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AN EXPERIMENTAL RUN ON THE NEW
SUPERCONDUCTING ACCELERATOR NUCLOTRON
AT 3.8 AND 6.2 GeV/c DEUTERON MOMENTUM
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The new superconducting accelerator Nuclotron has been operated for the
first time at 3.8 and 6.2 GeV/c deuteron momentum and the run on the internal
target has been carried out in March’94. The measurements were done in the
framework of SPHERE, SYaO and DELTA (INR, Troitsk) projects. There were
used various scintillation counters for A E—E and time-of-flight (TOF) measu-
rements, the silicon and Csl crystal detectors for A E— E measurements as well,
and the lead glass EM calorimeters. The secondary particles y, 7, K, p, d, and ¢
as well as He fragments produced by deuterons on the internal targets were
detected and identified reliably, thus manifesting a broad perspective of the
relativistic nuclear physics research on Nuclotron in the nearest future.

The investigation has been performed at the Laboratory of High Energies,
JINR.

DKCNEpPUMEHT HA HOBOM CBEPXMPOBOASLIEM YCKOPHTENE
HyxoTpon npu uMnysce aeitponos 3,8 n 6,2 I'saB/c

A.M.bangun » ap.

Ha nosom ceepxnposoaswieM yckopureae Hykaorpon B mapre 1994 rona
BNIEPBbIE YCKOPEHBI ACHTPOHBI ¢ uMITyJibcamu 3,8 1 6,2 I3B/c u Boinoanenst
M3MEPEHMS C UCTIONIb30BAHMEM BHYTPEHHMX Muluenei. PaboTta ocyuecraneHa
B pamkax npoektos COEPA, CS0 u AEJIBTA (UM, Tpownux). Buumm mc-
MONB30BAHBl PA3JIMUHBIE CUMHTMJUISLMOHHbIE AETEKTOPbl IS M3MEPEHHUS
A E—E v BpeMEHH NPOJIETA YACTHULL, KPEMHEBbIE AETEKTOPbI M IETEKTOPbI HA
ocHose kpuctamios Csl, Takxe png namepedus A E—E, v 31eKTPOMArHUTHbIE

nstitute for Nuclear Research and Nuclear Energy, Sofia, Bulgaria
Institute for Nuclear Research of the Russian Academy of Sciences, Moscow, Russia

26



KaJIOPUMETPBI M3 CBMHLIOBOTO CTEKJIA. 3aPEruCTPMPOBAHBI M HAZIE)KHO UIAECHTH-
¢duumposansl Bropuunble yacTnupl y, 7, K, p, d v t, a Takxe He dparmentst,
POXIEHHbIE NEUTPOHAMM HA BHYTPEHHUX MMUIEHSX, AEMOHCTPUPYS TeM ca-
MbIM HIMPOKYIO NEPCTIEKTHBY JUIS MCCIENOBAHMS PENSTUBHCTCKOM SIEPHOM
¢dusukm Ha Hyknorpone B 6nvxaituem 6yymiem.

Pa6ota sbinonnena B Jlabopatopuu Bbicokmx 3Hepruit OUSIM.

A specialized superconducting strong-focusing accelerator of nuclei
Nuclotron [1 ]is proposed, constructed and commissioned at the Laboratory
of High Energies of the Joint Institute for Nuclear Research in order to
continue a wide programme of relativistic nuclear physics started in 1971 at
Dubna Synchrophasotron [2]. The main research goals are the study of the
quark-gluon degrees of freedom in nuclei and the excited nuclear matters
31

The Nuclotron beams can be used for studying practically all charac-
teristics of highly excited nuclear matter including the asymptotic value
estimated roughly as 3.5 GeV/c per nucleon for projectile nucleus
momentum. This value was obtained from the universal approch [4 ] to the
analysis of multiparticle production processes based on the relativistic

invariant quantities b, = —(p, /m, — p, /mk)2 in four-dimensional velocity

space of particles involved in the reaction, as well as from the experiments
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Fig.1. Experimental setup
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on the inclusive pion production [5,6). The experiments on the Nuclotron
internal beams make it possible to study a large variety of nucleus-nucleus
collisions with changing continuously the kinetic energy of incident nucleus,
thus to research «the transition regime» from nucleon to quark-qluon matter
grounding QXD primarily.

We announced already on successful operation of Nuclotron and the
first experiments on deuterons at 200 MeV/nucleon kinetic energy in July
1993 [7].

