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AT THE LABORATORIES OF JINR

A. H. Manaxoe

Yuactue OUSAU B npoexkte CBM nHa FAIR

B 2010 . B8 OMSIN ObuT yTBEp)KICH HOBBIH MPOEKT
«Cxaras Gapuonnas marepuss» — CBM (Compressed
Baryonic Matter experiment) Ha co3naBacMoM B [ epmaHun
(JapmiTanT) MexayHapoaHOM YCKOPHTEIBHOM KOMILIEK-
ce FAIR (Facility for Antiproton and lon Research). Pyko-
BOIUTENSAMH TpoekTa co cTtopoHsl OWSN sBmsarorcs
A. . Manaxos u B. B. IBanos.

B o6sactu HauBbICHIeH OapHOHHO# INIOTHOCTH M yMe-
peHHBIX TeMneparyp ¢aszosas nuarpamma KX /1 usyuena e
nocrarogHo xopomo. Camas BbICOKas OapHOHHAs IUIOT-
HOCTB OXKHJAETCs IS SAEPHBIX CTOIKHOBEHHUH B 001IacTH
sHepruid mydka mMexay 10 u 40 4-5B. B skcniepumente
CBM muanupyercsi MpOCKaHWPOBAaTh 3TOT JHEpreTHye-
CKHH JIMana3oH C LEJIbI0 MoJIydeHnsl HHQOPMALUH 110 Clie-
OYIOITUM TpobiaemMaM: MOAU(HUKALNS aIJpOHOB B IIOTHOM
Marepuu; ykasaHusi Ha (a3oBbld mnepexon (IexoHdaiiH-
MEHT) IPHU BBICOKOH 0apHOHHOM IUIOTHOCTH; OUCK KPUTHU-
YECKOW TOUKH, SIBJISIOLICHCS NMPSIMBIM JI0Ka3aTelIbCTBOM
CyIiecTBOBaHMSA (Pa30BON rPaHMIIBI; SK30THIECKNE COCTOS-

HUSI MaTepuy, Kak, HalpuMep, KOHICHCAT CTPAHHBIX Ya-
cturl. B oakcnepumente CBM  1OMKHBI  HM3MEPSATHCS
OJIHOBPEMEHHO HaOJ0/1aeMble BEJIMYHHBI, KOTOPbIE YyB-
CTBHUTEJIBHBI K 3()(heKTaM BBICOKOH IUNIOTHOCTH U (ha30BbIM
TIePEeXoAaM.

B wactHOCTH, 3KcnepuMeHTasbHasT Tporpamma cdo-
KyCHPOBaHa Ha MCCJICIOBAHUSIX KOPOTKOXKUBYIIINX BEKTOP-
HBIX ME30HOB (HaIpUMep, P-ME30H), KOTOPhIE pacnagaroT-
Csl Ha AIIEKTPOH-TIO3UTPOHHBIC MAPHI (3TH NPOOHUKH HECYT
HEHCKa)KeHHYI0 HH(OPMAITHIO O TUTOTHBIX (haepOomax); 6a-
PHUOHOB (aHTHOAPUOHOB), coaepKaIUX Ooee yeM OJIuH
CTPaHHBIN (AHTUCTPAHHBIN) KBAPK M HA3bIBAEMBIX MYJIBTU-
CTpaHHBIMHU rurnepoHamu (A, E, Q); Me30HOB, colaepKa-
WX YapMOBAHHBIC WM aHTHYapMOBaHHbBIE KBapku (D,
J/W); KOJIJICKTUBHBIX IIOTOKOB BCEX HAOIOACMbBIX YACTHII,
(diryKTyanuii oT COOBITHS K COOBITHIO.

B oskcnepumente CBM OynyT omnpenensthCst Hpo-
CTPAHCTBEHHBIE PACHpeIeNIeHHs], IEHTPAIBHOCTD U IIJIOC-
KOCTh PeakIi MHO)KECTBEHHBIX dyacTun. Hampumep, uc-

A. I. Malakhov

JINR Participation in the

In 2010, a new project was approved at JINR — the
Compressed Baryonic Matter experiment (CBM) — at the
international accelerator complex FAIR (Facility for An-
tiproton and Ion Research) developed in Darmstadt, Ger-
many. The leaders of the project on the JINR side are
A. Malakhov and V. Ivanov.

