three 
for personnel, and four for venti
lation, all in the ring's north arc. 

Approximately 21,000 ft (6.4 
km or 4.0 miles) of tunnel had 
been bored. Best daily rate of 
tunneling was 384 ft. Approxi
mately 70% of the 87-kilometre 
Collider tunnel is so far under 
contract, and favourable bids for 
remaining portions have been 
received. 

extent of hadronic showers, because 
the energy flow direction, rather than 
the magnitude, is the limiting meas
urement. 

Inside the electromagnetic calorim
eter is a compact tracker, 1.8 m in 
diameter by 3.5 m long, to distinguish 
different "pileup" events in the same 
beam crossing by finding the primary 
vertex; to help identify electrons, 
gammas, muons, and hadrons; to 
help reject background; and to 
determine the electron sign up to 600 
GeV/c. The inner section has silicon 
microstrip ladders and discs (3.5 
million strips covering seven sq m). 
The outer part employs interpolating 
pad chambers (IPCs). The silicon is 
designed to operate for 10 years at a 
luminosity of 10 3 3 ; the IPCs, for 10 
years at 10 3 4 . The pad tracker 
provides space points to help track
ing capability at very high collision 
rates. Relatively few tracks curl up 
inside the relatively small tracker, 

simplifying pattern recognition . 
Muon momentum resolution re

quirements fixed the parameters of 
the superconducting magnet - an 0.8-
tesla solenoid, 31 m long with a free 
bore of 18 m. Too large to install in 
one piece, the magnet will be assem
bled in situ from two halves, which 
can be moved apart for access to 
other components. Support struc
tures, cables, and services go in a 
1.5-m gap. On the axis, cone-
shaped iron field shapers bend the 
field lines to improve forward muon 
momentum resolution. No flux return 
is provided; components operating in 
the fringe field will be shielded as 
necessary. The operating current, 50 
kA, is less than a quarter of the 
critical current, and the temperature 
margin is 3.4K; thus quenches 
should be rare. 

A magnet with iron only at the ends 
of the solenoid is relatively light, 
saving installation time and cost. 
Omitting a flux return also leaves a 
useful region outside the coil for 
future additional tracking. 

Data acquisition uses a multi-level 
trigger with buffering between levels. 
The first level selects interesting 
events using simple requirements on 
calorimeter energy and muon cham
ber hits. During this 2-microsecond 
delay, data from each subsystem are 
stored in digital or analog pipelines. 
After an event is accepted, the data 
from all systems are digitized/pro
cessed for the second and third level 
trigger algorithms. Higher level 
trigger processing has access to all 
data from the detector, with full 
granularity, in a microprocessor 
"ranch" (this being Texas). 

The collaboration includes 1010 
physicists from 114 institutions in 17 
countries. The technical design 
report was submitted on April 30, and 
will be reviewed in depth by the SSC 

Laboratory and the US Department 
of Energy. If approved, the detector 
will be located at the IR-5 site on the 
east side of the ring; site prepara
tions are underway and the under
ground hall design is progressing 
rapidly. Because magnet installation 
paces the GEM schedule, the mag
net design, cost, and schedule have 
received early review, and the prime 
contractor will soon be selected. 

DUBNA 
Nuclotron 

The Nuclotron, the first supercon
ducting accelerator for high energy 
nuclei, now in operation at the High 
Energy Laboratory of the Joint 
Institute for Nuclear Research, 
Dubna, near Moscow, will provide 
beams of relativistic nuclei and heavy 
ions with energies up to 6 GeV per 
nucléon. 

The planned wide research pro
gramme will have a major impact on 
the study of the features of atomic 
nuclei beyond the proton-neutron 
nuclear model and the development 
of the understanding of nuclear 
matter in terms of quarks and gluons. 
This work began back in 1971 when 
beams of relativistic deuterons were 
provided by the Dubna Synchro
phasotron. 

The 251-metre, 80-ton Nuclotron 
ring contains 96 dipoles and 64 
quadrupoles cooled by two-phase 
helium. The cryogenic complex 
includes three KGU-1600/4,5 liquifi-
ers producing 500 litres per hour. At 
the end of last year, the ring, assem
bled in the Synchrophasotron techno
logical tunnel, passed vacuum tests. 
Cooling began on 17 March and took 
100 hours to reach 4.5K in all ele
ments, with vacuum in the beam pipe 
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