,.{ o A3
o ¥ A

N gl 5 | e e Sm—— e |
Ultraperipheral Collisions at STAR: ekt e (0%

2 5 Ye a rs Of D i S c ove ry Brookhaven National Laboratory

Pt - L 3
— 0 3 -t
A X | ',.W
- > | <
’ . » . ) \’ 3 . : < e <
” . c ul ] 3$ A s
r - « = -
| \ Pul -
f X Y "4 xou -




From First Light to Quantum Imagin

A rough
timeline
of STAR’s

UPC
journey

December 17th, 2025

Year
2002

2004
2008
2009
2010

2012

2016
2017
2018
2019

2021
2022
2023

2024
2024
2025

Title/Publication

Key Result

Coherent p*0 Production in UPC First UPC vector meson

e+e- Pairs with Dissociation

p™0 Photoproduction in UPC

Two-Source Interference in p”*0

n+n-r+1- Photoproduction

Energy Dependence of p*0

Yin U+U UPC
Detailed p™0 Study

Dileptons in Hadronic
J/Y in Hadronic

Polarization in Dileptons
J/Y in d+Au UPC

Spin Interference in p”*0
Exclusive J/Y, {(2S), e+e-

Strong Suppressionin J/

25 Years of UPC at STAR | Brandenburg (OSU)

Dileptons in UPC
Incoherent, polarization
Destructive interference
Broad resonance

Cross-section vs. energy

Bottomonium
Transverse structure
p_T broadening
Excess, interference

cos4d, field mapping
Deuteron gluons

Quantum entanglement
Recent UPC results

UPC suppression

Reference
PRL 89 272302

PRC 70 031902
PRC 77 034910
PRL 102 112301
PRC 81 044901

PRC 85014910

PRC 94 064904
PRC 96 054904
PRL 121 132301
PRL 123 132302

PRL 127 052302
PRL 128 122303
Sci. Adv. 9 eabg3903

PRC 110 014911

PRL 133 052301
* Not exhaustive
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From First Light to Quantum Imagin

A rough
timeline
of STAR’s
UPC
journey

** UPC accounts for

~10% of STAR’s high

impact jouranls (PRL
+ Science/Nature)

December 17th, 2025

Year
2002

2004
2008
2009
2010

2012

2016
2017
2018
2019

2021
2022
2023

2024
2024

Title/Publication

Key Result

Coherent p*0 Production in UPC First UPC vector meson

e+e- Pairs with Dissociation

p™0 Photoproduction in UPC

Two-Source Interference in p”*0

n+n-r+1- Photoproduction

Energy Dependence of p*0

Yin U+U UPC
Detailed p™0 Study
Dileptons in Hadronic
J/Y in Hadronic

Polarization in Dileptons
J/Y in d+Au UPC

Spin Interference in p”*0
Exclusive J/Y, {(2S), e+e-

Strong Suppressionin J/

25 Years of UPC at STAR | Brandenburg (OSU)

Dileptons in UPC
Incoherent, polarization
Destructive interference
Broad resonance

Cross-section vs. energy

Bottomonium
Transverse structure
p_T broadening
Excess, interference

cos4d, field mapping
Deuteron gluons

Quantum entanglement
Recent UPC results

UPC suppression

Reference
PRL 89 272302

PRC 70 031902
PRC 77 034910
PRL 102 112301
PRC 81 044901

PRC 85014910

PRC 94 064904
PRC 96 054904
PRL 121 132301
PRL 123 132302

PRL 127 052302
PRL 128 122303
Sci. Adv. 9 eabq3903

PRC 110 014911

PRL 133 052301
* Not exhaustive
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From First Light to guantum Imaging

