O0beIMHEHHBIM HHCTUTYT SIIEPHBIX UCCJIEI0BAHUI
JABOPATOPHUS ®U3UKU BBICOKUX SHEPI'UIA

YnpaBaeHHEe INOAPH3AIlHEH IIPOTOHOB H

OAeHTPOHOB B Koaaauzepe NICA

(OS5I, HTA «3apan», MPTH)

Joxknaguuk: ®@uaaros 1O.H.

25 nioHs, 2018, /yoHa



Outline

1. Spin transparency mode in the NICA collider
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0.H.®PunarToB, YnpaBneHme nonsipusauuen NpoToHOB U AeNTPOHOB B Konsnauaepe NICA// 2
June 25, 2018, Dubna



Spin Motion at Conventional Circular Accelerator

dS - = Thomas-BMT equation
—=[Wx3§], .
de ¢ — particle’s azimuth

The spin equilibrium closed orbit
(@ +27)="(0) — periodical axis of precession

S=J-i+S,, J=S-A, S, LA

Spin vector rotate around n-axis:
S, Ii = S, =S5,
1S, LA = S, 1A, £(S,.S,,)=¥ =27v
v — Spin precession tune

In ideal accelerator n=¢€,, v=yG  G=(g-2)/2— gyromagnetic anomaly
In colliders “with preferred spin direction”, the periodic spin motion along the closed
orbit is unique, i.e. the static magnetic lattice determines a single stable orientation of
the beam polarization. The fractional part of the spin tune differs from zero.

In colliders “transparent to the spin”, any spin direction repeats every particle turn
along the closed orbit, 1.e. the accelerator’s magnetic lattice is transparent to the spin.

The fractional part of the spin tune is equal to zero.

0.H.®PunarToB, YnpaBneHme nonsipusauuen NpoToHOB U AeNTPOHOB B Konsnauaepe NICA//
June 25, 2018, Dubna



JleicTBHE aPOYHBLIX MATHUTOB U CHOUPCKUX 3MeeK HA MOJISIPU3AUIO

Cxema koJu1aMaepa IHonsspuzanus
RHIC
(BNL) BbI1e/IeHO eIMHCTBEHHOe
25+250 YCTOYHBOE HANIPABJICHHUE
GeV/c
JLEIC V=0
(JLAB) B03MOkHO J11I000€
25+100 (eN) HanmpaBJIeHHE
GeV/c

Sol SS

NICA -0 Bo3MmoixHO J11000€
(JINR) V= HANpaBJIeHHe
25+13.5 (NN)
GeV/c Sol SS

0.H.®PunarToB, YnpaBneHme nonsipusauuen NpoToHOB U AeNTPOHOB B Konsnauaepe NICA//
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YnpaBAeHHE IIOASIPH3allHEH NYYKOB B KoAAaHAepax

Cxema kosu1amaepa JIeMEHTbI OpOurajnbHbie
ynpaBJIeHUSA XaPAKTEePUCTUKH
RHIC
Poraropsi ¢ N3mensirorces npu
v=1/2 CHUILHBIMM TIOJIAMU ynpaBJieHHH
(R)
MEIC
v=0 CoJieHOuIbI CO He uzmensirorcs npu
CJIA0BIMH TTOJISAMU ynpaBJieHUN
(PC)
NICA 12 SSHO—{1/2SS
PC CoJIEGHOHUIBI CO He u3MeHsIIOTCS NIPH
v=0 CJIA0BIMU NOJISIMU yHnpaBJIeHUH
(PC)
1288 1288

0.H.®PunarToB, YnpaBneHme nonsipusauuen NpoToHOB U AeNTPOHOB B Konsnauaepe NICA//
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lon Polarization Control

Spin . Spin Flipping
Collider | Rotators Polarization i
Direction at IP Re\{ersal Orbital
based on Time Parameters
RHIC strong_ Tran_sver_sal Fow
(BNL) magnetic Longitudinal min Change
fields (w/o deuterons)

Any directions

JLEIC ‘weak’ (any particles: from ms Do not
(JLAB) solenoids ) ?j/pHe3 )' up to sec change
NICA ‘weak’ A ClIEEIEe from ms Do not
(JINR) solenoids (Y [RRIIe s up to sec change

p, d, He3, ...)

