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OUTLINE

e Spin physics requirements

e NICA layout in polarized mode

e Polarization control schemes

e Technical concept of the schemes
e Polarized pp - expected luminosity
e Polarized pp - operation scenario
e Program "SPRINT"”

e Outlook
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Spin Physics Requirements

The SPD program includes the studies of
Q Drell-Yan processes,
Q J/Y¥ production processes,
O Spin effects in elastic pTpT, pTd?T
and dTd? scattering,

Q Spin effects in inclusive high-pT reactions,

QPolarization effects in heavy ions collisions

Polarized beams of protons and deuterons requirements:
d longitudinal and transverse polarizations in MPD and SPD detectors
Q pTpT Vs,, = 12 + 27 GeV (5 + 12.6 GeV kinetic energy )

Q dTdT Vs, = 4 + 13.8 GeV (2 + 5.9 GeV/u ion kinetic energy )

O Loverage 2 1-10E31 cm2s7t (at \s,, = 27 GeV)

A Sufficiently large lifetime of beam polarization
d Spin flipping at a high frequency (desirable mode)
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Some additional conditions of the facility operaton
In polarized proton and deuteron mode

Seminar LFVE, Dubna,
11 January, 2013
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Some additional conditions of the facility operaton

« InAa opraHM3auuMnm CTOSIKHOBEHUS1 MONAPU3OBaHHbLIX NN - U Np-
CTONKHOBEHUN, HeobXxoAMMbLI MecTa AnA pa3MelleHUs CTaHUUn
MeYeHUA CTPUNMUHIOBbIX MPOTOHOB (BO3MOXHO U HEUTPOHOB, €Cinu
HEeBO3MOXHO OpraHM30BaTb CTOJIKHOBEHUA NMONAPU3OBaAHHbLIX P U d).

- Heobxoanma ObicTpas nobaH4yeBass cuctema onpeaeneHus
CBETUMOCTM Ha YPOBHe owunbok ~ 10+ (1?)

* UHXeKuua porkHa obecrneymBaTb BO3MOXHOCTb hopmupoBaTb
3afgaBaemMylo nocneaoBaTesibHOCTb 4YepeaoBaHUA nonspusauum,
nsoc 3anosiHeHue 6aH4Yamm 6e3 nonsapusauum.

- Heobxoanma cuctema CUHXPOHU3AUUU NPOXOXKAEHUA OaH4yen
yepe3 MecTo BCTpe4yu (OHa HyXHa U ANA HenonsaApu3oBaHHOM MOAbI
paboTbl) U cucTeMa MeYeHUs nonsapusaumum 6aH4yen.

« Heobxoaumo opraHuM3oBaTb CTONIKHOBEHUA pPas3HbIX MONAPU3OBaH-
HbIX NY4YKOB: pd-, pHe-, dHe ¢ pasHbIMM 3HEPrusaMun Ny4KoB.

* [na abGconwTHOro onpeaeneHns nonsipusauum nNy4koB Heobxoau-
Ma CTPpyUHas Nonspu3oBaHHas MULLEHb.

...........
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NICA Layout in Polarized Mode
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new heavy ion injector

RF H_DTL
KRION,' 6T |j| QI l heavy ion injection nuclotron
heavy ions (250m)

line to the hooster

p.d SF
light ions@]; LU-20,q/A > 0.33 \
pth BM1 :

exsisting injection chain

nuclotron
fixed target

2 (]

build 205

building 1

booster (211 m)

injection to
the booster

injection to
the Nuclotron

Polarized deuterons chain:
«SPl - LU-20 - Nuclotron — Collider»
(booster & new linac are not needed!)

