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lon sources for Booster beam commvssvomng

lon source with a cold magnetron cathode 10+ P

-and magnetlc plasma compressmn\ add¥
i ] !

For the first
Booster run
the Hel* ion beam
was used.

Fe, 1st shot

Jlazepubiit ucTouHuK JIYTHU Ha ocHOBe BeprukajbHas NyHKTHPHAasA JTUHUASA
Nd:YAG ummnyiabcHOro Jiazepa. COOTBETCTBYET CHEKTPY HOHOB Felt*,
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KRION -6T at linear accelerator LU20
209Bj3>* 3-108 ions/pulse

Cb* -10° ions/pulse

Art* -5.108 jons/pulse
Kr26* - 3-108 ions/pulse
Xe*l* - 2:108 ions/pulse.
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HILAc status 2\ WX T
Stable and safe operation during Boostercommissioning. .
with He'*, Fe '**, C “*“jon beams

Vo fr—z Transmission of ions is about
k. 78.5% from RFQ to the exit of

- Passepnca

‘ C unrrenKt‘transformers signals
CTl, 7 mA—]
CT2, 2.5 mA—H|
CT3,CT4,12mA | |

Beam current <10 emA
Repetition rate <10 H7
Output energy

oy 1 Hoor

Fe %*ions, CT1- exit of RFQ,
CT2-exit of HILAC

Exit HILAC project current of
209Bi%>*is 1,5 mA

N ions, CT1- exit of RQ,
NICA CT2-exit of HILAC



Booster ring il
layout I - T\

=

A :
Injection : = PR
) . ) '

>

Synchrophasotr
on iron yoke

210.96
DFO
3.2
578
Magnetic rigidity at injection, T-m 1.6
25.0
17Au

Fast Extraction
system

/

Power supply W\ B
& energy
evacuation

Nuclotren 7)




Beam current & vacuum conditions .

26.12.20: Orbit correction, Injection optimization — design current of circulating beam,
Measurements of integral vacuum conditions by intensity decrement of circulating He'*

Parametric beam current transformer signal (DC mode)

Magnetic field

0 500 1000 1500 2000 2500 3000 3500 4000 t, ms

v’ 7-100%elementary charges ~ 2-10°of Au3'*(design intensity)
v Life-timeis about 1.3 s, equivalent pressure of residual gas is 2-108 Pa




Beam acceleration

Parametric beam current transformer signal (DC mode)

/,g—cncula;;?{\ Cycle-1 of commissioning

7 100MeVi N o - 20 of December 2020 He!*

PCT signal when beam injecting
into rising field, capturing (~60%),
accelerating & decelerating:
no transient losses on the MF
table & after.
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_~~ Acceleration
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Magnetic field
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1000 1500 2000 2500 3000
Cycle time, ms

Cycle 2 of commissioning
14-23 of September 2021 Fel4*

~Circulation

- 65 MeV/u

Re-capturing 1 harm.

- Acceleration

c
o
=
3]
2
S

A\

Beam injection with adiabatic capturing
5 harmonic (>95%),

accelerating up to 65 MeV/u,
recapturing 1 harmonic (close to 100%)
acceleration up to 578 Mev/u

Wlth dB/dt = 12 T/S 500 ‘ 100 1500 2000 ) 2500 3000 . 3500‘
lon cooling at 3.2 MeV/n Cycle time, ms Y
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=—= RFcapturing 5 harm
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Beam current & vacuum conditions .

16.09.2021: _Measurements of integral vacuum conditions by intensity decrement ot

circulating Hel*
Parametric beam current transformer signal (DC mode)

16.09.2021 03:33:28
Z/A=1/4 Binj = 730TIc
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Electron cooling section .\ < s

““Electron coaling of Fet4tat'3.2 MeV/u during 2's =

(Front Panel Simulation)

FSV » SIGNAL ANALYZER mea | soan | wer | AUTO

ow | seee | TRace | TRIG

= RBW 10 H:
VBW 101z Mode suto FET

CravianE SoLpts Span 50Kz
Marker Peak List
-
1 425.555000 ki B v 5
2 471.410000 b

Fieasurng,
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Schottky spectrum at 4-th harmonics Ei-a—— - ;;;;
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Design magnetiic field amplitude & ramping rate

30.12.20: design magnetic field cycle

L [naeHoe marHuTHoE none

[ napamerpu umkaa | eun | neenokupoeka sawmt o 3anMch YHCAA UHKAOB |3anNHCh Ncycl=3188 rts B pagote t= 0.3 cex

Ham lo

30-12-2020 6:42:40
Maximum 1.8 T

Ha rpadHEe:
PWHELLHA OHanazoH WEKan

H3ZM.TOK lo -300 11000

lo[A)]= 9755.78
0 e mill
lo*k1[A)= 0.00
lo*k2[A]= 97.53
. flo*k1).Als= 0.00
(lo*k2)".Afs= -0.01
Electron cooling plateau e T Ao
H3M. ¥o,[B]= 13.4