Year Title/Publication
2002 Coherent p”0 Production in UPC

1 o E a rly Ye a rS 2004 e+e- Pairs with Dissociation

2008 p™0 Photoproduction in UPC

2009 Two-Source Interference in p™0

2. Photonuclear Era

2012 Energy Dependence of p*0
2016 Yin U+U UPC

3. Pa radigm Shifts 2017 Detailed p”0 Study

2018 Dileptons in Hadronic
2019 J/ in Hadronic

2021 Polarization in Dileptons

4. Looklng FO rwa rd 2022  J/in d+Au UPC

2023 Spin Interference in p™0

T+m-ri+m- Photoproduction

2024 Exclusive J/Y, P(2S), et+e-

2024 Strong Suppression in J/{

* Not exhaustive
December 17th, 2025 25 Years of UPC at STAR | Brandenburg {(OSU) 4



Foundations of UPC thsics at RHIC

RELATIVISTIC COULOMB COLLISIONS
AND THE VIRTUAL RADIATION SPECTRUM

C.A. BERTULANI* and G. BAUR

n h e avy i onco lli S i ons Wit h (o) ut a ct ua l Institut fiir Kernphysik, Kernforschungsanlage Jiilich, D-5170 Jiilich, West Germany
collisions, are you kidding me?" eceed 1o Men 1952

* Heavy-ion collisions: not just for nuclear HOT TOPICS IN ULTRA-PERIPHERAL ION COLLISIONS
physics!

G. BAUR®, C. A. BERTULANI®, M. CHIU, I. F. GINZBURG?, K. HENCKEN®, S. R. KLEIN/,

. - . . . . h i f
° The V|ab|l|ty Of US|ng heavy'|0n COll|S|0nS fOI’ J. NYSTRANDY K. PIOTRZKOS\.NNS'K\EVHCIT%} zr?dLgAgE;)DESSICILVERleRg, J. H. THOMAS/,
H : @ Forschungzentrum Jilich, Jilich, Germany
teStIng pure ly eleCtromagnetIC processes b Natl. Superconducting Cyclotron Lab., Michigan State University, East Lansing, MI, 48824 USA
was already a hOt toplc before RHIC sta rted ¢ Columbia University, New York, NY, 10027 USA

4 Sobolev Institute of Mathematics, SB RAN, 630090, Novosibirsk, Russia
¢ Universitdt Basel, 4056 Basel, Switzerland
Thev outlined 3 main topics: f Lawrence Berkeley National Laboratory, Berkeley, CA, 94720, USA
9 Department of Physics, Lund University, Lund SE-22100, Sweden
k' Departement de Physique, Universite Catholique de Louvain, B-1348 Louvain-la-Neuve, Belgium
> Pure l_y ele Ctromagnetic (photon+photon) ¢ Instituto de Fisica Teorica, Universidade Estadual Paulista, Sao Paolo, Brazil
7 Brookhaven National Laboratory, Upton, NY, 11973, USA
k Physics and Astronomy Dept., Rice University, Houston, TX, 77005, USA

> PhOtOﬂUClea r |nte ra CthﬂS (Vla the had ronic Ultra-peripheral collisions of relativistic heavy ions involve long-ranged electromagnetic in-
teractions at impact parameters too large for hadronic interactions to occur. The nuclear
structure Of the photon) charges are large; with the coherent enhancement, the cross sections are also large. Many

types of photonuclear and purely electromagnetic interactions are possible. We present here
an introduction to ultra-peripheral collisions, and present four of the most compelling physics

> Cou lom b eXC|tat|0n topics. This note developed from a discussion at a workshop on “Electromagnetic Probes of
Fundamental Physics,” in Erice, Italy, Oct. 16-21, 2001.