Spin Flipping System allows one to make spin reversal during an
experiment (high precision experiments with polarized ions).

0.H.®PunarToB, YnpaBneHme nonsipusauuen NpoToHOB U AeNTPOHOB B Konsnauaepe NICA// 6
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Spin Transparency Mode in NICA Collider

[l-st Solenoid Siberian Snake]

(2-nd Solenoid Siberian Snakca

[S ol g} Solenoids for spin transparency mode:
2% BL =1+25 T-m (protons), BL =3=80 T-m (deuterons)
Orbital parameters do not depend on the beam energy

Polarization control insertion based on “weak’ solenoids with
maximum field integral BL < 0.6 T-m (protons, deuterons)
Polarization direction (p, d, *He, ...) :

in SPD or MPD — any direction in vertical plane (z-y);
in arcs — any direction in orbit plane (z-x).

0.H.®dunaTtoB, YnpaBneHue nonsipusauuen NpoTOHOB U AeUTPOHOB B Konnangepe NICA// !
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lon polarization control in NICA collider
by means of “small” solenoids

Polarization control system in the NICA complex makes it
possible:

» to provide polarization control of different particles
(p, d, 3He, ...);

» to provide any direction of polarization in the vertical plane
SPD and MPD detectors;

» to solve the problems of spin matching at injection in the
NICA collider and polarization measurement as well;

» to eliminate resonance depolarization during acceleration;
» to realize Spin Flipping System;

» to control polarization in SPD and MPD detectors without
any change of beam orbital characteristics.

0.H.®PunarToB, YnpaBneHme nonsipusauuen NpoToHOB U AeNTPOHOB B Konsnauaepe NICA// 8
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Zero-Integer Spin Resonance & Spin Stability Criterion

The total zero-integer spin resonance strength
W = Weon T Wemitt) Wemitt K Weoh
IS composed of
« coherent part w.,, due to closed orbit excursions
* Incoherent part w,.,;+ due to transverse and longitudinal
emittances

Spin stability criterion
the spin tune induced by the PC solenoids must significantly
exceed the strength of the zero-integer spin resonance

V 2> Wemitt

« for proton beam v = 1072
« for deuteron beam v = 10~*

0.H.®PunarToB, YnpaBneHme nonsipusauuen NpoToHOB U AeNTPOHOB B Konsnauaepe NICA// 9
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Coherent and incoherent parts of zero-integer resonance strength

Protons: w.,p ~ 1073 +~1072, w e ~ 107% ~ 1073

Total PC solenoids field integral about of 1 T- m is sufficient for
stabilization and control of proton polarization in NICA collider.

Deuterons: wg,, ~ 107% + 107>, w, i ~ 1077 =~ 1076

Total PC solenoids field integral about of 0.03 T- m is sufficient for
stabilization and control of deuteron polarization in NICA collider.

-

It allows one to carry out ultra-high precision
experiments with polarized deuteron beams

0.H.®PunarToB, YnpaBneHme nonsipusauuen NpoToHOB U AeNTPOHOB B Konsnauaepe NICA// 10
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Placement of the Snake Solenoids

Case of the Localized Snake Solenoids

Kr Kr Kr
1P FFQ RB RB | | VB VB
W =0 0 | | A, "
oL (. f
Ko Ko Ko Ko

SOL — 6T Solenoid of 4.2 m (One Siberian Snake = 2xSOL)
VB — arc’s Vertical-field Bending magnets, RB — Radial-field Bending magnets
FFQ — Final Focus Quadrupoles, K, K; — quadrupoles gradients

Case of the Distributed Snake Solenoids

KFr Kr Kr
FFQ RB RB | || VB VB
*—-—-I e AR

.SQ)L SOL 4 SOL SOLT $ SOL SE:Tr

Kp Kp Ko Kp
SOL — 6T Solenoid of 0.7 m (One Siberian Snake = 12xSOL)

