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du3zuyecKuil Nyck dycrepa
yCKOpHUTeJabHOro komiiexkca NICA

B xonme 2020 1. ObUT ycIenHo MpoBeIeH NepBbIii ce-
aHc paboTsl ¢ my4koM Oycrepa xommuiekca NICA, 3aBep-
HIMBIIUH ATUTEIbHBIN MpOLEcC NPOESKTUPOBAHUS U U3I0-
TOBJICHHSI 9TOH YCTAaHOBKH.

Eme B navane 1980-x rr. B JlabopaTopuu BBICOKHX
SHEprui ObUT pa3paboTaH MPOEKT yCKOPUTEIHHOTO KOM-
iekca Tsokenbix noHoB (YKTU) mis obecniedeHus mep-
CICKTUBHBIX HCCIICIOBAaHUI B 00JACTH PEISITUBUCTCKOM
saepHoit puzuku. OH BKIIIOYAJ B ce0s1 CBEPXIPOBOASAIINI
CHUHXPOTPOH HYKIJIOTPOH, HaKONUTEIbHOE KOJbIO — Oy-
CTEp U HOBBIN JNMHEHHBIN yckopurtenb. [lepBblil U3 aTHX
TPEX AIEMEHTOB, HYKJIOTPOH, BCTYNHI B CTPOH B MapTe
1993 r. u paboraer ¢ Tex mMop Ha (PUIUUCCKUHA IKCIIEPHU-
MeHT. B Xozxe skcrutyatanuy HyKJIOTPOHA HEOAHOKPATHO
BO3BpAIAIUCH K MPOEKTY CO3AaHus OycTepa, OCHOBHOM
3aa4eil KOTOPOro SIBJISIOCH MOyYEHHE BBICOKMX MHTEH-
CUBHOCTEl YCKOPEHHBIX IyYKOB TSKENBIX MOHOB. CBOH
COBPEMEHHBIN BH OycTep NpHOOpen B Xo/1e Pa3padOTKH 1
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peann3anuy NpoekTa yckopurenbHoro kommiekca NICA,
B CTPYKTYpe KOTOPOTO OH UIPAeT OAHY U3 KIIIOUEBBIX PO-
neii. B ero 3amadqy BXomuT oOecrieueHHE MHTEHCHBHOCTH
U KaueCTBa ITyYKOB MOHOB OT JEUTepUs U renus A0 ypa-
Ha, TpeOyeMbIX IS pealn3alny OOMIMPHOM MPOrpaMMbl
HCCIIeIOBaHNH KaK Ha (PMKCHPOBAHHBIX MUIICHSX, TaK U
B PEKUME CTOIKHOBEHHH BCTPEUHBIX ITy4KOB B KOJUIAlae-
pe. [TonoOnas 3anaua, Bepsblie pemaemMast B Poccun, mo-
TpeOoBala M CYIIECTBEHHOTO PAa3BUTHS HCIOJIb30BAHHBIX
paHee YCKOPHUTEIbHBIX TEXHOIOTHH, H Pa3pabOTKH HOBBIX
OPUTHHAJIBHBIX PEIICHUI.

IlepexpeITh Bech auana3oH COPTOB HMOHOB ILIAHU-
pyeTcsl ¢ MCIOIb30BAHUEM HUCTOYHUKOB MOHOB TPEX TH-
MOB: IJIAa3MEHHOTO, JIA3€PHOTO U 3JIEKTPOHHO-CTPYHHO-
ro (ESIS). Ilpu 3ToM IIUTETHHOCTh MMITYIbCA TOKA OT
WCTOYHMKA BapPbUPYETCS OT HECKOIBKUX HAHOCEKYH (ISt
Ja3epHOro uctouHnka) 1o 20-30 HaHOCEeKyH[ (I 3J1eK-
TPOHHO-CTPYHHOT0). COOTBETCTBEHHO, CHCTEMa HHXKEK-

Physical Launch of the NICA Booster

At the end of 2020, the first beam circulation in the
NICA complex Booster was successfully obtained, which
completed the lengthy process of designing and construct-
ing this facility.

