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3 PDFs are needed to
describe nucleon
structure in collinear
approximation

8 PDFs are needed if
we want to take into
account intrinsic

transverse momentum
kTt of quarks (LO)
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f1 - density of partons 1n non-polarized nucleon; (x, 0°)
21 - helicity , longitudinal polarization of quarks in longitudinally

polarized nucleon;
hi - transversity, transverse polarization of quarks in transversely

polarized nucleon;

fri7- Sivers, correlation between the transverse polarization of nucleon
(transverse spin) and the transverse momentum of non-polarized quarks;
211 - worm-gear-T, correlation between the transverse spin and (x, kr 0?)
the longitudinal quark polarization;
I 1 - Boer-Mulders, transverse polarization of quarks in the non-polarized nucleon;
I 11 - worm-gear-L, correlation between the longitudinal polarization
of the nucleon (longitudinal spin) and the transverse momentum
of quarks;
hir - - pretzelosity, distribution of the transverse momentum of quarks
in the transversely polarized nucleon.
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SIDIS for flavor
separation
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Do = V/5/2 2,(1,0,1)

B (Pg)
Py = V/'8/2 23(1,0,—1)
A ¢ = Pa + Db = (40,0,91)
jT;? B Z /d"”a/dxb (¢(z0)q(zp) + 7(z40)q(zp)) Fo 6(Q° — 8)

qg=u,d,s

Drell-Yan cross section includes a convolution of parton
distribution functions from both hadrons
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The kinematics of the Drell-Yan process 1s considered usually in
the Collins-Soper (CS) reference frame [ J.C. Collins, D.E.

Soper, and G. Sterman, Nucl. Phys. B250, 199 (1985).]

'/’ Collins-Soper plane /
/ |
7
Polarization plane

,.f/ Lepton plane ok

Results of the most complete theoretical analysis of this process [S. Arnold, A. Metz and M.
Schlegel, Phys.Rev. D79 (2009) 034005 [arXiv:hep-ph/0809.2262] are used .
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--amplitude of SF modulation

23 modulations with amplitudes
normalized to the unpolarized one.
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8 asymmetries
to be measured

each asymmetry
contains a convolution
of 2 PDFs (from each
hadron)

Fourier analysis!




/hy Drell-Yan proces:
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V" ~ SIDIS: rich phenomenology, the most explored so far
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! DY: challenging for experlments (only unpolarized so far) l

DY o = zl.gl-:} R DF® o LF rermilab

DY: no fragmentation functions !




gg— /Y = main mechanisms of J/\p production

Duality model predicts similar behavior for azimutal
asymmetries for lepton pairs produced in DY and via |/
decay in case if q gbar mechanism dominates

Xc decay is ~30 % - previous measurements at ~30 GeV




Direct (prompt) photons - photons produced
in parton-parton interaction

Hard processes:
q8—=>qy 85%
qg gbar—gp 15 %
8§88
q qbar— p
§8—PrY)

~_ "
/((((qg%qyz\

No fragmentation
functions!

q gbar—g p |
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- Spin-dependent effects in elastic pp,
dp and dd scattering

- Spin-dependent high-pr reactions.

- Spin effects in heavy ion collisions




J / NASD, p+Fh at 400 GeV
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NICA facility

- Spin Physics -
'Detector (SPD)

g8 Cooler|

[Heavy ion
source and lmac

*/ ' | MPD

7 LA
@ q/A = 0.16,
SPI - polarized 550 MeV/u
p- and d- source )
and linac ‘Nuclotron
0,6-4,S GeV/u




Beams. The following beams will be needed, polarized and non-polarized: pp, pd, dd, pp, pd,
pp, pd, dd.

Beam polarizations both at MPD and SPD: longitudinal and transversal. Absolute values of
polarizations should be = 50%. The life time of the beam polarization should be long enough.
Measurements of Single Spin and Double Spin asymmetries in DY require running in
different beam polarization modes: UU, LU, UL, TU, ULLL ,LT and TL (spin flipping for
every bunch or group of bunches should be considered).

Beam energies:

Pt (Nspp) =12 +>27 GeV (5 +

>12.6 GeV kinetic energy),

drd(Nswn) =4 +>13.8 GeV (2 + S
>5.9 GeV/u ion kinetic energy). Luminosity
Beam luminosities: . L(E)

in the pp mode: Layerage 1:10°? in 1030ynits
cm>s! (at spp = 27 Gel), 01 ,. "
in the dd mode: Laverage 1:10%° { neachring-2.2¢10

00 “00
1| 13.l

cm3s! (at sny = 14 Geb). A E

100 e | LE0

-e N"'Ei'
10 |

particle number

| ' per bunchin 1011 units

" maximum proton number




- 41T geometry
- <0.1 Xo before ECAL

Muon & hadron .
identification system Trigger elements

Tracker




Known
asymmetries

pp- and dd- elastic
scattering
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\s=24 GeV (L= 1.0 10 cm* s™)
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Prompt photons
Minimum bias photons

