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Nuclotron provides now performance of experiments on accelerated proton

and ion beams (up to Fe24+, A=56, now Xe42+, A=124) with energies up to

6AGeV (Z/A = 1/2)

Nuclotron: since March 1993
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Nuclotron-M project: first stage of NICA

Beam dynamics: minimization of the

beam losses at all stages from injection

to acceleration and to extraction of the

beams (not more then 15-20%, we have

about 50-80%).

- Modernization of ion source KRION to KRION 6T;

- Improvement of the vacuum in the Nuclotron ring;

- Development of the power supply system, 

quench detection and energy evacuation system;

- Modernization of the RF system (including 

trapping & bunching systems, controls and 

diagnostics);

- Modernization of the slow extraction system for 

accelerated heavy ions at maximal energies;

- Modernization of automatic control system, 

diagnostics and beam control system;

- Transportation channel of the extracted 

beams and radiation safety;

- Improvement of the safety, stability and 

economical efficiency of the cryogenics;

- Modernization of the injector complex (fore-

injector and linac) for acceleration of heavy ions;

- Development and creation of high intensity 

polarized deutron source
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Run #37 

(November-December 2007):

- Investigation of all accelerator system status;

- Test of new scheme of power supply system.



In total ~ 140 positions…

Specially developed plan of revision and modernization

(started Jan’08)





RuPAC2010 8

After Run #37 
1-st stage of vacuum system modernization

(pumping and diagnostic equipment, 

modernization of “warm” section of the 

vacuum chamber)

Run #38(May-June 2008)
-Commissioning of the new equipment, 

Improvement of the vacuum conditions in the 

beam pipe.
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From August 2008 to Februarry 2009:
deep modernization of cryogenic supply system

Dismounting of KGU-1600 Dismounting of MO-800

Dismounting of the equipment, transportation toHELIIMASH, repairing,

Transportation back to JINR, commissioning
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Upgrade of the cryogenic supply system and cryogenics 

power increasing towards NICA

Additional screw compressor for helium (6000m3/h)  - from HELIIMASH 

Succesfully commissioned and used during run #41 (step towards NICA)
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Run #39 (June 2009): 
-Commissioning of the modernized equipment, 

-Commissioning of new control system of the 

magnetic field cycle,

-Test of equipment of vacuum control system,  

-Stable operation at 1.5 T.

Test of new procedure of helium transportation:

Instead of rail-road the liquid helium was 

delivered by cars in vessels
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Control system of the magnetic field cycle

Example of the cycle with two plateaus
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Run #40 (June 2009):

-Commissioning of the of the vacuum control 

system, 

-Commissioning of digital system for RF 

frequency control,

- Test of corrector supply prototype.  
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Vacuum control system

Vacuum pressure at injection point Residual gas composition measured 

with «Prisma Plus» 
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Run #41 (February - March 2010):

-Heavy ion (Xe) acceleration,

-Test of the magnetic system at 1.8 T,

-Test of a few corrector supply units,

- Test of new quench detector,

-Test of new ES HV supply.  
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Heavy ion acceleration

the following works were performed during 2009 and first month of 2010:

-four stand runs (five weeks each) at multi charged heavy ion source 

Krion-2 have been done in order to optimize operational parameters;

-modernization of power supply system of the beam transfer line 

from LU-20 to the Nuclotron;

-readjustment of the LU-20 accelerating-focusing system 

in order to improve the acceleration efficiency;

-three runs at LU-20 dedicated to test all the systems at acceleration of deuteron, 

-C+4 and heavy ion beams. 
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E.Donets and team. 

Results of the runs at KRION in 2009
As LU-20 accepts ions with charge to 

mass ratio q/M>1/3 one should produce 

in ion source 124Xe ion beams with the 

following charge states: 124Xe41+, 
124Xe42+, 124Xe43+, 124Xe44+ This was 

done in October 2009 run with use of 

KRION-2T Electron String Ion Source. 

Highly charged Xe ion beams with 

charge state Xe42+ in the maximum of 

the charge state spectrum (see picture) 

has been produced for 780 ms of 

ionization time. A total pulse ion 

current for highly charged Xe ions 

was obtained on a level 130 μA which 

contains mixture of Xe40+, Xe41+, 

Xe42+, Xe43+, Xe44+  charge states.  In 

terms of  the single chosen charge state 

Xe42+ in its maximum the extracted ion 

beam pulse contained  about 3x107

Xe42+ particles per pulse. Pure 

separated isotope 84Kr  was used for 

calibration of  Time-of-Flight analysis. 
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Results of the 41st run at Nuclotron

25 Feb - 25 March 2010:

Generated, accelerated Xe ions 

(for the first time at Nuclotron  !):

С (А=12, Z=4)

Хе (А=124, Z=42)

Хе beam (A=124, Z=42+) was 

accelerated up to 570 MeV/n & 

1 GeV/n, and succesfully 

extracted. Several shifts on the 

internal target experiments 

was succesfuly provided. 

Image of the extracted Xe beam 

(Е = 0,6 GeV/) on photoplate
Signal of the Xe beam from low-intensity

detector at the ring 
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Xe (1 Gev/n) trace on photoemulsion 

(experiment “Becquerel”)
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Main magnetic field of the Nuclotron was increased up to  1.8 Т.