NICA
colliderf/storage rings
(500m)

Polarized protons chain (new option):
SPI - LU-20 — Nuclotron — Collider (with
RF) (we need also collider with stoch.cooling
and acceleration mode)

P
A.Kovalenko, N.Agapov, Yu.Filatov, V.Kekelidze, R.Lednicky, I.Meshkov, V.Mikhaylov,
weesseessees - AL Sidorin, A.Sorin, G. Trubnikov. The NICA Facility in polarized proton operation mode. -
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NICA Layout in Polarized Mode
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new heavy ion injector

RFQl |H_DTL I—‘
KRION.' 8T ﬁl heavy ion injection nuclotron
heavy ions line to the booster (250“1)

™\
. Ppd SF \
light ions LU-20,q/A > 0.33 = nuclotron
ptdt ) building 1 fixed target
exsistin n\j'c.{ction chain o El

booster (211 m)

the booster buiild 205
injection to
the Nuclotron extraction
PopunxekTop J1Y-20: from booster

OnTMMMU3NPOBAH NPOEKT,
KOHTPAKT Ha U3roToBrieHUe
B CTagMu nognucaHus

NICA
colliderf/storage rings

(500m)
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SPI| - view on test bench at LFVE i
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SPI - Source of Polarized lons
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Status of the polarized ions source for the JINR accelerator
complex !

V. V. Fimushkin®, A. D. Kovalenko®, L. V. Kutuzova®,
Yu. V. Prokofichev®, A. S. Belov®, A. V. Turbabin® and V. N. Zubets®

@ Joint Institute for Nuclear Research, 141980 Dubna, Russia
b Institute for Nuclear Research of the Russian Academy of Sciences, Moscow,
Russia

Abstract

The project assumes the design and construction of a universal high-intensity
source of polarized deuterons (protons) using a charge-exchange plasma ion-
izer. The output D1 (H"1) current of the source is expected to be at a level
of 10mA. The polarization will be up to 90 % of the maximal vector (£1)
for D*1 (H*1) and tensor (+1,-2) for D*1 polarization. Realization of the
project is carried out in close cooperation with INR of the RAS (Moscow).
The equipment available from the CIPIOS ion source (IUCF, Bloomington,
USA) is partially used for the Dubna setup. The new source at the JINR
Nuclotron accelerator facility will make it possible to increase the polarized
deuteron beam intensity up to the level of 10!°d/pulse. The first results of
the source of polarized atoms testing are presented.
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Cxembl ynpaBrneHuna nonsapusaumen B HyknoTpoHe u
konnauvpepe HUKA
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« lnsa nonyyeHusa nonsapu3oBaHHbIX d - nydykoB B HyknoTtpoHe pgon.
obopyaoBaHus He TpebyeTcA, BNNOTb A0 E ~ 5.6 N3B/H. (pe3oHaHc)

« OcHoBHasa npobnema c AeUTpoHamMu B Konnauvgepe — U3MeHeHue
opueHTauum cnuHa (6onbLOoN UHTEerpan MarHUTHOro nons).

* NMMpobnema nony4yeHUsa MNONAPU3OBAHHbLIX MPOTOHHbLIX MYYKOB B
HyknoTpoHe, (a Takxke n B oyctepe, if any...) — CMIMHOBbLIE PE30HAHCHI.
PeweHne peanncTtM4yHoO npu OrpaHUYEeHUU ISHEeprum rMnpoTOHOB B
CUHXpPOTPOHEe A0 5-6 BB n ganbHenwem AoyckopeHuum mx ao 12.5
3B (unun Bbiwe) Konnangepe.

