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YcraHoBKa VIS MCNIBITAHUSA J1€TEKTOPOB
HA HYKJIO0TpOoHe «TecTtoBbin kKanaa MPD»

B nacrosiee Bpemst B JJaboparopuut (GpM3MKH BBICOKHX
SHepruil B paMkax TeMsl 1065 ocymecTBisieTcss peanusa-
LSl IBYX HPOEKTOB, HAIPaBICHHBIX Ha nM3ydeHue (yHnaa-
MEHTAJIBHBIX MPOIIECCOB B CTOJKHOBEHHUAX TSKEIBIX HO-
HOB.

[lepBrIii (OCHOBHOI) MPOEKT — MHOTOILEIECBOH [e-
tektop (MPD) [1] Ha xomnaitnepe Tspkenbix noHOB NICA,
KOTOpBINi HaXOAWTCSA HAa CTaJuU CTpouTenbcTBa. llepuon
BPEMEHM, B TEUEHHE KOTOPOro OyAeT OCYIIECTBISTHCS
CTPOHTENBCTBO KOJIaiinepa, MiIaHUPYeTCs HCIOJIB30BaTh
Ha MPOBECHUE HKCIIEPUMEHTA HA BBIBEJICHHBIX U3 HYKIIO-
TPOHA ITyYKaxX MPOTOHOB, AEHTPOHOB M PA3IMYHBIX THIIOB
A1ep, BIUIOTH /10 30J10Ta. I[poeKT skcnepuMeHTaIbHOM Ipo-
rpaMMBbl U3y4eHUst OapHOHHOW MaTepuy Ha My4Kax HYKJIO-
TpoHa Ha3bIBaeTcsi «baproHHAs MaTepust Ha HyKIOTPOHE»

(BM@N) [2].

Jlyisi TIpOBEpKN XapaKTEPUCTHK Pa3pabOTaHHBIX IS
9THX INPOEKTOB JETEKTOPOB M JIEKTPOHUKH CUNTHIBAHUS
OBUIO PELICHO MOCTPOUTH HCIIBITATENIbHYIO0 YCTAHOBKY Ha
BBIBEZICHHOM ITyYKe HYKJIOTpOHA. [IpakTmdeckum B Kax-
JoM 11abopaTtopuu MHpa CYIIECTBYIOT TECTOBBIE ITyYKH.
Xopo1Io U3BECTHBIM IIPHMEPOM SIBIISICTCS TECTOBAS 30HA B
HEPH na yckoputene PS. Ha HykiIoTpoHE €CTh BO3MOXK-
HOCTh BBIBOIUTH MYYKH Pa3IMYHBIX YacTHUI — OT MPOTO-
HOB JI0 sizep KceHoHa ¢ »>Heprueit ot 0,5 mo 6 ['B/ayK.
VIHTEHCHBHOCTH ITyYKa B paliOHE yCTAaHOBKH BapbUPYETCSI B
npenenax 102—10° gactun ma 1 cm?. JmurensHOCTL ¢Opo-
ca— ot MeHee 1 ¢ 1o 10 c. DTo MO3BOISIET IPOBOANUTH HC-
CJIE/IOBaHMSI 3aTPy304HBIX CIIOCOOHOCTEH! JIETEKTOPOB.

B 2013 1. Ha kaHane 4B B skcniepuMeHTaIbHOM KOP-
nyce 205 Hayaiu MOHTHUPOBATH MOMEIICHUS U TECTO-
BOoi 30Hbl MPD. BriepBele Ha BBIBEIEHHBIX IIydyKax HYy-
KJIOTPOHA DKCIEPUMEHTAJIbHBI CTEHJ, 4Yepe3 KOTOPbIil
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“Test MPD” Facility for Detector

Testing at the Nuclotron

At present the implementation of two heavy-ion proj-
ects aimed to study fundamental processes in heavy-ion
collisions is carried out at the Laboratory of High Energy
Physics in the framework of theme 1065.