A project of the Heavy lon Accelerator Complex
(HIAC) was developed at the Laboratory of High Energies
as far back as the early 1980s to provide advanced research
in the field of relativistic nuclear physics. It included a su-
perconducting synchrotron Nuclotron, a storage ring —
the Booster, and a new linear accelerator. The first of
these three elements, the Nuclotron, went into operation in
March 1993 and since then has been operating for a phys-
ics experiment. During the operation of the Nuclotron, the
project to construct the Booster was reviewed time and
again, the main goal of which was to obtain high intensities
of accelerated heavy-ion beams. The Booster acquired its
present form during the development and implementation
of the NICA accelerator complex project, in the structure
of which the Booster plays one of the key roles. Its task
is to ensure the intensity and quality of ion beams from
deuterium and helium to uranium, required for the imple-
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mentation of an extensive research programme, both on
fixed targets and in the collision mode of colliding beams
in the collider. Such a problem, being solved for the first
time in Russia, required both a significant development of
the previously used accelerator technologies and the de-
velopment of new original solutions.

It is planned to cover the whole range of ion types
using three types of ion sources: plasma, laser and electron
string (ESIS). In this case, the duration of the current pulse
from the source varies from several nanoseconds, for a la-
ser source, to 20—30 nanoseconds, for an electron string
one. Thus, the injection system of the Booster should
provide both single-turn injection (for high-intensity ion
beams from a laser source) and multiturn injection when
operating with an electron string ion source, which also
requires a large accelerator acceptance. When using a laser
source, multiple repeated injection is also planned for a
number of ions.

A cooling system is required to ensure high-quality
beams. Tuning of various operating modes requires an ad-
vanced diagnostic system. The operation of such an accel-
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K Oycrepa JoJKHA 00ecreunBaTh Kak 0OBIYHYIO OJTHO-
00OPOTHYIO WHKCKLHIO (JUII MOHHBIX Iy4YKOB BBICOKOI
HWHTCHCUBHOCTHU OT JIa3€PHOTO I/ICTO‘IHI/IKa), TaK U MHOI'O-
000POTHYO MHKEKIIMIO ITPU paboTe ¢ IEKTPOHHO-CTPYH-
HBIM HCTOYHHUKOM, I peaiu3allii KOTOpou Tpeldyercs
Takke OoibIIOl akcenTaHc yckoputens. [Ipn ncmons3o-
BaHHNU JIa3€PHOT'0 UCTOUYHUKA JJIA pA/la NOHOB IIJIAaHUPYECT-
Csl © MHOTOKPATHO MOBTOPSIEMast HHKEKIIHSL.

Jlis obGecriedeHust BRICOKOTO KadecTBa IyYKOB HEOO-
XOJMIMO NPUMEHEHHE METOJIOB oxJaxkJaeHus. Hactpoiika
Pa3IUYHBIX PEKUMOB pabOTHI TPeOyeT Pa3BUTON CHCTEMBI
JMarHoCTUKU. Pabora Takoro yckopuTensi HEBO3MOXKHA
0e3 COBPEMEHHOI CHCTEMBI aBTOMAaTH3UPOBAHHOTO yIIPaB-
JICHUAL.

C yuerom >tux TpeboBanuii B 2015 1. 6611 pazpabo-
TaH TEXHUYECKHH MPOEKT OycTepa, OCHOBHBIMU O0COOCH-
HOCTSIMH KOTOPOTO SIBIISFOTCSL:

Puc. 1. MarauTHO-KprocTaTHas cuctema Oycrepa B coope

Fig. 1. Booster magnet-cryostat system in assembly

erator is impossible without a modern automated control
system.