The QCD phase diagram is not studied well enough in
the region of the highest baryon density and moderate tem-
perature. The highest baryon density for nuclear collisions
is expected in the beam energy range between 10 and
40 A-GeV. The CBM experiment intends to scan this energy
range to obtain information on the following aspects:
hadron modification in dense matter; indications of a phase
transition (deconfinement) at high baryon density; search
for the critical point that is a direct proof of existence of the
phase border; exotic state of matter, such as the condensate
of strange particles. The CBM experiment is to measure si-

CBM Project at FAIR

multaneously the observed values that are sensitive to the
high density effects and phase transitions.

In particular, the programme of the experiment is fo-
cused on the following studies: short-lived vector mesons
(for example, p mesons) that decay into electron—positron
pairs (these probes carry undistorted information on dense
fireballs); baryons (antibaryons) that contain more than
one strange (antistrange) quark and so-called multi-strange
hyperons (A, Z, Q); mesons that contain charm and an-
ticharm quarks (D, J/W); collective fluxes of all observed
particles; fluctuations from event to event.

The CBM experiment will determine space distribu-
tions, the centrality and the reaction plane of multiple par-
ticles. For example, studies of collective fluxes of charmo-
nium and multistrange hyperons will cast light on the pro-
duction of these rare probes in the dense baryonic matter.
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CIIeJOBaHNE KOJJIGKTHBHBIX IOTOKOB YaPMOHHS U MYJIBTH-
CTPaHHBIX TUIIEPOHOB MPOJIBET CBET Ha 00pa30BaHUE ITUX
penKux NpoOHUKOB B IUNIOTHOW OApHOHHOW MaTEepHH.

OpHOBpEeMEHHOE M3MEPEHHE PA3IMYHBIX YacTHIl I10-
3BOJISIET BBIIOJHHUTH UCCIICIOBAHUS IIEPEKPECTHBIX KOppe-
s, OToT 3PEKT OTKPHIBACT HOBYIO MEPCIIEKTUBY TSI
9KCIIEPUMEHTAJIBHOIO HCCIIEOBAHMS SIIEPHOM Marepuu
IIPU 9KCTPEMAIIbHBIX yCIOBHSIX.

B peanm3anmio mpoexTa BKIFOUMINCE 17 cTpaH-ydacT-
nu OMSN. B HOBOM mpoeKTe 3aHATHI 0K0OJIo 60 COTpyIHHU-
koB OUSIN w3 JlaGoparopun (U3MKH BBICOKMX SHEPTHUl
(JI®BD), Jlaboparopun HHGOPMAIMOHHBIX TEXHOJIOTHH
(JINT) u Jlaboparopuu simepHbIX mpobdmem (JIAIT). B na-
cTosIee BpeMs BeAyTcs padOThl 0 MOAEIUPOBAHMIO Ia-
paMeTpoB YCTaHOBKH, ITOJTOTOBKE (PU3NYECKOW Mporpam-

MEI 1 pa3pabotke netekropoB. Co3nanue B OVAN obopy-
JIOBaHMS UIsl DKCIIEPUMEHTA B OCHOBHOM IUIAHUPYETCS B
paMkax poccuiickoro B3Hoca B npoekT FAIR.

Ycranoska CBM mnpencraBnsier co0OH MarHUTHBIH
CIIEKTPOMETpP, 0OOpPYIOBAHHBII CAMBIMH COBPEMEHHBIMH
Jerexropamiu. [Ipudem npeanonaraercs 1Be MOIbI padOTHI
YCTAHOBKM:  «DJIEKTPOHHas + aapoHHas»  (puc. 1) wu
«MIOOHHAs» (pHc. 2).