* [lpobnem ¢ nonapn3soBaHHLIMU NPOTOHAMU B Konrnaumaepe ocobbix
HeT, HO crneapyeT npoaHanu3npoBaTb NOABMIEHUE CMUHOBLIX
pe30HaAaHCOB NPU YCKOPEHMU MNOoNApU3OBaHHbIX TMPOTOHOB B
Anana3oHe ot 5 go 13 N'3B.
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Proton polarization control at Nuclotron
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Polarized proton beam acceleration at the Nuclotron with the use
of the solenoid Siberian Snake

Yu.N. Filatov®, A.D. Kovalenko?, A.V. Butenko®, A.M. Kondratenko®,
M.A. Kondratenko® and V.A. Mikhaylov®

@ Joint Institute for Nuclear Research, 141980 Dubna, Russia
b Moscow Institute of Physics and Technology, 141700 Dolgoprudny, Russia
¢ Scientific and Technical Laboratory “Zaryad”, 630090, Novosibirsk, Russia

SPIN’2012, Dubna, September, 2012

Abstract

The possibility of polarized protons acceleration up to 6 GeV at the Nu-
clotron 1s analyzed. Proton beam acceleration by application of full and
partial Siberian Snakes are considered. Compensation of the betatron cou-
pling introduced by the solenoids 1s done by a compact insert of quadrupoles
with a certain symmetry of their tilt angles around the orbit direction. Such
a scheme has a shorter total length of the quadrupoles than the known com-
pensation schemes. The Snakes mstalled within one, 3.2 m long, or two,
2x3.2 m long, straight sections of the Nuclotron lattice are considered.
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Polarization control at NICA collider

Polarized Deuterons and Protons at NICA@JINR

A.D. Kovalenko®, Yu.N. Filatov?, A.M. Kondratenko®,
M.A. Kondratenko® and V.A. Mikhaylov®

@ Joint Institute for Nuclear Research, 141980 Dubna, Russia
b Moscow Institute of Physics and Technology, 141700 Dolgoprudny, Russia
¢ Scientific and Technical Laboratory “Zaryad”, 630090, Novesibirsk, Russia

SPIN’2012, Dubna, September, 2012

Abstract

The novel scheme of proton and deuteron polarization control in the NICA
collider at Dubna is proposed. By means of two Siberian Snakes with solenoid
magnetic field the beam spin tune is shifted to the “zero” spin resonance
vicinity, whereas manipulation of the polarization is realized by “weak” field
solenoids. The scheme makes it possible to obtain any desired direction of
the polarization in the both MPD and SPD detectors for any sort of the
particles. The possibility of the beam polarization control in the orbit plane
at any azimuth of the collider magnetic arcs exists also. The last gives
necessary flexibility of optimal matching the beam polarization at injection
into collider and at the polarimetery monitor points.

e
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Proton polarization control at Nuclotron

Solenoid: ¥/2

a a2
g1 g2
Ly Ly

— g —aq
92 g1
Lo Ly

Figure 3: Structure of the Snake installed in two neighboring parts of the
straight section separated by structural D-quadrupole.

Calculated values of the solenoid magnetic field and compensated quad-
rupole gradients in the cases of full and partial Snakes at v+ = 6 are presented

Solenoid: /2

in Table 1. SPIN’2012, Dubna, September, 2012
Snake | ByLy, T-m | B), T | 2 T/m | L, m | Lo, m
Bl 01 15 75 18 | 32
6 30 29 | 64
Partial 8.5 [ L4 | 32
2 30 2.28 | 6.4
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Polarization control scheme in the Collider
with spin tune v =0
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T = o L e T

If the two identical Siberian Snakes will be inserted in the
opposite straight sections of the collider, then the spin
tunes is equal to zero for any energies.

\ L. 72 ST L. 72 \ Blue arrows correspond to
4 s the case of longitudinal
v polarization in SPD, whereas
- 1** Siberian Snake the red ones - to vertical
Y= . o =
218 Gib erian Snake polarization in SPD

L L, n/2 é-@:L, n/2 r'*

Any arbitrary polarization direction of the particle is repeated
after each turn. Thus, the possibility to stabilize any direction of
the polarization at any point of the particle orbit by means of a
small longitudinal field for different particle species is occurred.
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Polarization control scheme in the Collider
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Solenoid-based
Siberian Snake

(B||L)max=2x25 T-m
(protons),
(B||L)max=2x80 T-m
(deuterons)

with spin tune v =0

25(80) T-m 25(80) T-m
L. n/2 NMPD L. n/2

‘\/

1% Siberian Snake

2™ Siberian Snake

L, n/2 —-— L, n/2

25(80) T-m 25(80) T-m

Solenoids with stationary fields of B,,,,~ 12.5+17 T can be used to
obtain necessary integrals of longitudinal fields.