80 90 10 20 30 40 50 60 70 80 90
B, deg 0, deg
V=24 GeV Otats | Op,~a Gevye | Events;year, Events/vear,
L=10x10* ocm 's ! | nbarn nbarn 10% 10% (Pr > 4 CGeV'/c)
All processes 1290 42 3260 105
q9 — qy 1030 a5 2730 =4
qqg —» Q7Y 21C 9 530 21
V8=26 GeV Oiots | Oppna Gevyes | Eovents/year, Events/vear,
L—12x10*, crm's ' | nburn nbarn 10% 10°% (Pr > 4 CelV'/c)
All processes 1440 48 4340 144
qg — QY 1220 38 3680 L16
qq —* g7y 24C 10 €60 28
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Experiment CERN, FAIR, FNAL, SPAS- RHIC, RHIC, NICA,
COMP.-II PANDA E-906 CHARM  STAR PHENIX SPD
mode FixTar FixTar | FixTar FixTar collider collider collider
Beamltarget m-, p anti-p,p | @, p m+, polp | pp pp pp, pddd
Polarization:b/t 0; 038 0; 0|0, 0 0; 0.5 05 05 0.9
Luminosity 2.10° | 2107 3.510%° 5.10% 5.10% 10%?
Vs, GeV 19 6 16 8 200,500 | 200,500 10-26
Xi(beam) TANZE 0.1-0.9 0.1-0.6 0.1-0.9 0.1-0.3 0.03-1.0 0.03-1.0 0.1-0.8
gr, GeV 05 4.0 05-1.5 |05-3.0 1.0-10.0 1.0-100 |05-6.0
Lepton pairs, H-pt p-pt H-pt p-pt p-pt H-p+ ete-
Data taking 2014 >2018 2013 >2016 >2016 >2018
Transversity NO NO NO YES YES YES
Boer-Mulders YES YES YES YES YES YES
Sivers YES YES YES YES YES YES
Pretzelosity YES(?) | NO NO NO YES YES
Worm Gear YES (7) NO NO NO NO YES
I YES YES NO NO NO YES
Flavour separ. NO NO YES NO NO YES
Direct y NO NO NO YES YES YES

Exclusive DY

YES




o The comprehensive program of the nucleon structure
study is suggested. It can be realized at NICA using the
polarized proton, deuteron and heavy ion beams. The text

of Lol is available at http.//arxiv.org/abs/1408.3959

o Lol was approved by the JINR PAC on particle physics in
2014

o The International collaboration should be organized for
preparations of the Proposal.



http://arxiv.org/abs/1408.3959
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NICA facility

new heavy ion injector

. nuclorton fixed target area
injection to
RFQH__HILAC 1mw  1UeC
ﬁR'ON_'GT the booster transfer from build 205
eavy ions / booster MPT
1 1 Pl q/A > 0:’33 BM1
phatl SPL building 1
modernized injection chain _~~

booster (211 m)

Nuclotron
(250m)

extraction
from booster

NICA

collider/storage rings
(500m)
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Problem: depolarization of accelerating
beam during crossing of the spin resonances V sp = G’}’

>100 SR for p, just a few SR for d

Full Siberian Snake Partial Siberian Snake
Total longitudinal field integral: Total longitudinal field integral:
(B,L),0x= 21 T-m E, .=6 GeV (BL),,~105Tm (V~6.8) N Uuc ’ ot ron

is angle between polarization and vertical axis

Polarized deuterons acceleration in Nuclotron is possible up to the
energy of 5.6 GeV/u

31



MPD

|
1-st Solenoid SS

2-nd Solenoid SS
|

v
B fioth

Small control solenoids
(B”L) =8%0.25 T-m

max

protons (B,L)
deuterons (B, L)

_=8x (2.5+12.5) T'm
=8x(7.5+40) T-m

max

NICA
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particle number

I per bunchin 1011 units

“00
1‘3' i

maxlmum proton number
|n each ring-2.2e 1013

circumference -503 m,
number of collision points (IP) - 2,

beta function By, in the IP -0.35m,
number of protons per bunch - ~1-10"%,
number of bunches -22,
RMS bunch length - 0.5 m,
incoherent tune shift, Ajassiett - 0.027,
beam-beam parameter, § - 0.067,
beam emittance €., (normalized)

at 12.5 GeV, m mm mrad - 0.15.

The number of particles reaches a value about 2.2-10" in each ring and the peak luminosity
Lyeack = 2 -10°* cm™s™ at 12.7 GeV. One can estimate also an average luminosity. Assuming the
cooling time T, = 1500 s, the luminosity life time Ty ;= 20000 s and the machine reliability
coefficient k.= 0.95, the average luminosity will be L,yer = Lycack 0.86 or 1.7-10** cm 25! [12].




J / NASD, p+Fh at 400 GeV
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Direct photons and 11° decay




Elements of RS or hodoscopes
before and after RS

® two muons in the final state; / ECAL+ RPC

e electrons/positron pair in the final state;

® direct photons (71'0, w, }...); — ECAL
e various types of hadrons in final states

( t+/-, K, p, ...); other reactions. \
RPC
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