Taking into account these requirements, the Booster
TDR was developed in 2015. Its main features are:

— use of the upgraded superconducting magnets of
the Nuclotron type;

— use of the sector-type dipole magnets for an opti-
mal combination of efficiency and ensuring a large accep-
tance of the accelerator;

— original design of the beam injection system, which
makes it possible to implement any of the three required
injection schemes with the same set of units;

— ultra-high vacuum conditions in the beam chamber,
which are necessary to accelerate incompletely stripped
heavy ions with minimum losses;

— optical structure of the ring, which is optimized for
the application of the beam electron cooling method.
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— HCIOJIB30BAHUE CBCPXIMPOBOAAIINX MAarHUTOB TH-
na «HyKJI0TpoH» HOBOTO TIOKOJICHNS;

— UCIOJIb30BAHWUE JUITOJIbHBIX MAarHUTOB CEKTOPHOTO
THIA I ONITHMAJIBHOTO COYETaHMsI 9IKOHOMHYHOCTH M 00¢-
CrieueHus! OOJIBIION BEJMYMHBI AKCENTAHCA YCKOPUTEIS;

— OpWUI'MHaJbHas KOHCTPYKIMSI CHCTEMBI HHIKEK-
IIUX IIy4YKa, HO3BOJIAIONIAs PEaM30BaTh JTIO0YI0 U3 Tpex
TpeOyeMBbIX CXeM WMHXKEKIMU OJHHM M TeM e Habopom
YCTPOMCTB;

— CBEpXBBICOKUI BaKyyM B IIy4KOBOH KaMepe yCKO-
putesnsi, HEOOXOMUMBIH Ul YCKOPEHHsI HE MOIHOCTBIO
000/1paHHBIX TSKEJIBIX HOHOB C MaJIbIM YPOBHEM IOTEPb;

— OITHYECKasl CTPYKTypa KOJbIA, ONTHUMHU3NPOBAH-
Has JAJIsl IPUMEHEHUS. METO/1a HIICKTPOHHOTO OXJIAXKACHUS
ITyYKOB.

K xonny 2019 r. ObUIO 3aBEpLICHO H3rOTOBJICHUE
OCHOBHBIX CHCTEM M 3JE€MEHTOB Oycrepa. Bce amemen-

By the end of 2019, the production of the main sys-
tems and elements of the Booster had been completed. All
elements of the magnet-cryostat system were transported
to the tunnel (the Booster with a perimeter of 210 m is lo-
cated inside the Synchrophasotron yoke). On 23 December
2019, a phased testing, assembly and commissioning of
the facility systems began. The assembly of the mag-
net-cryostat system of the Booster had been completed by
November 2020 (Fig. 1). 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 12 November, a run was launched to test the
Booster systems when operating under superconductivi-
ty, beam injection and acceleration conditions. The pro-
gramme and equipment, which could be used during the
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Thl MarHUTHO-KPHOCTATHOW CHCTEMBbI OBbLIM TE€pEeBE3CHBI
B TyHHenb (Oycrep mepumerpoM 210 M pacronaraercs
BHYTPH SpMa MarHuTa CHHXpoga3oTpoHa). 23 mexadps
2019 r. 6buTa HavyaTa MpoIEaypa MOITAMHOTO TECTHPOBA-
HUsI, COOPKH ¥ BBOJIA B OKCIUTYaTaIMIO CHCTEM YCTaHOBKH.
COopka MarHUTHO-KPHOCTAaTHOM cHCTeMBI OycTepa Oblia
3aBepiieHa k HosiO0pro 2020 1. (puc. 1), Bce MOICHCTEMBI
YCT@HOBJICHBI B IITATHOE MOJIOKEHNUE U MPOTECTHPOBAHBI,
CHCTEMa JIEKTPONUTAHUS] MATHUTOB OBIJIa MPOTECTUPOBA-
Ha ¥ HACTPOEHA IpH paboTe Ha SKBUBAJIICHTHYIO HAaIrPy3KY,
HACTPOCHA W UCIBITAHA JIMHUSI TPAHCIIOPTUPOBKH ITydKa
13 JINHEHHOTO YCKOPUTEIISL.