OKg, 8K — deviation of the quadrupoles gradients for snake matching
Ke = Kgp + 0Kg, Kp = Kpg + 0Kp, Keo =0.519 m2, Ky, =0.504 m?
0.H.®PunarToB, YnpaBneHme nonsipusauuen NpoToHOB U AeNTPOHOB B Konsnauaepe NICA// 11
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lon polarization control in NICA collider by means of “weak”
solenoids at MPD and SPD detectors

I X @1 stabilizes the longitudinal polarization at MPD detector (¢, = yG)

i MPD @21 ¥ SPD
ii 1 Py e T =R @y = T
‘A ‘A
L @, stabilizes the longitudinal polarization at SPD detector
, ¥ MPD ®.2  SPD
e Py st T . Py | T [P
‘A

Vector diagram for calculation of control solenoid field integrals

nx
@, =2MV|N, — tan g,

Pz1 21TV ﬁ)

,,,, 0Q,1= 2TV —
,,,,, Pz1 sin @,
> Pz
Pz2
Z
0.H.®PunarToB, YnpaBneHme nonsipusauuen NpoToHOB U AeNTPOHOB B Konsnauaepe NICA// 12
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lon polarization control in NICA collider
by means of “weak” solenoids

ey - s . 1,2 — weak solenoids
| 3 [SMPD =¢eysin¥ +e, COSLP] [ 3,4 —radial dipoles
£

1-st PC insertion

(or SPD) i{ 2-nd PC 1nsertion

A
Yo

¥ is the angle between the polarization and velocity directions

Longitudinal polarization

Y =0° ¥=180°

Vertical polarization

Y =-90° ¥=90°

0.H.®PunarToB, YnpaBneHme nonsipusauuen NpoToHOB U AeNTPOHOB B Konsnauaepe NICA// 13
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Schematic layout of the half experimental straight section

FFQ RB RB g0, SOL SOL SOL SOL sor. VB VB
*—:-rl L] el (] -
Control weak Control weak solenoid (B::) combined
solenoid (B:2) with snake solenoids
SOL — 6T Solenoid of 0.7 m (One Siberian Snake = 12xSOL) p up to 13.5 GeV/c
VB — arc’s Vertical-field Bending magnets, dup to 4.12 GeV/c
RB — Radial-field Bending magnets , FFQ — Final Focus Quadrupoles
. L, =263 cm
¢ "
Sol
Ly =208 em "‘: 40 cm 137 cm

Ayaip = 5,5 cm Aysop = 22 cm Sol

0.H.®PunarToB, YnpaBneHme nonsipusauuen NpoToHOB U AeNTPOHOB B Konsnauaepe NICA// 14
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lon polarization control in NICA collider
by means of “weak” solenoids

. —Px Py Py — Py

Pz1 Pz —Pz2 —@Pz1
SOL SOL

Polarization at MPD lies in the vertical detector’s plane (v < 1): Sypp = (0,1,,1,)
Vv _ (1+G)BylL, _ YG ByLy
Sln (px ) ¢Zl - Bp ) (px - Bp .

Polarization at SPD also lies in the vertical detector’s plane and depends on spin
angle in the arc yGm and signs of the shake’s angles :

Pz1 = Nz TV, Pz2 =Ny

Snake Angle Sign Angles between polarization and
MPD SPD velocity direction: Wspp and Wy pp
+ + WYspp = vGm — Pypp
— — WYspp = —yGm — WYypp
+ - WYspp = —yGm + WYypp
- + Wspp = yGm + Yypp
10.H.®dunartoB, YnpaBneHve nonsipusaumen NPOTOHOB M AeNTPOHOB B Konnanaepe NICA// 15
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Control solenoid field integrals vs momentum (protons)