Crennanuctsl u3 OUAN ygacTByIOT B pa3paboTke u
CO3[JAaHUU  CBEPXIIPOBOJSIIETO  JUIOJIBHOIO  MAarHuTa
(rpymma E. A. Martomesckoro, JIOBD), kpeMHHEBO# Tpe-
KOBOI CTAaHIINM Ha OCHOBE CTPHUITOBBIX KDEMHHUEBBIX JIETEK-
TopoB (rpymma 0. A. Mypuna, JI®BD), nerekropos nepe-
xoaHoro usnydenus (rpynna FO. B. 3anesckoro, JI®BD),
MIOOHHBIX Kamep (rpymmna B. /l. ITemexonosa, JI®BD).

Puc. 1. O6wmwmii Bug ycranosku CBM
(«anexTpoHHas + agpoHHas» moxa). STS —
KpeMHueBasi TpekoBas crannus; RICH —
yepeHkoBckull cuetunk; TRD — nerexkropbl
nepexoznHoro uznydenus; TOF — BpemsnponeTHsle
nerektopbl; ECAL — aekTpoMarHUTHBIH
kanopumetp; Dipole magnet — cBepXmpoBOASAIINI
JUNONbHBIN MaruuT; Target — MuIeHs

Fig. 1. The general layout of the CBM facility
(electron—hadron mode). STS — a silicon track
station; RICH — a Cherenkov counter; TRD —

transition radiation detectors; TOF — time-of-flight
detectors; ECAL — an electromagnetic calorimeter;
Dipole magnet — a superconducting

dipole magnet

TOF (RPC)

Puc. 2. Bun «mMrooHHO#» Mokl yctaHOBKM CBM.

B «MI00HHO#1» MO/Ie yCTaHOBKH Ha MECTO
YEePEHKOBCKOI'O CYETYNKA YCTAHABIMBAIOTCSI MIOOHHBIE
kamepsl (MUCH), npocioeHHbIe MeTaIMIeCKUMHU
ractuaamu (Absorber)

Fig. 2. The muon mode of the CBM facility.
Instead of the Cherenkov counter muon chambers
(MUCRH) are installed sandwiched

with metal plates (Absorber)

Absorber
+

MUCH
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[pesneHn, 8 anpens. YuyactHuku 17-ro pabodero coBeuianus
kosabopanuun CBM

Simultaneous measurement of various particles makes
it possible to study cross-correlations. This effect opens a
new prospect for experimental research of nuclear matter at
extreme conditions.

Seventeen Member States of JINR are involved in the
project implementation. About 60 JINR staff members
from the Veksler and Baldin Laboratory of High Energy
Physics (VBLHEP), the Laboratory of Information Tech-
nologies (LIT) and the Dzhelepov Laboratory of Nuclear
Problems (DLNP) take part in the new project. At present,
the facility parameters are being profiled, the physics pro-
gramme is being prepared and detectors are being devel-
oped. The production of the equipment for the experiment
at JINR is planned in the framework of the Russian fee in
the FAIR project.

The CBM facility is a magnetic spectrometer equipped
with most modern detectors. Two modes of the facility’s
operation are planned: electron + hadron (Fig. 1) and muon
(Fig. 2).

JINR specialists take part in the work-out and develop-
ment of the superconducting dipole magnet (the group of
E. Matyushevsky, VBLHEP), the silicon track station on

_______________________________}p|

Dresden, 8 April. Participants of the 17th Workshop of the CBM
collaboration meeting

the basis of strip silicon detectors (the group of Yu. Murin,
VBLHEP), transition radiation detectors (the group of
Yu. Zanevsky, VBLHEP), muon chambers (the group of
V. Peshekhonov, VBLHEP). LIT staff members headed by
V. Ivanov profile the facility parameters. The group from
VBLHEP, headed by V. Ladygin, and the group from
DLNP, headed by V. Karnaukhov, work out the physics
programme.

On 4-8 April in the Helmholtz-Zentrum Dresden-Ros-
sendorf, Dresden, the 17th CBM Workshop was held. JINR
was represented by a big delegation of scientists (16 per-
sons). Practically all of them made reports on the work they
had done. Reports by young scientists were noted with a
special mentioning.

RAS Corresponding Member B. Sharkov, FAIR re-
search director, opened the meeting. In his report «FAIR
and Physics on FAIR» he demonstrated a diagram that
shows the year 2017 as the starting point to launch the ac-
celerators and detectors.