December 17th, 2025 25 Years of UPC at STAR | Brandenburg (OSU)



2002 : First Photonuclear Measurements

%k
Au Au i Au » 787 events (after selection) from
Au+Au collisions at \/syy =
Vk 130 GeV
» Half field (0.25T)
Au Au » ZDC-based ‘minimum-bias’ trigger

and topological (for On0On)
Phys.Rev.Lett.89:272302,2002

60

‘;" i a) e JT+7T- § L + b) ® THTT- —_
Q 50F T+IT+, TT-TT- Q N T+7T+, TT-7T- “o
= Y L =200 L L 5
S 400 —Monte Carlo | & R —— Monte Carlo - 4
N =
: 30" 150 (XnXn) < 3
2 . 2 N
e 205 £100 2 2
g i 1
10} 507 S o
0 L ] .+' L O -8 '1

b 0.1 02 03 0.4 05 0.€ 0 0.1 0.2 0.3 0.4 0.5 0.6
Py (GeV/c) P+ (GeV/c)
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2002 : First Photonuclear Measurements

Au

Au

a)
%k
P
P JT

Au

Au

*
u

Au b) : A
v*%
T ST SY
P e i
P T i
Au | Au”

Phys.Rev.Lett.89:272302,2002

a0}
30F
20}
10}

Entries/ 25MeV/c

60
r a) ® JU+7IT-
50 :—+ [] wt+mt+,mt-7e-
: —— Monte Carlo

(On0OnN)

it

oLL:
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Py (GeV/c)
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¢\_,250
S | + b) ® JT+7T-
%200 | |:| JT+t+, IT-7T-
8 L + —— Monte Carlo
3150 (XnXn)
LI:J 100 [

50

0

0.1 0.2 0.3 0.4 0.5 0.6
P+ (GeV/c)

do/dM__ (mb / 45MeV/c?)

- N W A~ O

- O

Excitation are separable

» Low-Pt = coherent production

> 787 events from Au+Au collisions at

\VSNN — 130 GeV
> Half field (0.25T)

» ZDC-based ‘minimum-bias’ trigger and
topological (for On0On)

> Cross section shows that central
process and mutual Coulomb

® JUtit-
] m+m+,m-mt-
MC e+e-

-
04 ~

.
kS
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e
~
D
Y
e
L9
L
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2004: First Photon-Photon Measurements

’ .
Electron-Positron Production in Ultra-Peripheral Heavy-Ion STA R S 7th th eslis
Collisions with the STAR Experiment

Au ; Au’ (according to Drupal)

= by
T et Vladimir Borisovitch Morozov * 800000 min-bias events from Au+Au collisions at
‘ v =2 V
Y Y 3 B. S. (Moscow Institute of Physics and Technology) 1997 SN N O 0 G e

— M. A. (University of California at Berkeley) 1999

: € . . .
y * After applying signal selection (2 tracks only) -
— : A dissertation submitted in partial satisfaction of the 5 2 S | gn a l eve ntS rema | ne d
Au* ‘ Au requirements for the degree of
‘ Doctor of Philosophy . . . .
* First comparisons with leading order QED
in
e PRC 70 031902
in the ‘ STAR e'e” Differential Cross-section vs. Pair Invariant Mass ‘ ‘ STAR e'e Differential Cross-section vs. Pair Transverse Momentum
0.03— - —~ 0.07—
GRADUATE DIVISION > f EPA-based Monte Carlo TF EPA-based Monte Carlo
of the % oo2s | QED Calculation %’, 0-06? ——————————— QED Calculation
UNIVERSITY OF CALIFORNIA, BERKELEY '°> oozi 7777777777777 5 oosf ‘
§_ ; s g_g-' 0.04; e
O —— | ST -
Committee in charge: 0.01— ‘ b + rrrrrrr oozi—rj ,,,,, !
Professor Marjorie D. Shapiro, Chair F ‘ R S T
Doctor Spencer R. Klein 0005~ ‘ 0.011—~ ‘
Professor Richard Marrus E | | | | | | F ‘ ‘ e DT T
Professor Steven N. Evans 817 o1s 018 02 o022 024 026 % 002 o004 006 008 0.

Pair Invariant Mass M, , GeV

Fall 2003
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The Photonuclear Era 2005-10: Light Vector Mesons

Larger datasets opens nhew physics oportunities

* Improving RHIC luminosity and trigger tuning led to huge increase in available statistics

o

Inv. Mass, GeV/c?