Longitudinal (n, = 1) and vertical (n,, = 1) polarization at MPD detector

Protons: V=10_2, n-=1 Protons: V:IO_Z, n,=1
R BoiLs Bxl:, Tm
..J_ /J ': —
0.4 -~ 0.5 — =
03! 0.4/ //
[ A f
02— - oo
0.1+ // T
T GeV h
2 4 6 8 10 12 9°F 4 6 s 10 12 ooV

Longitudinal (n, = 1) and vertical (n, = 1) polarization at SPD detector

Protons: V:l()_zj n-=1 Protons: V=10_2, nyzl
B.;L.,B.,L.,T-m B.jL.,B.,L., T'm

ol (I o Aln Al

O 0.4t

o2f A o2 LAt

\ e - . , GeV

ot [P AVIEVIE RO pe, eV _02;,/“{;\”; U \kWﬁHJ' pe. e
—0.4ﬁUU\UKH U I ~04p WU Y |

—0.6¢ — -0.6

0.H.®PunarToB, YnpaBneHme nonsipusauuen NpoToHOB U AeNTPOHOB B Konsnauaepe NICA// 16
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Control of the deuteron polarization by the snake solenoids

Let us introduce small deviations §@gspp 6@y pp of the snakes’ spin rotation angles
®spp =T — OPspp, ®mpp =T — 0@ ypp,

Polarization at MPD lies in the vertical detector’s plane (v < 1): Sypp = (0,n,,1,)
n n
y y

SQDMPD = 2TV n, — ) 6(pSPD= 27TV

tanyGm sinyGm
Polarization at SPD also lies in the vertical detector’s plane

) =2 Ty
Pspp = 2mv{ny — e )

ny

) =2 ,
Pupp= <1V sinyGm

Longitudinal (n, = 1) and vertical (n, = 1) polarization at SPD detector

Deuterons: v=10"> , =1 Deuterons: v=107 , ny,=1
6BLN[PD: 6BLSPD; T'm (SBLN[PD 6BLSPD; T-m

0.10¢ 0.2

: / L
0.08} e 0.1}
0.06¢ L — R

: — 0.0 GeV
0.04| = 1101520253035 4077 °
0.02 ;// -0.1; ——— 3

' Gev  _2!

1.01.52.0253.03.540797° 0.2
0.H.®PunarToB, YnpaBneHme nonsipusauuen NpoToHOB U AeNTPOHOB B Konsnauaepe NICA// 17
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Parameters of solenoids

B | e T
\/'

2x(PC SOL): 1.5 T, 0.4m

24x (SNAKE'S SOL): 6 T, 0.7m

Solenoids Brao | Leoiy | Aperture, Field Total _number _of
T m cm ramp solenoids per ring
Snake 6 0,7 10 Few T/min | 2 section X12
Control |[1.,5 0.4 10 Few T/s |2
0.H.®PunarToB, YnpaBneHme nonsipusauuen NpoToHOB U AeNTPOHOB B Konsnauaepe NICA// 18
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Konuenuus ObICTPOH MOJIAPUMETPUH

Konaparenko A.M., Illumancknii C.C. (cemunap OUSH 25.02.2016)
“HoBble BO3MOXKHOCTH /1IJIs1 BICOKOTOYHBIX MOJSIPU3AIMOHHBIX
IKcrepuMeHTOB Ha KoJu1aiiaepe NICA: cucrema ciuH-(piana u

ObICTpasi OTHOCUTEIbHAA MOJAPUMETPUSA

n :n(le’822)’ V:V(le’Bzz)
MO)KHO B3FJIHHYTI> HHAY€ HA BOleOCbI, CBA3aAHHBIC C no.JmpnMeTpneﬁ nyqKa

1. HeoOxonumo 6o épemsa padbomwl Konnaiioepa odecneuums CaduIbHOCHLb
MOJISIpU3aLUM

2. Jlns uzmepenusn cmenenu noaapuzayuu 10CTATOYHO 3HATH JIUIITb
HaIpaBJIE€HUE N-0CH, KU3MEPEHUE)» HAIPABIICHUS KOTOPOU c800umcs K
U3MepPEeHUI0 MAZHUMHBIX noJlell.

