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Introduction

» Studying the production of C-even quarkonia in pp collisions is a
useful tool for probing gluon TMDs

* Gluon TMDs are still poorly known: since they encode the information
on the intrinsic motion of the gluons inside hadrons, their knowledge is
a key ingredient to understand polarization phenomena

« TMD factorization + NRQCD

» Single spin asymmetries (SSAS)
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Gluon TMDs

p| b
Gluon correlator g | E Mulders, Rodrigues, PRD 63 (2001)
of Buffing, Mukherjee, Mulders, PRD 88 (2013)
: r (P;P,S) Boer, Cotogno, Van Daal, Mulders, Signori, Zhou, JHEP 1610 (2016)
P ; P

Gauge invariant definition of the gluon correlator

[ Py "1 (2, pr) oc (P, S| Tr [ Fo*(0) Upp g FPF(€) Ul o1 1P S>JLF]

Gauge link: ér

c - ’ < gl link
U = Pexp ( —ig fC[o,g] ds, A (3)) 0.¢) gauge lin

e
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.63.094021
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.054027
https://link.springer.com/article/10.1007/JHEP10(2016)013

Gluon TMDs

GLUONS |, ,ipolarized | circular linear
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: SO
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Angeles-Martinez et al., Acta Phys., Pol B46 (2015)

T-even

T-odd

hng : linearly polarized gluon distribution in unpolarized hadron

flLTg : gluon Sivers function in transversely polarized hadron

hir, hfj‘z : helicity flip distributions

2
h{ = hi, + p—ThlL:ﬁ : vanish under PT integration
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https://www.actaphys.uj.edu.pl/fulltext?series=Reg&vol=46&page=2501

Gluon TMDs

Parametrization of correlators

v v v D3 1
Ly (2, pr) = 55 { —gv" fi (2, p7) + (prT +9r fﬁh) iy g(w‘,p?p)}

pr{pn v}

v - U € 4
PIZ (x7pT) = %SL {16# gi’L(m,pi) + TTngh g( 7pT)}

v 1 y EI;TST . j S N ];T{MS;} ST{,u,p;}
Py (2 7PT>—%{9¥ fia! (@, P3) + ey’ == 93,7 (@, P7) = o5 hd (2, p2)
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Introduction

Gluon helicities in the squared amplitude for J=0 and J=2 quarkonium production

fi i
+1 i +1 +1 +1 1
+1 +1 +1 -1 § +1
' mn
fi hid
J =0 J =2

Boer, Pisano, PRD 86 (2012)

Nanako Kato - University & INFN Cagliari 7



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.094007
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Non Relativistic QCD (NRQCD)

ag

° . . /
Double power series expansion -,

* Hard process calculated perturbatively

* Soft process given by LDMEs

Bodwin, Braaten, Lepage, PRD 51 (1995)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.51.1125

C-even quarkonia

For this kind of quarkonium states Color-Singlet production mechanism dominates (CSM):

p(Pa, S4)+p(Ps, S5) — QQPSTLM(q) + X

Leading order diagram:

Pa 999999999999 >

A q [g(pa)+g(pb) — Q@[QS“LSD](Q)]
Pb 999999999909 <

do Fgw (Ta,Par) FZG (Tv,Por) -Aup (Avo)*
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Amplitudes using NRQCD

General expression for the amplitudes: contains the LDME

Algg = QQPS L) (paspva) = [ L5 TH[0(q, k) #lg. k)

Baier, Ruckl, Z. Phys. C 19 (1983)
calculable perturbatively Boer, Pisano. PRD 86 (2012)

ALSET o Ro(0)€" P papipve

N,
2 na (1 ¢ 2 4
A[3P0(1)] X Rll (0) [ - 3gul/ + WQMPZ] <0’ 01 ( SO) |O> gjﬂ\_)RO(O)‘ [1 + O(U )]

(0[O0 (*Py) 0) = == (27 + DR (0)*[1 + O(v”)]

o2 4 1% 1% 14
AP PV s RY(0)e7 (q) [Wg“ PapPac — 9h 90 — gpgé‘]

doPP=Q = 3" dé[gg — QQ) (ol 0n<2S+ILF}>>/|o>,
~

Long distance matrix elements (LDME)

Nanako Kato - University & INFN Cagliari


https://link.springer.com/article/10.1007/BF01572254
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.094007

Cross sections

dyd?qr

dU(XQo)
ddeQT xC

dO(XQQ) x C

\ dyd*qr

do(ne)  eraso1 - R(g2)

LA AL+ Rar)]

it

~

Clwhy ?h17]

CLfA f1]

/

The convolution is defined as:

Boer, Pisano, PRD 86 (2012)

Clw F{ FJ] = [ d*par d®por w(Par, Por) F{ (T4, Par) F5 (2o, Por) 62 (Par + Dor — qr)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.094007

Cross sections

What’s new??

(" do[Q)

dy d2qT

Q,sin ¢s 4

Q,sin
= FS, + FS, o+ IS, S+ ves

Spr|sings, + EFrf S Ar|sin ¢g ,

Q, Q,

Q,cos — Q,cos
4+ ‘SAT’ |SBT‘ (FTT (psp—Psp) COS(quA _¢SB) +FTT (Pps,+Ps5) COS(quA +¢SB))

J

Kato, Maxia, Pisano, 2403.20017 (submitted to PRD)

\_

Each structure function can be factorized:

/ HC = >, (%)n H,nQ] perturbative part
\(

Clw F{ FY]
LDME

FQ

non-perturbative part

\_
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https://arxiv.org/abs/2403.20017

Unpolarized and single-transversely polarized structure functions

( sin

F o (CLAA) — Cluwww ni ot || Fp3™ 0
g oc (C|f7 1] + Clwpw by *hi*]) FXgosinoss
g] Fng,sin qSSB

\_ I\

< (-
< (-

Clwh, b *h]] — Clwl, bt by’ )

Clwh, b h{] + Cluwly by *hif])

~N

J

Wyy = —pzﬁgT COS [2((/5a — (bb)]

[wUT fifi }
Clwlr 1 27] —
[wéT fifi }
why = |§Z| cOS ¢y
or = % cos(¢p — 264)
wZ; = pg?—% cos(3pp — 2¢4)

Observables (in principle) measurable at LHCSpin
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Single Spin Asymmetries (SSAs)

Proton A unpolarized AQ,Sin s 2qubs sin ¢ps[do(ps)—do(ps+m)] Fl?%sin b3
Proton B transversely polarized N - [ désldo(ps)+do(ps+m)] - FU@U

Upper bounds for SSAs using gaussian parameterization

fi(x 7 .
flg(w,pi) — Wﬁzngi €Xp [— é:%} unpolarized TMD

M
5 (@, p2)|, R (2, p2)| < @ P,

itivi - 2 Mﬁ 2
Positivity bounds 5 Y@ Pl < 2 file.pr),
M

I —
— h g a’/" 2 <
2‘ lT( pT)’— |pT‘3

fi(z,p7).
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C-even quarkonia: upper bounds of SSAs
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Summary of the talk

* (C-even quarkonium productionin p-p collisions

e Used NRQCD and CS mechanism

 Maxvalues of transverse SSAs for different quarkonium states

 Asymmetries depend on the parametrization of the gluon TMDs but are independent of the LDMEs
* Observables measurable at LHCSpin

* Transverse and longitudinal double-spin asymmetries
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Thank you for your attention!



Backup slides
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2N () fi ()

1 — p3)

m(p3.)%/?

0<p; <1

Gaussian parametrization of the gluon TMDs
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