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Di-electron from Photon Interactions

STAR, PRL 121,132301 (2018)
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« The hadronic cocktail can describe the data « Equivalent Photon Approximation (EPA):
for pr > 0.15GeV/c in all three mass regions In a specific phase space, EM fields can be
« The observed excess is found to concentrate guantized as a flux of quasi-real photons

below pr = 0.15GeV/c
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yy — e“e”: Ultra-Peripheral vs. Peripheral
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Excellent electron identification capability
with the information from TPC and TOF
High electron purity (95% in no, non-
overlapping area) sample with STAR PID



Mass Distribution in Low-py
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* First di-electron measurement at the centrality of 80-100% at STAR

 Significant enhanced di-electron yield compared to hadronic cocktail

* No vector meson is observed — forbidden for real photons with
helicity + 1
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pr Distribution
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> T =1y |
T 10° « Observed excess is concentrated below 0.2 GeV/c
. in 80-100% compared to the cocktalil
107E" STARPRELIMINARY  pe>0.2 GeVie, i<, ly“I<I o S _
- vl o0 ] Similar py distribution of ete™ pairs to those of
0 0.2 0.4 0.6 0.8 1 _
p_ (GeV/c) Au+Au at \/Syy = 200 GeV/c 60-80% centrality
v" Indication of yy - e*e™ production
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cos(4A¢p) Modulations

: e T

. :.L.;drentz contraction of EM fields —
Quasi-real photons should be linearly
polarized (E L B 1 k)

* Recently realized, there are cos(4A¢)
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 Indication of cos(4A¢) modulations in linearly
polarized yy — e*e™ process with a significance of 2o

(systematics needs to be studied)

v More statistics is needed to confirm the trend
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AW Photoproduction of J /¢
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* Cross section of J /13 meson in photoproduction,
with a hard scale imposed by its mass, Is
sensitive to the gluon density at the LO

do . Feelvljzﬂ3 as(éz)z
VP oYp) =— - L

[xg(x, Q)]

(

2
4]
My

 It's a powerful probe to study the gluon density
and its distributions inside nucleons and nucleus,

physics applications:

v Gluon spatial distributions

v Gluon shadowing effects
v

etp=e'+J/psi+p’

e(k’)

I/
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Photoproduction of J /9
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quasi-real photon

« /Y — etTe™ pair are reconstructed using
TPC for |y| < 1.0

« Zero Degree Calorimeter (ZDC) was used
to detect neutrons from deuteron breakup,

providing additional info about the physics
process

c Au+d-J/Y+Au +X
v X=d (coherent)or X=d',d-»p +n’
(coherent + Coulomb)
v X =p’+ n’ (elastic nucleon)
v X=p + Xorn’+ X (nucleon dissoc.)

ZDC modules installed on RHIC-STAR experiment
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Photoproduction of J /Y
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 Clear signal, roughly 300 J /4y are reconstructed
 The UPC trigger used in analysis is unbiased with respect to the ZDC
* Au-going side has no neutron, stay intact!

«10°
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Photoproduction of J /Y

d+Au |s, = 200 GeV STAR Preliminary
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* n-tagged data = total data @ requirement
of neutron at d-going ZDC

« The datais at Xp ~ 0.01 at STAR

« Xp : longitudinal momentum fraction of the
proton carried by the color-neutral “pomeron”

—
<
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Coherent, Incoherent calculated by H. Mantysaari and B. Schenke,
(https://arxiv.org/pdf/1910.03297.pdf)

2021/01/14 Xiaofeng Wang @lInitial Stages 2021 11



Photoproduction of J /Y

With
fluctuations
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« The data, despite large uncertainty,
« Coherent: Hulthen and AV18 describes the data equally well. Expected to be dominant at low t

« Incoherent: Qs/Shape fluctuation is found to describe the data better.

« ZDC n-tagged data: incoherent only at small t

Separate coherent and incoherent process is extremely interesting but challenging,
will be significantly improved at the EIC
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Coherent, Incoherent calculated by H.
Mantysaari and B. Schenke,
(https://arxiv.org/pdf/1910.03297.pdf)

Without
fluctuations
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Summary

« First di-electron measurement at the centrality of 80-100% at /syy = 54.4 GeV at
STAR

v Indication of yy —» e*e~process

« Indication of cos(4A¢) modulations in linearly polarized yy — e*e™ process, but
more precise measurement is needed to improve the significance

« First measurement of /1y meson in photoproduction off deuteron in UPC

v' Data is well described by theoretical calculations using Hulthen/AV18 wave function for the

coherent contribution along with incoherent contributions calculated using Qs/shape fluctuations

« Data with ZDC neutron tagging indicates incoherent contribution at low t
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Summary

« First di-electron measurement at the centrality of 80-100% at /syy = 54.4 GeV at
STAR

v Indication of yy —» e*e~process

« Indication of cos(4A¢) modulations in linearly polarized yy — e*e™ process, but
more precise measurement is needed to improve the significance

« First measurement of /1y meson in photoproduction off deuteron in UPC

v' Data is well described by theoretical calculations using Hulthen/AV18 wave function for the

coherent contribution along with incoherent contributions calculated using Qs/shape fluctuations

« Data with ZDC neutron tagging indicates incoherent contribution at low t
Thanks for Your Attention
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Mass Distribution in Low-py
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Photoproduction of J /Y

STAR Preliminary
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Only statistical uncertainty is shown, green band is 1o fit err

N

« Total data — no selections on final-state of the
deuteron breakups, only J /4y at mid-rapidity with
no other activity

* n-tagged data = total data + requirement of
neutron at d-going ZDC

 Total fit has three components:
v Coherent contribution, assuming an
exponential function
v’ Elastic nucleon (H1 proton data as shape)
v"Nucleon dissociative (H1 proton data as

shape)
(ref. Eur.Phys.J.C73 (2013) 6, 2466)
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What to look forward?

1. More statistics in this case absolutely helps Coherent slope parameler

(alot), esp at low t. v +d o IV +d Q= 0GeV:

36

— CGC
---- IPsat

2. Higher energy || lower x || forward rapidity
—> sensitive to gluonic structure!

104 1073 102
Ip

Low-x data should distinguish models!
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