IHosiBiisieTcsl YHHKAJIbHAsI BO3MOKHOCTH OBICTPOM MOJSIPMMETPHUH Iy4YKAa B
pexnMe CIUHOBOM nmpo3padHocTu kosiaiaepa NICA.,

0.H.®PunarToB, YnpaBneHme nonsipusauuen NpoToHOB U AeNTPOHOB B Konsnauaepe NICA// 19
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Pabora na NICA co ciuH-pumnnepamu

HoBble peXuMbl 3allojIHEHUs Kojel (Bce OaHuM C  OHHOM
nojspuszanuel B 000MX KOJbIlaX) MU paboThl (moouepénHoe
BKJIFOUCHHUE CITMH-(IIMUIINIEPOB B KOJIbIAX):

1-e konbuUO +++... |XXX| - T TL.. |““| - T ... |XXX| +++ |““| +++...
2-e KomnbLlo +++ . |““| +++... |XXX| - T T |““| - == |XXX| +++...

(++) (- +) (--) (+-) (++)

|XXX| — porarop BKIIOYEH, HET HAOOpa TaHHBIX

|----| — potaTop He BkIrOUEH, HET HAOOpa TaHHBIX

* Het npo0jieMbl H3MepeHUs1 MeKOAHUYHUBON CBETUMOCTH,

° HeT Mpo0JieMbl ¢ PA3HOM MOJAPU3ALUEH B PAa3HbIX
MOJAX [P padoTe HCTOYHUKA!

0.H.®PunarToB, YnpaBneHme nonsipusauuen NpoToHOB U AeNTPOHOB B Konsnauaepe NICA// 20
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Avalilable Spin Modes at the NICA Collider with solenoidal snakes

[l-st Solenoid Siberian Snake]

(Z-Hd Solenoid Siberian snak%

. Snakes Spin Polarization | Polarization Spin
Spin Mode .
SPD | MPD tune, v at SPD at MPD Flipping
W/O Snakes | OFF | OFF yG Vertical Vertical —
With One Snake | ON OFF Y% Wspp = yG m | Longitudinal —
(Preferred Spin) | QFF ON 1 Longitudinal | Wypp =vG —
Spin .. S
ON ON 0 Any direction | Any direction +
Transparency
0.H.®PunarToB, YnpaBneHme nonsipusauuen NpoToHOB U AeNTPOHOB B Konsnauaepe NICA// 21
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Summary

» Pexxum crimHOBOIM mpo3paudoctH B konanaepe NICA orkpeiBaeT
YHUKaJIbHBIE BO3MOXHOCTH

» MaHUITYJIHPOBATh HOJIIPH3AIUEH JTF0O0T0 COpTa YaCTHII
(p, d, °He, ...) B 11000M MecTe OPOMTEI HE M3MEHSS
OpOUTANBHEIC XapaKTEPUCTUKU ITy4YKa, B TOM YHCJIC
00ecneYnBaTh NPOAOJIBHYIO H BEPTUKAILHYIO IOJISIPU3AIUIO
nyuyka B MPD u SPD netekTopax

» OBICTPO M3MEPSATH MOISIPU3ALIHIO ITyYKa BO BpEeMsI IIPOBEICHUS
KCIIEpUMEHTA (OBICTpast IMOJIIPUMETPHS)

» pean30BaTh CHCTEMY CIIMH-(IINIA ISl TPOBEACHHUS
SKCIIEPUMEHTOB C MOJITPU30BAHHBIMHU ITYYKAMHU HA HOBOM YPOBHE
TOYHOCTH

0.H.®PunarToB, YnpaBneHme nonsipusauuen NpoToHOB U AeNTPOHOB B Konsnauaepe NICA// 22
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Ongoing plan on the lon Polarization in the NICA Collider

p up to 2.25 GeV/c
d up to 0.69 GeV/c

Longitudinal polarization at SPD (MPD) detector 6BL < 0.15T - m
Vertical polarization at SPD (MPD) detector

c—10"2 _
Protons: v=10"", ny=1 Deuterons: v=10">, n,=1

0BLypp, 5]_3LSPD, T-m SBLymp, SBLepn, Tom
?; M 0.04} —
: 0.02¢ — ]
0= ‘J \:T pc, GeV 0.00¢ — 1| _ pc, GeV
A - \[2:0 00yl 0T6:2030140.50.60.7
F —VuU. -.._______.__\
-2 W —0.04 —
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Ongoing plan

