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2. CO0 komnannpepa NICA




NICA Synchrotrons and their cooling systems
Evgeny Syresin on behalf of team (ECOQOL-2021)

NA® CO PAH B pamkax COTpYyTHUYECTBA YKE U3TOTOBUI U
noctaBmi B JlyOHY CUCTEMY AJIEKTPOHHOTO OXJIAXKICHUS JIJIs1
oycrepa NICA c napamerpamu s3Hepruu 10 50 kuinoBonsT. B 2021
roay corpyauuku OUSN aktuBHO ocBauBasiu padotry Ha COO u
MOJIYYWJIM IEPBOE OXJIAXKICHUE HA MOHAX Jkelie3a. Huke nokaszan
cur"an [lortku ciekrpomerpa Ha 4-rapMOHUKE YaCTOThI
oOpalleHus1 MPOINOPIMOHAIBHBIN Pa30opoCy MPOAOILHOTO
MMITYJIbCAa B MOHHOM ITyuyke. BuHO, 4TO 32 JOCTaTOYHO
HEMPOAOJKUTEIIBHOE BPEMSI MOHHBIN MYyYOK OXJIaXIaeTCsl B

npoaO0JIbHOM HallPpaBJICHUH.
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[lepBbie mpu3Haku AeKTpoHHOrO oxnaxkaenus B COO misa Oycrepa HUKA.



Parameter Value
O0nacTh 3HEpTUN 0.2+2.5M»5B
Yucno ceKuii 0XJ1ax ICHUs 2
CrabunsHoCTh 3HEprun (AU/U) <10+
ONEeKTPOHHBIA TOK molA
Pazmep aiekT. mydka B CEKINU OXJIAXKACHUS 5+20 MM
JlmrHa ceKIMmM OXITaskICHUS 6M
Pajuyc moBopoTa TpaHCIIOPTHBIX KaHATIOB Im
MarauTHoE€ 110J1€ B CEKIIMHU OXJIaXK JCHUSI 0.5-2xkIc
BakyyM B CeKLUM OXJIaX ICHHS 10-"! mGap
BeicoTa myukoB OT 1oja 1340/1660 MM
[MonHas noTpebnsemMas MOLITHO CTh 500-700 kBt

C0 HUKA

DJIEKTPOHHOE OXJIAXKICHUE
HA BBICOKYIO SHEPTHIO IJIs
KOJLIauaepa



KoHuenuusi 3aMarHi4eHHOro0 JBUKeHNsl TPedyeT MPOI0JIbHOT0 MATHUTHOTO MOJISl BI0JIb
BCell TPAaeKTOPHUHU IJIEKTPOHHOI0 My4KAa
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HpOI[OJ'IBHOG MAarauTHOC I10JIC

Cooling section — 180
Small toroids coils — 66
Large toroids coils — 60
Match sections — 48
Insert section — 110
Line transport section — 250
Bend section — 260
Line08 — 30
Hmatch section — 28
High Voltage Section— 180
HV Terminal — 46
Bcero 1258

Tunos Karyumek aJs
CO3aHUS NMPOA0JbHOIO
MArHUTHOIO 1MoJjs ~ 20

M nonmoHUTEIBLHO
00JIb11I0€ KOJIHYECTBO
KOPPEKTOPOB
BEPTUKAJIbLHOIO U
TOPU30HTAJBHOTIO
MATHUTHBIX I10JIeH
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TOYHOCTH MO3UITMOHUPOBAHUA

Jl1s1 onpeniesienysi TOYHOCTH TTO3UITMOHUPOBAHUS
KapeTKH C JaTYUKaMHU XOJj1a MPOU3BOIUIOCH Bs-Bs(s10.008cm), G

MHOTOKPaTHOE U3MEPEHHUE 0 3aJaHHON KPpUBOJUHEH- 0.2 ' ' '
HOM TPaEKTOPUU MArHUTHOTO IOJISI OT MMOCTOSHHBIX ()]
MarHuTOB TTOJIOKEHNE KOTOPBIX HE MEHSJIOCH.

He xyxe 80 Mkm
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HoBble kKackaaHbIe TPAaHCHOPMATOPHI
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C MOMOIIBIO TIPOBOJIOYHOTO JaTYMKA IS
BOCCTAHOBJICHUS MPOQUIIS ITyYKa MOKHO U3MEPAThH KaK
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Pa3IMYHBIX PEKUMOB pabOThI MYIIKU HOPMUPOBAHHBIA Ha TOK IMy4yKa (mA)



[Tpumep Mogudukanuu GopMbl MPU YBEIMUYCHUHN TOKA MTyYKa.

w -h
T

Brnouen omcoc uonos nymem nooauu -200 B na
NPOBOJIOUHBIU OAMYUK

DHEprus AMEKTPOHOB 0.5 xB

Hanpsoxenue cetku 0.01 xB

Tok MeHsICA 32 CUET U3MEHEHUST HAIPSKEHUS aHO/AA
3HauYeHUSI MACOK CEKTOpOB At u3Mmepenus 1111=0xF=15

