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OUTLINE

o NICA@JINR: General comments

e NICA layout in polarized mode

e Polarization control schemes

e Polarized pp: expected luminosity
e Outlook
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NICA place near DUBNA town

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




NICA complex at Laboratory site

3 | N Accelertor complex LHEF
L&, o KRION-6T+HILac (3MeViu) / S /i complex L |
PS and | e Y existing
LU-20 (SMeV/u) < 66 In preparation

\'

NUCLOTRON
0.6-4.5 GeViu

MultiPurpose
Detector - MPD
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NICA-SPIN program approved by JINR PAC

el ™=

Spin Physics Experiments at NICA-SPD with polarized proton and

deuteron beam.
Letter of Intent.

Presented by I.A. Savin on behalf of the Drafting Committee:

[.Savin, A.Efremov, D. Peshekhonov, A. Kovalenko, O.Teryaev]O.Shevchenko,
A. Nagajcev, A. Guskov, V. Kukhtin, N. Topilin.
Lol signed by 121 authors representing 20 Institutions from 7 countries.

arXiv:1408.3959 [hep-ex]
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NICA-SPIN program approved by JINR PAC

Spin Physics Experiments at NICA-SPD with polarized proton and
deuteron beam.

Present sta;tLls: 'CDR preparation

[.Savin, A .Efremov, D. Peshekhonov, A. Kovalenko, O.Teryaev]O.Shevchenko,
A. Nagajcev, A. Guskov, V. Kukhtin, N. Topilin.

Lol signed by 121 authors representing 20 Institutions from 7 countries.

arXiv:1408.3959 [hep-ex]
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Requirements to the facility in polarized mode

A polarized and non-polarized p-; d-collisions
d ptpT(p)at Vs,, = 12 + 27 GeV (5 + 12.6 GeV kinetic energy )

a drdt(d) at sy = 4 + 13 GeV (2 + 5.5 GeV/u kinetic energy )
0 L,iverage ® 1:10E32 cm™s! (atvs,, = 27 GeV)

a sufficient lifetime and degree of polarization

A longitudinal and transverse polarization in MPD/SPD

[ asymmetric collision mode, pd, should be possible
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Superconducting accelerator complex NICA
(Nuclotron based lon Collider fAcility)

Fixed target area Spin Physic
Detector

) 4 HV

IKRION-6T - cooler

and HlLac
(3.5 MeV/u)

Multi-Purpose
Detector

(3-600 MeV/u)
LU-20

(S MeV/u) Nuclotron

0,6-4,5 GeV/u
Cryogenics
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NICA operation in Polarized Mode (1)

rived POlArized dd — collisions:
BM@N . SPI—LU-20M — Nuclotron — Colllder

S A

Polarized pp — coI'I|S|ons
ndHiLac SPI— LU- ZOM —> Nuclotron — Collider

(3,5 MeV/u)
\\ o Multi-Purpose

é— . \ﬂ-\ Detector
PN I
7 e Booster
SPI| and

.s. Wy Leed rA_ANN Aa\/ /11
5 Mo Polarized pd — collisions:

no final scheme yet

o
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NICA operation in Polarized Mode (2)

* d1- accelerated at the Synchrophasotron in 1986; at the
Nuclotron in 2002. No dangerous spin resonances up to

5.6 GeV/u.
* PT- never been accelerated at the LHEP facility.

The problem with p1 (at Nuclotron or NICA booster) —
nuMmerous spin resonances.
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NICA operation in Polarized Mode (2)

* d1- accelerated at the Synchrophasotron in 1986; at the

Nuclotron in 2002. No dangerous spin resonances up to
5.6 GeV/u.

* PT- never been accelerated at the LHEP facility.

The problem with p1 (at Nuclotron or NICA booster) —
nuMmerous spin resonances.