» Bpeaenne Ha mepBoM dTane padoT 4-X COICHOUIOB (KaXKabIi
6T X 0.7m) B CcTpyKTYypy KoJIIaliepa M OJJHOTO TAKOTO KE
COJICHOHMJIA B KaHaJ MHKCKIINHU KoJulaliepa MO3BOJIHUT

» TIPOBECTH DKCIICPUMEHTAIBHYIO BepU(MUKAITUIO YIIPABICHUS
MOJIIpU3aliMer MPOTOHOB U JIEUTPOHOB B PEKUME CIIMHOBOM
MPO3pPAYHOCTH

» DKCIICPHMMCEHTAILHO H3YYNUTh BPEMs KU3HH IOISIPU30BAHHOTO
nydka B kojutangepe NICA 0e3 3meek, ¢ 0qHOM 3MEHKOM U B
pPEKUME CIIMHOBOM MPO3PaYHOCTH

» IIPOBECTH TECTHUPOBAHHUE CHUCTEMbI CITMH-(IUIIA

0.H.®PunarToB, YnpaBneHme nonsipusauuen NpoToHOB U AeNTPOHOB B Konsnauaepe NICA// 24
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Thank you for your attention!

N>,
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B-functions in the NICA collider without snakes

Diagram of Betatron Motion Stability
IS a stable motion

B B B  are unstable motion

Bl integer resonances v ,=K

Empty: 515, m

B half-integer resonances v ,=k+1/2
B coupling resonances v;=k v,

-' sl Magenta curves correspondto 1, = 0.6 m
-0.02 -0.01 0.00 0.01 0.02 ’
6Ky, m*
B, [f2.m
150¢
100+
S0¢
0 ~ . T : * zm
50 100 150 200 250
=50 ~H—— i —— I I T I T A ————— = —
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B-functions in the NICA collider with snakes (protons)

Protons: 51-. m

Case of the Localized Snake Solenoids

Magenta curves correspond to 1, = 0.6 m

’ Dimond corresponds to the point
(6Kr = 0.022, 6K, = 0.0275)

with g-function values of

1 — 0.6 m, 182 = (0.6 m.

0.0
8.010 0.015 0.020 0.025 0.030 0.035
oK g, m 2

gisfhm Protons: 6Kz = 0.022 m™2, 6Kp = 0.0275 m 2.
200
150%
100+
S50%
0 - : : : ;
50 100 150 200 250

=30 A Oy — A N D I I —— 04—

27



B-functions in the NICA collider with snakes (protons)

Case of the Distributed Snake Solenoids

Magenta curves correspond to 1, = 0.6 m

Protons: 51 -, m

0.005

0 Dimond corresponds to the point
(6Kr = —0.011, 6K, = —0.012)

—-0.005

o -2
oKy, m

-0.010

0015 with g-function values of

p1 = 06m, [, =0.6m.

_0'0—2(9020 -0.015 -0.010 -0.005 0.000 0.005

(')"Kfﬂ m -

,[lil__ﬂﬁ;_m Protons: 6Kg = —0.011 m 2, 6Kp = —=0.012 m ™.
50+

100
50/

ol

Z.m

50 100 150 200 250
e R [N e S I U 0 M N N 0 I R N R 0 A e T Y e oo B
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B-functions in the NICA collider with snakes (deuterons)

Case of the Distributed Snake Solenoids

Magenta curves correspond to 1, = 0.6 m

Deuterons: 51 5. m

’ Dimond corresponds to the point
(6Kr = —0.044, 6K = —0.032)

oKy, m -

with g-function values of

p1 = 05m, [, =0.7m.