Cooperation with the US, European and Russian Laboratories
is desirable in the designing of such solenoids
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Polarization control in the Collider by means

~ L, n/2

MPD

B"L

L, n/2

L, n/2

_[sen|

L, n/2

Vertical polarization in SPD

Maximum field

integral for

protons and deuterons:
(B;|L);,><0,5Tm

A.D.Kovalenko

of small longitudinal field integrals

T = o L e T

R e L e B e e e e

L - polarization in SPD

re /

Maximum field integral for
protons and deuterons:
B|L<0,5 T'm

L, 7/2

L, n/2 ﬁ-iL, /2 '

MPD L, /2
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Polarization control in the Collider by means

T = o L e T

L, 71/2

of small longitudinal field integrals

NMPD

L, 11/2

L, 71/2

_-_

L, 11/2
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Maximum field integral for
protons and deuterons:
(B,L);,<0,5Tm

Optimization of insertion scheme makes it possible:
O standartization of the high field solenoid sections;
O to provide staging of installation the snakes equipment into the

collider;

O unification of system elements, let say: 1 m solenoid section of
12.5 T each. Thus, combination of two such sections is satisfied to
the protons of the maximum energy and can be used for the
deuterons up to the momentum 1/3 of the maximum.

= e L e L R
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The scheme of the solenoid coupling
compensation

......... T o e v

@, /2 g g g g @, /2
Ll ‘EE ‘EE E'1
o = 4 o. = _ 7T are angles between quadruples normal
Y g and vertical accelerator axis

g =0B, | OX is quadruples gradient J oC /@,

The estimated parameters:
B, L=80 T-m, E=14 GeV, ¢g=75T/m L,=2(L;+L,)=3 m
B,L=0,5Tm, E=14GeV, ¢=30T/m L;==1,4m

The final optimization of the quadrupoles should follow to matching
conditions with the lattice.

...........
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Scheme of NICA collider ring
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Conclusions for NICA-Spin mode

[ =i T L R R T T T T e e T B e e R i s )

D”T'H'e novel scheme of spi'h direction control in NICAJM
collider suitable for any type of the particles is proposed.

J The scheme, designed for protons need lower
longitudinal field integral than at the single-snake one.
Deuteron polarization control looks much more feasible.

(JThe 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

] Realization of both as single - and multi - turn Spin
Flipping systems are possible in such system

= e R Sl - R P LT g e gy o D e i e e ee = e LTI
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NICA pp- coII|S|ons peak luminosity

29 November 2012 (I.N.Meshkov)

NICA Collider Luminosity in pp Collisions

100 — 100
ram e =
/i_i

v
0.1p=£4 0.1

i
0.01 0.01

1 3 5 7 9 11 13

E.

A IP parameters: B = 35 cm, bunch length o = 60 cm (nhot optimized),
bunch number - 22, collider perimeter C = 503 m

d Proton energy E in GeV, particle number per bunch N(E) in 10711
units, maximum proton number in each ring — 2.2¢10"M13 .

O Luminosity L(E) in 10”30 units.
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NICA polarized pp-collisions scenario and
average luminosity

CETTITEE s N b, e e T LT LT TTT .

