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Gilant electromagnetic field in heavy-ion collisions

S. Klein and J. Nystrand,
Physics Today 70 (2017) 40
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Ultra-Peripheral Collisions
(UPC)

Clouds of quasi-real photons being present with heavy nuclei

4172 7L o F@ i | .
n(w,ry) = wa /(;;_)QQJ- é?eq EC]UIValent Photon
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Photoproduction in Ultra-peripherial Heavy-ion Collisions

C.A. Bertulani,
S.R. Klein and J.
Nystrand, Ann.
Rev. Nucl. Part.

_ Sci.55:271
NI enn — + (2005)
Iy = > V=p,o ,¢, Jy
. . Photon-photon Photon-nucleus
Electromagnetic interaction interactions interactions
W. Fischer etal., PRC 89 (2014) 014906
The abundant photon collider RHIC RHIC LHC
- - species Au+Au U+U Pb+Pb
Induced reactions Nans GeV 200 1928 5520
BFPP b 117 329 272
UPC related physics single EMD 94.15 150.1 215

b

mutual EMD b 379  7.59 6.2

Il nuclear b 731 82 7.9
b

The physics of photoproduction total 218.46 487.3 494.9
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The equipment (STAR) to photograph the collisions
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Electron Identification at STAR
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STAR: Au+Au at \/Syy = 200 GeV
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Excellent electron identification in MB and UPC

Purity > 99%
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The observation of Breit-Wheeler process
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STAR, PRL 127 (2021) 052302
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The simplest process to convert energy to matter
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The observation of Breit-Wheeler process

STAR, PRL 127 (2021) 052302

er than exact relations. 1t is also hopeless to

1=,

C o a

2 %*x( ) ry to observe the pair formation in laboratory 4 (fat.) =
s | | “x,  experi with two beams of x-rays 4 (scale) mb
& 101 “3 meeting each other on account of the smallness
S -
8 of o and the insufficiently large avallable densities
S | ] .  QED
L W1lhams,
= o2/l b 0.26 mb
Ly = . A .
g 5} arge densities of quanta in moving frames o

' reference. This, together with the large number eoretical

1034 /\ of nuclen avaﬂable in unit volume of ordinar 10 levell
I ma ~hle | 10 leve

amounts. Analyzir e nucleus into

1934 Breit & Wheeler : “Collision of two Light Quanta”
Physical Review 46 (1934): 1087
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Story began from the peripheral heavy-ion collisions (Non-UPCs)

ALICE: PRL 116, 222301 (2016) STAR: PRL 123 (2019) 132302
<8l 102 —— ——r —
i8 7,%; ALICE, Pb-Pb |s,, = 2.76 TeV SUF o AUtAU 60.80%
6L 25<y<4 q]] e Au+Au 40-60%
5t + 0sp <0.3GeVic, global syst=x15.7 % E'F' [ﬁ_‘ + Au+Au 20-40%
al- - o U+U 60-80%
+ 0.3 < p. <1 GeV/c, global syst = = 15.1 % ol [‘F o U+U 40-60% |
sr ¢ 1= p <8GeVic, global syst=+11.5% [ ] p+p baseline uncertainty §
_ . Il 60-80% N__, uncertainty
ol % Common global syst = + 6.8 % EI}’I [g\ . 40-60:/:; N, uncerta!nty ]
- JT oW I 20-40% N__, uncertainty -
i L]
1F T -
hE $ - sTAaR ¢ ¥ B I:
0.8 ¢ % - G % :
0'77 L JIJ[ L 1 llJlJLI 1 il JILlJlJ
0.6 w 1072 107" 1 10
0.5 - p. (GeVic)
04 L 111 ‘ L 111 ‘ L 111 ‘ L 111 ‘ L 111 ‘ L 11| ‘ L 111 l L1 | T
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< Npart >

® Significant enhancement of J/y yield observed at very low p+in
peripheral heavy-ion collisions.

® Origin from coherent photon-nucleus interactions!

® New probe for QGP?
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Breit-Wheeler process in non-UPCs
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STAR, PRL 121 (2018) 132301

S.R. Klein, PRC 97 (2018) 054903
W. Zha etal., PLB 781 (2018) 182

Negligible p photoproduction!

® Significant excess in 60-80% central Au + Au and U + U collisions for the

whole invariant mass range!

® The excess can be described by the coherent photon-photon process!
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Broadening of transverse momentum

107~ - - - - . - -
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p2 (GeV/e)) M, (GeV/c?) Novel probe for QGP?

Possible medium effects --- magnetic field trapped in the QGP?
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Impact parameter dependent broadening

CMS, PRL 127 (2021) 122001
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B —{21 . ..
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The room for QGP effect

J.D. Brandenburg, J. Seger, Z. Xu and W. Zha, Rep. Prog. Phys. 86 (2023) 083901

—~ 70
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~20 times more statistics

Push for more precise multi-differential measurements
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Birefringence and linear polarization

Birefringence
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The photons are linearly polarized!
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C. Li, J. Zhou, Y.-j. Zhou, Phys. Lett. B 795, 576 (2019)

y from B

Observed y

Link to
Vacuum
Birefringence!
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Birefringence of the QED vacuum

Ao = o, — o, leads to cosn¢
modulation for polarized two
gamma fusion

Ap = Ap[(e* +e7),(e" —eT)]
~ Ap[(et +e7),et]

Ultra-Peripheral

Quantity ~Measured QED x?/ndf

—Asngp(%) 168 £2.5 165 188/16

Peripheral (60—80%)

Quantity Measured ~ QED  x?/ndf

—Asap(%) 27 +6 345 10.2/17

The first observation of angular modulation for B-W process in heavy-

counts /(m/20)
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ion collisions (both for UPC and non-UPC).
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Double slits interference in polarization space

Linearly polarized photons

z
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Nucleus 1
< 2
Nucleus 2
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Double slits interference in polarization space

STAR, Sci. Adv. 9 (2023) eabq3903

Example of EPR paradox B STAR Signal ©*n~ pairs vs. Models
3 _ :' —Y— Au+Au \s,,=200 GeV
______________________________________________________________ 041 e
A g ENtANgIEd-sserserroesress sa To § i PO Model I: R=6.38 fm, a=0.535 fm
IOV INErTOrenCs -eereer R 5 ":T %, ---- Model Il: R=6.9 fm, a=0.535 fm
.................................... 0.2 ': * o
-------- """"'-'--..___ Ha ‘*_ : “‘
©9) (@@ Yoo
T o — "y ;Y N
5N SR A SN P
@ @ 0 ————J&;;;’—;L———‘-*r.%’t;-—#-*—‘h_ N
gioolg : 20 femtometers : gfolg . ‘ ] ‘ ‘ ‘ |
llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 0 0.05 0.1 0.15 0.2 0.25
) P (GeV
Figure from Zhangbu r(GeV)
_ _ [1] Xing, H et.al. J. High Ener. Phys. 2020, 64 (2020).
The life time p : ~1fm/c [2] Zha, W., JDB, Ruan, L. & Tang, Z. Phys. Rev. D 103,
033007 (2021)
b ~20fm Prediction for U? Second peak?

Sensitive to the nuclear geometry / gluon distribution
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Summary

® Observation of Breit-Wheeler process in HIC

® Existence of B-W process in non-UPCs — Novel probe for QGP
-Impact parameter dependence
-More precise measurement toward central collision
-More solid theoretical baseline

® The linearly polarized photons in HIC
-Angular modulation for B-W process --- link to Vacuum Birefringence
-Double-slit interference in polarization space for photoproduction
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