CMB collaboration leader P. Senger made a report
«CBM Status on FAIR». He informed the participants that
«The CBM Physics Book» had been issued that contained a
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MoznenupoBaHueM MapaMEeTPOB YCTAHOBKHM 3aHUMAIOTCS
corpyauuku JIMT non pykxosoxcrsom B. B. MBanosa, a
npopaboTkoil (uznyeckol MmporpaMMbl — Tpylmna H3
JI®BD nox pykosoacrsoMm B. I1. Jlagsiruna u rpynna u3
JIAIT mox pyxoBonctBoM B. A. Kaprayxosa.

C 4 no 8 anpens B Jlpe3nene B nentpe ' enbMronbiia
npouwio 17-e paboyee cosemanue kostadbopanun CBM.
Ha coBemarnun OUSIU nipencrapisina 6ombas qeeramnus
y4eHBIX B KonmuecTBe 16 denosek. IIpakTudecku Bce OHU
cAenaiy JOKJIambl MO IMpoaeaaHHoi padore. OcoOCHHO
ObUIM ~ OTMEYEHBl  XOpOLIME  JOKJIAZbl  MOJIOJBIX
COTPY/IHUKOB.

OTKpBUT coBemaHue wieH-koppecnonaeHT PAH, Ha-
yunslii tupextop FAIR b. 1O. lapkos. B noxnane nox Ha-
3BanueM «FAIR u ¢usuka na FAIR» on npusen rpaduk,
conacHo kotopoMy 2017 1. onpeniesieH Kak roji BBEJCHUS B
CTPON YCKOPUTEJIEH U AETEKTOPOB.

Jlunep xommaboparun CBM II. 3enrep BeICTymHiI C
noknagom «Craryc CBM Ha FAIR». OH npouHpopmupo-
BaJI O TOM, 4TO BbINIUIA U3 nieyaTn «Duznye-
ckas xkaura CBMy, conmepikammas 60bIIoi

yckopurene SIS100. [Tocaeqamii BCTYIUT B CTPOI paHbIIIe,
yem SIS300, Ha KOTOPHIN B OCHOBHOM HAIlEJIEH dKCIIEPH-
ment CBM. I1. 3enrep Taxxe npouH(opMupoBai o cTary-
Ce OCHOBHBIX y3JI0B Oy/ayIIeH ycTaHOBKH.

K sTomy coBemanmio rpymmoii corpynankos JIOBD u
JINT nop pykoBoacteoM E. A. MariomeBckoro Obu1 1moji-
TOTOBJIEH TEXHUUYECKUN NMPOEKT AUIIOJIBHOTO CBEPXIIPOBO-
Jsimero Marauta. OO 3TOM IpoOEKTe caeal cooOlieHne
A. . ManaxoB. BeimonHeHa mpopaboTKa KOHCTPYKITHH
MarHuTa, pPacCUMTaHbl MAarHUTHBIC MOJS, SKPaHUPOBKA
MarHUTHOTO TOJNsI B paliOHE YEPEeHKOBCKUX JIETEKTOPOB
YCT@HOBKH. JTa paboTa MOIyYHia BEICOKYIO OIIEHKY KOJI-
nabopanuu. OOmuii BUA MarHATA TPEACTaBICH Ha puC. 3.

Becbma copepikarenbHbIME ObUIM JTOKJIAJBl JIPYTUX
corpyaHukoB MucturyTa. 0. A. MypuH BeICTynuI C CO-
obmenneMm «JlesrenpHOCTH KOHCOpumyma CBM-MPD
STS». OH pacckazan o pa3padoTKke KPEMHHEBBIX CTPHIIO-
BbIX jJieTekTopoB 1t CBM u ycranoBku MPD nst konmnaii-
nepa NICA. B koHCcOpIIMyM BXOAAT 9 opraHu3aiiuii, BKIII0-

Puc. 3. OOmmuii BUJ CBEPXIPOBOISIIETO AUMONIBHOTO MaruuTa ycranosku CBM

00beM MaTepraioB 1o (HH3MKe CHKATOH Oapu-
oHHOit Marepun. CyliecTBeHHas 4acTb [0-
KJ1aJ1a OblIa IMOCBALICHA GU3MYECKUM HCClie-

noBaHusAM Ha TepBoil oueperm FAIR Ha | jpput of helium gas
am =

large amount of data on condensed baryonic
matter physics. A considerable part of his re-
port was devoted to physics research on the
first part of FAIR at the SIS100 accelerator.
SIS100 will be launched earlier than SIS300.
It is the main aim of the CBM experiment.
P. Senger also spoke about the status of the
main parts of the future facility.