The first and main project is the Multipurpose Detector
(MPD) [1] of the NICA heavy-ion collider, which is under
construction. During the collider construction it is proposed
to start the programme of baryonic matter properties study
in heavy-ion collisions with the Nuclotron beams. The fixed
target experiment will use different types of beams of parti-
cles: from protons and deuterons to nuclei of Au*”. The ex-
perimental programme at the Nuclotron is called Baryonic
Matter at Nuclotron (BM@N) [2].
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In order to test properties of designed detectors and
readout electronics, it has been decided to construct a test
facility at the extracted beam of the Nuclotron. Test beam
area is common practice for each laboratory; the well-
known example is the test beams from PS at CERN. Now
the Nuclotron can provide beams of particles of different
types from protons and deuterons to nuclei of xenon in the
energy range 0.5—6 GeV/nucleon. The beam intensity in
the test area can vary in the range 102—10° particles per
1 cm?. The length of the spill expands from less than 1 s to
10 s. This allows one to study the rate capability of particle
detectors.

The beam test area construction was started in 2013
in building 205 at beam line 4V. The experimental setup
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MPOBOJIUTCS ITyYOK YACTHII, ObLI IIOMEIICH B CIICIIUATEHOE
3aKphITOC MmoMerieHue (puc. 1). DTo MO3BOIUIO CTAOHITH-
3UPOBaTh TEMIIEPATYPY M BIAXXHOCTh B MOMECIICHHUH, YTO
Ba)KHO MPU WU3YYCHHUH JOJITOBPEMEHHOW PabOThI IETEKTO-
POB U 3JICKTPOHUKHU.

[Ty4ok TpaHCHOPTUPYETCS K YCTAHOBKE 10 BaKyyM-
HOMY HOHOIPOBOAY. Bce BcrioMorareibHbBIC U UCIIBITHIBA-
eMbIC JICTEKTOPBI (PUKCUPYIOTCS HA JIBYX IUIATPOpMax 3
TFOMUHUEBOTO Tpoduis. [ToMUMO 3TOro Ha TECTOBOM
KaHaJIe YCTAHOBJICHO MPELUU3UOHHOE YCTPONUCTBO MO3UIIH-
OHUPOBAHMSI, IMO3BOJISIONICE IMEePEMEIIaTh HCCICTYyeMbIN
JICTEKTOP B JIByX HAIIPABICHUSAX B IUIOCKOCTH, TIEPIICH M-

KYJISIPHOM My4Ky, C TOYHOCTBIO He Xyke 20 MKM, a Takxke
BpallaTh €ro B TOPU3OHTAIBHOM IUIOCKOCTH. [IsATh OBbI-
CTPBIX CHUHTWIISIIMOHHBIX CYETYUKOB HCIIOIB3YIOTCS AJIs
TeHepaluy TPUITEPHOTO CUTHANA U JUI1 MOHUTOPUPOBaHUS
WHTEHCUBHOCTHU ITy4YKa.

Jliist onpenesiennst pouiisl IMydka U TPEKUHTa ObUTH
paspaboraHbl, cOOpaHbl, MPOTECTUPOBAHBI U BBEJCHBI B
SKCIUTyaTallUl0 TPU TEKCArOHAJIbHBIE MPONOPLUOHATb-
HbIe Kamepbl (Ha Qoto ciea). JleTeKTOpbl UMEIOT LIeCTh
IUIOCKOCTEH CHIHaJIBHBIX MpoBosioyek (1o nse X, U, V). B
KaX/10} MJIOCKOCTH IIar MpoBOJOYEK cOCTaBisAeT 1,25 MM.
Jnst moAroToBKHM pabouei ra3oBoil cMecH Ul IPOIOPIH-

OOmmit BUJ yCTAaHOBKH BO BpeMsI CEaHCa PaOOTHI C IYYKOM.
ITyuok BeIBOIUTCS ClIeBa U3 HOHOIPOBOJA U MIPOXOAUT YEPE3 BCE UCCIECAYEMbIE AETCKTOPHI

General view of the setup during detector testing. The beam is extracted from the vacuum tube at the left and
passes through all the detectors under investigation along the beam

was placed in a special enclosed room (see photo) for the
first time at the extracted beams. This helps to stabilize the
temperature and humidity in the room, which is important
in the study of long-term operation of detectors and elec-
tronics.