—V2Re[r3] sin(204,) cos(®y,)

. . @ f @
* ~100K signal-like events (compared to ~1k from 2004) Taook £ 00k
G T
250 250
200; a
Phys.Rev.C77:034910,2008 : =%
1501 150~
3 } -‘gmooo; | 1005 .
. |4 - =
o1t Separation of Coherent S5 | T g .. 1008 4
E - - TN - TN
e vs. Incoherent S 8000 P/ 1n oon 3m e )/ n 2n 3n Seteeee
g, e 05 ~70"20"30 40 50 60 70 80 90 100 %0 10 20 30 40 50 60 70 80 60 100
0_,210 E << 6000 East ZDC, Energy deposit (a.u.) West ZDC, Energy deposit (a.u.)
I 4000 First extraction of spin-density matrix
10 . . .
- 2000 elements. Consistent with spin-1 meson
i < 1 d*o 31 o4 E
1E 0 ;m—ﬂ'[g(lfﬁm) gan.
i o g Deost@n) Fag

December 17th, 2025

—r9%  sin?(©4) cos(2®4,)].
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The Photonuclear Era 2005-10: Light Vector Mesons

Increased precision -> First test of the “double-slit” interference

> EPR-like effect since p decays before interacting

—

E B
Rz
Aa
Aq P%
Wﬂ AT
7wt T
| J |
E B
Rz
at B
\J v
P Ay

Photon-emitter vs. target

ambiguity
December 17th, 2025

PRL 102 112301, 2009

80—
p— —
(\IA : ‘ ° °
S 700 )\ Destructive interference
S |4
© - | 4l A between two processes
~~ — 'i,l _/_A | at t - (an y - )
- I e T
. A | 12
— l/— =P b
= 7 L A o(b) = |A(by,) — A(b,—y,) ePr
e G T ) = A~
3 Ty Nkl
2 T 4
RN ™
VA
W NI
20 B=l
44
I
PP I IS
102070000707
S
SIS SIS IS ISP IS IS IS VA A
SIS SIS IS //////////////////////////// AKy
A e P s, SIS I /I; ‘X ‘
0 7 i R A X R R A e AR e Ay oy A oy oy ek A ek e S
0 0.002 0.004 0.006 0.008
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The Photonuclear Era 2008-10: Light Vector Mesons

PRC 81 044901, 2010

2010: First measurement of 4 pion final states T oF Ty §
| | | = 700 ‘ 1 2
* Low-pT consistent with coherent production 2 b io.oa‘:.:
* Initial tests of decay models (p’ branchington*n~ vs. ttn~nw*n™) § 505 {0-06§
O 40F 1 8
30E Jo.04 <
Au” "3 .
- —0.02
n 10 )
E | o ++'+T re-| .-0'-7
8.5 25 3 0
§ § mtrt Invariant Mass [GeV/c?]
8 8 - ¢
S o0 Light vs heavy tt~ pair
= 70:*
n § 60/
Au £ 50
* Roughly consistent with S 40
30
20
/ 0 — — 10F-
p —p (770) f0<600) — [7T+7T ]P—Wave [7T+7T ]S—Wave ok

n*x Invariant Mass [GeV/c?]

December 17th, 2025 25 Years of UPC at STAR | Brandenburg (OSU) 11



Paradigm Shifts : Challenging Conventional Picture

1. Photon virtuality, polarization, and interference

Phys. Rev. Lett. 127, 052302 (2021).

