
Polarized Deuterons & Protons  

at NICA at JINR 

A.Kovalenko, A.Butenko,V.Mikhaylov,V.Kekelidze (JINR, Dubna) 

A.Kondratenko, M.Kondratenko (STL “Zaryad”, Novosibirsk)  

Yu.Filatov (MPTI,Moscow) 

SPIN 2014 

Beijing, October 19-25, 2014 



• NICA@JINR: General comments  

• NICA layout in polarized mode  

• Polarization control schemes 

• Polarized pp:  expected luminosity  

• Outlook 

OUTLINE 

A.D.Kovalenko et al SPIN 2014, 19-25 October 2014 



SPIN 2014, 19-25 October 2014 A.D.Kovalenko et al 

NICA place near DUBNA town 
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NICA complex at Laboratory site 
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NICA-SPIN program approved by JINR PAC 
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NICA-SPIN program approved by JINR PAC 

Present status: CDR preparation 



Requirements to the facility in polarized mode 

 polarized and non-polarized p-; d–collisions 

 pp(p) at  spp
 = 12 ÷ 27 GeV (5 ÷ 12.6 GeV kinetic energy ) 

  dd(d) at sNN = 4 ÷ 13 GeV (2 ÷ 5.5 GeV/u  kinetic energy ) 

   Laverage  ≈  1∙10E32 cm-2s-1 (at spp ≥ 27 GeV)  

 sufficient lifetime and degree of polarization  

 longitudinal and transverse polarization in MPD/SPD 

 asymmetric collision mode, pd, should be possible 
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NICA operation in Polarized Mode (1) 

A.D.Kovalenko et al 

Polarized dd – collisions: 
SPI→ LU-20M → Nuclotron → Collider  

Polarized pp – collisions: 
SPI→ LU-20M → Nuclotron → Collider  

Polarized pd – collisions: 
 no final scheme yet
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NICA operation in Polarized Mode (2) 

• d↑- accelerated at the Synchrophasotron in 1986; at the 
Nuclotron in 2002. No dangerous spin resonances up to 
5.6 GeV/u.  
 
• p↑- never been accelerated at the LHEP facility. 
  
The problem with p↑ (at Nuclotron or NICA booster) – 
numerous spin resonances.  
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NICA operation in Polarized Mode (2) 

Solution: p↑ acceleration up to 5-6 GeV at Nuclotron with 

dynamic solenoid Siberian snake → transfer to collider 

rings → storage, stochastic cooling and further 

acceleration up to  13.5 GeV in the collider rings.  

• d↑- accelerated at the Synchrophasotron in 1986; at the 
Nuclotron in 2002. No dangerous spin resonances up to 
5.6 GeV/u.  
 
• p↑- never been accelerated at the LHEP facility. 
  
The problem with p↑ (at Nuclotron or NICA booster) – 
numerous spin resonances.  
 



Polarized Protons in Nuclotron (1) 

Dynamic Solenoid Siberian Snake 

Full Siberian Snake Partial  Siberian Snake 
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Polarized Protons in Nuclotron (2) 

DSPIN, 2013, Dubna, October 2013  

SPIN 2014, 19-25 October 2014 A.D.Kovalenko et al 

The Snake: Previous scheme of the insertion 
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The Snake: insertion without compensation of the 
betatron tunes couplings 

Polarized Protons in Nuclotron (3) 

IPAC2014 , Dresden, June 2014  

Stable motion can be provided 
by proper choice of the tunes 



Polarized Protons in Nuclotron (5) 

Critical current of the improved Nuclotron 
magnets at  B = 2 T, dB/dt = 4 T/s, f = 1.0 Hz 
exceed 8000 A. 
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Polarized Protons in Nuclotron (6) 

Weak degradation of 
critical current  at fast 
ramp (~ 5 % @ dB/dt 
= 4 T/s ) 

Weak dependence of the 
eddy current loss on the 
magnetic field ramp (3) 
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The Dubna hollow SC cable:  
the strands don’t soldered to 
the tube but pressed with NiCr 
wire wound.  



Polarized Protons in Nuclotron (4) 
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• Technical design of the solenoid model will be started 

in 2015. 

  
•  The further steps – in accordance with general NICA-

SPIN program.  

Polarized Protons in Nuclotron (7) 



protons: 

(B||L)max=4(5÷25) Tm 

Solenoid-based 
Siberian Snake 
at particle 
momentum: 

Polarization control scheme in the Collider with 
spin tune  = 0 

p=(2.5÷13)GeV/c 
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deuterons: 

(B||L)max=4(15÷80) Tm 
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Polarization control in the Collider by means of 
small longitudinal field integrals 

 Gy 
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- the orbit rotation angle between the weak solenoids 

MPDSPD, - the angles between the polarization and velocity 
directions in SPD and MPD detectors   
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number Bmax, T L, m BL, Tm 

Main tune shifts solenoid 8 7,3 5,5 040 

Weak solenoid for 
polarization control (red) 

6 1,5 0,4 00,6 

Polarization control  scheme for p and d in NICA 
collider (1) 

z2(for deuteron) 

z1(for both) 

z2(for proton) 
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Polarization control  scheme for p and d in NICA 
collider (2) 

 The proposed scheme is suitable for any type of the 

particles. Necessary manipulations are provided without  re-

installations of the equipment at the magnetic system. 

 

 The scheme provides the desired polarization direction in 

the both IP’s (MPD and SPD detectors), and gives also а 

possibility of simple decision the problems of polarization 

matching at injection and polarimetery  



NICA pp-collisions peak luminosity 
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Lpeak ≈  

1.8·10³² cm-2·s-1  



Polarized pp-collisions: average luminosity 
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L ≈ 0.7 Lpeak ≈ 

1.26·10³² cm-2·s-1 

The time budget of 
the collider operation 
cycle presented in the 
Table make it possible 
to estimate average 
luminosity: 



Status of the collider construction 

•  The first round of Russian state expertise have been passed; 

•  Goal for 2014: start area construction works for NICA collider 

looks feasible. 
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OUTLOOK 

•  The design concept of NICA complex operation 
in polarized proton and deuteron  modes is 
worked out; 
 

•  More detailed calculations and modelling  will 
be performed at the CDR preparation stage. 
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THANK YOU  

FOR YOUR ATTENTION 
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