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BYCTep OTKPbIBAE€T HOBbIC IIE€PCIIEKTUBbI
Booster opens new prospects

CompyodHuKu, npuHuMagwue yuamue 8 nod20moske u nposedeHuu
nepgozo cearca pabomol ¢ nyukom Bycmepa komnaexkca NICA.
Employees who participated in the preparation
of the first run with the beam of the NICA Complex Booster.

B koHIie 2020 roja GblJ yCIENHO NPOBe/IEH MEPBBIA CeaHC
paboTsl ¢ myuykoM Byctepa xommiekca NICA, ctapT KoTopoMy
nan Ipeacematens [lpaButensctBa Poccuiickoit Pepeparyu
Muxaun  BraguMupoBud — MUIIYCTUH WM HaKaTUeM
CHMBOJIMYECKON KHOMKU 6JsarocioBus BycTep Ha pouaryio
U3Hb.

YTo6bl OLEHUTb 3HAYeHHWE NPOU30LIEJLUIEr0 COOBITHUS,
MOXHO MONpP060BaTh 0603HAYUTb MECTO 3TON YCTAaHOBKHU Ha
pPOCCUACKOM W  MHPOBOM  YCKOPHUTEJbHOM JaHAmadTe.
[locnefHuMu  moOCTpoeHHBIMM B PoccuM  MOHHBIMH
CHHXPOTPOHaMH, 3a UCK/II04eHHeM HyKJIOTpoHa U HeCKOJbKUX
KOMIIAaKTHbIX ~MEAMIMHCKUX YCTAaHOBOK, OBLIM HMEHHO
Gyctepbl. IT0 GycTep CepmyXoBCKOTO CHHXPOTPOHA, YCIEIIHO
pelrBIIKIA 33/ja4y MOBbIMIEHNS] UHTEHCUBHOCTH MPOTOHHOTO
Iy4Yka B OCHOBHOM KOJiblle. ITO OycTep cuHXpoTpoHa Y10 B
UTI3D, B 3a/1auy KOTOPOTO BXOJUJIO TaKKe U YCKOPEHHE HOHOB

Cums0.1uYecKas KHonka.

IIpedcedamens [Ipasumeavcmea PP M.B. MuwycmuH u
2ybepHamop Mockogckoll o6aacmu A.F0. Bopo6bes npuHumarom
yuacmue 8 ceaHce no 3anycky bycmepa komnaekca NICA.
Symbolic button.

Chairman of the Government of the Russian Federation
Mikhail Mishustin and Governor of the Moscow region

Andrey Vorobyev took part in launching the NICA Complex Booster.
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At the end of 2020, the first beam circulation in the NICA
Complex Booster was successfully obtained. Chairman of the
Government of the Russian Federation Mikhail Mishustin gave
start to the operation of the Booster by pressing a symbolic
button.

To evaluate the significance of the event, one can try to map
the location of this facility on the Russian and world accelerator
landscape. The last ion synchrotrons constructed in Russia
(except for the Nuclotron and several compact medical facilities)




U3 cepe/iHbl TabaMLbl MeH/jeseeBa 10 HECKOJIbKUX cOTeH MaB
Ha HYKJIOH. [Ipy CpaBHUMOM AJIMHE OKPYXHOCTHU 10 MarHUTHON
eCTKOCTH OH NMPUMEpPHO B /iBa pasa ycTynaeT bycrepy NICA.
[lpy 3ToM ocHOBHOe Kosblo Y10 pa6oTano B pexuMe
HaKONHUTeJIA C 1le/1bl0 cGOPMUPOBATE KOPOTKUH CT'YCTOK MOHOB
TepaBaTTHOrO ypoOBHA MowHocTH. He ciydaiiHO, 4TO
cnenuanauctel U3 UTIP mpuHUManM ¥ NPUHHUMAIOT aKTUBHOE
ydacTie ¥ B ceaHcax HyksioTpoHa, W B pa3paboTke U
peanuzanuu npoekta NICA. A u3 3apyGeXHBIX yCKOpUTesen
GJDKaHWIIMM aHajoroM Haulero Bycrepa W mo 3aayaMm, ¥ 1O
napamerpam sBaseTca bBycrep AGS, mNOCTpoeHHBIH B
BpykxaiiBeHcko#l J1abopaTopuu B Hadaste 90-x. Kpome mouTu
paBHBIX epuMeTpoB (oKkpyxHOCTb Byctepa AGS - 201 m, NICA
- 211 M) ¥ CBepxXBBICOKOTO BaKyyMa B My4YKOBOH KaMepe,
Heo6X0AUMOro 1 3GPeKTUBHOr0 YCKOPEHHUS TSXKENbIX HOHOB,
B 00eMX yCTaHOBKax MPUMEHSAIOTCS aHAJIOTMYHble TEXHUYeCKUe
pelmeHus AaA pAja cucreM. Hampumep, CXOAHYIO CTPYKTypy
MMEIOT CXeMbl 3JIEKTPONUTAHUS MarHUTOB U JIMH3; B 06OMX
YCKOPHUTE/IAX UCHOJIb3YeTC CMeHa TapMOHUKH YCKOPSAMILETO
nojs B XoAe LMkjga U Ap. Ho B HeckoJbKo pa3 GoJiblLiast
MaKCHMaJjibHasi 3HEPTUsl U HaJM4Me CUCTeMbl 3JeEKTPOHHOrO
OXJIOXKAEeHHUs NpeBpalalT Bycrep NICA B
MHOTOQYHKLMOHAJbHYI0 ~ YCTAaHOBKY COBEPLIEHHO HHOrO
KJiacca. HaBepHOe, npaBU/IbHee CPaBHUTD €€ C TAXKeJOUOHHBIM
cuHXpoTpoHOM SIS18, KOTOpBIH B TeyeHUE Maphbl JecATUIETUH
obecmeyuBas  peajquzauuio B JapMmumTagTe  0GLIMPHOH
nporpaMMbl GpyH/IaMEeHTAIbHbBIX U IPUKJIAZHbIX UCCIeJ0BAHUH,
OH NIPOZIOJIKUT CBOIO paboTy yxe B cocTaBe KoMmekca FAIR.
Lluppa 18 B ero HasBaHMM O3HAYaeT, B COOTBETCTBUH C
npuHAToH B GSI kiaccudukanuen, MakCMMaabHY0 MarHUTHYHO
XeCTKOCTb B Tecsia-MeTpax. Ham Bycrep mo anasorun MoxHO
ObI0 ObI Ha3biBaThb SIS25, YTO mMpaBU/IbHEE OTpaAKaeT €ero
MeCTO Cpeld MHUPOBBIX TSXKEJOMOHHBIX CHHXPOTPOHOB. [Jisi
POCCUHCKOHN YCKOpUTeNbHON Hayku co3gaHue Bycrepa NICA
MMeeT U ellle 0/JHO, CAMBOJINYECKOE, 3HaueHHe: Ha CBOI0 POJIUHY
BO3BpalaeTCs NMOKOPUBIUMK BeCb MUDP METOZ 3JeKTPOHHOTO
OXJIaX/|eHUs y4KOB.

Wcnosb3oBaHWe  CBePXNMPOBOAALIMX MarHUTOB  JieJlaeT
BycTep npakTU4ecKH yHUKaJbHBIM — OH BCEr0-HaBCEero LeCTON
TaKol 10 cyeTy B Mupe. PaspaboranHas B JIBY opuruHasbHas
TEeXHOJIOTHsl IPOM3BO/ICTBA CBEPXIPOBOJALIUX MarHUTOB 6bla
BOCCO3/laHa HAa COBPEMEHHON TEXHUYECKOH 6a3e /s MPOEKTOB
NICA u FAIR. BycTtep - 3T0 nepBbIii CHHXPOTPOH, TOCTPOEHHBIH
Ha HOBbIX MarHuTax. CucTeMa [ONYCKOB Ha KayeCTBO
M3rOTOBJIEHUS] M PACCTAaHOBKM MarHMUTOB CTPOMJIACh TaKUM
06pa3oM, YToGbl C 3aMeTHbIM TeXHUYECKUM 3alacoM
obecreduTh 3aMblKaHMe OPOUTHI NMyyKa BHYTPU BaKyyMHOH
KaMepbl 0e3 INpHUMeHeHUs YCTPOWCTB Koppekuuu. Ilo
pesyabTaTaM MarHUTHBIX H3MepeHHH Oblia oONpefesieHa
ONTHMAaJIbHasA N0C/1e[0BaTeJbHOCTb pa3MellleH|s MarHUTOB 10
nepuMeTpy yckopuTess. Ho ToMbKO My40K MOXKeET NOATBEPAUTD
NpaBUIBHOCTD BCEX 3TaloOB  TexHoJoruu. Eme oAuH
TEeXHOJIOTHYeCKHH BbI30B bycTepa - nojyyeHue CBepXBbICOKOTO
BaKyyMa B INYYKOBOM KaMepe, YTO HHKOIJa paHee B TaKHX
Gosbmux o6beMax B Poccun He pocruranoch. [IpoBepka
KayecTBa M3TrOTOBJEHHS M COOPKM MarHUTHO-KPUOCTATHON
CUCTEMBl U BCeX 3JeMEHTOB My4YyKOBOM KaMepbl U sBJJIACH
OCHOBHOM 3ajjayell mepBoro ceaHca. Kpome Toro, ceaHc - 3To
U/leaJIbHbIA CIOCOO UCHIBITAaTh HOBBIM JIMHEHHBINA YCKOPUTEJIb,
ero CUCTeMY BbICOKOYACTOTHOTO NUTaHUSA U YCTPONCTBA KaHa/Ia
TPaHCIOPTUPOBKM Myuyka B bBycTep B pexuMe [IUTeNbHON
KPYIJIOCYyTOYHOM 3KCIJIyaTaluu. CBOM 0COGEHHOCTH B MpoLecc

BBOJa YCKOpHUTEJIA B JKCIlJIyaTauio BHOCHUT 14
CBEPXMPOBOANMOCTb. OT[LEJ'[bele CAUCTEMbI MOTYT OBbITb
TIIATEJbHO IPOBEPEHbI KW HACTPOEHbI Ha CTeHAdX, C

HUCIIO0JIb30BAHHEM UMHUTATOPOB M 3KBHBAJIEHTHBIX HAarpy30K, HO

were just boosters. Those are the booster of the Serpukhov
synchrotron, which successfully solved the problem of
increasing the intensity of the proton beam in the main ring; the
booster of the synchrotron U-10 at ITEP, which was aimed at
accelerating ions of the middle of the periodic table to several
hundred MeV/nucleon, while having a comparable
circumference in terms of magnetic rigidity, it is approximately
two times inferior to the NICA Booster. The main ring of U-10
operated in the storage mode to form a short ion bunch on the
terawatt power level. It is not by chance that ITEP specialists
have taken and are still taking an active part both in the
Nuclotron runs and in the development and implementation of
the NICA project. Among foreign accelerators, the closest
analogue to our Booster in terms of both goals and parameters is
the AGS Booster constructed at the Brookhaven National
Laboratory in the early 90s. In addition to almost equal
perimeters (the circumference of the AGS Booster is 201 m and
NICA is 211 m) and the ultra-high vacuum in the beam chamber,
which is necessary for the effective acceleration of heavy ions,
similar technical decisions are made in both facilities for a
number of systems. For instance, power supply circuits for
magnets and lenses have a similar structure; both accelerators
use a change in the harmonic number of the accelerating field
during the cycle, etc. But several times higher maximum energy
and the presence of an electron cooling system turn the NICA
Booster into a multifunctional facility of a completely different
class. It is probably more correct to compare it with the heavy
ion synchrotron SIS18, which for a couple of decades provided
the implementation of an extensive programme of fundamental
and applied research in Darmstadt, and will continue its
operation as part of the FAIR complex. The number 18 in its
name means, according to the GSI classification system, the
maximum magnetic rigidity in tesla meters. Similarly, our
Booster could be called SIS25, which more truly reflects its place
among the world's heavy ion synchrotrons. In the framework of
the Russian accelerating science, the construction of the NICA
Booster has another symbolic meaning: the method of electron
cooling of beams, which has conquered the whole world, is
returning to its homeland.

The use of superconducting magnets makes the Booster
almost unique - it is only the sixth in the world. The original
technology for the production of superconducting magnets
developed at LHE was reconstructed on a modern technical
basis for the NICA and FAIR projects. The Booster is the first
synchrotron constructed with new magnets. The tolerance
system for the quality of production and placement of magnets
was developed in such a way as to provide, with a noticeable
technical margin, the closure of the beam orbit inside the
vacuum chamber without the use of correction units. Based on
the results of magnetic measurements, the optimal sequence of
placing the magnets along the perimeter of the accelerator was
determined. But only using a beam, the accurateness of all stages
of the technology can be confirmed. Another technological
challenge for the Booster is obtaining an ultra-high vacuum in a
beam chamber, which has never been achieved in such large
volumes in Russia before. Tests of the quality of production and
assembly of the magnet cryostat system and all elements of the
beam chamber were the main task of the first run. In addition, a
run is a perfect way to test the new linear accelerator, its high
frequency power supply system and the beam transport channel
to the Booster during a continuous round-the-clock operation.



KaK OHM TOBeJyT cebsl Npu paboTe C «XOJIOLHON» CTPYKTYPOH,
3a4acTylo, Npe/icKa3aTb HEBO3MOXHO. IMEHHO AJI UCTIBITAaHUSA
TaKHX CUCTEM U HyXKeH CeaHC.

B cooTBercTBMM ¢ 33ajayaMH U BpPEMEHHBIMHU
OTpaHUYEHUAMH TIPU NOATOTOBKE ONpe/esIsAlNCh TPorpaMMa 1
cocTaB 060py/A0BaHMUs, C KOTOPbIM BycTep BBIXOJMJ Ha CeaHC.
it MHXKEKUMM 4acTUI, ObLJIO  peleHo  HCIO0Jb30BaTh
npocTediyro 143  pa3pabOTaHHBIX CXeM: OJHOKPATHYHO
0/iHOOGOPOTHYI0. YCTPOHCTBA CUCTEMbI BbIBOJA MyYKa XOTH U
OblIM  yCTAHOBJEHbl HAa KOJIbLO, HO B CeaHce He
ucrnojb3oBanuce. CUcTeMa OTKaykM INYYKOBOM  KaMephbl
BKJII0YaJla MUHMMYM BaKyyMHBIX NOCTOB, HEOOXOAMMBIX AJs
nepexojja TeXHUYECKOM TIpaHMIbI 00JaCTH CBEPXBBICOKOTO
Bakyyma B 107 [la. CucreMa JMAarHOCTUKY ILMPKYJIHDPYIOLIErO
NyyKa Takxke 6blla CMOHTHpOBaHa He B MOJHOM o6beMe. [lo
BpeMeHHOH cxeMe OblJa cobpaHa CHCTeMAa KPUOTEHHOTO
obecneyeHus.