The beam is transported to the experimental area
through the vacuum tube. All detectors are fixed on two
aluminum platforms. Besides, the precision positioning de-
vice allows moving the detector under study in two direc-
tions in the plane perpendicular to the beam axis with the
accuracy of 20 um. Also it allows rotation of the detec-
tors under study in a horizontal plane. Five fast scintillation
counters are used to generate a trigger signal and to monitor
the beam intensity.
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Three multiwire proportional chambers used for deter-
mination of the beam profile and beam particles tracks (on
the left of the photo) were constructed and assembled. The
detectors have six planes of signal wires (two of X, U, V)
with the wire pitch of 1.25 mm. There are two independent
gas blending systems with digital control for preparation of
working gas mixture for the proportional chambers and for
multi-gap resistive plate chambers (MRPC) for freon and
inert gases.

The beam test facility has a modern data acquisition
system based on VME standard and Ethernet technology.
The data acquisition system and most of the modules for
digitizing signals were developed by a group from the
Scientific Experimental Department of Physics Research
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OHAJIbHBIX KaMep U IJIOCKONApauIENbHBIX PE3UCTHBHBIX
kamep (MRPC) Ha ycTaHOBKE MMEIOTCS JIBC HE3aBUCHMBIC
ra30CMECUTEIIbHBIE CUCTEMBI C IIM(POBBIM KOHTPOJIEM IS
(DpEOHOB M MHEPTHBIX I'a30B.

Ha ycraHoBke HuCHOJIB3yeTCsi COBpPEMEHHas cCHCTEMa
cOopa JTaHHBIX, MOCTPOCHHAS Ha OCHOBE craHaapra VME
n texnonornn Ethernet. Cucrema cbopa AaHHBIX U MHO-
rHe MOIYJI OLM(pPOBKH CHUTHAJIOB pa3paboTaHbl rPyIIOi
anexktpoHnkn HOOA®U. K tectoBoil 30He noaBeneH om-
THdeckuil kanan cetu MutepHer. Bo BpeMs BbIBOAA Myuka
MEPCOHAJ PAcIoyiaraeTcsl B CIENUAIbHOM JOMHUKE, Kynaa
MocTymnaeT BCsi MHQOPMaIHs ¢ yCKOPUTENSI U YCTaHOBKH.
Jlomuk mepconanga o0OpyZOBaH BCEM HEOOXOIUMBIM IS
yA0OHOHM M IPOyKTUBHOM PaOOTBHI.

YcraHoBKa BBejieHa B cTpoii B iekadpe 2013 r. CHavasna
ycuiusi ObUTH HampaBJIeHbl B OCHOBHOM Ha ONTHMH3ALUIO
paboThl BPEMSIIPOJIETHOM CUCTEMBI, KOTOpask IIaHUPYeTCs
it oboux nerekropos: MPD u BM@N. OcHOBHBIMH 3J1¢-
MEHTaMH BPEMSIIPOICTHON CUCTEMBI SIBIISIOTCS PE3UCTHB-
Hele wiockue kamepsl MRPC [3] u GbIcTpble €TEKTOPHI
yepenkoBckoro mainydenus (FFD). ITocnennue ncronb3y-
I0TCS JUIsL OPraHU3alMK CTapTa BPEMSIIPOIETHON CUCTEMBI
U TpUITEpa HyJIEBOI0 YPOBHSI.

PesuctuBHas miiockasi Kkamepa IpeAcTaBisieT COOOoi
JIETEKTOp, COCTOSIIMN M3 CIOEB TOHKOTO CTEKJa, pasje-

Automation. There is a fast optical channel of the Internet
in the test area. The staff works in a special house during
beam extraction. They receive there all the information
from the accelerator and the test setup. This staff room is
equipped with everything necessary for a comfortable and
productive work.

