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Outline:

» Why not UPC?
» Coulomb correction: formulation in TMD factorization
» Numerical results for the Bethe-Heitler process

» Summary



EM interaction with a large nuclei

For a Pb target, the effective coupling is:

82/137 = 0.6




Brief history
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> Solve the Dirac equation: » Multiple photon scattering
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Effective photon propagator
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€ t channel photon propagator:

F(k) =42 F(k)



Power suppression in di-lepton production

Large Pt Stay very close in position space,
viewed as a color neutral object

» According to power counting: qt*2/Q"2

» Coulomb correction in UPCs needs to be better understood



Physics Reports

Volume 453, Issue 1, November 2007, Pages 1-27

Electron-positron pair production in
ultrarelativistic heavy ion collisions

Gerhard Baur ® o =, Kai Hencken b< Dirk Trautmann °

In April 1990 a workshop took place in Brookhaven with the title ’‘Can RHIC
be used to test QED?’ [98]. We think that after about 17 years the answer to
this question is 'no’. However, many theorists were motivated to deal with this



Yet...
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B Cross section is reduced by the Coulomb correction!



EIC/EicC may offer the better opportunity to search for
Coulomb correction

The Bethe-Heitler process: e




Coulomb correction in TMD factorization



Photon TMDs

O Operator definition:

dy~d*y, 5 6" [ A 1
[ B PR QU OOU L WP,y = el k) + (S - 2 ) ohi (o)

€ Gauge link: U(yL) 7)6”"‘3 f+ dz" AT (27 ,y.1)

» Staple like gauge link in QCD
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Weak field limit (single photon exchange)

Nuclear charge form factor

From transverse
derivative

Photon propagator
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Gauge link contribution:

i
= [ am a2 f

— O

@ For a point like particle: F(qi) — 1

4
Vy,) = 27« lim Ko(lyL]d) = Za (—2’}’E + In 7 52)
L

Ze y'

Fra,y1) = sor—aMpKa(lyL|aM,)
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» Inserting into the operator definition of photon TMD:

Y 2 1~y 2 Infrared regulator cancelled!
vf (z, k1) = xhy (2, k)
Z4a3(1—|—Z2a2)]{:2 2
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Numerical results
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Numerical results for Pb target

47 pY

» Nuclear charge form factor: F(k]) = =
[E]2A
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A puzzle

TMDs are process dependent, but PDFs are supposed to be universal!

@ Two different photon TMDs: no gauge link, close loop gauge link

[ P P, O 00U () FLL WP,

» Carrying out kt integration, produce a delta function

» Close loop gauge link become unity

N ] =1, when Y 1=0

Are they really identical?



Coulomb correction

ATe ki
T2 (ki + J\Jgaﬂ)z

No gauge link: ZEffO(CUg ki) _

74P (1 4 Z%a?)k? , . —k? . . —k7 2 )

Close loop gauge link:  xf (x, k1) =

2
/ Pl [of) (@, k2) — of]o(2.82)] = — 222 f(Za)

T
f(Za) = Rey(1+1Za) + g with ¢(z) = dInl(z)/dx

Are PDFs universal?
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Observables



The Bethe-Heitler process

do dQTJ_ : _ Ze p? i 5 . I 5
- T -q L 27 12 i K| Y
dPS _ HBOI‘H (27_‘_)26 € " d kJ—e ajfl (x7kJ_)

1 1 — 2)2 Soft photon radiation can

Hporn = 204222 all y ?) produce finite kt as well

PJ_
&
c
» We compare the BH cross section in ep and eA collisions at low kt > > 4‘ v
Y

O Proton charge form factor well constrained: P " 8)

F() = 1/(1+ &)? with Q3 = 0.71 GeV?
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Coulomb correction at EicC

Multiple photon exchange enhance by a factor Z in eA collions

The ratios between the BH cross sections in ep and eA collisions
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> Requires h|gh momentum resolution! Z.h. Sun, D.x. Zheng, J. ZhOU, Y.j. ZhOU, 2020

» It is more promising to observe Coulomb correction at EicC as compared to EIC.



Rapidity dependence
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Summary

» It is promising to study Coulomb correction at EicC!

» Search for golden observable in UPCs to address the Coulomb correction.

Thank you!
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