Ocoboe BHHMMaHME ObLJIO Y/eJeHO BbIOOPY COpTa 4acTHI]
AJs yckopeHusl. /Jlns  u3MepeHHs M HACTPOHKH OpOUTEI
CHHXPOTPOHA COPT YacTHUI, NPUHLMIHMAJIBHOIO 3HAYeHHs He
MMeeT, OJJHAKO, AJsl MPOCTOThbl MHTEpPIpeTaluu pe3y/nbTaToB
NpeJnoYTUTENbHO  MMeTb  OJHOKOMIIOHEHTHBIM  INYYOK,
COCTOSALMI M3 MOHOB TOJNBKO OJHOrO COpPTAa B OJHOM
3apAl0BOM  COCTOSHMM. Kpome Toro, /s MCOBITaHUA
JIMHEMHOTO YCKOPUTeNs JKeJaTeJbHO HWMeTb OTHOIIEHHe
MaccoBOro YMCJa MOHA K 3apAZ0BOMY AOCTAaTOYHO OJIM3KUM K
MaKCHMaJIbHOMY IPOeKTHOMY 3Ha4€eHHUIO - 6,3. B KOHIle KOHL[0B
BbIGOp mas Ha MOHbl He'l, 1/ reHepauuu KOTOPBIX 6bLI
pa3paboTaH ClelUaJU3UPOBaHHbIA HMCTOYHUK [Ja3MEHHOIo
THUIA.

C6opka MarHUTHO-KPUOCTATHOH cucteMbl Bycrepa 6bL1a
3aBeplieHa K Hos6pwo 2020 roja, Bce MOACHCTEMbI ObLIN
YCTAHOBJIEHbl B IUTaTHOE MOJIOKEHHe U INPOTEeCTUPOBAHBbI,
cucTeMa 3J1eKTPONUTAaHUs MarHUTOB 6Gblaa MPOTECTUPOBAHA U
HacTpoeHa [/ paboThl NpU 3KBUBAJEHTHOW Harpyske,
HAaCTpoeHa W MCNbITaHa JMHUA TPaHCIOPTHPOBKM IMyyKa M3
JIMHEMHOro yckopuTessd. 12 HOAGpSA ceaHC MO TeCTUPOBAHHUIO
cucteM bycrepa Obl1 oduuuanpHo Havat. [lepBblil ero aran
COCTOSIJ1 B 3aBepLIeHUH COOPKU U UCIBITAHUH H30JISALMOHHOTO
BaKyyMHOI'0 06'beMa U CUCTEMbI KpUOreHHOro obecneyeHus. [lo
pe3y/ibTaTaM ero BBIIOJHEHUS 4 Jekabps ObLIO HPHUHATO
pelieHde O Hadaje OXJNaXJeHUA Kojbla. C 3TOro MoMeHTa
Ha4yaJMChb TPaHCIALMM B MHTepHeT NOKa3aHUHM OCHOBHBIX
cucteM BycTtepa, cyeT BpeMeHM MOLIeJ HAa 4Yacbl U MUHYTHI
YckopuTesb Hayasl 0XUBaTh.

beuna 3anymena ACY Bycrepa, BBefieHa B 3KCIUIyaTaLUIO
cucTeMa MOHUTOPHUHTIa, Ipe/iHa3HauYeHHas /11 HabJII0feHus 3a
TNPOLIeCCOM KPHOCTaTHPOBAHMUsl, BKJIIOYAKOIasA B cebst CUCTEMY
TepMOMeTpUU. 12 Jekabps, B TOYHOM COOTBETCTBUU C
HaMe4YeHHbIM TpadUKOM, MarHUTHO-KPUOCTATHasg CHUCTeMa
Obl1a oxJaxJeHa o TemnepaTypsl 4,5 K. Cieayromum marom
Obl1a HacTpoeHa M BBelleHa B 3KCIUIyaTaLiMl0 CHUCTeMa
JeTeKTUPOBaHUA Mepex0A0B B HOPMa/lbHO-NPOBOAALLYI0 a3y,
NPOTeCTUPOBAHA CHUCTEMA 3BaKyallid 3HEPrHH, HaCTPOEHBI
IMK/I033/almas CUCTeMa M CUCTeMa  3JIEKTPONUTAHUA
MarHuToB Bycrepa. K aToMy MoMeHTy y»xe OblIM HacTPOEHbI
JIMHEMHBIN YCKOPUTEJb M KaHaJ TPAHCHOPTHUPOBKU MydKa B
BycTep, BbiBejileHbl Ha INpOEKTHble MapaMeTpbl yCTPOHCTBa
cUCTeMbl UHXeKIMU. 19 fekabps OblI0 MONyYeHO pa3pelleHue
Ha paboTy € MyYKOM.

BeTepaHbl, NpyHUMaBLIKMe y4acTHe B 3MOIee MO 3aMycKy
HyknoTpoHa, ¢ [OOpPOAYUIHBIM CKENCHUCOM  OLleHUBA/IU
NepCeKTUBY TNpejcToAlled mpoueaypel: «4YTo, BOT Tak -
OTKpoeM I1K6ep, JajM NYYOK Ha BXOJ ¥ MOUAET LUPKYAALHs?
Hy-Hy, nocmoTpum..». B 3T0 TpyAHO NOBepuUTb, HO BCe
NpaKTUYeCKHW TaK W CIYy4WIoCh. BbICTaBUIM  «CTOM»

Puc. 1. 19 dekabps 2020: nepsvle o60pombl nyuka 8 Bycmepe.
Fig. 1. December 19, 2020: first beam circulation in the Booster.

Superconductivity also contributes to the process of
commissioning the accelerator. Separate systems can be
thoroughly tested and tuned at test benches using simulators
and equivalent loads, but their operation when working with a
"cold" structure is often impossible to predict. A run is required
exactly for testing such systems.

The programme and the equipment, which could be used
during the run of the Booster, were determined according to the
goals and time constraints during the preparation process. For
the injection of particles, it was decided to use the simplest of
the developed schemes: single turn injection. The units of the
beam extraction system, although being installed in the ring,
were not used in the run. The pump-out system of the beam
chamber included a minimum of vacuum units required to
achieve the technical breakpoint of the ultra-high vacuum range
of 107 Pa. The circulating beam diagnostic system was also not
fully assembled. A cryogenic support system was assembled
according to the temporary scheme.

Special attention was paid to the selection of the type of
particles for acceleration. For measuring and tuning the orbit of
the synchrotron, the type of particles is not so important;
however, for ease of the result interpretation, it is preferable to
have a single-component beam consisting of only one type of
ions in one charge state. In addition, for testing the linear
accelerator, it is desirable to have the ratio of the ion mass
number to the charge number close enough to the maximum
design value of 6.3. In the end, He*! ions were selected, for the
generation of which a designated plasma-type source was
developed.

The assembly of the magnet cryostat system of the Booster
had been completed by November 2020. All subsystems were
installed and tested, the power supply system for the magnets
was tested and tuned for operation at an equivalent load, and
the beam transport channel from the linear accelerator was
tuned and tested. On November 12, the run for testing the
Booster systems was officially launched. Its first stage included
the completion of the assembly and testing of the insulation
vacuum volume and the cryogenic support system. On December
4, based on the results of its implementation, it was decided to
start cooling the ring. From that moment on, the readings of the
main Booster systems started to be broadcasted on the Internet.
The countdown went on for hours and minutes, the accelerator
began to operate.



MarHUTHOT'O TOJIS, COOTBETCTBYIOIUA 3HEPTUM HWHXKEKLUH,
OTKpBLIY [K6ep, MOACTPOUIH YCTPONUCTBA HHKEKIMHU U TOLLIA
nupkyasauus (Puc. 1).

Kak ¥ njaHUpOBa/loCh, PEXUM LUPKYAALMH MydyKa ObLI
nojayyeH 6e3 BKJ/IOYEHHS CHUCTEMbl KODPEKLMH OLIMOGOK
MarHUTHOTO MOJf, IPU 3TOM OTK/JOHEHMs OPOUTHI MydyKa OT
HOMHWHAJILHOTO TO0JIOXKEHUSI B TOPU30HTA/IbHOM IJIOCKOCTH He
npeBbland *15 MM (HECKoJIbKO 6o0Jibllle B BePTHKAJIbHON
IJIOCKOCTH), TNPaKkTU4eCKH B TOYHOM COOTBETCTBUM C
pacyetaMu. M 3TO OAMH M3 BaXKHEHLIMX pe3y/bTAaTOB CEaHCa,
MMEIMN NpUHIUNKAAIbHOE 3HaYeHue AJs npoekToB NICA u
FAIR: TexHOJIOTMSI NPOW3BOACTBA, COOPKM M TECTUPOBAHHUS
MarHuToB paboTaeT. JJoNoJHNUTENbHBIM T0Ka3aTeseM KayecTBa
M3rOTOBJIEHUS] MArHUTHO-KPUOCTATHON CUCTEMBI SIBJASIETCS TOT
daKT, 4To B X0Jle ceaHca OHA CTaOMJIbHO OTpaboTana C LUKJIOM
MarHuTHOro noJis okoJio 400 yacos.

CeaHc npogosmxaincs 1o 30 Aekabps, ¥ 3a 3TOT NePUOJ ObLIN
BBITNIOJIHEHBI C/le/iyI0ll1ie paboThI:

- TOCJIe/J0BaTe/IbHO MPOTECTUPOBaHbl OCHOBHbIE CHUCTEMbI
JAVAarHOCTUKHM LMPKY/JIMPYIOLIEr0 MydYKa, CHUCTeMa KOPpeKLUH
3aMKHYTON OpOUTHI, obecneyeHa MHTEHCUBHOCTh
LMPKYJIUPYIOLEro My4Ka, 61M3Kast K IPOEKTHOH,

- HacTpoeHa BbICOKOYACTOTHAs CHUCTEMa, NPOTeCTHPOBaH
pexuM a/[1abaTHYeCKOTo 3axBaTa MyyKa B peXUM YCKOPEHHUH,
obecre4eHo yCKopeHHe HOHOB Jio 3Hepruu 100 MaB/H,

- BKJIIOYEHA M MpPOTECTUPOBAHA CHUCTEMa 3JEeKTPOHHOrO
OXJIaXK/IeH NS,

- CUCTeMbl IUTAHUA MAarHUTOB, KPUOTeHHAs U MarHUTHO-
KPUOCTATHasA CUCTeMbI ObIJIM IPOBEPEHbI IPU paboTe B LUKJ/Ie
MarHMUTHOTO 110JIS1 C IPOEKTHBIMU NIapaMeTpaMH.

Wcnosnp30BaHUe CUCTEMBI KOPPEKLMH OPOUTBI COBMECTHO C
HAaCTPOMKONM KaHala TpaHcmopTUpoBkM nydka u3 HILAc B
BycTrep ¥ HacTpOMKOM YCTPOUCTB CUCTEMbl HHXEKLUH
03BOJIMJIO JIOCTHYb MHTEHCHMBHOCTH MydYKa Ha ypoBHe 7-101°
LUUpKy/Upyomux uoHoB He' (Puc. 2), 4Tro 0o TOKy
skBuBaseHTHO 10° noHoB Au3l™,

XapakTepHOe BpeMs HU3HH MOHOB U3-3a B3aUMO/IeHCTBUSA C
MOJIEKyJJaMM M aTOMaMM OCTaTOYHOTO Trasa COCTABHJIO
npuMepHo 1,9 ¢ C y4yeToM cedeHUIl MpOLECCOB Mepe3aps/Ky,
3Ta BeJMYMHA COOTBETCTBYET JaBJEHHI0 OCTAaTOYHOIO rasa B
My4KOBBIX Kamepax Ha ypoBHe 36-108 Ila, yro HaxoguTcs B
XOpoIleM COIJIACMM C TOKAa3aHUSIMU BaKyyMMETpOB, |
COOTBETCTBYeT INPOEKTHOMY 3HAueHHI0 IIpU CTapTOBOM
KOHHUTYpaLMK CUCTEMBI OTKAUKH.

B TeyeHue Tpex cMeH TNPOBOJMJIMCL PaGOTBl IO
TECTUPOBAHUIO CUCTEMBI 3JIEKTPOHHOT0 oxJaxaeHus (C30). Ha

Puc. 3. HoHusayuoHHblii npogusomemp 8 cekyuu
uHcekyuu bycmepa.
Fig. 3. lonization profilometer in the Booster injection section.

Puc. 2. Pe3yniemamul uagmepeHusi UHMeHCU8HOCmMu

YUPKYAUpYIOWe20 Ny4Ka ¢ NOMOWbI0 NAPpAMeMpPU4ecKo2o
mpatxcgopmamopa moka (IITT) npu onmumanbHoli Hacmpolike
8cex cucmeM. 3eaeHas Kpueast — 6eAUHUHA MAZHUMHO20 n04 8 I¢,
cuHas - cueHan [ITT opanicesas — KOAUYECMB0 YUPKYAUPYIOWUX
yacmuy. Bpems no 2opu3oHmaabHoUl ocu 8 Mcek.

Fig. 2. Results of measuring the intensity of the circulating beam
using a parametric power transformer (PPT) with optimum tuning
of all systems. The green curve is the magnitude of the magnetic
field in G, the blue curve is the PPT signal, and the orange curve is
the number of circulating particles. Time along the horizontal axis
is given in ms.