12 HOAOps OBLT HayaT CEaHC MO TECTUPOBAHHIO CH-
ctem Oycrepa mpu paboTe B YCIOBHSX CBEPXIIPOBOIU-
MOCTH, WH)KEKIIMU M YCKOPEHUs ITyuka. B coorBeTcTBUM
C 3a/1la4aMU ¥ BPEMEHHBIMH OTPAaHMUYECHUSIMU TIPH TTOATO-
TOBKE OIPEJIENISUINCH IPOrpaMma ceaHca 1 coctaB 000py-
noBanus Oyctepa. [y MHXKXEKIMKM 4acTHIl ObUIO peIIeHO
UCTIONb30BaTh MPOCTEHIIYI0 M3 pa3paOOTaHHBIX CXEM —
OITHOKPATHYIO OJHOOOOPOTHYIO. YCTPOWCTBA CHUCTEMBI
BBIBOJIA ITyYKa XOTS U OBUIM yCTaHOBJICHBI Ha KOJIBLIO, HO
B CeaHce He HMCHONb30BATHCh. CHcTeMa OTKadKH ITy4YKO-
BOW KaMepbl BKIIOYala MHHHUMYM BaKyyMHBIX IOCTOB,
HEOOXOIMMBIX, YTOOBI MEPEHTH TEXHHUYECKYIO TPaHHILy
obnactu cBepxBbIcOKOTO Bakyyma B 1077 [Ta. Cucrema ju-

AT THE LABORATORIES OF JINR

arHOCTHKH LUPKYJIMPYOLIETo My4Ka TaKke Obljla CMOHTH-
poBaHa He B ostHOM oObeme. [To BpemeHHol cxeme ObuIa
co0OpaHa cucTeMa KPHOT€HHOTO 00eCIICUeHHS.

Ocoboe BHMMaHUE OBLIO YIEJICHO BHIOOPY cOpTa ya-
CTHIL JUIsl ycKopeHust. /Iyt n3MepeHust U HacTpOWKu op-
OWUTHI CHHXPOTPOHA COPT YACTHUI] NPHUHIUIIHAIGHOTO 3Ha-
YEHUsI HE UMEET, OJIHAKO JUIsl MPOCTOTHI MHTEPIPETALUH
pe3yabTaToB MPEIIOYTHTEIILHO MMETh OJHOKOMITOHEHT-
HBIH ITyYOK, COCTOSIIIMA M3 MOHOB TOJBKO OIHOTO COpTa
B OZIHOM 3apsiIOBOM cOCTOSHMH. Kpome Toro, [uis ucmbl-
TaHWS JIMHEHHOTO YCKOPUTENSI JKeJIaTesIbHO UMETh OTHO-
IIIEHHE MAaCCOBOTO YHCIIa HOHA K 3apsII0BOMY, IOCTATOYHO
0M3K0€ K MaKCHMalbHOMY MPOEKTHOMY 3HAUCHHI0 —
6,3. B KOHIIe KOHIIOB BBIOOD NaJ Ha HoHbl Hel™, s rene-
panuy KOTOpbIX ObUI pa3paboTaH CHelUaTi3MpPOBaHHBINA
WCTOYHHUK TIA3MEHHOTO THIIA.

[epBbIit 3Tan ceaHca COCTOSUT B 3aBEPIICHUU COOP-
KM ¥ UCTIBITAHUH M3OJALHOHHOTO BaKyyMHOTO 00beMa U
CHCTEMBI KpHOTeHHOro obecrniedenust. [To pesymnpraram ero
BBITIONTHEHUS 4 ieKkaOpst OBLIO MPUHSTO PEIICHHE 0 Hadae
oxJtakaeHust koabla. C 3Toro MomMeHTa OblIa 3arymieHa
ACY Oycrtepa, BBeIeHa B SKCILTyaTaIlMIO CUCTEMa MOHH-
TOPHHTA, MTPEAHA3HAYCHHAs JUIl HAOMIOACHUS 3a MpoIec-
COM KpHOCTaTUPOBAHMSI M BKIOYAIOLIasl B ce0s CUCTEMY
TepMOMETpHH. 12 nexadpsi, B TOUYHOM COOTBETCTBHUHM C Ha-

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
on the ring, were not used in the run. The pump-out sys-
tem of the beam chamber included a minimum of vacu-
um units required to achieve the technical breakpoint of
the ultra-high vacuum range of 10~7 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 im-
portant; 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 des-
ignated plasma-type source was developed.