Solution: P71 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.
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Polarized Protons in Nuclotron (1)

Dynamic Solenoid Siberian Snake

Full Siberian Snake | Partial Siberian Snake
E ..= 6 GeV

Q S

(vy =~ 6.8)

(Blll—)max: 21 T-m (B”L)maXZ]-O’S T-m

_ 7 0
ay=7z/2 ay—g02/2

angle between polarization
and vertical axis
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Polarized Protons in Nuclotron (2)

The Snake: Previous scheme of the insertion

0,752m* . , ., 0,763m™ ; . , 0,752m™
049m*  05m"  0,735m*  015m 0.15m"  0735m*  015m"  0491m?

(a)] F —“fﬁ { sm}““i {SDL} D { sm}*jf {SUL }‘E L F L

0425m 0.425m 0,96 m 0,425m 09 m 0.425m 0,96 m 0,425m 0,96 m 0,425m 0,425m

DSPIN, 2013, Dubna, October 2013
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Polarized Protons in Nuclotron (3)

The Snake: insertion without compensation of the
betatron tunes couplings

' ™

0.741m* 0.754m* 0.741m* Stability Regions in Nuclotron with Solenoids

0,181m™’ 0,187m”
Diagrams of beam stability as 2 function of structural quadrupole strengths in
(a) SOL SOL Muglotron without ( =0 ) and with { ‘=) full solenoid Siberian snake. Angle ‘¥
denotes a spin rotation angle around pariicle velocity.
A

ol - :
Oal 063 0 073

Epom
The diagram displays the regions of cos(2my;) and cos(2mv) values for different
normalized gradients of focusing Ky and defocusing & quads. The diagram
consists of repeated areas of white, black, grey and red colours.

|:|betatron rmotion is stable, - |:| -betatton muotion is not stable

- on the edge of black regions the values of cosines are a+1n,
i.e, condition of the infeger resonances v, ~k are fulfilled,

on the edge of grey regions the values of cosines are w-l»,

Sta b I e m Oti O n Ca n be p rOVi d ed |:| i.e. condition of the half-inleger resonances v, =k +1/2 are fulfilled.

- on the eadge of red regions the values of cosines coeincide,

by pro per ChOice Of the tu nes “ i.e. condifion of the coupling resonances v,=k+ v, are fulfillad. -
| IPAC2014, Dresden, June 2014 |
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Polarized Protons in Nuclotron (5)

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

The Dubna hollow SC cable: e

the strands don 't soldered to  kanton tang
the tUbe bUt p reSSEd W/th N/ Cr superconductingd::)ifemm

d=0.5 mm
copper-nickel tube

wire wound.

Reletative Quench Current Ioflc,

d=5 mm\ N,
10 1 T T T T T 04 N <

two-phase helium )

o
(=]
L

100

=
€
T (K}

0.6 \? - ]
+23™ Weak degradation of 2 %
041 ¢ critical current atfast |2 |
-0.1,%L ramp (N 5% @ dB/dt E
] -4 Quench current 4 = 4 T/S ) : 40 ) oy
- Temperature %
oo oo g
0 2 4 6 8 £ 5 :

Magnetic field ramp rate dBidt (T/s)

Weak dependence of the | —_
eddy current loss on the dBidt, Tis

magnetic field ramp (3)
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Polarized Protons in Nuclotron (4)

K K K
F - D - F
Ky K
—F{ SOL ]l[ SOL JF—
0,42 m 3.0 m 042 m 3.10 m 042 m

Snake solenoid parameters:

¢ Cable outer diam.(with insulations) - 9 mm
¢ Number of turns per meter — 111

¢ Solenoid inner diameter — 100 mm

e Number of layers - 2

e Magnetic field (specified) — 3.387 T (full snake); 1.694 T (half snake)
e Maximum supply current, - 12.0kA 6.0 kA
e Stored energy per section — 278 kJ 69.6 kJ
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Polarized Protons in Nuclotron (7)

* Technical design of the solenoid model will be started
in 2015.