The Booster ACS was launched, a monitoring system
designed to monitor the cryostatting process, including a
thermometry system, was put into operation. On December 12,
in strict compliance with the schedule, the magnet cryostat
system was cooled to a temperature of 4.5 K. Then it was tuning
and putting into operation a system for detecting transitions to
the normal conducting state, testing the energy evacuation
system, tuning the cycle setting system and the power supply
system for the Booster magnets. By this time, the linear
accelerator and the beam transport channel to the Booster had
already been set, and the injection system units had been
brought to the design parameters. On December 19, permission
was granted to work with the beam.

The senior colleagues, who took part in the epic launch of
the Nuclotron, considered the prospect of the upcoming
procedure with mild skepticism: “It will be something like this:
we open the gate, inject the beam, and the circulation starts?
Well, let's see..”. It is hard to believe, but that is almost exactly
how it happened.. We set up the “plateau” of the magnetic field
corresponding to the injection energy, opened the gate, tuned
the injection system, and the circulation started (Fig. 1).

As it was planned, the beam circulation mode was obtained
without switching on the magnetic field error correction system,
while the deviations of the beam orbit from the nominal position
in the horizontal plane did not exceed #15 mm (a bit more in the
vertical plane). And this is one of the most important results of
the run, which is of crucial importance for the NICA and FAIR
projects: the technology for the production, assembly and
testing of magnets works well. An additional indicator of the
production quality of the magnet cryostat system is the fact that
during the run, there was a stable operation of the system with a
magnetic field cycle of about 400 hours.

The run lasted until December 30, and during this period the
following work was performed:

- the main systems for diagnostics of the circulating beam
and the closed orbit correction system were consistently tested,



3HEepTUU WHXKeKIUHU C NOMOLIbI0 JUMO0JbHbIX MarHUTOB C30 u
KOPPEeKTHUPYIOLIMX MarHUToB bycrepa 6bl1a HacTpoeHa op6uTa
[UPKYJUpYIOLlero MNyd4ka MpHU T[oJe COJIeHOWAA CeKLUH
oxnaxaenus go 0,07 Tn Ilpu 3ToM mosie ObLT TOJyYEH
CTaGWJIBHBIA peXUM peKylepanuu 3HepPriuy 3JeKTPOHHOTO
My4YKa C TOKOM 3JIEKTPOHOB 710 150 MA. 3T0 mapaMeTphl yxe
6/1M3KM K  TpebyeMbIM NpH  oxJAaxzAeHUH.  IddekT
B3aUMO/I€MICTBUSA 3JIEKTPOHHOTO U LUPKY/IUPYIOLEr0 UOHHOTO
Ny4ykKoB  HabJJascs ¢  NOMOI[bK)  HMOHM3AIMOHHOTO
npodunometpa (Puc. 3).

Bblo Hafie)XHO 3adUKCUPOBAHO YMEHbIIEHHWE BpeMeHU
KU3HU MOHOB M3-32 PEKOMOMHAIMHU C 3JIEKTPOHAMH B CEKI[MH
OX/MIQX/JEHUS,  3aBUCALlee  OT  3HEPrMM  3JIEKTPOHOB.
OnTuMasbHAs 3HEpPrust 3JEeKTPOHOB (TMOTEHLHMaJ  KaToza
3JIEKTPOHHON MYIIKK) JIEXKUT B uHTepBasne 1,74-1,82 k3B, uto
COOTBETCTBYET pacieTHOMY 3HaYeHHUIO.

B 3aBepiieHue ceaHca 6bUIO MPOBEJEHO KOMILJIEKCHOE
TEeCTUPOBAaHWE  CUCTEMbl  3JIEKTPONUTAHUS  MarHUTOB,
KPUOTEHHOM U MarHUTHO-KPUOCTAaTHOM CUCTEM NpU paboTe B
[MKJe MarHUTHOTO MOJII C MaKCHUMaJbHBIMH YCTOMYHMBO
JIOCTUTaeMbIMU TapaMeTpaMu. B pe3ynbraTe ObLI HACTPOEH
OUKJI C [JBYMS «CTOJIaMH» Ha Y4YacTKe pacTyLlero TImoJs,
COOTBETCTBYIOI[UMU  3HEPIHMM  MHXKEKIUM U IHEPTUH
3JIEKTPOHHOTO OXJIAX/EHHS], HA TPETbEM — BEPXHEM «CTOJIE» —
6pl10  gocturHyto mose 1,8 Tia, Ha yyacTKax pocTta U
YMeHbIIEHUS MO/ ObUI OOecriedeH TeMN H3MEHEeHHUs I0Js
1,2 Tn/c (Puc. 4), 4TO MOJHOCTBIO COOTBETCTBYET NPOEKTHBIM
napaMeTpaM LUKJIa.

Bce 3agauum ycmemHo pemedbl. [pynmnoBoe  ¢oro,
Npe/CTaBJeHHOe B Hayase CTAaThH, IPOCTO He MOIJIO BMECTUTh

Puc. 4. [lpoekmHbIll YUKA MAZHUMHO20 NOS.
Fig. 4. Design cycle of the magnetic field.

BECh KOJIJIEKTHB, CIAXKEHHbII TPyl KOTOPOTO MPHUBEJ K TAKOMY
pesynbTaTy. B 3TOT MOMEHT 4YacTh COTPYQHHKOB elle
npojiosskaja pabotaTh B cMeHax. KpoMe YCKOpHUTENBHOTO
OT/ieJIeHUs] B MHOTOMECSIYHOM MapadoHe MO MOATOTOBKE H
MPOBE/IEHHI0 CeaHCa CaMOe AaKTHBHOE yJacTHe MPHHSIIH
KOHCTPYKTOPCKOEe GIOpPO M OmbITHOe pousBojcTBo JI®BI. B
paboTax B Xo/le ceaHca y4acTBOBA/IM HAIIKM KOJUIETH U3 GUPM
pa3paboTynKoB oGopynoBaHUsA M3 MockBbl ¥ HoBocubupcka.
Mbl 6JiaroflapHbl HallUM Jpy3bsM W KoJUleraM W3 MHOTHX

CTpaH 32 XOpOIIO BLIIOJHEHYIO Pa6OTY.
A.0. Cudopun

the intensity of the circulating beam was ensured close to the
design one,

- the high-frequency system was tuned, the adiabatic beam
capture mode was tested in the acceleration mode, the
acceleration of ions up to energy of 100 MeV/n was ensured,

- the electron cooling system was switched on and tested,

- magnet power systems, cryogenic and magnet cryostat
systems were tested when operating in a magnetic field cycle
with design parameters.

The use of the orbit correction system together with the
tuning of the beam transport channel from HILAc to the Booster
and the tuning of the injection system units made it possible to
achieve the beam intensity at the level of 7-10'° of circulating
He!* ions (Fig. 2), which is equivalent in current to 10° Au®'* ions.

The characteristic lifetime of ions due to recombination with
molecules and atoms of the residual gas was approximately 1.9s.
Taking into account the cross sections of the recharging
processes, this value corresponds to the residual gas pressure in
the beam chambers at the level of 36-10-% Pa, which corresponds
to the readings of vacuum gauges and to the design value with
the starting configuration of the pump-out system.

During three shifts, work was carried out to test the electron
cooling system (ECS). At the injection energy using the ECS
dipole magnets and the Booster correction magnets the orbit of
the circulating beam was tuned under the field of the solenoid of
the cooling section up to 0.07 T. In this field, a stable mode of
energy recovery of the electron beam with an electron current of
up to 150 mA was ensured. These parameters were already close
to those required for cooling. The effect of interaction between
the electron and circulating ion beams was observed using an
ionization profilometer (Fig. 3).

A decrease in the ion lifetime due to recombination with
electrons in the cooling section, which depends on the electron
energy, was reliably recorded. The optimum electron energy (the
potential of the electron gun cathode) is in the range of 1.74-
1.82 keV, which corresponds to the calculated value.

At the end of the run, a comprehensive testing of the magnet
power systems, cryogenic and magnet cryostat systems was
carried out during operation in a magnetic field cycle with the
maximum consistently achievable parameters. As a result, a
cycle with two "plateaus” corresponding to the injection energy
and the energy of electron cooling was set in the area of the
increasing field. A field of 1.8 T was achieved on the upper
"plateau”, and a rate of field change of 1.2 T/s was ensured in
the areas of increase and decrease of the field (Fig. 4), which
fully corresponds to the design parameters of the cycle.

All tasks have been successfully completed. The group photo
at the very beginning of the article could not fit the whole team,
whose well-coordinated work led to the result. At that moment,
some of the employees were still working in shifts. In addition to
the accelerator department, the design department and
workshops of VBLHEP took an active part in the multi-month
marathon for preparing and performing the run. Our colleagues
from equipment development companies from Moscow and
Novosibirsk took part in the work during the run. We are
grateful to our friends and colleagues from many countries for
the work well performed.

A. Sidorin



Ceccuu MpOrpaMMHO-KOHCY/IbTaTUBHBIX KOMUTeTOB OUAN
Sessions of the Programme Advisory Committees of JINR

B  aHBape npouuiMm  ceccud  Tpex  HPOrpaMMHO-
KOHCY/IbTaTUBHBIX KoMuTeToB OUAN, a Takxke o6befuHeHHOE
3acefanue I[1IKK no sapepHoit dusuke u no ¢pusuke 4acTur s
OLeHKM NATH HeUTpUHHBIX mpoekToB. Ha ceccun IIKK no
dusuke yacTul, paboThl, BbINOJHAEMbIE B paMKaX MeracaieHc
npoekTa «Komnekc NICA», 6b111 pe/icTaBleHbl B HECKOJIbKUX
JOKJIaJax.

[naBHbIl uHxeHep JlabopaTopuu H.H. AramoB jgoJioxuu o
pasButuu uHpactpyktypel JIOBI. IIKK ormernsn, uyTo
HecMOTpsl Ha Mpo6JieMbl, BbI3BaHHble NaHAeMMeH, paboThbl 10
Pa3BUTHI0O MHOPACTPYKTYPbl MPOABUIAOTCA HEOOXOJUMBbIMU
TeMnaMy. KOMHTeT, B 4aCTHOCTH, NPHUBETCTBOBaJ YCNEXU B

PEKOHCTPYKUMM  JIMHUA  3JIeKTpomepejad,  BBOJe B
3KCIUIyaTaLMI0  3/MeKTPUYECKUX  NOACTAHLMH,  MOHTaxe
060pyLoBaHUs Ha KOMIIPECCOPHOM CTAHIUH U B KallUTAJbHOM
CTPOUTEJIbCTBE.

PykoBozuTesb kosnabopauuu MPD A. Kuuens npefcraBu
JoK/aaz o peanusauuu npoekta. [IKK 6b11 yrosieTBopeH TeM,
YTO  TPOM3BOACTBO  BCEX  KOMIIOHEHTOB  HayaJbHOH
KoHburypauuu getekropa MPD ycmewmHo mpoposnkaercs. Ux
BBO/J| B 3KCI/IyaTaLuI0 OyAeT MPOXoAUTh B mepuof 2021-2022
rogoB. B pabouux rpynmax mnpojosnkaeTcss paboTa Haj
pa3BUTHEM INPOrPaMMHOr0 obecreyeHUs W aJTOPUTMOB,
ONTHMHU3aLHen XapaKTepUCTUK JleTeKTOPOB "
MojJelupoBaHWeM  u3nyeckux  mpoueccoB.  KomuTter
N03/paBUJ YYaCTHUKOB NpoekTa MPD ¢ focTHKeHHEM BaKHbIX
3TanoB: 3aBeplieHHeM COOPKM fpMa MarHMTa, [JOCTaBKOM
COJIEHOM/IHOTO MarHUTa U Ha4yaJoM YCTaHOBKH 3J1eMeHTOoB MPD
Ha MX MeCTO B aBuiboHe MPD.

[IKK BbICOKO oOLeHW/I ycleXu B peanu3aluyd MNpoeKTa
BM@N, npeAcTaB/IeHHOr0 pPYKOBOAWUTEJNEM  KoJIabopanuu
M.H. KanumuHeiM. B HacToAlee BpeMs  KOJJIEKTUB
coCpe/i0TOYeH Ha NMOATOTOBKe AeTeKTOPOB, MOZEIUPOBAHUU U
pa3paboTKe MeTOJOB aHa/M3a JaHHBbIX JAJA HpefCTOSIUX
ceaHCoB paboThl ycTaHoBkM BM@N c myykamu noHoB B 2021
rogy. HepmaBHo k kosabopauuun BM@N mpucoefuHUIach
rpynna  GSI/FAIR, xoTopas 3aHuUMaeTcsi pa3paboTKoM
IIMPOKOANEPTYPHON ~ TPeKOBOM  CUCTEMBI Ha  OCHOBe
KpPEMHHUEBBIX CTPUNOBBIX JIeTEKTOPOB C YYeTOM OINbITa
skcnepuMenTa CBM. I[IKK nmo3ppaBui kosnagopaunio BM@N c
nepBoi ny6auKanuen pe3yJbTaToB aHa/nu3a
KOPOTKO/IeHCTBYIOIMX KOppessLui B xKypHase Nature Physics.

3aMecTUTeb HayaJbHHUKA YCKOPUTEJNbHOIO OTZeJIeHHs 10
Hay4yHoU pa6ote A.O. CuopHUH cliesal JoKIaz O X0fe paboT 1o
npoekTy «HyxaoTpon-NICA». [IKK no3apaBui COTpYAHUKOB
OTZieJIeHNs] C HaJeXKHOM M yCNellHON LUPKyJAAuMeil nepBoro
nydyka B bycrepe, 4To MOATBep/MJIO0 BBICOKOE KayeCTBO BCEX
NOJrOTOBUTEJbHBIX pPaboT. KomuTeT c yhoBieTBOpeHHEM
OTMeTW/] ycnexy, pgocturHytele OWAW npu mnoaroroBke
CTapTOBOM KOHOUTYpaluK KoJUlaiifiepa CO BCTPEYHBIMHU
WOHHBIMM Ny4YKaMH - B CTPOMTENbCTBE U BBOJE B
3KCIJIyaTalMl0 HOBOM KOMIPECCOPHOM CTaHLIMM KPHOTEHHOTO
KOMILJIEKC], B pa3paboTKe KaHaJOB TPAaHCIOPTUPOBKH NyyKa C
COOTBETCTBYIOIEHl MarHUTHOM ONTHKOH, B  CepUHOM
NPOU3BO/ACTBE  3JEMEHTOB  KPUOMAarHUTHOM  CHUCTEMBbl
KoJUIalfiepa, MyYKOBOW KaMepbl W Apyrux 3jneMeHToB NICA.
[IKK pexomenpoBan npogauth npoekT «HyknoTpoH-NICA» fo
koHna 2023 roja.