Injection plateau

450 00 1800 2250 2700 4060 t.Mc HCMNOMb3YEMbBIE
CHHXPOUMMNYNbCHI
OMOPHLIE TOYKM LMKNA [N 18-23 - zakaz)] 0 - cTapT UHKAA
0 1 2 3 4 5 b 7 8 9 10 11
0.000 3589.292 50.000 61.146 111.146 172.846 222.846 390.863 440.863 490.863 540.863 1650.332
0.000 0.000 300.000 433.752 734.000 734.000 1033.752 3049.956 3350.000 3350.000 3649.956 16963.499 22 - crapt 1 BHICOKOE




Nuclotron status N\ * & ™ The project approved
R p | in 1986 year

Circumference ~251m, Br<43 Tm

Commissioning &
fist beam
March 1993 year

Slow extraction
2000 year

The last RUN #55
Feb. - April 2018

Booster-Nuclotron
RUN
January - March 2022

Accelerated: Proton energy max 12 GeV
Ions from p to Xe (C, Mg, Fe, Ar, Kr) Light ions max 6 GeV/u
Polarized p & d beams Heavy ions max 4.5 GeV/u




Beam injection system (Nuclotron)

FU

g 10-11.2021

T

2l L
i | !

O Peculiarity of Nuclotron injection system test
AO=eB |,/Bym,c?
Power supply only for one kicker module

Buick=0,6Bnom Einj=300 MeV/n, Ar, Kr bare nucleus

J Lambertson
magnet

.

1 4-rod kicker
10-11.2021

O Testing &
mounting
Nov.-Decem. 2021




JOINT BOOSTER-NUCLOTRON RUN

January March 2022 Booster- Nuclotron RUn

15.03.2022 17:51:10
ZfA=4/12 Binj = 539 Ic

05.03.2022 10:44:18
2/A=6/12 Bin = 2240 Tc

2500 3000 3500 4000 4500 000 3500 6000 6500 7000 TE0 8000
Cycle time. ms

The Booster intensity of 2C*" ion beam Ions were injected to Nuclotron and accelerated

1204 ; up to the energy of 2.8 GeV/n. Finally, the ions

is equal to 3x10° particles. The ions

were extracted with slow extraction and directed

were accelerated up to the energy of 263 MeV/n, to the fixed target of the Short-Range Correlation

extracted, fully stripped and directed to the new experiment which studied collisions of '*C*" nuclei

Booster-Nuclotron transfer line. with the hydrogen target in BM@N.




SRC Experiment at BM@N
2 ﬁ"‘ o= - s > o terfN.uclotron-BvM:;@i\F

February-March 2022. R

Short Range Correlation Experiment in inverse kinematics
185 min. Trigger events in 3,5 times larger than in 2018.

\\\\\\

\&
at the Nuclotron

m:_ o After fast-time cut
600 2o 1
F L . Results of SRC run in 2018.
3 Dependence of number events on
Be B square charge.
i Blue line for all events, red line - for
events with pair of scattered protons.

111 11 L1 11 111 Il
0 5 10 15 20 25 30 35 40 45 50
NICA



BM@N Nuclotron - BM@N beam line

» Upgrade of Nuclotron - BM@N transport channel for heavy ion program:

— replace air intervals / foils with vacuum beam pipe along 160 m of BM@N transport
line to get minimum dead material

» Replacement of transformers, 35 power supplies and cables to power magnetic
elements of the transport channel

Reconstruction of old cables in 205
Cabling between 108 and 111 rooms in 205

Water cooling |Ine§ from chillers in 205
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" . _NICA Col
Collider pararﬁrs S ‘

Circumference -503.04 m, Magnetic' regrdlty"é

-lon Bi#"*, kinetic energy 1-4,5 GeV/u, polarized deuterons - 6

GeV/u/u, protons — 12 GeV

Luminosity 1027 sm=2-s71 for ions Bi&* at Vs, = 9 GeV,
polarized protons -1032 sm~2-s™1,

All 80 dlpole agnet
constracted
Start of mounting — December 2021. ;
Technological run- August 2023:
Magnetic field -1 T, vacuum - 10719 Torr

F'and Elctron coling
system in BINP 16



MPD mounting

Mounting of Collide magnets in Kollider tunnel
was started in December2021

To provide technological Collider run all magnets, 8 RF2 stations, 2 RF1 stations, vacuum
system should be installed.

The next systems should be under operation

Control system

Thermometry and monitoring system

Detection system of transition from superconducting to normal phase
Cycling system

Power supplies of magnetic elements

Evacuation of energy

Vacuum system

17



RUNS 2022-2023 ), < 2
1. Booster-Nuelotron-Run, Januairy Mhﬁ 2022

Laser source-HILAC-Booster- Nuclotron
Short Range Correlation -C ions

2. Booster-Nuclotron Run, September-December 2022,
KRION-6T-HILAC-Booster-Nuclotron,
BM&N- Xe ion beams

3.May-June 2023, KRION-6T-HILAC-Booster-Nuclotron
BM&N- Xe ions

or

August 2023, Technological run of Collider

4.December 2023, HILAC-Booster-Nuclotron-Collider beam
run

THANKS FOR YOUR ATTENTION