- The further steps — in accordance with general NICA-
SPIN program.
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Polarization control scheme in the Collider with

spin tune v

=0

Solenoid-based
Siberian Snake
at particle
momentum:

p=(2.5+13)GeV/c

protons:

L, n/2

MPD L, n/2

‘\/

1% Siberian Snake

d 13 5 1 -
2™ Siberian Snake

/\

L, n/2

deuterons:

(Bl | L)max=4x(5+25) Tm

A.D.Kovalenko et al
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Polarization control in the Collider by means of
small longitudinal field integrals

¥

w,, fmPD " .
L2 | MPD| L. 772 _ sin(p, —Yepp)
. ¢21 Sin
Swep =€, SiPy o, +8, COSW¥ypp Py

(Bl £ ® o (B\Ln
L. /2 SPD L. 7/2 <
J:L"‘:‘;P[}

Yypp =7 G+

@i =(1+G)(B”L)i/ Bpo - the spin rotation angles in the solenoids
o, =7 Ga - the spin rotation angle between weak solenoids
a - the orbit rotation angle between the weak solenoids

Yoo Yiep - the angles between the polarization and velocity
directions in SPD and MPD detectors
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Polarization control scheme for p and d in NICA
collider (1)

¢,,(for deuteron)
®,,(for proton)
¢, (for both)

number Bras: T L, m BL, T-m
Main tune shifts solenoid 8 7.3 55 0-+40
Weak solenoid for .
polarization control (red) 6 1,5 0,4 0+0,6
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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 a
possibility of simple decision the problems of polarization
matching at injection and polarimetery
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NICA pp-collisions peak luminosity

NICA Collider Luminosity in pp Collisions

Lpeak =

1.8:1032 cm-2's-1
100

" == N.E|

particle number

I per bunchin 1011 units
maximum proton number

0.1
in each ring-2.2e 1013

0.01

4
100
. LEI Ei.l — .FE-?F
Pl |
Luminosity ,rf'ﬁ_rn'f’!ﬂi
in 103%its —ff’
0.1 7
7
0.01%
1 3 5 7 0 11 13
E.

Proton energy E in GeV

Q IP parameters: B = 35 cm, bunch length ¢ = 60 cm (not optimized),
bunch number - 22, collider perimeter C = 503 m from L.N.Meshkov

29/11/2012
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Polarized pp-collisions: average luminosity

Parameter Value .
Nuclotron Dipole Field Ramp up, T/s 0.6 The tlme bUdget Of
Nuclotron Dipole Field Ramp down, T/s 1.0 the C0|||der Operat|0n
Magnet field flat top duration, s 0.5 )
Total useful cycle duration, s 3.17 Cyc|e presented in the
Dipole Magnetic Field at 6 GeV protons, T ~1 . .
Acceleration time, s 1.67 Ta ble Ma ke It pOSS|b|e
Number of accelerated protons per pulse 710" .
Number of cycles to store 2-10" particles 285 to estimate daverage
Collider filling time at cycle duration 5s, s 1425 . T
Preparation of the beam in the collider 1000 Ium|n05|ty.
(cooling, bunching emittance formation), s
Magnetic field ramp in the collider, T/s 0.6
Acceleration time from 6 GeV to 12.6 GeV ~1.7 L ~ 0_7 Lpeak ~
Luminosity life time (30% polarization 5400
degradation due to spin resonances), s
Beam deceleration up to the new injection ~1.7 1 . 2 6 - 1032 cm-2-s-1
Total cycle duration, s 7825
Working part, % ~70
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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.

A.D.Kovalenko et al

SPIN 2014, 19-25 October 2014
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POLARIZED/PROTONSAND DEUTERONS

at/[NICA @ JINR

V.8utenko, V.0.Kekelidze, VA Mikhalloy- JINR, Dub A.M_Kondratenko,
M.A Kondratenko = STL “Zaryad " Novosibicsk, Yu.N.Filatov = MPATY, Dolgopnadny, Mascow
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