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A simple solution to this excess is the independent production of di- | /

(Double Parton Scattering)
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3, 4-jet photoproduction cross sections are better described when MPI are included

S. Chekanov et al., Nucl.Phys.B 792 (2008) 1-47

(Indication of Double Parton Scattering even in photoproduction)
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We consider the possibility of resolved photon to estimate the DPS cross section
in quarkonium-pair photoproduction at the EIC 10
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y+a-Jyv+Jlv+gq

v

Resolved

DPS

l

Resolved

i+j->Jy+]Jly i,j=4,q

lg+g— Jlv+glP?

* GRYV photon PDF is used rrp 46, 1973 (1992) , while CT18NLO PDF for proton .. Hou et al, PRD 103, 014013 (2021)

 HELAC-Onia latest version is used for generating matrix elements Hs shao, CPC 184,2562 (2013), 198, 238 (2016)

* (CO LDMEs are taken from M. Butenschoen and B. A. Kniehl, PRD 84, 051501 (2011)
*  We expect at least 600 four-muon events with 100 fb-! luminosity
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d Di-J/w photoproduction(EIC)

SPS

v

v

DPS

l

Unresolved

Resolved

Resolved

vy+a-Jv+Jly+q i+j-=Jy+Jly

Lj=4.q

lg+g— Jlv+glP?

* GRYV photon PDF is used rrp 46, 1973 (1992) , while CT18NLO PDF for proton .. Hou et al, PRD 103, 014013 (2021)

HELAC-Onia latest version is used for generating matrix elements s shao, CPC 184, 2562 (2013), 198, 238 (2016)

* (CO LDMEs are taken from M. Butenschoen and B. A. Kniehl, PRD 84, 051501 (2011)
*  We expect at least 600 four-muon events with 100 fb-! luminosity

Range of cross sections in CSM v S,,,=100 GeV

O.(J/II/,J/W) x Br2= 4 — 30 fb

SPS

O-(J/II/,J/‘I/) x Br2= 0.2 -5 fb

DPS

Yo _
}(Resolved) o.% . =10 mb for DPS
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d Di-J/w photoproduction(EIC)

SPS DPS
Unresolved Resolved Resolved

y+a—Jiw+Jiv+q tHi=Jlv+ ]y i,j=9.q G+9— Jlv+gP

* GRYV photon PDF is used rrp 46, 1973 (1992) , while CT18NLO PDF for proton .. Hou et al, PRD 103, 014013 (2021)

HELAC-Onia latest version is used for generating matrix elements s shao, CPC 184, 2562 (2013), 198, 238 (2016)
* (CO LDMEs are taken from M. Butenschoen and B. A. Kniehl, PRD 84, 051501 (2011)
*  We expect at least 600 four-muon events with 100 fb-! luminosity

Range of cross sections in CSM v S,,,=100 GeV

UFSJ;VéIJ/W) x Br2= 4 — 30 f_b
(Resolved)  ¢!” =10 mb for DPS
JIw.Jlw) _
9pps xBr2= 0.2 -51b
gUWIW) x Br2 = 2 — 12 fb (Unresolved) 12




= Ay and M, at EIC

Kinematical distributions useful to separate SPS and DPS

Br2xdo/d/Ay| (fb)
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(GeV)

14

16

LDME set (HU): M. Butenschoen and B. A. Kniehl, PRD 84, 051501 (2011)
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= Ay and M, at EIC

Kinematical distributions useful to separate SPS and DPS

2
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LDME set (HU): M. Butenschoen and B. A. Kniehl, PRD 84, 051501 (2011)
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= z distribution

103 g . . . . 3
g SPS Unresolved CS+CO (HU) 2353 3
N SPS Resolved CS+CO (HU) E=—= ]
102 3 "/Sep — 140 GeV EIC DPS Resolved CS 32 3
i [ 10 GeV < Wyp < 100 GaV i
g | I P
= OSSR RN =
-g 10-1 E '_':':; ‘AAAW o
X S A
% SNl e _
53 2 \"0"’0.’ o
1072 B ."’"""’ § o E
g P38 X SRS ¢ -
R %% 20 %0 0200505
s L KRR s
10 2000, 0 0 00O I
KX X580 ]
eSO
0% g . . . R e
0 0.2 0.4 0.6 0.8 1
Zz

LDME set (HU): M. Butenschoen and B. A. Kniehl, PRD 84, 051501 (2011)




= z distribution

103 ¢ . .

T T 3
SPS Unresolved CS+CO (HU) =IXX1
N SPS Resolved CS+CO (HU) E=—= ]
102 | Vsep = 140 GeV EIC DPS Resolved CS T252

il 10 GeV < Wyp < 100 GeV '
10° F E

109

I nrn 10
HELAC-ONIA

1071 s

Brxdo/dz (fb)

1072 =
107 |

10 ¢

LDME set (HU): M. Butenschoen and B. A. Kniehl, PRD 84, 051501 (2011)

* For z<0.1 resolved SPS dominates over unresolved/direct

* Unique opportunity to study the photon structure

* At larger z one can test quarkonium production mechanism via direct photoproduction

* Resolved case: gluon channel dominates in the low z region, and quark channel at high z

* (S and CO states are considered: CO states contribution is only significant (for some
LDMEs) in unresolved but not in the resolved case
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Summary

» Quarkonium production is a rich channel to probe the parton correlations through DPS

» We have estimated SPS and DPS cross sections for quarkonium-pair photoproduction at
the EIC using the NRQCD framework

» DPS total cross section is small compared to the SPS but could be measured if
Ocrff small

> Differential spectra in [Ay(y, )| and M, are useful to separate DPS and SPS
» Differential spectrum in z is useful to separate resolved and unresolved

» Bulk of the yield at low z where resolved SPS is dominant

» Quarkonium-pair photoproduction is a promising channel to probe the gluonic content
of the photon structure

Thank you for the attention
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i Backup slides
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i Effective X-section
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d z-spectrum (Resolved)
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d z-spectrum (glu-quark)
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Pocket formula details

How to build up the photon dPDFs from the PDF? £, (13 1%} =(K)uf; /e (; p?)

Gluck et al, PRD 46, 1973 (1992)

0.91

If we assume that evolved dPDF's can be written as product of PDF's:

Fyjy (1,2, k1 i) i (215 187) £ (2 M2)9(1 — 1 — T2)

Normalization

constant Effective form factor
M. Rinaldi and F. A. Ceccopieri, PRD 97 (2018) 7, 071501

1— —x1
Then by using sum rules: Z/ dwy w2 Fjipy (1,02, k1 = 0;p%) = (1= 21) fij (w15 1%)
J. R. Gaunt et al, JHEP 03, 005 (2010)

17&71
Therefore, from our ansatz we get: / Ay w2 Fjifs (1,02, k1 = 0:2) = NKafy (215 5%) (1 — 1)
B 0

Thus the normalization constant 1s N -

Ko
m o A 0 B
The new pocket formula would be: ;4+5 _ SPS”SPS
20K  o'%
eff
Where the effective cross-section keeps the ., _ 1

o . Ot T TPk~ - 20
usual geometrical interpretation, i.e.: 272) By (kL) Fp(—kL)
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