Konuenryanpupii  npoekt (CDR)  ycranoBku  SPD
npeActaBua Ha ceccun [IKK A.B. TycekoB. YcranoBka SPD

Three sessions of the Programme Advisory Committees of
JINR were held in January, as well as a joint session of the PAC
for nuclear physics and the PAC for particle physics aimed at
evaluating five neutrino projects. At the PAC PP meeting, the
work carried out in the framework of the mega-science project
“NICA Complex” was presented in several reports.

The Chief Engineer of the Laboratory N. Agapov reported on
the development of the VBLHEP infrastructure. The Committee
noted that despite the problems caused by the pandemic, the
work on the infrastructure development is advancing at the
necessary pace. In particular, the progress in reconstruction of
power supply lines, commissioning of power substations,
equipment assembly in the compressor station, and civil
construction was acknowledged.

The leader of the MPD Collaboration A. Kisiel presented a
report on the project implementation. The Committee was
satisfied with the progress in production of all components of
the MPD first stage detector configuration. Their commissioning
is planned for 2021-2022. Work on software and algorithm
development, detector performance optimization and physics
simulations is being continued within the working groups. The
PAC congratulated the team on the achievement of important
milestones: the completion of the magnet yoke assembly, the
delivery of the solenoid magnet and the start of the installation
of the MPD elements at their place inside the MPD hall.

The PAC highly appreciated the progress towards the
implementation of the BM@N project presented by M. Kapishin.
At present time, the team is focused on preparation of detectors,
simulations and development of data analysis methods for the
forthcoming runs of the BM@N detector with ion beams in 2021.
The GSI/FAIR group that has recently joined the BM@N
Collaboration aims at developing a wide-aperture tracking
system based on silicon strip detectors using the expertise from
the CBM experiment. The PAC congratulated the BM@N
Collaboration on the first publication of the results of short-
range correlations in Nature Physics.

A. Sidorin, deputy head of the accelerator department for
scientific work, made a report on the progress of work on the
Nuclotron-NICA project. The PAC congratulated the Booster
team for the smooth and successful first beam circulation in the
Booster, which confirmed the high quality of all preoperational
works. The PAC was pleased to note the progress achieved by
JINR while preparing for the start configuration with colliding
beams of heavy ions: in constructing and commissioning the
new compressor station of the cryogenic complex, in developing
the beam transport channels with corresponding magnetic
optics, in the serial production of elements of the Collider cryo-
magnetic system, the beam pipe and other NICA elements. The
PAC recommended extending the Nuclotron-NICA project through
2023.



3aJlyMaHa KaK yHUBepCaJbHbIN 4T-AeTeKTop /I PeTUCTpaluu
U WJeHTUQUKAUMK BTOPUYHBIX YaCTUI, IpPHU BBICOKOH
cBeTUMOCTH. OCHOBHOM IleJbl0 3KCIepUMeHTa ABJAETCS
U3ydyeHue M0JIAPU30BaHHON TVIIOOHHOM CTPYKTYpbI MPOTOHA U
JleTpOHAa MpH 00pa30BaHUM YapMOHHS, OTKPBITOTO 4apMa M
npsaMbIx GpoToHOB. [IpeanosaraeTcs, YTo Ha HAYaIbHOM 3Tare
pa6ora SPD 6OymeT cocpefjoToyeHa Ha aHaM3e PA3JUYHBIX
HenmoJIApU30BaHHBIX M CHHMH-3aBUCUMBIX  3Q(}EKTOB  BO
B3aUMO/IECTBUSX MPOTOHOB, EUTPOHOB U JieTkux sajep. [IKK
no6Jsiarofiapu/1 aBTOPOB 3a NOATOTOBKY BceobbeMtomero CDR
U peKoMeHZ0Bal pykoBoAcTBy  NICA Ha3HaYUThb
COOTBETCTBYIOIIUI KoHCynbTaTUBHBIN KOMUTET no
nerektopam (DAC) pasa  TmaTtespHoro aHamusa CDR u
nocJeyroIeld pa3paboTku TexHU4Yeckoro mpoekta SPD. DAC
SPD pmomxkeH mpeAcTaBUTb CBOW oTYeT mo aHaiudy CDR Ha
cnepyomed ceccun [IKK B utoHe. KomuTeT cyuTaet, 4To
komaHzse SPD creayeT TNpUIOKUTb BCe YCUAUA IS
HaJllQXKUBaHUS MEXAYHapOJHOTO COTPYAHUYECTBa, MOMCKa
HeoOXO0/IMMbIX PECYPCOB U MPUBJIEYEHHs CTYLEHTOB U MOJIOJABIX
V4eHBIX.

Ha o6beaunenHoM 3aceganuu [IKK A® u KK ®Y 6bi1a
NpoBeJieHa OlLieHKAa MATH HEUTPUHHBIX NMPOEKTOB. JupeKuus
OUAN nonpocuna KomuTeTbl MNpOBECTH paHXKUPOBaHUE
npoexToB no KateropusM A, B u C (3gecb, «A» oTHOCHTCS K
OT/IMYHBIM MPOEKTaM, KOTOpble cCJeayeT (GUHAHCUPOBATb B
MOJIHOW Mepe, 0becreynBaTh afleKBaTHbIMU pecypcamu; «B» -
XOpollMe MpPOeKTbl, HO C HEKOTOPbIMH HeJ0CTaTKaMH,
¢duHaHCHpYyeMble IPH UCIIOJIHEHUH CTPOTHUX PEKOMEH/AUH 10
ux yayumeHdio; «C» -  XopomMe MPOEKThl, OJHAKO
MOKa3bIBaKI[e OTHOCUTENBbHO HU3KYH 3ddeKTUBHOCTD). Tpu
NpoeKTa ObLIM OTHHeCeHbl K KaTeropuu A u jBa - K B. EcTb
HaMepeHHe PaclIUpUTh B GYAYIEM 3TOT MOJXOL U Ha OLEHKY
BCEX APYTUX NPOEKTOB, B TOM YHCJIE U TeX, YTO OTHOCATCA K

NICA.
A.Il. Yenaaxos

The Conceptual Design Report (CDR) of the SPD experiment
was presented by A. Guskov. The SPD facility is conceived as a
universal 4m-detector for registration and identification of
secondary particles at high luminosity. The main goal of the
experiment is to study the polarized gluon structure of proton
and deuteron in the production of charmonium, open charm and
direct photons. At its initial stage, SPD is supposed to focus on
various unpolarized and spin-dependent effects in the
interactions of protons, deuterons and light nuclei. The PAC
expressed its gratitude to the authors for preparing the
comprehensive CDR and recommended that the NICA
management appoint an appropriate Detector Advisory
Committee to conduct a thorough review of the CDR and then to
develop the SPD TDR (Technical Design Report). The SPD DAC is
due to submit its CDR analysis report at the next PAC meeting in
June. The PAC encouraged the team to make every effort to form
an international collaboration, to find adequate resources and to
attract students and young scientists.

Five neutrino projects were assessed at the joint meeting of
the PAC NP and PAC PP. The JINR Directorate asked the
Committees to rank projects in categories A, B and C (here, "A"
refers to excellent projects that should be fully funded and
provided with adequate resources; "B" - good projects but with
some shortcomings, funded by implementation of strict
recommendations for their improvement; "C" - good projects,
however, showing relatively low performance). Three projects
were ranked to category A, and two projects were ranked as B.
The Directorate intends to expand this approach in the future to
the assessment of all other projects, including those related to
NICA.

A. Cheplakov

Tpetbe 3aceganue CSRC

3rd meeting of Cost and Schedule Review Committee

15 sauBapsa 2021 roja cocTOsJIOCH TpeTbe 3ace/jaHue
KomuTeTa 1o aHanu3sy 3aTpaT ¥ rpaduKy UCIOHEHHS IPOEKTa
«Kommuexkc NICA» (Cost and Schedule Review Committee,
CSRC), cdopmupoBanHoro B OUAU mo pemeHuro KomuTeTa
MOJHOMOYHBIX ~ NPeACTaBUTeJed  NPaBUTENbCTB  CTpaH-
yaactHun, OUAW wu HabmopgaTenbHOro coBeTa MPOEKTa
«Kommiekc NICA» ¢ uesibio 0Kka3aHUSI KOHCYJIbTaTUBHBIX YCIyT
Ha6stopatenbHoMy coseTy 1 KIIII o BompocaM, cBA3aHHBIM C
OLlEHKOH 3aTpaT U 3QPeKTUBHOCTH BBINOJHEHUS PaGoT Mo
npoekty «Kommiekc NICA». 3acefanue Komurera, B KOTOpOM
NPUHSIY yyacTue Bce ero wieHsl - ®epHango ®epponu (INFN,
Wtanusa), Woaxum Muux (LEPH), Jlyusa Yudapeniu
(YauBepcutetr Bosonby, Utanus), ®penepux Bopapu (LEPH),
Jlauesap KocToB (AreHTCTBO HO fAEPHOMY pPeryJMpoOBaHHUIO,
Bosrapus), Jnuazep PabunoBuum (U3paunb) u Jleonup
KpaBuyk (MAW PAH, Poccus), mpouuio mnoj pyKoBOJCTBOM
®. Pepponu B pexumMe BugeokoHPepeHuu. Co croponsl OUANU
B OTKPBITOM CeKLUMM 3acefaHuss KomuTera ydacTBOBaIU
mupektop OUAW [B. TpyOHMKOB, HaydHBIA PYKOBOAUTEJb
OWMAN B.A. MarBeeB, pykoBoauTeab mnpoekta NICA
B.J. Kekenupze, co-pykoBogutenb TeMbl «Kommuekc NICA»
A.C. CopuH, 3aMecTUTe/Nb PYKOBOAUTeNs [MpeKUUH NpoeKTa
NICA P. Jlegnuuky, Bune-gupexktop OWUAU B.10. Ilapkos,

On January 15, 2021 the third meeting of the Cost and
Schedule Review Committee of the “NICA Complex” project,
formed at JINR by the decision of the Committee of
Plenipotentiaries of the governments of the JINR member states
and the Supervisory Board of the “NICA Complex” Project was
held, aimed at consulting the Supervisory Board and the
Committee of Plenipotentiaries about the issues related to the
evaluation of costs and efficiency of work on the “NICA Complex’
project. The meeting of the Committee was held by F.Ferroni via
video conference and was attended by all its members -
Fernando Ferroni (INFN, Italy), Joachim Mnich (CERN), Lucia
Cifarelli (University of Bologna, Italy), Frederic Bordrie (CERN),
Lachezar Kostov (Nuclear Regulatory Agency, Bulgaria), Eliezer
Rabinovici (Israel) and Leonid Kravchuk (INR RAS, Russia). On
the JINR part, JINR Director G. Trubnikov, JINR Scientific Leader
V. Matveev, Leader of the “NICA Complex” project V. Kekelidze,
Co-leader of the “NICA Complex” topic A. Sorin, Deputy Head of
the Project Directorate R. Lednicky, JINR Vice-Director
B. Sharkov, Head of the Project Office Yu. Potrebenikov, LHEP
Deputy Directors A. Butenko and N. Agapov and Deputy Chief
Engineer A. Dudarev participated in the open section of the
meeting.

J



pykoBozuTenb mnpoekTHoro oduca H.K. IloTpe6eHuKos,
3amectutenu aupextopa JI®BI A.B. Byrenko n H.H. Aranos,
3aMecTUTeb raBHoro uuxeHepa OUSAU A.B. lynapes.

KomuTer 3aciayman u obcyaun [OK/IaZ PYKOBOAWUTEJS
npoekta NICA B.J. Kekenupze o cTaTyce NpoeKkTa U
BBINOJIHEHWU PeKoMeHJauui npejpiayiiero 3acejanusi CSRC,
npoinezanero ocebio 2020 roga. Oco6oe BHUMaHKe B JJOKJIae
OBLIO y/leIeHO pe3yJIbTaTaM BbINOJHEHHs [JIAHOB pean3anuu
NpOeKTa U [JOCTHUKEHHS ero KOHTPOJIBHBIX TOYeK, OlleHKaM
UCIO0JIb30BaHUsl (UHAHCOBBIX U YEJOBEYECKHX PECypCoB H
IJIaHaM 10 Pa3BUTHMI0 MHCTPYMEeHTapus AJA yIpaB/ieHUs 3TUMU
pecypcamy, BONpocaM MNpeofio/ieHUsT MMEILUXCS OTCTaBaHUH B
peasiM3alyy OTAENbHBIX 31EMEHTOB U TPOEKTA B LieJIOM.

KomuTeT oTMeTH/1 BleyaT/ISOMI IPOTpecc B peanusanuu
NpOeKTa B CJIOXHUBLUIMXCA CJIOXHBIX YCJIOBUSAX MHUPOBOM
nangemun COVID-19, B yacTHOCTH, BBOJ, B 3KCIJIyaTalXIo
Bycrepa, ycTaHOBKy asieMeHTOB MarHuTa MPD, co3ganue
KOMIJIEKCa IHePronoACTaHLUK, NPOrpecc B CO3JJaHUM HOBOM
KPHOTE€HHO-KOMIIPECCOPHOM CTAaHIIMU.

KomuTer mnpeasioxun pykoBojctBy mnpoekta NICA B
Gamkaililee BpeMs IMOATOTOBUTb OOHOBJIEHHBIH rpaduk
peajqu3alMyd TNpoeKTa C YyKa3aHWeM 3TaloB M JaT HX
JOCTIDKEHUSI C TeM, YTOObI UMETh BO3MOXHOCTb OTC/IEKHBATh
Nporpecc ¢ NepUOJUYHOCTBI0 B 3 Mecsla, HACTOATENbHO
peKoMeH/I0BaJl MOATOTOBUTh JJOKYMEHT, COJiepKalliuii aHaIu3
PYCKOB JiJil HaubO0JIee BaXKHBIX 3JIEMEHTOB IIPOEKTa, COCTABUTh
NOJPOOHBIA CIHUCOK MHOTPEGHOCTH B KBATU(PUIHMPOBAHHBIX
CIeL[aJIMCTax C ONKMCaHNEM TPeGOBAHUH K HUM.