EI

The first stage of the run included the completion of
the assembly and testing of the insulation vacuum volume
and the cryogenic support system. On 4 December, based
on the results of its implementation, it was decided to start
cooling the ring. From that moment on, the Booster ACS
was launched, a monitoring system designed to observe
the cryostatting process, including a thermometry system,
was put into operation. On 12 December, in strict compli-
ance with the schedule, the magnet-cryostat system was
cooled to a temperature of 4.5 K. Then tuning and putting
into operation a system for detecting transitions to the nor-
mal conducting state, testing the energy evacuation sys-
tem, tuning the cycle setting system and the power supply
system for the Booster magnets were held. By this time,
the linear accelerator and the beam transport channel to
the Booster had already been set, and the injection sys-
tem units had been brought to the design parameters. On
19 December, permission was granted to work with the
beam.

As planned, the beam circulation mode was obtained
without switching on the magnetic field error correction
system (Fig. 2), while the deviations of the beam orbit from
the nominal position in the horizontal plane did not exceed
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MEYEHHBIM I'paKOM, MarHUTHO-KPHOCTATHAas CHCTEMa
OpuTa oxnaxkaeHa Ao temmeparypsl 4,5 K. Crnemyromum
IIIarOM CTajla HACTPOHKa U BBOJ B SKCILTyaTaIlUIO CUCTEMbI
JICTEKTHUPOBAHNUS IIEPEX0/I0B B HOPMAIBGHO TPOBOASIIYIO
a3y, TecTUpOBaHHE CUCTEMBI IBAKyal[Md JHEPTUH, Ha-
CTpOHKa LUKIJIO3aJafONIel CHCTEMBl M CHCTEMBI 3JIEKTPO-
MUTaHus MarHuToB Oycrepa. K aTomy BpemeHH yrxe ObLIH
HACTPOCHBI JINHEHHBIH YCKOPUTENb U KaHaJl TPAHCIIOPTHU-
POBKH ITyuKa B OycTep, BbIBE/ICHbI Ha [TPOCKTHBIE Mapame-
TPBI YCTPOHCTBA CHCTEMBI MHKEKIMHU. 19 nexadpst Obu1o
MOJTy4EHO pa3pelIeHne Ha paboTy C IMydKOM.

Kak m mimaHnpoBanoch, peskMM LUPKYISIUM MydKa
ObUT MoTy4eH 0e3 BKIIIOUCHUS! CUCTEMbI KOPPEKILIUH OIIH-
0OK MarHuTHOTO MOJst (pHC.2), NMPHU ITOM OTKIOHEHHS
OpOUTHI IMy4Ka OT HOMHUHAJIBHOTO IMOJOKEHUSI B TOPU30H-
TAJIBHOHN IJIOCKOCTH HE TPEBBIIANIN + 15 MM (HECKOJIBKO

Puc. 2. IlepBrie 06opoTs myuka B Oyctepe, 19 nexkadps 2020 .

Fig. 2. First beam circulation in the Booster, 19 December 2020

+15 mm (a few more in the vertical plane), almost ex-
actly as in the calculations. 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 ensures the
design parameters of the units. 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 h.

