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1. Introduction (complex NICA)

2. Two LINACs & ion sources
A LU-20/LILAc (light & pol. ions)
A HILAC (heavy ions)

3. The Booster ring

4. The Nuclotron ring

5. Collider systems status
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Layout of the linear Injectors
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NICA B Deep modernized LU-20

Designehas been started in 201k collaboration withI TEPHMEPH] Snezhinsk

4 wane RFQ MEBTV 1O
(3 sections) QT + Bu }-QT
A

LEBT Buncher

source

The SPI-project was started more then 12
year ago.
Main purpose is to provide the intensity of
the accelerated polarized beams (D+,H+)
up to 101° p/pulse

The SPI provided by polarized d & p
Nuclotron complex during two beam

RUNSs in 2016-17.
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Stable and safe operation during Booster commissioning
with Fel4* and Xe?%*beams

W HeavyIon
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Alg (Target/lonAu?)

Beam «current < 10emA
Repetition rate <10 Hz
Output energy 3.2MeV/u

Transmission of 2mA F&ions beam up to 75%
from RFQ to the exit ofhe HILA¢ 3.2 MeVu




NICA PSS CRION source at the HiLac

In spring 2022 the work on HiLac was started to optimize

of Ar and Xe beams generation and acceleration up to 3.2 MeV/n
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CRION-6T during alignment on the To provide the efficient accumulation of the
HILac axis on high Voltage terminal beam in the Booster, all systems of the

source and linac was upgraded
to operate on 10 Hz.
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1. Introduction (complex NICA)

2. Two LINACs & ion sources
A LU-20/LILAc (light & pol. ions)
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NICA I bsisisei Booster superconducting ring

Parameter

Circumference, m

Lattice type

Injection energy, MeV/u

Maximum energy, MeV/u
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lons species (project)




NICA b Beams in the Booster ring
19.12.2020, 19:56 Moscow time. First beam in the ring.

: ; Fast Current Transformer (FCT) signal
' 26.12.2020

Circulating beam at the injection
energy 3.2 MeV/u

V Beam losses < 10%
just on the first 5 turns.

Injecting beam

FCT signal (V)
2nd turn

50 60 70 80 90
Cycle time, us

Cycle 2 of commissioning
September 2021 Fel4*

Costing
beam
circulation
65 MeV/u
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/

U Beam injection with adiabatic capturing
5 harmonic (>95%),
U accelerating up to 65 MeV/u,
recapturing 1 harmonic (close to 100%)
U acceleration up to 578 Mev/u
with project ramp dB/dt = 1.2 T/s
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Nuclotron-based

NICA Rt Electron cooling of Xe beam

124p j26* circulation at
Injection energy

Transverse beam cooling

Electron energy 1,93 keV
Electron current 150 m¢

MCP monitor

Signal from lonization profile
monitors during beam circulation
with 3.2 MeV/n

Longitudinal electron cooling

Without e-cooling
Bunched beam circulation
measured with FCT
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NICA e Beams in the Booster ring

Beam storing in the Booster ring, multi time injection,
increasing of ions up to 6 times.

Ten injections into
the Booster

each 250ms,

first harmonic of RF
+ Longitudinal
electron cooling.

|, reference units

0 0.5 1 1.5 2 2.5 t, sec

0.2 Evolution of the

circulated heavy ion
beam betatron
frequency during slow
changing of RF field
(B=constant).

Main optical functions of
magnetic system of the Booster
was measured

U Betatron function

u Dispersion function

i Chromaticity -7,6/-4,5 0-17

2 2.5 3 t, sec

0.15+

Q/Q2
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NICA vty Beam extraction & transfer line

3-rd strait section

action section
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3D model of the transfer line
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End of 2022 Run#2 Booster
+ Nuclotron ring
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NICA sl RUN-3 (Booster + Nuclotron)

Beam intensity in the Booster Intensity in the Nuclotron

Intensity
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A HILAC (heavy ions)

3. The Booster ring

4. The Nuclotron ring

5. Collider ring status




NICA IS Nuclotron synchrotron

Superconducting synchrotron ( Dubna type magnets: 1.8T, 2T/s)

Under operation form
March 1993 year

Circumference ~251m

Mag. rigidity <43Tm

Beam slow
extraction: 2000 year

57 beam runs

Accelerated: Proton energy max 12 GeV
lons 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




sy Heavy ion beams acceleration

124X e*>4 beam extraction (3 Gev/u) RUN #4 at Nuclotron
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NICA et Beam lines to the Collider ring

Dipol and quadrupole magnets from Sigma-Phi (France), :
steerers from - INR RAS (Novosibirsk).

All 76 power supplies was

designed, manufactured and

— , tested in JINR.

-~ In manufacturing taking a part
B company EPPT (Tolyatti).

Magnetic optics:
24 dipole magnets;
27 quadrupoles;
25 steerers.

Length of beam lines more than 250 m

=
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NICA bt Collider configuration

Start configuration Basic confiquration
ARF1 (barrier voltage) for ions storage ARF1 (barrier voltage) for ions storage
ARF2 in a reduced version: ARF?2 project version = 8 cavities

2 cavities per ring (50% of HV)  ARF3 project version = 16 cavities

Al channel of Sooling per ring AS-cooling (projectvers.)

(cooling in longitudinal space) AE-cooling

ABack loop system

22 bunches with the 22 bunches with the
bunch lengths ~2m per ring bunch lengths ~0.6m per ring
correspondd.~5 E25 am?s?! correspondsL~1 E27 em?s?




NICA sl Collider SC magnetic system

Status:

V' 100% of lattice magnets installed
and aligned,;

V' 100% of beam pipe of the West
Arc assembled and tested;

V Main systems of West Arc ready
to Acoul do test s}

V East Arc under assembling and
Awar mo testing.

> B e

V Beam injection elements are
under assembling and testing

150 f September NCou
West Arc was started. Now this half
of the ring is cooling doun.




Nuclotron-based
pe e RF system

RF1 & RF2 cavities under assembling in the tunnel RF3 under tests BINP

RF3 cavity in BINP

(Novosibirsk)
Two RF1 4 RF2 cavities for start 16 RF3 cavities for
(barrier bucket) cavities configuration full configuration,
installed in tunnel, under installed on the ring, waiting Shipment
preparation for testing for amplifiers connecting + Beam tests 2026




NICA i Collider power supply system

Each collider ring has its own power supply system based on 3 main current sources

Main power supplies: HTS current lead-ins: 12 energy evacuation keys
3 pcs 24 x 12KA; Install and tested
(10,4 kA; 1kA; 0,8kA) 166 x 300A

Additional PS: 280 x 1507

88pcs (10Va 3 00C

Correctors PS:
280pcs (1OV 150 ¢ §

JIR 29
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Central cryogenic
plant (bld. 1B)

1000 m? nit hold
m? nitrogen gasholder Bld. 17

Operating temperature, [K]
Refrigerating capacity at 4.5 K, [W]

Total capacity of the compressors, [Nm3/h]
Total power of electric motors, [kKW]

Flow rate of cooling water, [m®/h]

Total «cold» mass, [f]

‘-

45
10000
28680
7200
390
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Main 110/6 kV power substation 19 substations for 6kV 171 12 MW

Deep modernization was provided
from 22 MW up to 41 MW (110kV)
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