
A r o u n d t h e L a b o r a t o r i e s 

of investments previously made at 
CERN; 

• notes the overall strategy of CERN 
proposed for the years 1995-2005 
and supports the Management in 
promoting the LHC as the central 
element of the long-term programme 
of CERN; 

• wishes to see the LHC imple
mented as part of the basic pro
gramme of the Laboratory, and 
wishes the project and its financing to 
be approved by general consensus; 

• is conscious of and welcomes the 
world interest in the project, wishes 
that involvement of non-Member 
State physicists should be on the 
understanding that usage on a 
significant scale must involve the 
contribution of resources to the 
project by the non-Member States 
concerned, and supports the pros
pect of creating an appropriate status 
for the participation of Non-Member 
States making significant contribu
tions; 

• notes that a flexible range of 
funding options exists, building where 
appropriate on current expectations 
concerning supplementary contribu
tions, including options which would 
allow the LHC to be constructed 
without such contributions; 

• endorses the proposed compre
hensive review of the progress of the 
project, to be carried out at an 
appropriate moment and in any case 
before the end of 1997 in order to 
define more precisely the timetable 
for the execution of the project in the 
light of the foreseen funding; and 

• expresses its best intention to 
move to a decision to approve the 
LHC during the first half of 1994." 

In April the first LHC dipole prototype was 
successfully powered for the first time, sailing 
to 9Tprior to its third quench, above the 8.65T 
nominal LHC field 

BROOKHAVEN 
Major detectors for 
RHIC under 
construction 

O n March 9-10, a cost and 
schedule review at Brookhaven 

verified construction readiness for the 
PHENIX detector (May 1993, page 
10). PHENIX thus joins STAR 
(Solenoidal Tracking at RHIC -
November 1991, page 17), whose 
construction plan was ratified in 
January 1993, as a major detector to 
take data when the RHIC heavy ion 
collider is completed in mid-1999. 

The goal of both detectors is to 
search for the transition from ordinary 
nuclear matter to a new state of 
matter consisting of (momentarily) 
unconfined quarks and gluons. This 
transition to a "quark-gluon plasma" 
(QGP) is predicted to occur under 
extreme conditions of temperature 
and energy density, as is likely to be 
the case in the collision of heavy ions 
of sufficient energy. RHIC is ex
pected to produce the highest energy 
densities ever observed on the 
nuclear scale. 

The focus of the STAR detector is 
the measurement of hadrons, which 
comprise 99.99% of the particles 
produced in heavy ion collisions, with 
large acceptance and good spatial 
and momentum resolution. A typical 
"interesting" collision at RHIC is 
expected to radiate many thousands 
of particles. The measurement of 
"global" observables, such as multi
plicity and energy flow, serve to 
characterize the degree of 
thermalization and nuclear excitation 
in such collisions. 

The emphasis in STAR will be the 
measurement of such observables, 
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Schematic of the STAR detector which will 
emphasize hadron measurements at 
Brookhaven's RHIC heavy ion collider. Some 
of the systems shown represent potential 
upgrades to the detector. 

and their correlations, on an event-
by-event basis as well as making use 
of hard scattering (by the measure
ment of jets and mini-jets) to probe 
the properties of high density nuclear 
matter. The detector should be 
sensitive to a wide variety of hadronic 
"signatures" which have been pre
dicted to be indicative of the plasma 
state, including event-by-event 
fluctuations in the global 
observables, anomalous strange 
particle production, and "jet quench
ing." 

The core of the STAR detector is a 
large Time Projection Chamber 
(TPC) immersed in a solenoidal 
magnetic field. Charged track mo
mentum measurements will be made 
within a relatively large solid angle 
with full azimuthal coverage. Particle 
identification is made by measure
ment of ionization energy loss within 

a limited (< 0.7 GeV/c) momentum 
range and a restricted angular 
interval. 

A number of upgrades are already 
planned which should significantly 
increase its physics capabilities. 
These include a silicon vertex tracker 
(SVT) and an electromagnetic 
calorimeter (EMC). The SVT will 
improve momentum and energy loss 
resolution, and locate secondary 
vertices to better than 100 microns. 
The electromagnetic calorimeter is 
required for the measurement of jets, 
direct photons and leading pion 
production. 

Correlation of the information from 
the EMC and central trigger barrel 
detector will enable STAR to trigger 
on events exhibiting unusual pion 
isospin abundances (such as the 
Centauro events in cosmic rays) 
which have been suggested as a 

signature of exotic nuclear matter in 
high energy nucleus-nucleus colli
sions. Additional tracking at smaller 
angles to the beams, using TPCs 
outside the magnet (not shown in the 
figure) is also being considered, as 
well as a time of flight array to en
hance particle identification. 