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

— the main systems for diagnostics of the circulating
beam and the closed orbit correction system were consis-
tently tested, the intensity of the circulating beam was en-
sured close to the design one;

— the high-frequency system was tuned, the adiabatic
beam capture mode was tested in the acceleration mode,
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Oouibllie B BEPTUKAJIBHOM IUIOCKOCTH), NPAKTHYECKU B
TOYHOM COOTBETCTBHUHM C pacderamu. M 3To oinH U3 Bax-
HEHIIMX PE3YyJIbTAaTOB CEaHCa, UMEIOIINUNA NPUHLUINAb-
Hoe 3Hadenue ans npoektoB NICA u FAIR: paszpaboran-
Hasl TEXHOJIOTHSI MIPOU3BOJICTBA, COOPKU M TECTUPOBAHUS
MarHUTOB O0ECIIEUYHNBACT MPOCKTHBIC XapaKTCPHCTHUKU
YCTPOUCTB. JlONOIHUTENIBHBIM [IOKA3aTeIEM KaueCcTBa 13-
TOTOBJIEHUSI MAarHUTHO-KPHOCTATHOM CHUCTEMBI SBIISETCS
TOT (aKT, 4TO B XOJIe CeaHca OHa CTaOMIIBHO oTpaboTana ¢
LUKIIOM MarHUTHOTO 1oJis okojio 400 gacos.

Ceanc npomosmkancs 10 30 nexadpsi, U 3a STOT MepH-
oJ1 OBLTH BBITIONTHEHBI CIICAYIOIINE PAOOTHI:

— ITOCIIEIOBATEIEHO TIPOTECTHPOBAHBI OCHOBHEIE CH-
CTEMBI JUArHOCTHKHM LUPKYIUPYIOLIEro Iy4YKa, CHCTEMa
KOPPEKIMU 3aMKHYTOW OpOUTHI, o0ecrieueHa MHTEHCHB-
HOCTb IIUPKYITHPYIOIIETO TMyYKa, OJIr3Kast K MPOSKTHOM;

— HAaCTpOEHa BBICOKOUACTOTHASI CHCTEMa, IIPOTECTH-
POBaH peXUM a1MabaTHYECKOTO 3aXBaTa Iy4Ka B PEKHME
YCKOpeHHs, 00eCTIeYeHO yCKOPEHHE HOHOB JIO SHEPrHU
100 M»sB/uyKkIoH;

— BKJIIOYEHA M IIPOTECTUPOBAaHA CHCTEMaA AJIEKTPOH-
HOTO OXJIQJKICHUS;

— CHCTEeMBI MMTaHUA MAarHUTOB, KPHOTEHHAS U Mar-
HUTHO-KPHUOCTATHAsl CHCTEMbI MPOBEPEHbI NpU paboTe B
[UKJIC MATHUTHOTO TIOJIS C IPOCKTHBIMH TTapaMEeTPaMH.

the acceleration of ions up to energy of 100 MeV/nucleon
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 lev-
el of 7-1010 of circulating He!* ions (Fig. 3), which is
equivalent in current to 10% Au3!" ions. The characteristic
lifetime of ions due to recombination with molecules and
atoms of the residual gas was approximately 1.3 s. Taking
into account the cross sections of the recharging process-
es, this value corresponds to the residual gas pressure in
the beam chambers at the level of 3+6- 1078 Pa, which
corresponds to the readings of vacuum gauges and to the
design value with the starting configuration of the pump-
out system.

At the end of the run, a comprehensive testing of the
magnet power systems, cryogenic and magnet-cryostat
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Hcnonb3oBaHue CHUCTEMBI KOPPEKLUH OpPOWTHI, CO-
BMECTHO C HACTPOMKOHN KaHaja TPAHCIOPTUPOBKHU IIydKa
n3 HILAc B GycTep u HacTpOWKOH YCTPOWMCTB CHCTEMBI
UHKEKIUH, TTO3BOJIIIIO TOCTUYh MHTEHCUBHOCTH ITyYKa Ha
ypogHe 7 - 1010 qupkynupyrommx nonos He!™ (puc. 3), uto
1o Toky skBuBajeHTHO 10° monos Au3'™. Xapakrepnoe
BpeMs )KM3HHM MOHOB H3-32 B3aUMOICHUCTBUS C MOJICKYNa-
MH B aTOMaMH OCTaTOYHOTO ra3a COCTaBWJIO NPUMEPHO
1,3 ¢. C y4yeToM ceueHUI TPOIECCOB Tepe3apsaKu ITO
3HAUYEHNE COOTBETCTBYET IABICHUIO OCTATOYHOTO Tasza B
Iy4KOBBIX Kamepax Ha ypoHe 3+6- 1078 Ila, uro Haxo-
JUTCSI B XOPOIIIEM COTJIACHH C TMOKA3aHUSAMH BaKyyMMe-
TPOB M COOTBETCTBYET ITPOSKTHOMY 3HAYCHHUIO TIPU CTap-
TOBOW KOH(PUTypaIlui CUCTEMBI OTKAUKH.

