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Cristian’s Talk

Processes involving Quarkonia are sensitive to gluons

hadron collisions
Nanako’s Talk (next one)

p+p—ony+X p+p—yo+X

Jelle’s Talk

ep+p—->Jiy+Jy+X ep+p—->Jly+X?

ep collisions

and more...
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https://indico.ectstar.eu/event/219/contributions/4837/
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Two mechanisms: Si and Color-Octet

e —

The NRQCD cross-section combines the CS and CO mechanisms

dol Q] = 2 dei déj fz(fz)]i(fj) d8i+j—>QQ[n]+... <@62[n]> ~

& Long-Distance Matrix Elements

(universal in principle)

Goal: Comprehending the significance of CS and CO channels

Opportunities: Quarkonium polarization

Onia vs open quark ratios

Averaged Azimuthal Asymmetries LM. Yuan. arxiv.2403.02097 (2024)
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Correlation limit
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transverse plane Kinematics
(//yw and jet back-to-back)
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https://link.aps.org/doi/10.1103/PhysRevLett.126.142001

A diagrammatic point of view of soft gluon radiation

Three possibilities to emit a soft gluon from the Born amplitude
LM, Yuan, arxiv.2403.02097 (2024)
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Soft gluon emission: CS mechanism
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|V = g2C, Sy(py. k) | 4D
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B Z(Vg‘vb)
Sg(Va, ") = (v, - kg)(vb ' kg)
Integration of the extra dof
d3k a.C S t
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Soft gluon emission: CS mechanism - Il

d3k a,C ) t
J—\@f(”\ 5P(q, + k) =— | D) lln— + In— + I(R, ¢)]

(2m)2E; 27q* qs i
. In —+ dominant behavior at low ¢
QJ_ i \
f 1k
. In —: related to jet rapidity y; = —In—
) 2 ki
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Azimuthal Distribution: CS

~ = ——— —_—

I(R,¢) = CP(R) +2 Z C(J)(R) cos(ng)

R is the jet cone radius ™=»  Arises by removing collinear divergences

I(R, @) was already encountered in other works

Dijet

Lepton-jet
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Azimuthal Distribution: CS - Il

[R.$) = COR +2) Cé”(R) cos(ngh)
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Small-R limit:
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Soft gluon emission: CO mechanism
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LM, Yuan, arxiv.2403.02097 (2024)

\Qf(g)\z—lg C [S (D2: ki) + So(Pa, k)
_ 1 2 s —A 20 9

® 2
l S, (k,» k) + S (K, kw)] | o18®|

Valid for all (relevant) CO states + quark channel
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Soft gluon emission: C ism
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LM, Yuan, arxiv.2403.02097 (2024)

AP = g2, | 5O [Sg<p2, )

1
+ (SePaky) = S,k k) + Syl ) = Sy(po 1;,-))]

+ quark channel
Jy related contribution
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Soft gluon emission: CO mechanism
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LM, Yuan, arxiv.2403.02097 (2024)
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+ quark channel

Jy related contribution
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Soft gluon emission: CO mechanism -
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|mha| % B | M, Yuan, arxﬁv.2403.02097 (2024)
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Contributions from 5,(p,, p,,) and S5,(p,,, p,,)
( ) ( )

Included in J/y - jet correlation S,(p;, p,, )
(R dependence removed by S, (ps, p;))

M

W "
my, 1 = T Replaces R (acts like a regulator)
j
Each distribution is (K, ) = CI(K) + 2 Z CU(KY cos(ngb)

expanded In Fourier

n=1

LN 4
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== Included in J/y - jet correlation S,(p;, p,,)
(R dependence removed by Sg(pz, Pj))
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AZImUthal Dltrlbth CO - " | M, Yuan, arxiv.2403.02097 (2024)
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ien L. vuan.andu2403.02007 (2024
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CS and CO pred|ct|ons LM, Yuan, arxiv.2403.02097 (2024)
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V O LM, Yuan, arxiv.2403.02097 (2024)
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k1| =12 GeV . - k'J_ =12 GeV

Dominance of gluon channel

cos ¢ strongly suppressed for CO

k.| =30 GeV
1.0 =

Vs, =100 GeV

pe=3

Yj =Yy =0

R=04

Quarks and gluons are approx same size y i
Clear change of cos ¢ sign for CO
0 1 2 3 4 5!
g1 [GGV]
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M N LM, Yuan, arxiv.2403.02097 (2024)
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e Quarkonia can be used to extract the gluon TMD information

» Azimuthal correlations (and in particular (cos ¢ )) can be used to disentangle
between CO and CS mechanisms

S - — — E———— — e = —  —— — =

===

Take-out message: Wwithin CS (Cos gb) IS sizeable independently of k] 1
whereas for CO it will always be a combination of k;;
and R such that (cos ¢) is suppressed

S

__ — __ R S——— = —_— —_— — —_—— — = — —_—

 J/y plus jet Photoproduction at the EIC or even hadron production at the LHC are
an unique opportunity to shed a light on the production mechanism of quarkonia
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J/y - gluon azimuthal distribution
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cos(¢)

\/ 1 +mZ, cosh(Ay,,) + cos(¢)

No ¢ divergences

W-](ml/jj_’ ¢) [dAygyj

Aoy =Yg = Yy

P

soft gluon JIy
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- Jet B
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There is no contribution to C,

Depending on the difference Ay = Y — Y; we have a contribution to single logs
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Normalized sectio
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