A group of VBLHEP and LIT staff
members headed by E. Matyushevsky pre-

Current lead

ln“t he“\-‘m Output of helium gas

en 2

Screen 1

pared a specification project of the dipole su-
perconducting magnet to be reported at the
meeting. A. Malakhov made a report on this
project.

The construction of the magnet had been profiled,
magnetic fields had been calculated, the magnetic field in
the region of the Cherenkov detectors of the facility had
been screened. This work was highly evaluated by the col-
laboration. The general layout of the magnet is given in
Fig. 3.

Other JINR staff members also made interesting re-
ports. Yu. Murin reported on «Activities of the CBM—MPD
STS Consortiumy». He spoke about the development of sili-

Fig. 3. The general layout of the superconducting dipole magnet of the CBM facility

con strip detectors for CBM and MPD set-up of the NICA
collider. The Consortium includes 9 organizations: JINR,
SMS, IHEP, MSU SRINP, St. Petersburg Radium Institute
and University, and a number of centres from Belarus and
Ukraine. The report by V. Ladygin discussed opportunities
to register pions with high transverse momentum and re-
search of azimuth correlations of two pions. V. Zryuev
spoke about the results of the first test for multiwire detec-
tors of the CBM transition radiation chambers at the beam
at CERN. The experimental run showed that the detectors
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gas OUAU, GSI, U®B3, HUUAD MI'Y, cankr-merep-
Oyprckue PajueBblii MHCTUTYT W YHUBEPCHUTET, a TaKKe
psn opranuzauuit u3 benopyccun u Ykpaussl. Jlokian
B. I1. JlagpirnHa ObLT MOCBSIIEH BO3MOXKHOCTH PErHCTpa-
LUK TTHOHOB C OOJIBIINMH MOTIEPEYHBIMU HUMITYJIbCAMHU U
U3YYCHHUIO a3UMYTAIbHBIX KOPPENANUN JBYyX IHOHOB.
B. H. 3proeB cooOmmin o pe3yiabratax HEpBOTO TECTa Ha
nyuke B [{TEPH MHOronpoBojioYHBIX JETEKTOPOB ISl Ka-
Mep mepexogHoro m3mydeHuss CBM. Ceanc mokasai, 9To
paspaboTannbie B cekTope npogeccopa 0. B. 3aneBckoro
JIETEKTOPbI 00J1aJal0T JOCTATOYHO XOPOIIUMHU XapaKTepu-
CTHKaMH.

Becowmprlii BKitag B paboTy COBEIIaHNS BHECTH COTPYA-
Huky JIUT. I1. I. Akumme npeacTaBuil HOBBIE JaHHBIC 110
MOJICJTMPOBAHHUIO MarHUTHOTO OIS B paiioHe (oroaerex-
TOPOB YEPEHKOBCKOTO CYETUHKA, TIOKa3aB, YTO M0JIE MOXKHO
CYIIECTBEHHO YMEHBIINTD, HCIIOJIb3Ysl CIICIHAIBHBIC IKpa-
HbI B paiioHe potomerexktopos. O. 0. [lepeHoBckast npen-
craBmIia tokian «beictpas pekonctpykuus J/WY npu sHep-
rusx SIS300». B. II. AkummHa pacckasaiza O BO3MOXKHO-
CTM  M3YYEHHsI  Z-ME30HOB Ha  HYKIOTPOHE C
UCIIOJIb30BAHUEM OIBITa MOJICIMPOBAHMS COOBITHIT ISt
ycranoBku CBM. A. A. JleGeneB cooOmui o craryce pe-
KOHCTPYKIUH TPEKOB B JIETEKTOpax MEPEXOAHOTO H3Iyde-
HUS ¥ MIOOHHBIX kKamepax yctaHoBkH CBM. C. A. JleGenen

