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Introduction

SPD NICA is the project to study of spin physics in collisions of polarized protons

AN and App in the J/4 production as tool

o A.Karpishkov, M.Nefedov and V.Saleev, Estimates for the single-spin
asymmetries in the pp! — J/1X process at PHENIX RHIC and SPD NICA,
Phys. Rev. D104(2021) no.1, 016008

e Double longitudinal spin asymmetries Ay, in J/1 production, see talk by
Igor Denisenko and Anton Karpishkov.

Spin effects can be studied in collisions of unpolarized protons

e Production of the polarized J/1v) mesons

e Production of the different charmonium states 7, J/%, Xcg
o In the TMD factorization, flg (z, qr, ) - unpolarized gluon distribution and
hf‘g(z, qr, ) - linearly polarized gluon distribution (Boer-Mulders function)

v
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Factorization approaches: CPM and TMD PM

Collinear parton model (CPM)

© gi2r ~0and pr > pp ~ my/y

o(pp — JjpX) = / i / des fo (w1, ) fo (w2, wE)3 (g + g = Jj1 + X) +
+ O(Adep/ub)

o There are calculations in LO, NLO, NNLO, ... in the strong constant ag
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Factorization approaches: CPM and TMD PM

® q1 27 ~pr and Agecp ~ pr << pF
oTMP(pp — n.X) = /dxldQQIT/dx2d2q2TFg(x1,‘11T7,U«F7MY)><

X Fg(®2,q2r, b, 1y )(g + g = ne + X) + O(< a3 > /uF)+
b .
= Jo(S,MnC,M)/ (2#)26 ar x

X Fg/Pl(ml’bnu‘aCl)Fg/Pg(x2>b7.u'7C2)+
+ Y (M,y,pr)+ suppressed corrections

doTMD (p+p — ncX)
dprdy

where Fg/p(m, b, p, ¢) is universal TMD PDFs with evolution.

FN‘g/P(vaa w¢) S g/P(x>kT7N7 ¢)
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Factorization approaches: CPM and TMD PM

Evolution in TMD PM

81nﬁ(:)},b, H, C)

= K (b,
ove (b, 1)
dK
dmp = K (as(p)
dln F(z,b, 1, C) ¢?
dmp O F (as (u),p)

v

Gluon TMD PDF is unknown

o A. Vladimirov: fit of quark TMD PDFs in DY, pr < 0.2 X Q

e In the conventional TMD PM, the final state should be colorless:
q+3—7(2),q+q - Worg+g— H.

e In case of charmonium production, g + g — 1c(xc0,c2), if CSM production
mechanism is realized

e M. G. Echevarria, Proper TMD factorization for quarkonia production:
PP —* Ne,p as a study case // JHEP 10, 144 (2019) - PDF-+Shape function

v
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Factorization approaches: CPM and TMD PM

Generalized parton model

® qi27 ~ pr and pr ~ pp

olop = J/HX) = / 6P / dead2qyr Fy(w1, a1, ) X

X Fg(z2,qar, pr)o(g+9g — J/P + X)
Fy(z,q7, pr) = fo(z, pr) X exp(—g%/ < ¢3 >) /(7 < 3 >)

< g} >~1GeV? >> Adop

P | p

P P

lgr| < pn |g:| > Aqep
(TMD) (COLLINEAR)

Aqep < x| < py
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Hadronization mechanisms: CSM, NRQCD and CEM

J /1 production

o Baier, Ruckl, Berger, Jones [1983] — Color Singlet Model (CSM):
g+g— cE[SSF)] +gand g+g — cE[ISél)], LDME
<H[M3S50] >~ [T (O)].
o Bodwin, Braaten, and Lepage [1995] — NRQCD:
g+g— 06[3551)], [15'(()8)]7 [3P§8)] as perturbative series in v9, v2, ....
o Fritzsch, Halzen [1977] — Color Evaporation Model (CEM):

2mp do(gg — cc)

ndE
dMce

a(J/y) = FJ/w/

2me

Ma and Vogt [2016] — Improved Color Evaporation Model (ICEM)

2mD do(gg — cc)
o(J/yp) =F ——————dMc;
(J/¥) = Fyy /MJ/d; dM e
My

¥
Prj/y = MC/E PTce
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Prompt J/4 production in the NRQCD