All systems of the 

accelerator showed 

stable and safe 

operation: quench 

detection, energy 

evacuation, etc.

During the run we tested new mode (4 days) of the cryogenics operation - partial 

warming-up of the ring from L-He (4K) up to L-Nitrogen (70K) without interruption of the 

operation of all other systems. After that ring was cooled down to 4K back during only 1 

day. No additional helium or nitrogen losses. Such modes could be used for prolonged 

run operation (with short pauses up to 1 week). 

In energy it corresponds to:

d (А=2, Z=1) - 5,2 GeV/n

Хе (A=124, Z=42) - 3.3 GeV/n

Au (A=197, Z=79) - 4.05 GeV/n
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Beam slow extraction system at maximum energy

Prototype of new high voltage power supply for the electro-static septum was 

constructed and successfully tested up to 220 kV (existing septum power supply allows 

up to 110 kV only – it corresponds to 2,3 GeV/n extracted beam). 

We plan to install it in the slow extraction sector in order to provide experiments on beam 

extraction at energy 4 GeV/n during next Nuclotron run - (tested at 150 kV).
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System for beam orbit measurement

Kit of new power supplies (130 A) for 

Nuclotron correctors 

Collaboration with Slovakia

Modernization of the automation system for control, beam diagnostics 

and monitoring of parameters of the accelerator complex.

Automatic system “INJECTION”



RuPAC2010 23

From February to now:

• Construction of new power supply and 

protection system – toward 1.9 – 2 T

• Preparation of new system for orbit 

measurement and correction

Run № 42: Nov-Dec 2010
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Existed scheme
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New scheme



RuPAC2010 26

Improvement of the power supplies, protection 

and energy evacuation system of the magnets 

and lenses

Run 41 (performed):

Very important stage – increase of the magnetic field in 

magnets and lenses from 1.5 up to 1.8;

Next stage – field increase from 1.8 up 1.9 - 2T in the 

end of 2010 and full-scale commissionig of the new 

power supply system

- power supply 

for current 

increase in the 

F-lenses is 

under 

construction;

- new system 

for magnet field 

control;

- beam-bump 

power supply;
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Nuclotron-M beams in 2010 and further (until NICA commissioning):

- Deutrons, protons – development of existing physics program + appl. research

- Light ions – hypernuclei, applied research (medicine, radiobiology, etc)

- Heavy ions – R&D for detector elements, key accelerator technologies 

for NICA (stripping, fast injection/extraction, cooling, electron clouds effect, etc) 

- Polarized deutrons from new intense source (polarimetry, etc.)

Nuclotron-M
Intensity >10^7 ppc

(with KRION-2)

Energy 6 Gev/n

(for Z/A = 1/2)

Field ~ 2T

Heavy ions 

(A=100-200)

Stable, safe,

long operation

Development of the 

KRION ESIS

Vacuum improvement

Injector modernization+

Energy evacuation system

Quench protection system

Slow extraction at HE

Control, diagnostics, RF

Power supply system modernization

Cryogenics modernization

Radiation safety
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Beam

Nuclotron beam intensity,  particles per cycle

Current Ion source type
Nuclotron-M

(2010)

Nuclotron-N

(2012)

New ion source   

+ booster (2013)

p 31010 Duoplasmotron 81010 51011 51012

d 31010 --- ,, --- 81010 51011 51012

4He 6108 --- ,, --- 2109 31010 11012

d 2108 ABS (“Polaris”) 2108 71010 (SPI) 71010 (SPI)

7Li 2109 Laser 7109 31010 51011

10B 1109 --- ,, --- 3109 2109 71010

12C 2109 --- ,, --- 6109 31010 31011

24Mg 2108 --- ,, --- 7108 4109 41010

14N 1107 ESIS (“Krion-2”) 3107 3108 51010

24Ar 4106 --- ,, --- 8106 2109 21010

56Fe 1106 --- ,, --- 4106 2109 51010

84Kr 1105 --- ,, --- 2105 1108 1109

124Xe 1104 --- ,, --- 1105 7107 1109

197Au - --- ,, --- 7107 1109

Nuclotron-M (2010): vacuum ( x100), new power supply system, orbit correction, automatization;

Nuclotron-N (2012): new ESIS (KRION 6T: I  x20) + Reconstructed LU-20 (new RFQ + E-resonator:   

I  x2) + Adiabatic RF capture (I  x2)
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Thank you for your attention.
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Assembled vacuum and cryogenic vessels of the new source KRION-6T; 

New automatic machine tool for solenoid coil spooling.
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We continue collaboration works with INR (Troitsk) on the development of the new high-intensity

polarized deuteron source, and signed an addendum for work prolongation in 2009. We plan to start

commissioning of the source elements in 2010 at JINR.

Simulation, modeling and design of different elements of the future source are in active phase at

LHEP. Experimental hall for the future test bench with that source is prepared at LHEP building 203A,

preparation electrical and water-cooling works were performed.

It is planned to purchase part of necessary vacuum equipment (TMN pumps) for the SPD realization 

in 2009 – done.

Development and creation of a high-intensity polarized deuteron source 

(V. Fimushkin)
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Assembled pick-up station

Assembled elliptical pick-up station

Touch-screen panel for vacuum system control 

Monitoring of vacuum during run