pacckaszal O PeKOHCTPYKLUH COOBITHH B 4EePEHKOBCKOM
cueTurKe. bbUIO MOKa3aHO, YTO CKOPOCTh 0O0pabOTKH CO-
ObITHit MoXkeT ObITh yBenuueHa Ha 20 %. I. A. Ocockos
crenan cooOUIeHHe O MPUMEHEHNH BeilBIeT-aHaIM3a JUIs
BBIJICTICHUS Y3KHX PE30HAHCHBIX IIMKOB M aJPOHHBIX
crpyit. C. I1. Arnees (JISAIT) npounpopmupoBai 00 usme-
PEHHMHU KOPpEeJSIUIA YacTHIl KaK CPEJICTBA ISl BPEMEHHBIX
W3MEpeHH Ha puMepe YCTaHOBKU «Dasay.

B nenom uroru copemanus nokazaid, 4YTO BKJaj] Ha-
[IMX YYCHBIX U HHKEHEPOB B paboTy 1O MPOESKTHPOBAHUIO
U co3nanuio yctanoBku CBM siBisieTcst BeCbMa BECOMBIM.

Pesynbrarsl padot, npoBonumbix OSSN no npoekry
CBM, nmnnanupyercs HCHOIb30BATh IPU CO31aHUH YCTaHOB-
ku MPD nuist konnaiinepa NICA u ycTaHOBKM Ha BBIBEJICH-
HBIX Iy4YKaX HYKJIOTpoHa. Tak, Hampumep, QUIIOJIBHBINA
MAarHuT COBMECTHO € KPEMHMEBOW TPEKOBOM CTaHLMEH
IJIAHUPYETCsl BKIIIOYUTh B COCTaB YCTAHOBKH HA BBIBEJCH-
HBIX Iy4YKaxX HYKJIOTpoHa 10 MoMmeHTa 3amycka SIS100.
VM HHOBAaIMOHHBIE TEXHUYECKUE PEIICHUS, HCIOJIb30BaH-
HbIE TP pa3padOTKe KOOPAMHATHBIX ra30BbIX JETEKTOPOB
U psana apyrux snementos st CBM, Oynyt Takxke peanu-
30BaHbl NpU co3gaHuM ycraHoBkd MPD nHa kommiekce
NICA.

developed by the group of Professor Yu. Zanevsky have
good characteristics.

LIT staff members contributed much to the work of the
Workshop. P. Akishin presented new data on magnetic
field simulation in the region of photo detectors of the
Cherenkov counter and showed that the field can be consid-
erably decreased using special screens in the vicinity of the
photo detectors. O. Derenovskaya made a report «Fast Re-
construction of J/W at SIS300 Energies». V. Akishina
spoke about opportunities to study = mesons at the Nu-
clotron using the experience of event simulation for the
CBM facility. A. Lebedev informed the participants about
the status of track reconstruction in transition radiation de-
tectors and CBM muon chambers. S. Lebedev spoke on the
event reconstruction in the Cherenkov counter. It was
shown that the data processing rate can be increased by
20%. G. Ososkov made a report on the application of the
wavelet analysis to mark narrow resonance peaks and

hadron jets. S. Avdeev (DLNP) informed the participants
about the measurement of particle correlations as a means
for time measurement using the FAZA set-up as an exam-
ple.

On the whole, the results of the Workshop showed that
the contribution made by our scientists and engineers to the
designing and development of the CBM facility is quite
considerable.

It is planned to use the results obtained at JINR on
CBM in the development of the MPD facility for the NICA
collider and a set-up on beams extracted from the Nu-
clotron. For example, the dipole magnet together with the
silicon track station is planned to be included into the set-up
on beams extracted from the Nuclotron before the start-up
of SIS100. Innovative technical decisions used in the
work-out of coordinate gas detectors and a number of other
elements for CBM will also be implemented during the
MPD development in the NICA complex.
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