Parameter Value
Nuclotron Dipole Field Ramp up, T/s 0.6
Nuclotron Dipole Field Ramp down, T/s 1.0
Magnet field flat top duration, s 0.5 _ _
Tf)tal useful cy:cle _duratmn, S 37 0 Averag e | uminos |ty
Dipole Magnetic Field at 6 GeV protons, T ~1
Acceleration time, s 1.67 _ ]
Number of accelerated protons per pulse 510" at E = 126 GeV
Number of cycles to store 2-10" particles 400
Collider filling time at cycle duration 5s, s 2000 <| > = - 32
Collider filling time at cycle duration 7s, s 2800 L (1 ) 1 1 : 3) 10
Preparation of the beam in the collider 1000 2
(cooling, bunching emittance formation), s 1/(Cm 'S).
Magnetic field ramp in the collider, T/s 0.6
Acceleration time from 6 GeV to 12.6 GeV ~1.7
Luminosity life time (30% polarization 5400
degradation due to spin resonances), s
Beam deceleration up to the new injection ~1.7
Total cycle duration, s ~ 8400/9200
Working part, % 64.3/58.7

...........
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Spin Physics Research

Infrastructure

4

SPRINT —
Spin Physics Research Infrastructure at NucloTron

Ll,enb NMPOEKTA — co3gaHue MHPaCTPYKTYpbl ANS

npoBeAeHUs1 IKCNEePUMEHTOB Ha Ny4Kax
Nonsipn3oBaHHbIX AEUTPOHOB U NPOTOHOB
yckoputenbHoro komnnekca HyknorpoH — HUKA

CocmosiHue uHghpacmpykmypbi 05151 mako20 poda 3KCrepumMeHmos

68 Hacmosiuiee epeMsi He omee4yaem mpebyemMomMy co8PeMeHHOMY
YPOBHIO.

NMpoekT SPRINT gomkeH oxBaTUTb BCe HeEOOXoAMNMbIE
acneKkTbl Npobrnembl U B pe3ynbTaTte obecnevynTb
BO3MOXHOCTb NOoAAepPXKMN BCeX NNaHNPyeMbIX IKCnepu-
MEeHTOB Ha ny4kax komnnekca HyknortpoH — HUKA

A.D.Kovalenko Workshop NICA-SPIN 2013, JINR, Dubna, 18 March, 2013




Project SPRINT

A.D.Kovalenko

Polarized lon Source Integration to the Compex
Acceleration of polarized deuterons and protons
Deuteron beam polarimetry

4.1 Concept

4.2 Low energy polarimeter

4.3 Internal target polarimeter

4.4 Extracted beam polarimetry

Proton beam polarimetry

5.1 CNI polarimetry

5.2 Absolute calibration of the beam polarization

5.3 Local polarimetry for MPD and SPD

6.1 Solid polarized proton target

6.2 Polarized 3He tagret
Modernization of polarized beam transfer lines
Polarization data monitoring and control

e
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Project SPRINT Status

T = o L e T

Deuteron polarimetery

4.1 Concept

4.2 Low energy polarimeter

4.3 Internal target polarimeter
4.4 Extracted beam polarimetry

JTOT pa3aen B onpeAesieHHOU CTeneHu npopaboTaH.
OgHako TpedyeTcsa AanbHeuwee pa3BUTHUE C Y4eTOM
BO3HMKaKOLWMX 3a4a4 MO MOBbILWEHNIO TOYHOCTHU
N3MepeHus nonsapusauum n onepaTMBHOCTU KOHTPONS.

m—T B e e B L L S D B e e e =]
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Project SPRINT Status

Proton polarimetery

5.1 CNI polarimetry (in the collider rings)
5.2 Absolute calibration of polarization
5.3 Local polarimetry for MPD and SPD

Proton beam polarization measurements can be performed by
the deuteron polarimeter at the Nuclorton internal beam up to
the momentum of 3-4 GeV.

Collaboration: JINR, MU®U, UTOD, BNL.
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Outlook: Status of the NICA construction

* Preparations to tender, Russian state expertise;
« Goal for 2013: to start NICA collider infrastructure
realization work

A.D.Kovalenko Workshop NICA-SPIN 2013, JINR, Dubna, 18 March, 2013




THANK YOU

FOR YOUR ATTENTION
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