OJIMHAPHBIC 1,2,4,8
JIIBOMHEIE 3,6,12,9
BCE CEKTOPA BKIIFOUEHBI 15

Je 1.0 44 7.5 11.7 MA
Uan 0.24 0.76 1.26 2.0 B

Jljist u3MepeHust yria HaxoAuIach MaTpuila Npeoopa3oBaHus OT
MU3MEPEHHBIX MOJIOKEHUIN CEKTOPOB MpH MaJleHbKOM Toke (1 MA,
JENUCTBUE MPOCTPAHCTBEHHOTO 3apsiia HECYIIECTBEHHO allpUOPH )
U TIpY IPOU3BOJIBHOM 3HAYEHUHU.
| — HauaTbHOE TOJIO’KEHUE CEKTOPa
2 — KOHEYHOE M IUIIOC MepecyeT KOHEYHOM MPY MOMOIIY MaTPUIIbI
(azoBoro moBopoTa

0.7682 0.6279

0.6398 07788 cos(¢)—asin () fsin (@)
phi= - 0.69 - i +asi
beta=0.99 7sine) cos(p)+asin(o)

alpha=-0.0084
[Tepen BeIuMCIEHUSIMU TTapaMeTpoB moBopoTa (phi, beta, alpha)
MaTpuIlla HOPMHUPYETCS Ha €IUHUYHBIA JE€TEPMUHAHT



COOL’21 %

KonnyecTtBo y4yacTHUKOB: 138

118 Foreign (Poccusa, Kntain, N'epmanunsa, CLUA, Wsenuapus, AnoHus,
AHrnua, Mugna, NpaH, Cepbus, Kopeﬂ CDpaHLI,l/IFI l/Icnava LLiBeuuns,
Typumns, YkpanHa u bpasunus) i |

Number of presentations:

® 24 oral talks
® 19 posters

® Result of conference is
published in

https://www.jacow.org/




First electron cooling experience in collider

From: A. Fedotov et al., Electron Cooling of Colliding
Ion Beams in RHIC: status and perspectives, ECOOL’21, Novosibirsk, October 1-5 2021

2020: Several physics stores at 4.6 GeV/nucleon with cooling:
vertical axis: events rate [Hz] within +/-0.7m (left); store integrals (right)

With cooling

STAR eventtrigger rate (Hz)

Without cooling
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Dynamic squeeze of beta-function at ; i
. ; " . Longer stores with cooling
collision point, while transverse beam sizes

EleCtrOIl COOICI' LERCC Operated of ion beams are being cooled

for RHIC physics program using | Gains in integrated luminosity from cooling:
; . 2020 (4.6 GeV/n): about factor of 2
1.6 MeV Kkinetic energy electron |55 (3.85 GeV/n): 30-50%

beam to cool Au ions at 3.85
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OkcniepumeHT Proof-of-Principle B moHM3a1IMOHHOM OXJIaXKICHUN
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Muon lonization Cooling Experiment (MICE):

Results & Prospects

D. Maletic, on behalf of the MICE collaboration

Ionisation cooling lattices share common
principles

— Compact lattice

— Low-Z absorbers — IH2 and LiH

— Superconducting solenoids

No absorber — slight decrease in number of
core muons

With absorber — increase in number of core
muons — Cooling signal

Results are shown for beams having nominal
momentum of 140 MeV/c and incident RMS

emittances of 4, 6 and 10 mm (4-140, 6-140
and 10 - 140 respectively).



J.D. Jarvis, D.R. Broemmelsiek, K. Carlson et al.

A staged approach for OSC at IOTA  Experimental Demonstration of Optical Stochastic
Cooling

coupling quadrupole MIL MR
pickup ;
undulator

kicker Injection straight

undulator

lightbox and
UR diagnostics

Authors estimate that a single

delay

lens
stage = chicsne dilpole IOTA RING pass arnphﬁer based on
quadrupole .
0SC bypass L sextupole amplified spontaneous

] vertical corrector

MaL - -- -~ M4R e .
Al il emission in Cr:ZnSe will only

—— increase the cooling force by a
— factor of 1.65

irculation

RF cavity

kicker
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position (mm)

pickup
undulator

150 75 0 -75-150 150 75 0 -75-150

+ |OTA's OSC was designed to dominate

(=]
SR damping by ~10x without any optical
amplification (1,,~50 ms, 1,,,~100 ms)
Design wavelength, 4, 0.95 pm I 2.20 pm .0 o
Number of particles 10°-10° §
Beam kinetic energy 100 MeV )
Delay in the chicane, As 0.648 mm 2.00 mm a
Offset in the chicane, / 20.0 mm 35.1 mm ~—
Momentum spread (1ms), &, 1.00x10™ 1.06x10™
uncoupled x-emittance (rms); no OSC, e 1.02 nm 2.62 nm A
Beta function in chicane center, 5 * 0.25m 0.12m
Disp. i chicane center, D* 0.27m 048 m
Disp. invariant in chicane center, 4 * 0.29m 1.92m
Undulator period, 1, 47.77 em 110.6 cm
Number of und. periods, N, 7 16
On-axis undulator field, B, 2.327 kG 1.005 kG £
Maximum energy kick, AE 91.1 meV 19.6 meV
Cooling rates (1., A,) (66, 64) s~ (22,19) s 1 D O S C N 0 O S C
Cooling ranges (4,, 4,) (5.61,4.73) (B.97357) ( - = )
Sync. rad. Damping rates (x,s) 0.5,1.02) s (0.53,0.91) s Streak Camera prOJeCtlonS
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