Cnenyrouiee 3acesanve KomuTteTta npejijioxkeHo IPOBECTH B
ceHnts6pe 2021 roza.

B./l. Kekeaudse

The Committee heard and discussed the report of the NICA
Project Leader V. Kekelidze on the project status and the
implementation of the recommendations made at the previous
CSRC meeting in autumn 2020. Special attention in the report
was paid to the results of fulfilment of the project
implementation plans and the achievement of its milestones, to
the assessments of the use of financial and human resources and
plans for the development of tools for managing these resources,
to the issues of dealing with the existing gaps in the
implementation of individual elements and the project as a
whole.

The Committee noted the outstanding progress of the NICA
Project commissioning in the ongoing difficult situation of the
COVID-19 global pandemic, in particular, the commissioning of
the Booster, the installation of MPD magnet elements, the
construction of a complex of power substations, and progress in
the construction of a new cryogenic compressor station.

The Committee invited the management of the NICA project
to prepare in the near future an updated project implementation
schedule indicating the stages and their deadlines in order to be
able to track the progress with a frequency of 3 months. It
strongly recommended to prepare a document with a risk
analysis for the most important elements of the project, to draw
up a detailed list of the needs for qualified specialists with a
description of the requirements to them.

The next meeting of the Committee was proposed to be held
in September 2021.

V. Kekelidze

CTpouTe/IbCTBO KOJIalAepHOro KoMIuiekca (3gauue Ne 17)
Construction of the collider complex (building 17)

lenepanbubiil noapsaguuk AO «IIITPABAI'» Bo McrnosiHeHUE
JloroBopa reHepajibHoro moxpsaa Ne100/2795 ot 18.09.2015
rofia, 3ak/Jw4eHHoro ¢ O6'beJMHEHHBIM UHCTUTYTOM s1/lepHbIX
UCC/IeJOBAHUM, OCYIEeCTB/IAET CTPOUTENBbCTBO 3JaHUHA U
coopykeHU! (00BEKTBl KAaMUTANbHOTO CTPOUTENbCTBA) [JIs
pa3MelleHus TsSKeJouoHHOTo Kosunaiepa NICA Ha mioniake
JI®B3 OUAM c yacTUUHON peKOHCTpPyKLed 3aHus Ne 1.

CTpOUTENBCTBO OCYIIECTB/SETCS B paMKax peanu3aluu
MmeracaiieHc mnpoekTa «Kommiekc NICA» Bo wucmosiHeHue
Pacnopskenuss [lpaButenbcrBa Poccuiickoit @epepanun oT
27 ampens 2016 r. Ne 783-p «O momnucanuu CorsarieHus
Mmexay IlpaButenbctBoM  Poccuiickod — ®epepanuu U
MeX/[yHapOAHOU MeXIPaBUTENbCTBEHHON Hay4HO-
HccleloBaTeIbCKON OpraHusanuen O6beJUHEHHBIM
UHCTUTYTOM  SI/IEPHBIX MCCA€A0BaHMH 0 CO3JaHUM U
IKCIUIyaTallMM  KOMILJIeKCa CBEpXIPOBOAAIIMX KoJiel, Ha
BCTPEYHbIX My4Kax TskesbIX HIOHOB NICA».

B suBape 2021 roga OUAN u AO «IITPABAT» noamucanu
JOTIOJIHUTENbHOE coriameHre Ne5. CoryiacHO ero yc/aoBHSM,
06'b€M BBINOJIHSEMBIX PA6OT U UX CTOUMOCTb OYAYT NPUBE/IEHBI
B COOTBETCTBME C  W3MEHEHHOM  MPOEKTHO-CMeTHOMH
JIOKYMeHTAIMeH, UMeIel 0J0KUTeNbHbIe 3aK/Ir04YeHus PAY
«[naBrocakcneptusa Poccum» 3a N2994-13/IT3-8759/02 ot
25.10.2013 wu 3a Ne B EIP3 50-1-1-3-007355-2019 ot
03.04.2019. Taxxe mnpejnosaraeTcd HU3MeHeHHe CPOKOB
3aBeplieHuUs paboT.

The general contractor AO “STRABAG” in compliance with
the General Contractor Agreement No. 100/2795 dated
September 18, 2015, signed with the Joint Institute for Nuclear
Research, is constructing the buildings and facilities (capital
construction facilities) for the placement of the heavy ion
collider NICA at the JINR VBLHEP site with a partial
reconstruction of building 1.

The construction is being carried out within the framework
of the implementation of the mega-science project “NICA
Complex” in compliance with the Order of the Government of the
Russian Federation No. 783-r dated April 27, 2016, “On signing
an agreement between the Government of the Russian
Federation and the international intergovernmental research
organization Joint Institute for Nuclear Research on the
construction and operation of a complex of superconducting
rings on colliding beams of heavy ions (NICA)".

In January 2021, the Parties signed an Additional Agreement
No. 5. According to it, the amount of work performed and its cost
will comply with the amended design and estimate
documentation, which contains positive conclusions made by
FAI “Glavgosexpertiza of Russia” for No. 994-13/GGE-8759/02
dated October 25, 2013 and for No. 50-1-1-3-007355-2019 in
EGRZ dated April 03, 2019. The change of works deadline is also
expected.

According to the terms of the Agreement No. 100/2795
dated September 18, 2015 and taking into account the



B cooTBeTcTBUM C
ycioBusimu  JloroBopa R
Ne100/2795 oT
18.09.2015 u c yueTom
M3MeHEeHUH, BHOCH-
MBIX JlonoyiHUTENb-
HbIM COTJIallleHueM
Ne5, [eHepabHBIHA
NOAPSALUUK AO
«IITPABAT» B cpok 110

31 nekabpg 2021 roxa
BbIIOJHUT B _MOJHOM

00beMe Bce PaboThI MO
00BEKTY:

«Pasmemenue TsKENO-
HMOHHOTO KoJulaiziepa

NICA Ha miomajke
JI®B3 B 1. [ly6He, C
YaCTUYHOM peKoH-
CTPYKLUER 3/laHUA

Nel», mpepycMOTpeH-
Hble TNIPOEKTHOH W
paboyell TeXHMYECKOH
JokyMeHTanuei, [I'pa-
noctpouTenbHbiM  Ko-
nekcoM  Poccuiickoin
Denepanyu Ne 190-03
oT 29.12.2004 (pen. ot 08.12.2020), CBojamu IIpaBun
Poccuiickont ®epepanun. AO «IITPABAl'» obecrmeyut caady-
NPUEMKY pe3yJbTaTOB BBINOJHEHHBIX PaboT MO3TANHO U B
CPOKH, yKa3aHHble B JlONOJIHUTE/bHOM corameHuu N5 k
JloroBopy reHepajsibHOr0 NOAPA/A.

O6befMHEHHbI HHCTUTYT SAEPHBIX MCCAeJ0BAaHUN B
TedeHue 2021 roja, mo Mepe CAAYU-TIPUEMKH OT/eEJbHbIX
sTanoB  JloroBopa reHepajbHOr0 NOAPSAA3,  MOJYYUT
BO3MOXHOCTb MUCIO/Ib30BATh OTZE/IbHbIE OMelleHHs 3JaHuA
Nel7 png  MOHTaXa M NYCKOHAJIAJOYHBIX  paboT
TEXHOJIOTMYecKoro o6opyaoBaHus komiiekca NICA.

[IpenBapuTenbHAst CTOMMOCTb CTPOMTEJbCTBA 3JAHUSA
Nel7 ¢ yd4eToM [ONOJHUTEJIbHOTO 006beMa  paboT
OLIEHUBAETCA B HACTOAIMA MOMEHT B CyMMy OKOJO 7
MIWLIHAPJOB py6sied. [IpoeKTHble M3MeHeHHs OTPaXKeHbl B
4eTblpeXx [ONOJIHUTEJbHBIX COlJalleHHsAX K JloroBopy
reHepasibHoro mozapsza (Nel ot 23.06.2016, Ne2 or
21.03.2017, Ne3 ot 15.08.2017, Ne3.1 ot 25.10.2017) u B 10
JIOTIOJIHUTENbHBIX COTJIalleHUsAX K /JloroBopy Ha OKasaHHe
YCJIYT 110 TEXHUYECKOMY ayZAUTy NPOEKTHON JOKYMEHTAlUH U
pa3paboTKy paboyel JOKyMeHTaL1K.

[To cocTosHMIo Ha AHBapb 2021 roza BEIMOIHEHO:

- ycTpoiicTBoO cBaiiHoro noss (100%),

- ’KeJie300eTOHHBIE KOHCTPYKIMHU (99%),

- MOHTaX MeTaJ/INYeCKUX KOHCTPYKUUH (99%),

- MOHTax ¢pacazios (47%),

- yctpoiictBo kpoBuiu (70%),

- 3eMJIiHble pabOTbl M YCTPOWCTBO BpEMEHHBIX J[OpOT
(98%),

- BO3BeJleHHe Meperopoflok M3 KUpIMya U MeHoO6JoKa
(63%),

- yCTPOMCTBO CUJIOBBIX 10JI0B (70%),

- OT/les104Hble PaboThl (28%),

- yCTPOMCTBO MPUCTEHHOTO ApeHaxa 31aHus (100%),

- BBIHOC CeTell BOAONpPOBOAA U3-noj nsatHa foporu (90%),

- yCTPOWCTBO GBITOBOM M JIMBHEeBOU KaHau3anuu (15%),

- MoHTax WTII (20%).

O6wuti 8ud cmpoumenbHol naowadku.
General view of the construction site.

amendments introduced by the Additional Agreement No. 5, as
provided for by the design and work technical documentation,
by the Town Planning Code of the Russian Federation No. 190-FZ
dated December 29, 2004 (rev. December 8, 2020), and the Code
of the Russian Federation, the general contractor AO “STRABAG”
will complete all works on the facility until December 31, 2021:
“The placement of the heavy ion collider NICA at the VBLHEP
site in Dubna with a partial reconstruction of building 1",

During 2021, the Joint Institute for Nuclear Research will be
able to use separate rooms of building 17 for installation and
initial commissioning tests of technological equipment of the
NICA complex as the individual stages specified in the General
Contractor Agreement are delivered and accepted.

Taking into account the additional amount of work, the
preliminary cost of the construction of building 17 is currently
estimated at about 7 billion rubles. The design changes are
specified in four Additional Agreements to the General
Contractor Agreement (No. 1 dated June 23, 2016, No. 2 dated
March 21, 2017, No. 3 dated August 15, 2017, No. 3.1 dated
October 25, 2017) and in 10 Additional Agreements to the
Service Agreement on technical audit of design documentation
and development of work documentation.

As of January 2021, the following works have been performed:

- piles (100%),

- concrete structures (99%),

- metal structure installation (99%),

- facades installation (47%),

- roofs (70%),

- earth works and temporary roads (98%),

- brick and foam block partition walls (63%),

- load-bearing floors (70%),

- finishing works (28%),

- wall drainage system (100%),

- displacement of water supply networks (90%),

- installation of household and storm sewer (15%),

- installation of individual heating units (20%).




[IpousBenena
NPUCTPOMKK Kopmyca Ne1 B MecTe NMpHUMBIKAHHS KOpIyca CO
ctposwuMcs 3gaHueM Ne17. 060py0BaH IpoeM B EPEKPBITUH
koprnyca N°l c¢ mesnbio MOHTaxa 0GOpYAOBaHUS MO BBIBOJY

PEKOHCTPYKLHsA  (CTpOMTeJNbHAs 4acTb)

ny4ka u3 bycrepa B HyksoTpos.

[laBunbon MPD noaroTtoBsieH k nepejade 3aKa3dyMKy AJs
MOHTaXa TeXHOJIOTMYeCKOro U Hay4HOro 060pys0BaHus (ApMa
MarHura u coseHouza MPD).

Ha crazuu 3aBepiieHusl TeHAEPHI 10 BbIGOPY KOMIAHUN Ha
NPOU3BOACTBO pabOT IO CHUCTEMe XOJIOAOCHAOXEeHUA U 10
YCTPOUCTBY cJaboTouHbIXx cucteM. B 2020 rogy BblbpaHb
noApsi/iHble OpraHM3alMy W OpPraHW30BaHO Havasjo paboT Mo

MOHTaxy cucreMbl ortomaeHuss (000 «AsbcTpamepus»),
HAaHECEeHUI0 OTHEe3alUTHOTO MOKPBITUS Ha MeTajndecKue
koHcTpyknuu (000  «CK  CTPOM»),  6aaroycTpoiicTy

Tepputopuu 31aHus Ne17 (000 «BCK»), BHyTpeHHel oTaeske
(000 «BCK», 000 «3KCO-T», 000 <<BOPCTPOI7[»).
A.B. Tpy6Hukos

The reconstruction (construction part) of the extension
of building 1, where the building adjoins building 17, which is
under construction, has been carried out. An opening in the
ceiling of building 1 has been equipped for installing the
equipment for the beam transfer from the Booster to the
Nuclotron.

The MPD Hall is ready to be delivered to the customer for
installing technological and scientific equipment ( magnet yoke
and solenoid of the MPD).

Tender procedures for the selection of companies to carry
out works on the cold supply system and equipping low-current
systems are at the final stage. In 2020, contractors were selected
and the works started on the installation of the heating system
(000 “Alstrameria”), the fireproof coating of metal structures
(000 “SK STORY”), the landscaping of the territory of
building 17 (000 “VSK”), and the finishing works (000 “VSK”,
000 “EKSO-T”, 000 “Borstroy”).