PHENIX, although measuring 
hadrons within a limited acceptance, 
and therefore having some overlap 
with STAR, emphasizes detection of 
the rare (.01%) leptons and photons. 
In the conceptual picture of a heavy 
ion collision, after a formation time of 
about 1 f m / c ( 3 x 1 0 2 4 s ) a 
thermalized plasma of quarks and 
gluons begins to expand and cool. 
When a critical temperature is 
reached, hadrons begin to form and 
the system becomes a gas of inter
acting hadrons. As expansion contin
ues, a "freeze-out" density is reached 
after which the hadrons no longer 
interact with one another. Information 
from the hot interior of this expanding 
volume (at an early time) is efficiently 
carried to the outside by radiation 
that is not coupled to the strong 
interaction. Such signals can be 
carried by photons, which may be 
"real" (gamma rays), or virtual, 
appearing as electron-position or 
muon-antimuon pairs. Thus PHENIX 
emphasizes detection of particles 
which are created early in the space-
time evolution of the system. 

Special emphasis is placed on 
measuring many potential signatures 
of the QGP as a function of a well-
defined common variable related to 
the energy density to see if any or all 
of these signatures show a simulta
neous anomaly due to QGP forma
tion. Among such signatures are 
possible changes in the mass, width, 
and branching ratios of vector 
mesons, the energy spectrum of 
directly produced photons and lepton 
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Schematic of the RHIC PHENIX detector 
which will emphasize photon and lepton 
signals. Instrumenting the muon tracking 
system shown will require an upgrade of the 
basic detector. 

pairs, and the (much discussed) 
possible suppression of J/psi and 
upsilon resonant states . 

To accomplish these ambitious 
goals, PHENIX must of necessity 
incorporate many sophisticated 
technologies for particle identification 
and tracking. The central arms are 
dominated by a 9.5-metre high, 450 
ton magnet, and include many 
systems for particle identification and 
tracking. Closest to the interaction 
point are the inner detectors - 20 two 
arrays of beam-beam counters which 
provide a rough vertex location and a 
precise event time; and a silicon 
multiplicity detector (MVD) which 
measures charged particle multiplic
ity and provides a precise vertex 
location. These inner detectors are 
followed by: a drift chamber, for 
transverse momentum determination; 
a ring-imaging Cerenkov detector 
(RICH) for electron identification; pad 
chambers for tracking; a time-expan
sion chamber for both tracking and 

electron identification; time-of-flight 
(TOF) detectors for hadron identifica
tion; and an electromagnetic (EM) 
calorimeter for photon and electron 
identification. PHENIX also has a 
muon arm with magnetic analysis 
covering a large fraction of one 
forward hemisphere. The objective of 
this arm, whose full implementation 
will require an upgrade of the detec
tor, is the detection of high mass 
muon pairs to complement the 
electron pair signal in the central 
portion of the detector. 

The STAR and PHENIX detectors 
represent nearly 700 collaborators 
from 68 institutions in 13 countries. 
Present plans for the initial physics 
programme at RHIC also include a 
complement of small detectors. Two 
experiments, PHOBOS and 
BRAHMS, have been approved to 
develop conceptual designs. 
PHOBOS will employ a large array of 
silicon strip detectors for measuring 
charged particle tracks in the central 

region, while BRAHMS is a two-arm 
spectrometer to measure single 
charged particle inclusive spectra 
over a broad region which includes 
forward angles. 

Thomas W. Ludlam 

SERPUKHOV 
UNK transfer beamline 
commissioned 

A t the end of the 1000 hour 
February-March run of the 70 

GeV proton synchrotron at the 
Institute for High Energy Physics 
(IHEP), Serpukhov, near Moscow, 
the new 2.7-kilometre UNK Beam 
Transfer Line (BTL) was commis
sioned with proton beam. 

BTL will eventually transfer beam 
from the existing U70 proton accel
erator to the first stage of the UNK 
(UNK-1, now under construction) 
where it will be accelerated in the 21 -
kilometre ring up to 600 GeV. BTL 
was designed for proton energies 
between 60 and 70 GeV, momentum 
spread +2 x 1 0 3 and beam emittance 
2 mm.mrad, with systems for fast 
ejection, beam transfer and injection 
into UNK-1. 

The successful operation of the 
transfer beamline gives confidence to 
the main push towards UNK. (At 
CERN, electrons were precision 
injected into the first complete portion 
of the 27-kilometre LEP electron-
positron collider tunnel well before 
the completion of the project in 
1989.) 

The U70 fast ejection system is 
used to direct beam to BTL. It in
cludes full aperture kicker and two 
septum magnets as well as the U70 
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