2. Electromagnetic interactions in hadronic heavy-ion

. Phys. Rev. Lett. 121, 132301 (2018)
collisions Phys. Rev. Lett. 121, 132302 (2018)

3. Nuclear Tomography and interference of distinct

. Sci. Adv. 9 eabq3903, 2023
(entangled) parthl‘eS PRL 128 122303 (2022)

PRL 133 052301 (2024)
arXiv:2512.02865, Submitted to PRL

*slightly out of chronological order

December 17th, 2025 25 Years of UPC at STAR | Brandenburg (OSU) 12


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.052302
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.052302
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.052302
https://arxiv.org/abs/2512.02865
https://arxiv.org/abs/2512.02865

Another look at yy —» e*e™ (aka Breit-Wheeler process)

— Perform a precision measurement of the differential cross sections

Angular distribution allows identification

| General density matrix for the two-
of quantum numbers - e.g. Higgs Boson

photon system:
SM Higgs boson

4+ 4+
3.5- 3.5 /

5 3 J=0 S 3 a,a —

|£'25: w1 "7 ‘2‘25_ p

z ] 7'\ 9 &

g 2] = /B S 8 2]

5 15 > ® | g5

0.5 0.5 Spin 1 Photon helicity a = (—l +)
o———r— 77 0-

Helicity O : Forbidden for real photon

Are photon-photon interactions . o .
dominated by high photon virtuality? ===) TEST by measuring angular distributions

December 17th, 2025 25 Years of UPC at STAR | Brandenburg (OSU) 13



2021: Discovery of the Breit-Wheeler Process

— BB ®2 sﬁz gmooz STAR 0.45 < Moo <0.76 GeV, IPL< 0.1 GeV .
3 B1200 o  Au+Au 60-80% x 0. ]
s\\\g\k ///Z/é S\\\S\\A //Z//// % 1000:_ i ﬁit; éx(tjpfAzA;osqu)i A64 (z;(())s/%q()) )65 +10 _:
e . A e n ] -
| b - o ]

. ' 600

» Polarization vector ¢: aligned radially with the

1] g 9 4
emitting” source 00

* Intrinsic photon spin converted into orbital angular 200

B Polarized yy — e*e: Without Polarization : 7
momentum Jf  —-aep .= STARLight -
* Observable as anisotropy in et momentum - a - ~ ====SuperChic | | | | | .
cos 4¢ modulation T
¢ 0 2 Ap=¢ -9, 7
et e~ Phys. Rev. Lett. 127, 052302 (2021).

¢

Photons are polarized + polarization is
experimentally observable

December 17th, 2025 25 Years of UPC at STAR | Brandenburg (OSU) 14


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.052302
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.052302
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.052302

® About this Attention
Score

In the top 5% of all research
outputs scored by Altmetric

Among the highest-scoring outputs
from this source (#45 of 45,407)

outputs of the same age (99th
percentile)

High Attention Score compared to
outputs of the same age and
source (99th percentile)

‘ High Attention Score compared to

Q scienmac

EINSTEIN WEEK

Collisions of light produce matter/antimatter from pure energy

Scientists studying particle collisions at the Relativistic Heavy lon Collider (RHIC)—a U.S.

Colliding photons were spotted making matter. But are the photons
‘real”?

Collide light with light, and poof, you get matter and antimatter. It sounds like a simple idea, but it
turns out to be...

Physicists probe light smashups to guide future research

HOUSTON - (Sept. 20, 2021) - Hot on the heels of proving an 87-year-old prediction that matter
can be generated directly from...

Making matter from collisions of light
The Science Nuclear scientists have used a powerful particle accelerator to create matter directly
Government Scientists Are Creating Matter From Pure Light

ABSTRACT breaks down mind-bending scientific research, future tech, new discoveries, and major
breakthroughs.

SCIENTISTS MANAGED TO TAKE
PURE ENERGY AND CREATE

MATTER

AND NEW PHYSICS

“We wanted to take light and convert it into matter.” Wish fulfilled.