_079%.05 —0.045 —-0.04 —0.035
c')"Kf. m*

gﬁuﬁz-ﬂl Deuterons: 0K = —0.044 m™ %, 6Kp = —0.032 m .
150¢
100}

S50t

0 ¥ . i L N 3 i L N =
50 100 150 200 250~

— 50 A —— N O A O D O P — P
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Coherent Part of the Spin Resonance Strength

HckakeHne 3aMKHYTON OpOUTHI IPU CIIyYaWHBIX CIBUTaX KBaAPYMOJICH.
CpenHeKkBaApaTUYHbIN CABUT KBAAPYIIOIEU 25 MKM

2 e e
S | | | protons
10p A

p, GeV/c

4 6 g 10 12

BeiBoa: Jli1st ynpaBieHus oisipu3aliiii IpOTOHOB JOCTATOYHO UCIIOIL30BaTh Cl1a0ble
COJIEHOU IBI KX 1Bl ¢ mHTerpanoM nog 0.6 Tm (v = 1072)
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Incoherent Part of the Spin Resonance Strength

Zgoubi | Z sx vs. Pass# oubi | Z; cp
1. 18-03-20 s ; g Des25 sz vs. Pass#
t ~— protons
0.8 /

\ /

| ;
TN/

4

i e i i i -.6
1000. 3000. 5000. 7000. 9000. 1000 2000 3000 4000 5000 6000 7000 8000 9000
* # COORDINATES - STORAGE FILE, 17/03/** 13:42:58. * * # COORDINATES - STORAGE FILE, 20/06/%* 07:40:40. *
Mi-ma H/V 2. 1. 000E+04/ 0.983 1.00
- - Mi- H/V: 9.001E+03/ -0.685 1.00
Pared "1°710000" (%) ; tmnch passi 1~ 10003, [ 1] ot MYV 10008 1) ; Lonci 2% pacsd 1= Ce001, [ 11

YacTrIa 3anyIieHa ¢ HOpMaau30BaHHBIMU SMUTTaHcaMu 5 mm mrad. = wgpir~ 1074

18203200887 sx _ ve. Passk

PacueT HEKOrepeHTHOM YaCTU MOIITHOCTH

0.
0. pE€30HaHCa. qaCTI/IHa 3a1ymcHa €
(Y i T R i YABOCHHBIMH pasMEpaMiu B MECTC BCTPCUH.
o.sd iist i R [Toy4eHHOE 3HAUEHUE Wopirs B 4 pasa
0. 94 B e .

1000 30005000 7600.,] 9600. wemitt <4 wCOh

* # COORDINATES - STORAGE FILE, 18/03/** 01:03:00. *
%Q;§§ {, 10005 13 (*): Lmn1#0002+g?/pags§33 1w1'28001, [ 1]
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Control of the proton polarization by the snake solenoids

Longitudinal polarization at SPD detector 6@ypp=0, SQspp = 2mV.

Protons: v= 10_2, n.=1
O0BLnmp, 0BLspp, T'm

Sooo
o ;oo D

—
: 3 4 6 8 10 12 pe, GeV

2TV _ 2TV

. . . 6 - )
Vertical polarization at SPD detector 0¢@umpp SinyGn

Protons: v= 10_2, n,=1

| R | I
2 JU% yEEEvEvEVE VeV
A I 7 A A
e Al AT TR AT LB
» EARiEANAEANAED
g | in A I {1 |

32



B - functions in the NICA collider
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Dispersion functions in the NICA collider
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Optical Parameters at the Interaction Point

Mode |B* cm |B,", cm [D,*,cm |D,", cm
Without 60 60 0 8.4
Snakes
Lroton's 60 | 60 | -06 | 75
Snakes
Deuteron’s 60 60 38 16
Snakes

B, B~ are pfunctions at IP
D,*, D,” are dispersion functions at IP

The presented example of matching snake solenoids in the NICA
collider lattice demonstrate feasibility of spin transparency mode
In NICA.. Further optimization of orbital parameters are required.
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