B 3aBepuienune ceanca ObUI0 IPOBEICHO KOMIUIEKCHOE
TECTHPOBAHUE CUCTEMBI IEKTPONUTAHUS MAaTHUTOB, KPH-
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OTEHHOW W MAarHMTHO-KPUOCTAaTHOW CUCTEM MpHU padote
B IIMKJI€ MArHuTHOI'O II0JIsI ¢ MaKCUMaJIbHbIMU yCTOﬁ‘lI/l—
BO JIOCTHUTraeMbIMH NlapaMeTpamu. B pesynbrare ObuT Ha-
CTPOCH IUKJI C ABYMS «CTOJIaMW» Ha Yy4YaCTKE pacTylIero
I10JIsI, COOTBETCTBYIOIIMMU SHEPIUU MHIKCKIIUN U DHEPTUN
ANIEKTPOHHOTO OXJIAXK/ICHUS, Ha TPEThEM, BEPXHEM «CTO-
ne» 6buto nocturayTo none 1,8 T, Ha yyacTkax pocTa u
YMEHBUICHUSA TTOJIA OBILT 00EeCTICYEH TEMIT H3MEHEHHUS 1O
1,2 Tn/c, 9T0 MOTHOCTHIO COOTBETCTBYET MPOEKTHBIM T1a-
pameTpam IHKJIA.

Taxum oOpa3om, Bce 3aga4dn ceaHca OBLTH YCHEITHO
pemensl. Crieyromuii 3Tanm — cOopka ¥ BBOJ B DKCIUTya-
TaIMIO KaHalla IepeBoja Mydka u3 Oycrepa B HyKIOTPOH.
Hawano skcniepuMeHTOB Ha (PMKCHPOBAHHBIX MHIICHSX C
HCTIONIb30BAaHNUEM ITyYKOB OOHOBIEHHOTO YCKOPHTEIBEHOTO
xomrutekca JIOBO nameueno Ha korery 2021 T

Puc.3. Pe3ynbrartel M3MEpeHHsT WHTCHCHBHOCTH IMPKYJIUPYIOMIETO IyYKa C MOMOIIBI0 MapaMeTPHUYECKOro TpaHc(opMaropa TOKa
(ITTT) npu onTUMaIbHON HACTPOMKE BCEX CUCTEM. 3eJIeHast KpUBasi — BEJIMYMHA MArHUTHOTO TOJISI B rayccax; cuHsiss — curHai [1TT;
OpaHkeBasi — KOJIMYECTBO IUPKYIUPYIOIINX YacTULl. BpeMs 1o ropu30HTaIbHOM OCH — B MUJUTUCEKYH/IaX
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Fig.3. 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 milliseconds

systems was carried out during operation in a magnetic
field cycle with the maximum consistently achievable pa-
rameters. As a result, a cycle with two “plateaus” corre-
sponding 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 in the field, which fully corresponds to the
design parameters of the cycle.

Therefore, all tasks of the run have been successfully
completed. In the near future, it is planned to assemble and
commission the beam transport channel from the Booster
to the Nuclotron. The start of experiments on fixed targets
using beams of the upgraded VBLHEP accelerator com-
plex is scheduled for the end of 2021.
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