A. Trubnikov

KoHTposibHasA coopka marHuTonposoga MPD B OUAU
Test assembly of the MPD magnetic circuit at JINR

B mnpepbigyuieM ceHTs6pbckoM OGroseteHe «NICA
Bulletin» Ne2 (http://www.jinr.ru/wp-content/uploads/
NICA%Z20Bulletin/NICABulletin_v2.pdf)  6bl1a  onucaHa
HayaJlbHas CTafus KOHTPOJNBHOHM CGOPKHM MarHMUTONPOBOJA
COJIEHOM/JA/IBHOTO CMEKTPOMETPUYECKOr0 MarHMTa, KOTOPBIX
6J1aronosy4Ho 6sL1 focTaBiaeH B OUAU 6 Hos6ps 2020 roza.

JloBeZi1 KOHTPOJIbHYI0 COOPKY MarHUTONPOBOAA A0 YPOBHSA
13 it B cbope, AanbHelmas c6opka Gblja MPUOCTAHOBJIEHA
N0 psAjy NPUYMH, B YACTHOCTH, U3-3a HEOOXOAUMOCTU
BbITNIOJIHEHUS OT/IeJI0YHbIX PabOT B AaBU/IbOHE [0 HACTYIJIEHUS
XOJIOZAHOTO0 Nepuo/a.

Ha npoTsxeHH Bcero nepBoro Tana KOHTPOJbHOH C60pKH
NPOBOJMIUCE Teojie3nyeckre UM3MepeHHsl, BbINOJIHAEMbIe
cneqvanuctaMmu U3 000 «[IpoMbllieHHblE U3MEpeHHUsA»
r. CankT-IleTepbypr.

PegynbTaTel M3MepeHMH TPEB3OLLIM CaMble CMeJble
OXuZlaHus. Tak, OTKJIOHEHHsS MOBEPXHOCTH MIUT No4-Ne5 u
Ne8-Ne9 B 30He HX ONUpAaHHA HA JIOKEMEHT COCTABUJIU
BeJIMYMHBI OT -0,44 MM 10 +0,15 MM. A HEMJIOCKOCTHOCTD IJIUT
Ne12-Ne13 mo BepxHuUM rpaHsiM coctaBuaa 0,29 MM mpu
3a/laHHbIX NapaMeTpax B yepTexke 1 Mm. [lauter Ne12 u Nel13
MMEWT ONOpHble y3Jbl JJI YCTAaHOBKM COJIEHOMJA B
MarHUTONpPOBOJ, U HX TNOJIOXKEHHE BAXKHO [/ JOCTHKEHHUSA
UJIeHTUYHOCTH T0JIOKEHHUS MPOAOJbHON reoMeTpUYeCKOl 0CH
COJIEHOW/]a U MarHUTONPOBOZA. /JOCTUTHYTasl CyNepTOYHOCTh
CTajla BO3MOXHOM 61arojjapst pa3pabotanHoi uHxxeHepamu Kb
JI®B3 TexHO/MOTHU COOPKHU M BBICOKOTOYHOMY HM3TOTOBJIEHHIO
KOMIIOHEHT MarHUTONIPOBO/IA Ha 3aBOZie B BUTKoBHUIE.

B nmekabpe 2020 roja Oblia NPOAOKEHA KOHTPOJIbHAS
c6opka MarHUTONpoBOJd. B NpUCYTCTBUM TNpefcTaBUTENS
¢upmbl ASG (Mrtanus), KoTopass W3rOTOBWJIA COJIEHOWJ U
OTBeyaeT 3a BbICOKOE KayecTBO MOJIS B IOJIHOCTbIO COOPAHHOM
MarHuTe, ObLIM  BBINOJHEHbl  MOBTOPHblE  H3MepeHHUst
cOOpaHHOM 4YacTM MarHMTONpPOBOZA, KOTOpble IOKa3ajlu
UJleHTUYHbIE Pe3yJIbTaThL.

Takum  o6pa3oM, BbiCOKasg  TOYHOCTb
co6MpaeMoro MarHUTONpoBOAa Oblia
KOHTPOJIbHas c6opKa 6bl1a NPOA0JDKeHa.

JlanbHelimasg cO6opka MarHMTONPOBOZA MLIJA 4YETKO 10

reoMeTpuu
NOATBEPXKAEHA U

10

In the previous September 2020 issue No.2 of NICA
Bulletin (http://www.jinr.ru/wp-content/uploads/
NICA%Z20Bulletin/NICABulletin_v2.pdf) the initial stage of
the test assembly of the magnetic circuit of the solenoid
spectrometric magnet, which was safely delivered to JINR on
November 6, 2020, was described.

When the test assembly of the magnetic circuit was at the
level of 13 plates in the assembly, further assembly was
suspended for a number of reasons, in particular, due to the
need to perform finishing works in the pavilion before the cold
spell.

Throughout the first stage of the test assembly, surveying
was carried out by specialists from the St. Petersburg company
Industrial measurements LLC.

The measurement results were beyond our wildest dreams.
The deviations of the surface of plates No.4-No.5 and No.8-No.9
in the area of their resting on the cradle ranged from -0.44 mm
to +0.15 mm. The nonflatness of plates No.12-No.13 along the
upper edges was 0.29 mm with the given parameters of 1 mm in
the drawing. Plates No.12 and No.13 have support units for
installing the solenoid in the magnetic circuit, and their position
is important to achieve the identity of the position of the
longitudinal center line of the solenoid and the magnetic circuit.
The achieved super-accuracy was obtained thanks to the
assembly technology developed by the engineers from the
VBLHEP Design department and high-precision production of
the magnetic circuit components at the plant in Vitkovice.

In December 2020, the test assembly of the magnetic circuit
was continued. Repeated measurements of the assembled part
of the magnetic circuit were performed in the presence of a
representative of the ASG company (Italy), which produced the
solenoid and is responsible for the high quality of the field in the
fully assembled magnet, and showed identical results.



Puc. 1. U3mepeHus Ha 3aKa04UMebHOM Imane.
Fig. 1. Measurements at the final stage.

coctaBleHHOMy 11 gekabpsi MJaHy MOHTaXHBIX paboT, B
KOTOPOM ObLJIM YYTeHbI 0N0JHUTE/IbHbIE PAa6OThI B IABUIbOHE
110 pasrpy3Ke MOCTYMAOLIEr0 KPHOTEHHOT0 060PYJ0BaHHUS.

[lepBOHAaYaJIbHO GbLJIM YCTAHOBJIEHBI ONOPHbIE KOJIbLA H, BO
BpeMsl JajibHedllell CcOOpKH, MpOBeJleHbl Treofe3ndecKue
W3MepeHus COOMpPaeMOro MarHMUTOMPOBOJA Ha 3Tamax «15
IUTUT B COOPKe», «23 MJIUTHI B COOPKe», «27 ILIUT B COOPKe» U,
buHanbHO, «28 maut B cb6opke» (Puc. 1). Ilocne ycraHOBKH
KaX/Jo# ovepefjHOM IUIMTBl MPOM3BOAMJIACH YCTAHOBKA
wtudtoB @33H7/p6, oxnaKAeHHBIX KUAKUM a30TOM. Kaxbii
WTUPT UMeJl WH/IUBU/YaATbHYIO MapKHUpPOBKY "
YCTaHABJIMBAJICS B COOTBETCTBYIOLlEe OTBEPCTHE MEXAY
COCeZIHUMH IUIMTAaMM U MeXJy IIMTaMH U ONOPHBIMH
KoJblaMu. TakuM 06pas3oM, KaxAasd IJIMTA 3aHUMajga TO XKe
NPOCTPAHCTBEHHOE T0JIOXKEHHE, YTO UMeJsa P KOHTPOJIbHON
cbopke Ha 3aBofie B Yexuu 2
rojia Hasaz,

25 pekabps 2020 roaa, B
COOTBETCTBMM C  IpeJiBapH-
TeJbHBIM IUJIAHOM paboT 1Mo
MOHTaXy MarHUTONPOBOAA,
OblIa yCTAHOBJEHA BepxHAA
3aKJ/II04MTeNbHasA IuTa Ne28.
TeM caMbIM  KOHTpOJIbHAsA
cbopKa MarHUTOMPOBOJAA Gblia
ycmenrHo 3aBepiueHa (Puc. 2)!

duHanpHBIE ~ U3MEpEeHHs
reoMeTpUd  MarHUTONPOBOJA
BHOBb  II0Ka3aJHU  BBICOKYIO
TOYHOCTb W3TOTOBJIEHHUS ILIUT
Y OTIOPHBIX KOJIEI] U UX COOPKU
B eAuHOe Leyoe. HecoocHOCTb
OTOPHBIX KoJien Ipyr
OTHOCHUTEJIHO Jpyra CoCTa-
puaa 0,20 MM 1npu HasHa-
YeHHOM Jonycke 1 MM.

B  ¢eBpane-mapre 2021
rofia MJaHUPyeTCs POU3BECTH
MOHTQX W Ha/laAKy CHUCTEMBI
niepeMelleHHUs MPD. B
npolecce MOHTaXa M 10 €ero
OKOHYAHMIO DPAJl COTPYAHUKOB
JlabopaTopuu W3  Gpurael

Therefore, we continued the test assembly after being
thoroughly assured of high accuracy of the geometry of the
magnetic circuit under assembly.

Further assembly of the magnetic circuit proceeded
according to the installation work plan drawn up on December
11, which took into account additional work in the pavilion to
unload the incoming cryogenic equipment.

Initially, the support rings were installed and, during further
assembly, the surveying of the magnetic circuit under assembly
was carried out at the stages "15 plates assembly", "23 plates
assembly”, "27 plates assembly” and, finally, "28 plates
assembly” (Fig. 1). After the installation of each next plate, the
installation of pins #33H7/p6, cooled with liquid nitrogen, was
carried out. Each pin was individually labeled and fitted in a
corresponding hole between adjacent plates and between plates
and support rings. Thus, each plate occupied the same spatial
position that it had during the test assembly at the plant in the
Czech Republic 2 years ago.

On December 25, 2020, according to the preliminary work
plan for the installation of the magnetic circuit, the last upper
plate No.28 was installed. Therefore, the test assembly of the
magnetic circuit was successfully completed (Fig. 2)!

The final measurements of the geometry of the magnetic
circuit again showed the high accuracy of the production of
plates and support rings and their assembly into a single whole.
The misalignment of the support rings relative to each other was
0.20 mm with 1 mm tolerance allowed.

In February-March 2021, it is planned to install and set the
MPD displacement system. During the installation process and
after its completion, a number of Laboratory employees from
the installation team will be trained to work with it.

Puc. 2. Maznumonpoeod cobpaH.
Fig. 2. The magnetic circuit is assembled.



MOHTaXHUKOB OyZyT 06y4eHbl paboTe C Heill.

Bpuraga MoHTaxuukoB u3 LO03I JI®BI mnosnydnia
UCKJIIOYUTEJbHOH BAXKHOCTH ONBIT paGoT Mo  COOpKe
MHOTOTOHHBIX KPYHMHOIa0apUTHBIX OOBEKTOB C BBICOKOH
TOYHOCTbI. B JasnbHeliieM, B OCHOBHOM CHJIaMH 3TOH e
Opurazpl, OyzeT mpousBefeHa pa3bopka MarHUTONPOBOJA [0
ypoBHA 13 miauT B CcOOpKe, yCTaHOBJEHA COJIEHOWZAJbHAs
00MOTKa MarHuTa, MpuBe3eHHas u3 WTaauu, U 3aHOBO
TI0JIHOCTbIO COOPaH MarHUTONPOBOJ,

H./I. TonuauH

The team of installation personnel from the Workshop
department of VBLHEP has gained experience of primary
importance in assembling multi-ton large-sized objects with
high accuracy. In the future, mainly by the same team, the yoke
will be disassembled to the level of 13 plates in the assembly, the
solenoid magnet delivered from Italy will be installed, and the
magnetic system will be completely reassembled.

N. Topilin

HoBoctH kosi1a6opauuu MPD
News from the MPD Collaboration

[IpofomkaeTcss MOArOTOBKA K HCC/Ae/[0BAaHHI0 (a30BOH
JyarpaMMel CUJIBHO  B3aUMOJEHCTBYIOLlEd  MaTepuu
NOCPeJICTBOM H3Yy4YeHUsl CTOJKHOBEHUH TAXKeJNbIX U JIETKUX
noHOB B 3kcnepuMeHTe MPD NICA. BeayTcsi HMHTeHCHBHbIE
paboThl B maBUJIbOHE 3KcepuMeHTa MPD, oTBefeHHOM mojA
pa3MeleHne ycTaHOBKU. B  jgexabpe 2020 roma Obuia
3aBepllueHa cbopka ipMa MarHuTa. Bece 28 it Gbii coGpaHbl
c TpebyeMoW To4HOCTbIO. TakuM 06pa3oM 3aBeplIaeTCs
OCHOBHOM 3Tal co3/jaHus ycTaHoBKU MPD.

6 Hosi0ps 2020 roma BTOpOM KpailHe BaXKHBIH 3JIEMEHT
Mmarguta MPD, cBepxmpoBoAsIUi cosieHOWZ (BMecTe C
KOMILJIEKTOM TepruepuiHOro 060pyA0BaHMs), 3aBEPIIU CBOE
MecsYHOe MOpCKOe INyTellecTBUE OT MecTa MNpPOU3BOJCTBA,
koMmnaHuu ASG B T. [eHys, Utanua B maBuboH MPD. Ceiivac
COJIEHOU/] HaXO/UTCS B 3/laHUHU B CBOEM capKodare, FOTOBBIH K
Ipoleccy cbopKH Bcel cucteMbl Marauta MPD.

B maBuiboHe MPD BemyTcs QuHaNbHbIE OT/IeENOYHBIE
paboThbl, a BaXHEHIIME CHUCTEMbI OOecredyeHUs, TaKue Kak
3JIEKTPOCHAGXKeHWe, MOXKapHasg  0(e30MacHOCTb, CHCTEMA
BEHTUJIALIMN U TEMJIOCHAGKEHNS, HAXOAATCS B IpoLiecce BBOAA
B 3KCILIyaTalHKIo.

Ha 54-m 3aceganuu [IporpaMMHO-KOHCY/JIBTaTUBHOTO
KOMHTETA N0 $U3MKe YACTHUL ObLJI MPE/ICTABIEH OTYET O XOJE
peanusauuu mnpoekta MPD. [IKK mno3apaBua koMmaHay c
JIOCTH)KEHMEM BaXKHbIX Bex B co3faHud MPD u oTMerun
NpOrpecc B CO3JAHUM [JieTeKTOpa U MOATOTOBKe K aHaJIU3Y
bu3MIeCKUX PE3yNbTATOB.