MAKING NEW PHYSICS POSSIBLE




Electromagnetic interactions in Hadronic heavy-ion collisions
e

* Conventionally, electromagnetic interactions not < 10? ———— e ——
) ) .. e [ = Au+Au 60-80% ]
expected in hadronic collisions i E%] o Au+Au 40-60% ]
. . . . i + Au+Au 20-40% 7
 Conventional picture of coherence is challenged - if the - E o U+U 60-80% .
. . | o U+U 40-60% |
nucleus breaks up, what is the coherent photon emitter? 10 [%] [ p+p baseline uncertainty -
- Il 60-80% N_ , uncertainty
1 = @ [5’] Bl 40-60% Nco:: uncertainty |
[ R <0aS Gevie: 0 60-80% ] 10 | | | | - [% & [ 20-40% N_, uncertainty -
107 - (S)OlidiA“"A“ 200 GeV * 7 40-60% x 107 | Centrality: 60-80% e 0 0.4-0.76 GeV/c? ] 0 (]
~ | Qpem U+U193Gev ¢ 0 10-40% x10* | [ Solid: Au+Au 200 GeV %37 0.76-12 GeV/c® x 107 ] 1 t 1:
10 Au+Au Cocktail | 107 Open: U+U 193 Gev 40 12-2.6 GeV/c> x 10 - @ o %E ]
L0t ‘e 1 =~ —— AutAu Cocktail - . STAR ¥ " 1
%1067 % 10“ﬁ#= * e g ® i | 1 1 111111] 1 1 111111] 1 1 111111] |
s F € 1w ( N E 102 10" 1 10
i S 07}
L oz Gevie i<t et 10 f%ﬂ_ 7 +— Similar enhancement observed
=z ‘(b) | | | | fﬂ;—( pe>0.2 GeV/e, IyfI<L, ly“I<1 - . )
- 05 02 04 0.6 08 1 In )’A - ]/1[) production
(3 10? p, (GeVic)
=
1| s e Dominant production
0.5 1 1.5 2 2.5 3 35
M. (Gevieh cross section at low-pt -> Photo-processes can and do
10x enhanced production consistent with Coherent take place in HADRONIC
compared to expected Yy — e e~ production heavy ion collisions

hadronic sources
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2022: Advances in Nuclear Tomograehz

Imaging the smallest bound nucleus

Au'

quasireal photon

Y*

Ty

TJy

00900Q0Q0QI0Q0Q

Au

integrated luminosity of 93 nb~!
of d+Au data collected in 2016

J/w — eTe” decay channel

first J/y produced off a lightion

deuteron loosely bound => ideal
for testing baseline nuclear effects

December 17th, 2025

d+Au Vs, =200 GeV, L =93 nb”

Phys. Rev. Lett. 128, 122303 (2022)

STAR

-
o
w

| -
Saturation Model (CGC)T
- Total I

=== Coherent
- . = Incoherent

-oma
' L I~
'm

—_
o
N
T T
LI
'
=0
L d
.
1)

do®" 4= IV+X/dtdy (nb/GeV?)

T | T T T | T ]
Shadowing Model (LTA) 1
— Total ]

=== Coherent
= = Incoherent

e Total data ‘\‘ Q ““ Q
10k o n-tagged data \‘ £ %, -
C 1 1 1 1 ‘* 1 1 1 | 1 T | 1 1 1‘ 1 1 1 | 1
0 0.2 0.4 0 0.2 04
4 ~n2 2 4 ~p2 2
t P "y (GeV?) t P "y (GeV?)

CGC Model Ref: H. Mantysaari and B. Schenke,
Phys. Rev. C 101, 015203 (2020),
arXiv:1910.03297 [hep-ph].

LTA Model: V. Gauzy, M. Strickman, E. Kryshen, and M. Zhalov (2021)

n-tagged data provide the first direct measurement of

incoherent diffractive J/y production at low —1

essential experimental baseline for a high precision

measurement at EIC

25 Years of UPC at STAR | Brandenburg (OSU)
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2024.: Probing Gluons inside Large Nuclei

PRL 133 052301, 2024

X =M, /W
0.05 0.04 0.03 0.02 v N 001 STAR
1 5 TT | TTT | 1T | T T T | T T T | T

. i Coherent SJ., Incoherent S;-
< - x Data + Data -
@ LTA shadowing LTA shadowing |
Q /A  CGC w. substructure O CGC w. substructure

8 - ¢ CGC w/o substructure 7 CGC w/o substructure |
— 1

C ! CGC

9 i | <+ kinematic limit

n | / T <> _

n Y |

o | ’ / % A .