The facility was put into operation in December 2013.
First studies were mainly focused on the optimization of the
time-of-flight system, which is planned for the two detec-
tors: MPD and BM@N. The main elements of the time-of-
flight systems are resistive plate chambers (MRPC) [3] and
fast forward detectors of Cherenkov radiation (FFD). The
latter are used for the organization of the start signal for the
time-of-flight system and zero level trigger.

A resistive plate chamber is a detector consisting of
thin glass layers separated by a gas gap of 200-300 um.
These gaps are filled with a special gas mixture. A particle
passes through the detector and produces ionization in the
gaps. An avalanche arises in the gas gap under the influence
of the strong electric field. It induces a signal to the readout
electrodes. Small gas gap allows small fluctuations of for-
mation of the avalanche, but does not provide the required
efficiency. To increase the efficiency of particle detec-
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Puc. 1. Bpemennoe paspenienue u 3¢ppexruBHocts MRPC s
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Fig. 1. Time resolution and efficiency of the strip MRPC for the
time-of-flight system

Puc. 2. BpemenHoe pacnpeneneHie MexIy IByMs HACHTHIHBIMH
nporotunamu aerekropos FFD
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Fig. 2. Time distribution between two identical prototypes of FFD

tion, several gaps are usually used: from 4 to 12. In our
case, the detectors were tested with 12 gas gaps. As a result,
the time resolution of 65 ps was achieved (including the
resolution of electronics) with the efficiency of 99.8% (see
Fig. 1).

Several prototypes of FFD (fast forward detector) were
tested. A prototype of FFD [4] is a detector of Cherenkov
radiation with a multichannel microchannel photomultiplier
PHOTONIS XP85012/A1-Q specially created for this sys-
tem and used as the main sensitive element of FFD. Various
characteristics of these detectors were investigated during
the experiment and different types of data acquisition were
also tested. The main working characteristic of the FFD
system is its time resolution. This detector is supposed to
generate “start” signal for the time-of-flight system; there-
fore, it must satisfy special requirements. The time resolu-
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JICHHBIX ra30BBIMU NpoMexyTkaMmu JuuHo# 200-300 mu-
KpPOH. DTH IPOMEKYTKHU 3aII0IHEHBI CIIELUaIbHON ra30Boi
CMECBI0, B KOTOPOH IpoJieTaroIas yepe3 AeTeKTOp YacTH-
L@ NOpOM3BOAMUT HOHU3anuio. [lon AeHCTBHEM CUIIBHOTO
DJIEKTPUUYECKOTO TIOJI B T'a30BOM MPOMEKYTKE BO3HUKAET
JlaBMHA, KOTOpask MHIYLHMPYET CHTHAJ Ha CUUTHIBAIOIINE
ANIEKTPO/IbL. Masblii ra30BbIi 3a30p obecneunBaeT HeOOIb-
mue QIyKTyaluuu npu oOpa3oBaHUM JIABUHBI, OJIHAKO HE
obecrieunBaeT HeOOXoMUMY0 3P PeKTHBHOCTD. J{JIs TTOBBI-
meHust 3pQEKTHBHOCTH PErHCTPALIMM YACTHIL Yallle BCETro
HCHOJIB3YIOT HECKOIBKO 3a30p0B — 0T 4 10 12. B Hamem
Cllydyae WCIBITHIBAINCH JIETEKTOPHI ¢ 12 ra3oBbIMH 3a30pa-
MU. B pesynsrare ObUI10 JOCTUTHYTO BpEMEHHOE pasperiie-
Hue 65 1mc (BKJIrOYasl pa3peuicHue MICKTPOHUKH) TpU d-
¢dexruBHoctu 99,8 % (puc. 1).