This report is dedicated to the measurements carried out on the
Nuclotron using the internal targets at deuteron momentum of 3.8 GeV/cin
March 1994. Moreover, it was succeeded at the end of the run to accelerate
deuterons up to 6.2 GeV/c momentum for short running period, thus to
reach the half maximum of the energy designed for Nuclotron.

Three experimental groups SPHERE, SYaO and DELTA (INR,
Troitsk) have been joined in performing the measurements on the
Nuclotron using the internal targets.

The schematic diagram of the present and future status of the
experimental setup is shown in fig.1. The setup includes:

SPHERE: multichannel lead glass EM calorimeter,
A E—E and TOF scintillation counters.
SYaO: A E—E telescopes of silicon detectors and .
Csl or BGO crystals, and plastic scintillators.
DELTA: high granularity lead glass EM calorimeter,
multiplate A E—E and TOF scintillation counters.

The experimental facility involves also the internal target operation
equipment and the system to control the intensity and the lifetime of the
beam interacting with the target operated inside the accelerator vacuum
tude [8]. The principle of the beam control is based on detection of the
target material radiation by means of the photomultiplier and tandem-
microchannel-plate detector in vacuum. The corresponding time structure of
the beam interaction with target foils as well as its fine structure are
presented in fig.2a and fig.2b, respectively.

General information on the run is:

Beam deuterons.
Momentum: 3.8 GeV/cat B = 0.6 Tesla,
6.2 GeV/cat B = 1.0 Tesla.
Beam intensity: ~ 10%/spill.
Beam duration: ~ 300 ms.
Target foils: 1.57 ukm CH?2 and 1.72 ukm Au.
Exposition of detectors: ~ 8 hours.
Triggers: ~ 10°/detector.
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Fig.2. a) Time structure of the beam-target interaction. b) Time microstructure
of the beam-target interaction

The following detectors operated at the present run:
— Two identical telescopes containing four scintillation counters each

with 2x2x0.5 cm’, 3x3x0.5 cm®, 4x4x0.5 cm® and 7.5%7.5%65 cm3,
respectively. The first three counters are aimed for AE and TOF measure-
ments, and the last one for the measurement of charge particle energy E.
The on-line scatter plot of TOF vs energy loss on fig.3a demonstrates
qualitatively the 7, p, d, t, and He separation capability.
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— Two arms of 36 lead glass EM calorimeter modules are located be-
hind 1mx1m scintillation hodoscopes. Each module radiator 35 cm (14 r.l.)
long is hexagonal in form with 17.5 cm inscribed circle diameter. The one-
line spectrum of gamma-quanta detected by EM calorimeter is shown in
fig.3b and it looks rather reasonable for having no visible overlaps of two
particle hits.

— Telescope is assembled of Si (0.3 mm) transmission detector and
CsI(TD (10 mm) crystal for AE and E measurements of the nuclear frag-
ments respectively, as it’s already evidenced on the sample of He “He and

®He secondaries in fig.3c. CsI(TD) detector was provided with the silicon
photodiode readout.

— Scintillation spectrometer for multiple sampling is assembled of 14
layers of scmtlllator with d1mens1ons increasing gradually from
16x16x2 cm® for the 1st to 27x27x4 cm? for the 14th plate. The scintillation
TOF detector is placed between the target and this spectrometer. The scat-
ter plot of the charge particle kinetic energy E (MeV) vs TOF (ns) is shown

in fig.3d. Being very preli-
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Fig.4. March’94 Nuclotron run on the interal target

d+Au—~> .. atpP,=
secondary particles

6.2 GeV/c. AE—E scatter plot for

minary this off-line data
show, nevertheless, a clear
separation of pions, kaons,
and protons. The most re-
markable is that all kaons
are subthreshold ones.
Finally, we show AE
vs E scatter plot (fig.4),
which is unique one
although it contains few
events, as they are the first
pions and protons produced
on Nuclotron at deuteron
momentum of 6.2 GeV/c.
In conclusion, the main
goal of the run was con-
siderable increasing of the
accelerated particle ener-
gy, thus all detectors and

internal target system operated in tuning regime of accelerator complex.
Nevertheless, the above-mentioned data manifest the reliable perspective of

relativistic nuclear physics research on Nuclotron in the nearest future.
This work has been carried out owing to the great effort and support of

the numerous staff of engineers, physicists and technicians at the Labora-
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tory of High Energies (JINR) and we are very much obliged to them for it
could not have been done without their assistance.

The experiment was promoted by the Russian Grant for Fundamental

Research (93-02-3773).
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