GPM + NRQCD, test of PHENI

sum —— sum
" Jp+g Jp+g
10 Xep = JIY 10" Wx:gz nd j;g

Vg — JIp
=|:v—|—|—\=|=,:|:|_|__[_‘=’=' Yoo > Jb e S Yo I

{
{

)
>

o,

3,

PHENIX 2012 PHENIX 2012
pp = JP+X PP = JP+X
Vs =200 B, lyl <0.35 102 Vs=20013B, 1.2<lyl <22

)
®

<q%>=3.05 13B% CSM .05 1982, CSM

o

1/2Tpr)BriJip — €' doldydpr, HOH/ITSB?
1/(2rtpr)BriJiy — '] d’ofdydpr,,, HGHITSB

)
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Prompt J/4 production in the NRQCD

GPM + NRQC

PHENIX sum =
p+p = JIP+X Jp+g
Vs =200 3B wxcz i j%
3| 0.0 <pry, <3.0[reB] '+g —
10 <g?>=3.05 3B%, CSM Xertg = J ==
Xeo — I ——
I
O
z
z
B 102
510

<o
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Prompt J/4 production in the NRQCD

‘I
o 102
s GPM ——
© CPM
I
W
= 10 J
Qo
©
>
5
3]
a5 100 |
o
+
[0}
1 10°1| PHENIX 2012 ]
> p+p = JP+X
= Vs =200 I'9B, lyl < 0.35
o <g2>=3.05 M'3B? (GPM), CSM
=
2102 1
8
= 0 3

Py FOB



» production and spin effects in collisions of unpolarized protons

Prompt J/4 production in the NRQCD

GPM + ICEM, test of the PHENIX and NA3 data
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Prompt J/4 production in the NRQCD

GPM + ICEM, test of the PHENIX and NA3 data
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Polarized J/v production

Polarized J/1) production using the NRQCD

or — 201 o— 301
N=——"—=—
or+ 20 o+oL
sum 12 sum
038 Iy direct Iy direct
pacnan xe —— 1 pacnan X, ——
06
08
04
PHENIX 2010
2 02| p+p = X < 0s
- Vs =200 138, Iyl <0.35
_ 2
o <q?>=3.05 9B 04
PHENIX
PP+ JpX
02 02} Vs=200raB
0.0<pryy <30[138]
<ol = .05 FaB?
0.4
] 4 2 - 2 3

2o reB 2

Polarized J/1) production using the ICEM is in work till now ...

<o
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Polarized J/v production

Polarized J/

production iusing the NRQCD

1} sPoNiCA sy — 12 SPD NICA np —
P4p = I, P4X v, <OPP{p=0 PP = I, X W, <OPPY>=0
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J/1¥ + v as a clean test of TMD gluon PDFs

J/¢ + ~ in the NRQCD only CS contribution in LO

J/ + v pair with the small total momentum originated from TMD PDFs

The gluon-TMD correlator

g 1 Hv pg q";"q% "% Q% lg
N (xqu): ﬂ —9r f]_ (xqu)+ M2 +gT M2 h’l (:E’qT)

g g PEPEEPLPE
T (P1P2)
plolep = J/$X)

IR o) [ ann) © ez + )

+ w(y,pr,s)® hng(Ilv Qar) ® hllg(wzv qoT)
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J/1¥ + v as a clean test of TMD gluon PDFs

do(J/4) _
dQAY d2prd<Q

_l’_

_l’_

+

Fif{ (@1, qm1) @ f{(z2,q12) + (2)
F3 cos(2¢)ws © f¥(x1,q711) ® hi (22, qr2) +
Fscos(26)ws ® f{ (x2,qr2) ® hy (@1, qr1) +
Fy cos(49)ws ® hng(iBQ» qr2) ® hfg(:cl, qr1)

dQ) = dcosfOd¢ - Collins-Soper angles.
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J/1¥ + v as a clean test of TMD gluon PDFs
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J/1¥ + v as a clean test of TMD gluon PDFs
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J/1¥ + v as a clean test of TMD gluon PDFs
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J/1¥ + v as a clean test of TMD gluon PDFs
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J/1¥ + v as a clean test of TMD gluon PDFs
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J/1¥ + v as a clean test of TMD gluon PDFs

o There are not experimental data for J/v + v production and the
measurement the cross section at the NICA may be very interesting

o The analysis of the ratio "signal/bachground" will be presented in the talk by
Lev Alimov today.

e It is interesting to estimate the contribution of the gluon Boer-Mulders TMD
PDF in polarized .J/v production
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Thank you for your attention!