WUccnepoBanusa  3QGeKTHMBHOCTM  aHanu3a  JIaHHBIX
NpoBeJleHbl  BO  BCEX  OCHOBHBIX  06sacTAX — GU3UKU
CTOJIKHOBEHHH TSXKEJIbIX HOHOB B PaMKax MATH paboyux TPy
no ¢usuke MPD. Bonee 40 Hay4yHBIX [JOKJaZIoB MO 3TUM
UCC/ef0oBaHUAM 6bUIO CAenaHo coTpyAiHukamu MPD Ha
KPYIHBIX MEX/YHApPOJHbIX HAyYHBIX KOH(EpeHIHsAX OCEeHbI0
2020 ropa, B yacTHOCTH, Ha KoHepeHnuu «['panTsl PODU pist
NICA», opranuzoBanHoit B OMAW ¢ yuactueMm npejcraBuTeneit
PODU. 06cyxaeHus MPOAOIKUIUCH BO BpeMsl 6-T0 3aceJaHus
KoJutabopauuu MPD, mpoBezieHHOro B yJjaJleHHOM DPEXHMeE B
okTs6pe 2020 roga. [InaHupyeTcs MofeIMPOBaHKE COOBITUN Ha
BBIYMC/IUTENBHBIX PeCypcax, peJocTaBaeHHbIX JlabopaTopuei
UHOOPMALMOHHBIX TEXHOJIOTHH, " ClenMaabHOM
BBIYMC/IUTENBHOM KiacTepe B JlabopaTopuu GU3NKU BBICOKHUX
3Hepru. MofespoBaHue GYIET CAeJIaHO JJIsl TyYKOB HOHOB U
3Heprui, oxkuaaeMblx npu nepoM samnycke NICA.

A. Kuwesn

The preparations for studying the phase diagram of strongly
interacting matter via the study of heavy and light ion collisions
in the MPD experiment at NICA are underway. Intensive works
in the MPD Hall, the designated place for the apparatus, are
ongoing. In December 2020, the assembly of the full MPD
magnet yoke was completed. All 28 beams were put in place
with the required mechanical precision. This constitutes a
completion of a major milestone in the MPD construction.

On November 6, the second critical component of the MPD
magnet, the superconducting solenoid (together with its support
systems), completed its month-long voyage from the production
site of the ASG company in Genova, Italy, to the MPD Hall. It is
now placed in its protective sarcophagus inside the building,
ready for the assembly of the complete MPD magnet system.

Final finishing works are being carried out in the MPD Hall,
and crucial support systems, such as power delivery, fire
protection, ventilation, and heating are on the way to be
commissioned.

At the 54-th meeting of the Programme Advisory Committee
for Particle Physics, the status report of the MPD Project
implementation was presented. The PAC congratulated the MPD
team on reaching the important milestones in the MPD
construction and noted the progress in the detector construction
and preparation for physics analyses.

Performance studies for data analyses are carried out in all
major areas of heavy ion collision physics within five Physics
Working Groups of MPD. More than 40 scientific reports related
to these studies were presented by the MPD participants at
major international scientific conferences in the autumn of
2020, in particular at the conference “RFBR grants for NICA”
organized at JINR with the participation of RFBR
representatives. The discussions were continued during the 6-th
MPD Collaboration Meeting organized in the remote-only format
in October 2020. A new campaign is planned for the
production of events simulated with Monte-Carlo models at
the computing resources provided by LIT and dedicated
computing cluster at VBLHEP. It will focus on providing
predictions for the first beam types and collision energies
expected after the launch of NICA.

A. Kisiel
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HoBocTH Koss1abopauyu BM@N
News from the BM@N Collaboration

Puc. 1. IkcnepumeHmabHAs ycMAHOBKA 0151 UCCACO08AHUSL
KoppeAasyull HyK/10H08 Ha KOPOMKUX pACCMOSIHUSIX 8 S10pax.

Fig. 1. Experimental facility for studying

short-range nucleon correlations in nuclei.

JxcnepuMeHT BM@N (Baryonic Matter at Nuclotron)
HalleJleH Ha M3yyeHHe CBOMCTB IJIOTHOM GapHMOHHOW MaTepuu
U ee ($a30BbIX MEPEXOZOB, B TOM YHCJAe HA HCCIe[0OBAaHHE
MHOXECTBEHHOr0 ~ 00pa30oBaHMSl  CTPAHHBIX KBAapKOB U
runepsziep B A4p0o-AfepPHbIX B3aUMOZeicTBUAX. B HacTosAuee
BpeMsl BeJieTCd MOATOTOBKA [JeTEeKTOPOB K peanu3aluu
du3nyecko mporpaMMbl B My4yKax TSOKENbIX HOHOB Ha
GUKCUPOBAHHBIX MMIIEHAX.  JTO, B IepBYH0 Ouepejp,
LleHTpajbHas TpeKoBass CHUCTEMA HAa OCHOBE KpEMHHEBBIX
MUKPO-CTPUNOBBIX [IeTEKTOPOB U JETEKTOPOB HAa OCHOBE
ra3oBbIX 3JIEKTPOHHbIX yMHOxuTesned (GEM) 6Gosbliuoro
pasMepa.  MojepHU3UpOBaHHAsA ycTaHoBKa BM@N Gyzmer
BKJIIOYATh BHELIHIOKW TPEKOBYI CHCTEMY Ha OCHOBE KAaTOJHBIX
CTPHUIIOBBIX KaMep, yxe CO3/jaHHYI0 CUCTeMYy UJeHTHHUKALUH
Ha OCHOBE [IeTEKTOPOB BpEMEHM MpOJeTa, aJPOHHBIA HU
3JIEKTPOMAarHUTHBIA KaJOPUMETPHl, TPEKOBble [JeTeKTOpbI
nyyKa,

CHUCTeMy INpHeMa [aHHbIX. Bce JieTeKTOpbI JOJKHBI ObITb

TPUITEpHBble JETeKTODPbl, a TaKXe HHTEerpajbHyI0
TOTOBBI Y 3alyllleHbl B 3KCIUIyaTalMI0 K CeaHcy 06J/yyeHHs
ycTaHOBKM BM@N B myykax cpefiHUX MOHOB OT KPUITOHA [0
KceHOHa BecHo 2022 roga. Jlns ycrelHo# peanusaluy ceaHca
TaKXe JO0/DKEH ObITh BBeJleH B 3KCIJIyaTalMI0 BaKyyMHbIH
KaHa/l TpPaHCIOPTUPOBKM Mmydka oT HyksoTpoHa k BM@N.
CraTyc co3fjaHus [eTeKTOPOB M IUIAHBl 10 MOJepHHU3aLUU
ycTaHOBKU BM@N 06cyxanuch Ha 6-0M paboyeM COBeIaHUU

KoJtabopauun BM@N 26-27 oxtabpa 2020 rozja, a Taxke
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The BM@N (Baryonic Matter at

Nuclotron) experiment is aimed at
studying the properties of dense baryonic
matter and its phase transitions, including
the study of the multiple production of
strange quarks and hypernuclei in the
nucleus-nucleus interactions. At present,
the detectors are being prepared for the
the

programme on heavy ion beams at fixed

implementation of physics
targets. This is primarily the central
tracking system based on silicon
microstrip detectors and large-size GEM
detectors. The upgraded BM@N facility
will include the external tracking system
based on cathode strip chambers, the
existing identification system based on
TOF

electromagnetic

detectors, hadron and

calorimeters, beam
tracking detectors, trigger detectors, and
the DAQ system. All detectors should be ready and put into
operation for the run at BM@N with ion beams from krypton to
xenon in the spring of 2022. For the successful implementation
of the run, the vacuum beam transport channel from the
Nuclotron to BM@N should also be commissioned. The status of
the construction of detectors and plans to upgrade the BM@N
facility were discussed at the 6th meeting of the BM@N
Collaboration on October 26-27, 2020, and were also critically
reviewed at the meeting of the BM@N Detector Advisory
Committee on January 19, 2021.
According to the programme for studying nucleon short-
range correlations in nuclei (SRC), a physical analysis of the

[ BM@N

()

N
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Puc. 2. Pesynbmambl gbideseHus1 npoyecca 8bl6UBAHUS NPOMOHA
us sdpa yaaepoda e keasu-ynpyeoti peakyuu 2C +p - 2p + 1B,
Fig. 2. The results of selection of the knockout process of a proton from
a carbon nucleus in the quasi-elastic reaction 12C + p — 2p + 1B,



KPUTHYECKH paccMOTpeHbl Ha 3acefjaHun BM@N Detector
19 aunBapa 2021

KOPOTKOZeHCTBYIOLIUX

Advisory Committee
ITo

Koppesasinuid  HykjgoHOB B siapax (SRC) Obul  BbIMOJIHEH

roja.
nporpamMMe  H3y4yeHHs

dusuveckuil aHaNM3  JJAHHBIX, 3aPETUCTPUPOBAHHBIX B
2018 ropy Bo B3aMMOJENCTBUSIX My4yKa HOHOB YIjiepofa C
’KU/IKOBOZOPO/IHOM MUIIEHbI0. [l0/1ydeHHbIE Pe3y/IbTaThl ObLIH
obopmJieHbl B BUjie HayyHo cTtaThu «The Transparent Nucleus:
unperturbed  inverse  kinematics nucleon  knockout
measurements with a 48 GeV/c carbon beam», npunsaToil
ny6savkanuu B kypHase Nature Physics. Kondurypauus
ycTaHoBKH BM@N Ui uccaefoBaHus npoueccoB  SRC
npuBeeHa Ha Puc. 1.

Ha Puc. 2 npuBoasTCcs pe3ysabTaThl BbliENE€HNs TpoLecca
BbIOMBAHMS NPOTOHA M3 Sfpa YIJepoAa B KBasU-yIpyrou
peakuuu 2C + p - 2p + 1B (QE) ¢ nojaBseHreM Heynmpyrux
B3auMogeicTBui (IE) u B3auMozedcTBUH B HayaJbHOM HU
KOHeyHOM cocTostHuu peakuuu (IS, FSI).

Ha Puc. 3 nokasaHbl CHEKTpPbl MO HEJOCTAOLIEMY
UMIY/IbCY peaKlyud, UMIyJbcy ¢parMeHtoB !B u yriuy
MexAy ¢parMeHToM !B M BeKTOpOM HeJOCTAIOIIEr0
UMIyJIbCa, KOTOpble IOJTBEPXKJAIOT BbljleJleHUe KBasHU-

yupyro# peakiuu 2C + p - 2p + 1B,

BM

[ (b) BM@N

@N Quasielastic
- C(p.2p)
. lzc(pszp)llB
— Simulation

data recorded in 2018 in the interactions of a carbon beam
with a liquid hydrogen target has been performed. The
obtained results were presented in a scientific paper "The
Transparent Nucleus: unperturbed inverse kinematics
nucleon knockout measurements with a 48 GeV/c carbon
beam", which was accepted for publication in Nature Physics.
The configuration of the BM@N facility for studying SRC
processes is shown in Fig. 1.

Fig. 2 shows the results of selection of the knockout process
of a proton from a carbon nucleus in the quasi-elastic reaction
2¢ + p -» 2p + 1B (QE) with suppression of inelastic interactions
(IE) and Initial (ISI) and Final State Interactions (FSI).

Fig. 3 shows the spectra for the missing momentum of the
reaction, the momentum of fragments B and the angle between
the fragment !B and the missing momentum vector, which
confirm the selection of the quasi-elastic reaction C + p —» 2p +
up.

Fig. 4 shows the angular distributions of the reaction
products C + p - 2p + 9B + n with the selection of the
correlated pair (p, n). A total of about 25 events were observed
with the production of correlated nucleon pairs.

The next run of the BM@N experiment to record
significantly more statistics of correlated nucleon pairs is
planned in the autumn of 2021.

M. Kapishin

| (¢©) BM@N

IEC(}'J,ZP)”B
» Quasielastic |
o Inelastic
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Puc. 3. Cnexmpbl, nodmeepacdaroujue evideseHue keasu-ynpyeot peaxyuu 2C + p —» 2p + 11B.
Fig. 3. The spectra confirmed the selection of the quasi-elastic reaction 2C + p — 2p + 1B,

Ha Puc. 4 npuBe/ieHbl yrioBble pacnpefeneHus NpoAyKTOB
peakupuu 2C + p - 2p + B + n ¢ BblfeseHHEM
KOppeJUpOBaHHOM mapkl (p, n). Bcero Ha6.oan0ch NopsiAKa
25

HYKJIOHOB.

CoObITUIL € 00pa3oBaHUWEM KOPPEJUPOBAHHBIX Map

Cnepytomuit ceanc saxcnepuMeHTa BM@N f1s1 peructpanuu
3HAYMTE/JbHO GOJbLIel CTAaTUCTUKM KOppeJHpPOBAHHBIX Iap

HYKJIOHOB IJIaHUpyeTcda oceHblo 2021 roza.

M.H. KanuwiuH
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Puc. 4. Yan08vle pacnpedenenus npodykmog peakyuu
12C + p - 2p + B + n ¢ sbidenenuem koppeauposarHot napwl (p, n).
Fig. 4. The angular distributions of the reaction products
12C + p - 2p + 1°B + n with the selection of the correlated pair (p, n).
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[IpeacTaB/ieH KOHLENTYa/IbHBIM IPOEKT yCTaHOBKU SPD
Conceptual Design Report of the SPD facility is presented

ECal Endcap

PID Endcap

Magnet system
) Vi ) Beam pipe
Y

ST Endcap

' RS Endcap

Puc. 1. O6wuti sud ycmarogxku SPD.
Fig. 1. General view of the SPD facility.