% :

> i ek !
0)) - I |

© - ; i

() + !

O L D i

> '

Z B _

O | | | | | | | | | | | | | | | | | il | | | | | | |
15 20 25 30 35
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x =M, /W
v
0.02

0.05 0.04 0.03 0.01

STAR

quasireal photon

Y*

H ‘ T T T ‘ TTT ‘ T T ‘ T ‘
| v +Au—=Jhyp + Au Coherent suppression:
30 ( W ) 25 GeV
- S =0.71+0.04 = 0.07 = 0. 07
(I1A)  (meas.) (lumi. )
—~ : ¥ STAR AuAu data
'% —— Free nucleon IA
\_: 20 -+ CGC T =
5 [ LTAweakshd.  _— &~ g
2 [oweeee LTA strong shd. 4
o I i
10~ T i
o 1 l ) N - l ) N - l ) N - l ) N - l I —

* Strong suppression compared to
impulse approximation -> nuclear
effects

* Test of leading twist, shadowing
strength, saturation
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In memory of
W. Shmidke
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Advances in Nuclear Tomograehz

Phys Rev C 96 054904, 2017

% ‘i{; . ,.mee.l‘.l o
do x |F(t)|2 ->Image the nucleus % E“’ 5" Ceees
dt (5 103 k E E. ]

.. BUT E F E

Photo-nuclear measurements (in A+A) have historically — 102 © OOOOOOO

produced a |t| slope that corresponds to a mysteriously ST 1021 =

large source! §

STAR (2017): |t| slope = 407.8 + 3(GeV /c) ™2 1ok & ee®e, 0 ool 0005 0003 |
— Effective radius of 8 fm F ° t [(GeVie)'T;
(RIZZarged ~ 6.38 fm) I OQOOOO ® Au+Au — py+Au*+Au*, \/W, 200 GeV :

1k O f ? _
o @)
ALICE (Pb) : [t| slope =426 + 6 + 15 (GeV /c)~? F OQ il ‘} f
— Effective radius of 8.1 fm [ ——eMitxnxn Q05 O 5 1
charged __ 4| —e™fitinin o @ Q (P . B
(RPb ~ 6.62 fm) 10 E_ ® XnXn % T I % .
- O 1nin T %
Extracted nuclear radii are way too large | | % | ‘
10° . . . . =
0 0.05

0.1
-t [(GeV/c)?]
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o O + —
Interference in yA — - T TT
What is NEW with transversely T
polarized photons?
= = 0
E B 0
Rz &
ot T
\ J Ay
P 8 -+
PEE Ao T
2 2 '8
v p RS o Intrinsic photon spin transferred to pO
aT T O pO spin converted into orbital angular
) momentum
| b | o Observable as anisotropy in 7*
momentum
Both possibilities occur simultaneously NB: Recently confirmed by ALICE,

Phys. Lett. B 858 (2024) 139017
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o 0 + —
Interference in y4 - - T TT
STAR: signal =tx pairs with P < 60 MeV m
1.4¢ 1 )

¥ X
—_ 'Y s -*\ ¥,¥¥ IO
> T S22 S5O Y/ .r¥
21 250 7 hik: s 2%
Y i Y el ¢

B 3 | U K ¥ | VS t‘ Lk *
e e s i UNANLEAS. oo o o
e P& LA +
=gl N Y *%,j Pz T
Yo Ei’rgﬁ o o . 0
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Observation of Interference in 20 Y
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Neutron Skins across Nuclei
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B. Bally, G. Giacalone, M. Bender https://arxiv.org/abs/2301.02420
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Looking Forward: Legacz and Future Directions

UPC had an outsized impact on the legacy of the STAR & RHIC physics programs

25 years of discovery: : PV
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25 Years of Scientific Discoverz

Thank you STAR, RHIC, and
everyone involved over the many
years
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