Bbu10 MpOTECTUPOBAHO HECKOIBKO MPOTOTHUIIOB CUCTE-
Mmbl FFD (fast forward detector). I[Iporotun FFD [4] — aT0
JIETEKTOP YEPEHKOBCKOIO H3JyYEHUs, OCHOBHBIM DErH-
CTPHUPYIOIINM 3JIEMEHTOM KOTOPOTO SIBJISIETCS CIIELUAIBHO
CO3/IaHHBII JUIS 9TOH CHCTEMbl MUKPOKaHAJIBHBI MHOTO-
KaHaJbHBIH (OTO21eKTpoHHBIH yMHOXHTen, PHOTONIS
XP85012/A1-Q. B skcriepuMeHTE UCCICIOBATIICH pa3iny-
HBIE XapaKTEPUCTHKU ATUX JIETEKTOPOB, a TaKXKe ObLIN HC-
IIBITAHbI pa3Hble THIBI cOopa JaHHBIX. OCHOBHOM paboueit
xapakTtepuctukoil cucteMsl FFD siBisiercss ee BpeMeHHOe

tion of about 37 ps was obtained (Fig. 2) in the latest experi-
ments for a single detector using a standard VME module
TDC32VL [5], while using DRS4 digitizer gave the time
resolution of 21 ps.

In March 2014 a prototype of tracking detector for
BM@N was tested for the first time at the test beam based
on a gas electron multiplier (GEM). This type of detectors
has a very large distribution due to its high rate capability.

In the near future it is planned to study simultaneous
use of the prototypes of the time-of-flight system and elec-
tromagnetic calorimeter. The obtained results will be ap-
plied in the development of the BM@N and MPD detectors.

The development of the test facility at the Nuclotron
has aroused interest not only among groups working at
JINR. In particular, physicists from Tsinghua University
(Beijing) are interested in beam tests of their detectors. The
infrastructure of the MPD test facility is currently being im-
proved for further successful operation.
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pasperenne. Tak Kak JaHHBIN JIETEKTOp OyAeT CTapTOBBIM
JUISL CUCTEMBI WICHTU(HUKALUH, TO K HEMY HPEIbSIBISIFOTCS
ocoOble TpeboBaHus. B mocneqHux skcnepuMeHTax HeoO-
XOJMMO OBUIO TOJIyYHTh BPEMEHHOE pa3pelieHue OKOJIO
37 nc (puc. 2) mjisi OMHOTO JACTEKTOPa C UCIOJIb30BAaHHEM
cragaaptHeix TDC32VL [5] cranmapra VME. Ilpu wuc-
moJyib30BaHuu JaupkuTaizepa DRS4 BpemenHoe paszpelie-
Hue jocruraer 21 mnc.

B mapre 2014 r. Ha TEeCTOBOM KaHaje BIEPBbIE ObLI
HCIBITAH MPOTOTHUIl TPEKOBOTO JAETEKTOpa MJsl YCTaHOB-
ki BM@N Ha 6a3e ra30BOr0 3JIEKTPOHHOTO YMHOXKHTEIIS
(GEM). Dot THI 1eTEKTOPOB B IOCIEIHEE BPEMsl MOJy-
YUJI OYEHb OOJIBIIOE PACIPOCTpaHEHHE Onarogapst BbICO-
KOM 3arpy304HOi CHOCOOHOCTH.

B Onmxaiiiem OyaylieM IJIAHUPYETCS U3YyUYCHHE CO-
BMECTHOHU paboThl MPOTOTHUIIOB BPEMSIIPOJIIETHON CUCTEMBI
U JIEKTPOMArHUTHOTO KajopuMmetpa. [lomyueHHble pe3yib-
Tarbl OYIyT HCIIOJIb30BaHbI MPH HOCTPOCHHH JIETEKTOPOB
BM@N u MPD.

[losiBneHHe TeCTOBOro KaHaja Ha HYKJIOTPOHE BbI3Ba-
JIO MHTEpeC He TOJbKO y Tpymi, padoratomux B OUSU. B
YaCTHOCTH, B padOTe Ha ITy4Ke 3aMHTEPECOBAHBI (PUUKH 13
VYuusepcurera Lunxya (Ilekun). B Hacrosimee Bpems uH-
(pacTpyKTypa yCTaHOBKH YIIy4IIA€TCs M COBEPILICHCTBYET-
Cs1 JUIsl TasIbHEWIIeH III0J0TBOPHON paboThI.
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