KoHuenTyaibHbIA NpoeKT ycTaHOBKH Spin Physics Detector,
MO/ rOTOBJIEHHBIN aKTUBHO opMHUpylollelics Kotaboparnyei
SPD, Bkutovawomeir B cebs mnout 300 yyeHbIx U3 24
UHCTUTYTOB 11 cTpaH, ObLI TNpeAcTaBJeH Ha SHBAPCKOM
3acefiaHuy [IporpaMMHO-KOHCYJbTaTUBHOIO KOMHUTeTa IO
du3nKe yacTul, IKCepuMeHTalbHas ycTaHoBKa SPD, koTopyto
MJIAaHUPYETCs Pa3MeCTUTh B OHOM U3 JIBYX TOYEK IepecedyeHus
ny4ykoB KoJutaiiepa NICA, mpeHa3HaveHa [JjJ1s1 BCECTOPOHHET0

W3yYeHUs] CNUHOBOW CTPYKTYpbl NPOTOHA U [JeHTpOHa.
OcHoBHOE BHHMaHHe oymeT yAeJeHo U3y4YEeHUI0
MOJIIPU30BAHHON U HemnoJIIpU30BaHHOU TJIIOOHHOM
KOMIIOHEHTbl B  pEAaKIMAX HWHKJIH3UBHOTO  POXKAEHHUS

4apMOHMEB, OTKPBITOTO YyapMa U NpPAMBIX GOTOHOB, a TAKXKe
NPOYUX  CNHH-3aBUCUMBIX SIBJEHMH B  CTOJKHOBEHHSAX
TN0JIIPU30BaHHBIX MyYKOB IPOTOHOB U IEUTPOHOB C 3HEPTHeH B
cucTeMe nieHTpa Macc 1o 27 I'sB u cBetumocTbio 710 1032 em? ¢l
[locpefcTBOM  M3MepeHHsl  COOTBETCTBYIOLIMX  CIHMHOBBIX
acUMMeTpUil B 3KclepuMeHTe OyAyT NOJIyYeHbl JJAHHbIE MO
KOppeJsiliAM MeXJAy HalpaBJeHHeM CIHHA W UMIYJbCa
NpOTOHA (JeHTpoHa), a TakXKe HalpaBJeHUEM CIIHHa,
NPOZOJBHEIM M TONEepeYHbIM HMIY/IbCOM [JIIOOHOB BHYTPHU
npoToHa (gedTpoHa). DyHKIMM, OMKCHIBAIOLIME TMOAOGHBIE
KOppeJsilluy, ABAAITCA TakKUMU e QyHJaMeHTalbHbIMU
BeJIMYMHAMU JIIS1 a[IpPOHOB, KaK MX Macca, 3apsfi, MarHUTHBIN
MoMeHT, ¢opmdakTop U T. A HoBble JaHHbBIE O CIHHOBOU
CTPYKTYpe NPOTOHA U JeHTPOHa, KOTOpble OYyAYT MOJy4YeHb! Ha
ycTaHoBKe SPD, mpu6/IM3AT Hac K NMOHMMAHUIO M3 IepBbIX
NPUHLMIOB AWHAMUKYA KBapKOB Y IJIIOOHOB BHYTPH aJipOHOB,
YTO B HacTosllee BpeMs SABJsSETCAd OJHOM M3 IVIaBHBIX
HepelIéHHbIX Npo6JeM KBaHTOBOM xpoMmoAuvHaMukd. Ha
NepBoM 3Tarne paGoThl YCTAaHOBKY, A0 JJOCTHXKEHHS NPOEKTHBIX
CBETHMOCTH Y 3HEPrUM CTOJKHOBEHHs, OCHOBHOE BHHMMaHHe
IJIAHUPYeTC YIeJIUTb H3YYEHWI0 CIUHOBbIX 3(eKToB B
ynpyroM p-p u d-d paccessHHH, MOMCKYy MYyJbTUIAPTOHHBIX
KOppeJasilMd W CB3aHHBIX COCTOSIHUM, HCCJIeJJ0BaHUIO
pOXJEeHUs dYapMa y T[Opora, H3y4eHUI0 MOJApU3aLUU
TUTNEPOHOB U T. [,

®usuyeckasg mporpamMma 3kcnepumeHta SPD  asd
TN0JIIPU30BaHHBIX p-p CTOJIKHOBEHHUH 3aMOJHUT
KWHEMAaTHYECKUH NPOMEXYTOK MeXJy H3MepeHUsIMH Ha
Hu3kux 3Hepruax Ha ANKE-COSY u SATURNE u usmepeHusimu
Ha BblCOKMX 3Heprusax Ha RHIC u mianupyembix Ha LHC
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The Conceptual Design Report of the Spin Physics Detector,
prepared by the actively forming SPD collaboration, which
consists of about 300 members from 24 institutes in 11
countries, was presented at the January meeting of the JINR
Programme Advisory Committee for Particle Physics. The SPD
experimental facility is planned to be installed at one of the two
interaction points of the NICA collider. It will be used for a
comprehensive study of the proton and deuteron spin structure.
Special attention will be paid to the study of the polarized and
unpolarized gluonic component in inclusive reactions of
charmonia, open charm and prompt photon production, and
other spin-related phenomena in polarized collisions of proton
and deuteron beams at the center-of-mass energy up to 27 GeV
and luminosity up to 10%2 cm? s'. The measurement of
corresponding spin asymmetries will provide data on the
correlations between the spin direction and momentum of the
proton (deuteron), as well as the spin direction, the longitudinal
and transverse momentum of a gluon inside the proton
(deuteron). The functions describing such correlations are also
the fundamental properties of hadrons, like their mass, charge,
magnetic moment, form factor, etc. New data on the spin
structure of the proton and deuteron, which are expected to be
obtained at SPD, should bring us to better understanding of the
dynamics of its quarks and gluons based on the first principles,
which is nowadays one of the main unsolved problems of QCD.
Other polarized and unpolarized physics, such as spin effects in
elastic and inelastic p-p and d-d collisions, multiparton
correlations and bounded states, charm production near the
threshold, hyperon polarization, etc., is possible, especially at
the first stage of the NICA operation with reduced luminosity
and collision energy of proton and ion beams.

The SPD physics programme will fill the kinematic gap
between low-energy measurements at ANKE-COSY and
SATURNE and high-energy measurements at RHIC, as well as
planned fixed-target experiments at the LHC. The possibility for
NICA to operate with polarized deuteron beams at such energies
is unique.

The SPD experimental facility (Fig. 1) is being designed as a
universal 4m detector with advanced tracking and particle
identification capabilities based on modern technologies. The
silicon vertex detector (VD) will provide resolution for the
vertex position at the level of <100 pum, which is necessary for
reconstruction of secondary vertices of D-meson decays. The
straw tube-based tracking system (ST) placed within a
solenoidal magnetic field of up to 1 T should provide the
transverse momentum resolution of up to 2%. The time-of-flight
system (PID) with a time resolution of about 60 ps will provide
m/K and K/p separation in a wide kinematic range. The possible
use of aerogel-based Cherenkov detectors will extend this range.
The detection of photons will be provided by the sampling
electromagnetic calorimeter (ECal). To minimize the effects of
multiple scattering and photon conversion, the detector material
will be minimized throughout the internal part of the detector.
The muon (range) system (RS) is planned for muon
identification. It can also act as a rough hadron calorimeter. A
pair of beam-beam counters (BBC) and zero-degree calorimeters



3KCMEepPUMEHTaX C HeNoJBMXXHONW MHUIIeHbl0. B0O3MOXHOCTb
paboTaTh ¢ NOJNAPU30BAHHBIMY NyYKAMH JeHTPOHOB B JAHHOM
JiManasoHe IHeprui ABJIAeTCA YHUKaJTbHOM.

JkcnepuMeHTanbHas ycraHoBka SPD (Puc. 1) 6yzeT umethb
reoMeTPUYECKUH aKCeNTaHC, GJU3KUH K 4T, NpPOJABUHYTYIO
CHCTEMY BOCCTAHOBJIEHHS TPEKOB U BEPIIMH, a TAK)Xe LIMPOKHE
BO3MOXXHOCTH MO WJEeHTHUUKALMKU 4YacTUL, OCHOBAHHble Ha
COBPEMEHHBIX TeXHOJOTUAX. KpeMHHEBbII  BepIIMHHBIN
nerektop (VD) oGecneyuT KOOpAMHATHOE paspelleHHe MpH
PEKOHCTPYKIMK BepuMHb! Jydie 100 pm, yTo Heo6XoAUMO
JJ15 PeKOHCTPYKIMK BTOPUYHBIX BePIIMH pacnaja D-Me30HOB.
TpekoBast cucTeMa, OCHOBaHHasg Ha CTpoy-Tpy6kax (ST),
pa3MelléHHas B COJMEHOM/JAJbHOM MarHuTHoOM noje o 1 T,
MO3BOJIUT  PEKOHCTPYUPOBAaTb  MONEpeyHble  MMIYJAbCh
BTOPUYHBIX YaCTHL, C TOYHOCTbIO A0 2%. BpemamnposnérHas
cuctema (PID) ¢ BpeMeHHbIM paspelieHueM 60 nc obecrnedyuT
pasgenenne m/K u K/p B IMPOKOM KHHEMAaTHYeCKOM
Jvana3oHe. Bo3MoXHOe  HCMO/Nb30BaHME  YEPEHKOBCKHUX
JleTeKTOPOB Ha OCHOBe a3poresisi MO3BOJUT PAaClIUPUTb 3TOT
JvanasoH. 3a peructpauuio  GOTOHOB OyfeT OTBevyaTh
3JIEKTPOMAarHUTHBINA KasopuMeTp Tuna «umanuieik» (ECal). Jns
MUHUMM3aLUY 3QPeKTOB MHOTOKPATHOTO pacCessHUs U
KOHBepcHM GOTOHOB MMHMMU3UPOBAHO KOJMYECTBO BelleCTBa
BO BHYTpPeHHeH YacTH YCTaHOBKU. MiooHHas (mpobexHast)
cucreMa (RS) npesHasHaueHa s UAEHTHUQUKALUKY MIOOHOB.
OHa TakXe MOXET CJIYXHUTb B KayecTBe I'pyboro afpoOHHOrO
KasopuMmetpa. [lapa my4ykoBbix cuetynkoB (BBC) wu
KajlopuMeTpoB HynaeBoro yriaa (ZDC) OygyT oTBeyaThb 3a
JIOKaJIbHYI0 MOJIIPUMETPUI0 U KOHTPOJb CBETUMOCTH. /[l/d
MUHUMM3ANUN BO3MOXKHBIX CHCTeMaTHuecKuX 3dp¢pekToB SPD
OyZeT ocHalleH OecTPUITEpPHOW CUCTEMOH cHopa JaHHbBIX.
Bricokass yacroTa croskHOBeHMH (0 4 MI) u Gosblioe
KOJIMYECTBO KAHAJOB 3JEKTPOHUKH ONPEAENAT BbICOKHE
Tpe6GoBaHUs K cUcTeMe c6opa JJaHHBIX, OHJAaWH-MOHUTOPHHTLY,
KOMIIBIOTEPHOH cucTeMe mocefyouleil 06paboTKU JAaHHBIX U
NPOrpaMMHOMY 06GecreyeHUI0 A1 PpeKOHCTPYKLMH U aHaIM3a
JaHHbIX. ClefyeT OTAeJbHO OTMETUTb, YTO AeTekTop SPD mo
cBOed QYHKIMOHAJBHOCTH 3HAUUTEJNbHO OTJIHYAeTCHd OT
netexktopa MPD. Kaxxzad U3 3TUX yCTaHOBOK ONTHUMHU3KMPOBaHA
[JIsl pelleHHs] CBOero Kpyra Hay4yHbIX 3aJja4, U OHM He MOTYT B
TNI0JIHOM Mepe 3aMeHUTb APYT Jpyra.

Cnepgyromuid war B peanu3anud npoekta SPD -
He3aBUCHMMasl MeX[JyHapoAHas 3KClepTH3a MpeZCTaBJIeHHOU
KOHLIENIIMY AeTeKTopa M $U3MYecKoidl MporpaMMbl, a TaKxke
MOJrOTOBKA TEXHUYECKOTO MPOEKTa 3IKCIEepPUMeHTaNbHOU
ycTtaHoBKU. Ha 3T0 MMeeTcs Xopoiuuii 3asie: A1 60JIbLIMHCTBA
NOJCUCTEM NpPeANO/araeMoil yCTAaHOBKH CO3AaHbl U NPOXOAAT
UCNBITaHUS MPOTOTHUIIBI, KOTOPbIE HAI/IAJHO JEMOHCTPUPYIOT
BO3MOXXHOCTb [JJOCTIXKeHHsl TpebyeMbIX NapaMeTpoB. YacTb
NPOTOTHIIOB JETEKTOPOB M IOACUCTEM O06beAHHEHa B
TecToBbId cTeHZ miniSPD (Puc. 2), rme wusydamorca ux
napaMeTpbl, a TaKKe ONTHUMHU3M pYeTCs UX B3aUMOJeNCTBHe
Mex/ly co60i. B paMkax IOArOTOBKM TEeXHHYECKOro IpPOeKTa
UCNBITAaHUS ~ 3JEMEHTOB  OyAyllell  yCTaHOBKU  6yAyT
NpOJO/DKEHbl Ha  BbIBeJleHHbIX Myuykax Hyk/joTpoHa B
c03/laBaeMo¥ CreliMaabHO /15 3TOr0 TeCTOBOM 30He SPD.

A.B. I'ycvkos

Puc. 2. Tecmoswlii cmend miniSPD.
Fig. 2. MiniSPD testing facility.

(ZDC) will be responsible for local polarimetry and luminosity
control. To minimize possible systematic effects, SPD will be
equipped with a triggerless DAQ system. The high collision rate
(up to 4 MHz) and a large number of detector channels pose a
significant challenge to the DAQ, online monitoring, offline
computing system, and data processing software. It should be
noted that the SPD and MPD detectors are not fully
interchangeable. Their functionalities are quite different: each of
the two facilities is optimized for a specific range of scientific
problems.

The next step in the implementation of the SPD project is an
independent international examination of the presented
detector concept and physics programme, as well as preparation
of a technical design report. There is a good base for that:
prototypes for most subsystems are constructed and are being
actively tested, demonstrating the possibility to achieve the
required parameters. Some of the prototypes are combined into
a miniSPD (Fig. 2) testing facility to study and optimize their
performance and compatibility. These studies will be continued
in the dedicated SPD test zone on the beams extracted from the
Nuclotron, which is under construction now.

A. Guskov
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