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Coulomb fields of moving charges, equivalent
to a flux of quasi-real high-energy photons
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Photonuclear processes provide insights into Quark-Gluon Plasma medium properties
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Overview

This talk will focus on “small system and Quark-Gluon Plasma (QGP) observables”

and

Run-3/4 plans for y+Pb and y+p



Photonuclear interactions

When two nuclei miss each other, EM field of one nucleus (photon)

breaks up the other nucleus — Ulira Peripheral Collisions (UPC)
More specifically, photonuclear collisions.

“direct”
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How do y+Pb and p+Pb compare?



Photonuclear event selection

Pb+Pb, 5.02 TeV
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Photonuclear event selection

Pb+Pb, 5.02 TeV

Run: 365681 o _
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Multiplicity selection

y+Pb p+Pb
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Collectivity in heavy-ion collisions
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A tiny drop of QGP is created in heavy-ion collisions
and it expands like a fluid.




Collectivity in heavy-ion collisions

&, 4
b, Ak
. A ?
n'. "o it ,," U
, N Cley V)
S S o : i ke Nt
B - o' Ao $iglios e g D S v PPN, (1 :
) - :,_, : '}"~-‘
o © cad )
N S, 4 ¢
b ¢ . D
4 R

A tiny drop of QGP is created in heavy-ion collisions
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Collectivity in heavy-ion collisions
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A tiny drop of QGP is created in heavy-ion collisions

Pb-Pb |s,,=2.76 TeV

and It expands like a fluid. L. =8ub" 0-5%
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2<p$, p$<3 GeV

ATLAS

Final state

Phys. Rev. C 86 (2012) 014907
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Collectivity in heavy-ion collisions
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momentum anisotropy in the final state — v, (Flow)

Initial state fluctuations — v;, v, ...
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Can we observe flow in small systems like pp, pPb?
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Hydrodynamic models can successfully describe v, v,

In systems of wide size ranges: pp, pPb and Pb+Pb!
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Do photonuclear events create QGP droplets?

Two-particle azimuthal correlations in photonuclear ultraperipheral Pb+Pb collisions
at 5.02 TeV with ATLAS
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Two-dimensional correlation functions in y+Pb have features
similar to those observed In pp collisions
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Do photonuclear events create QGP droplets?

Two-particle azimuthal correlations in photonuclear ultraperipheral Pb+Pb collisions
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Do photonuclear events create QGP droplets? - Elliptic flow

—— o I 1L I P I P ] L I L I o l—
3 [ ATLAS 10ub'-1.7nb" - Phys. Rev. C. 104 (2021) 014903
> 096~ Pb+Pb, |5 = 5.02 TeV S

- 2.0<|An|<5.0

0.94—Fit - Yy +F Y™(0)
------ G+FY"™M @ HMData
o YR FYHM0)

0.92
- LM 15 - =20
: rronrnrrerran L L UL LA L ARy -:
| | | | | |
] | T | Frr I o | T | T | L
41— —

Pull
o N
;‘Ill!
—o—
-
—o—
—0—
-
—o— !
o |
—o— |
—o—|
_.._
—o—|
_.._
——
—or
e
—?—

B
Ill—lﬂ_i'

—25‘ """""""""""""""""""""""""""""""""" ]
- p-value = 0.20 :
_4?I S I | III|||III L1 1 1 IIII| _l_
UL I B B

- 04<p?*<0.7GeV ¢ Data - Y, -
0.416 T : _

- 0.4 < p: <2.0GeV —— yndge . ygdge -

Y (A9) - FY™MA9)
T
I

__lllllllllllllllllTllll|l|ll|l|l—
1 0 1 2 3 4

Ad

10


https://journals.aps.org/prc/abstract/10.1103/PhysRevC.104.014903

Do photonuclear events create QGP droplets? - Elliptic flow

Two-particle azimuthal correlations in photonuclear ultraperipheral Pb+Pb collisions
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Do photonuclear events create QGP droplets? - Radial flow
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Do photonuclear events create QGP droplets? - Radial flow
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elliptic flow hierarchy between y+Pb and p+PDb
dominated by longitudinal flow decorrelations

3+1D hydrodynamics suggests
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Do photonuclear events create QGP droplets? - Radial flow

Phys. Rev. Lett. 129 (2022) 252302 Wenbin Zhao, Chun Shen, and Bjorn Schenke

rrrrrrrryTTT T T rTT T T T T T T T T T T T T T [ ] —T— T R B B B B S B I
0.12 :_vf{y}'ef{z} 3[23{%%\2?5; MUSIC + UrQMD—_ : AIBIC:E{ p+Pb 3D_Glaubi:: ; MPUS|C +)UrQMD:
0.1F ™ o UPC — —y +PbP(F) _' - 0 K ! W -
) L » op+Pb oo --- p+Pb F =5.02 TeV - 3) 1.5[ © P+Pb \s=5.02 TeV-
CL\I\ 0.08 p-!-_P_I?___* R *—----**f % <st(p+Pb) N<pT> (;/+I;b)%%
<50.06 L v, (p+Po) > v, (r+P) | |2
~20.04 'I'/-I-\’ ¥ y+Pb 1l | <
0.02 —/ |
O] = - I B R R SR
0 20 40 60 80 100 120 140 160 0 10 20 30 40
dN _/dn
N, ch ™ 'ni<0.5

3+1D hydrodynamics suggests Prediction is that both systems should have

elliptic flow hierarchy between y+Pb and p+Pb  same radial flow, therefore the same (p)
dominated by longitudinal flow decorrelations
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Do photonuclear events create QGP droplets? - Radial flow

Phys. Rev. Lett. 129 (2022) 252302 Wenbin Zhao, Chun Shen, and Bjorn Schenke
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Yield comparison: y+Pb vs p+Pb
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Yield comparison: y+Pb vs p+Pb
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Yield comparison: y+Pb vs p+Pb
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Given the extreme asymmetry, it is important to study y+Pb properties

in different 7 regions separately!
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Yield comparison: y+Pb vs p+Pb
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Similarly falling momentum distributions. Further quantified via (pr)
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{ Q¥} comparison: y+Pb vs p+Pb
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(py) comparison: y+Pb vs p+Pb

;‘ -l I | | I I | | | I | I | I I | I |“I I l 1 1 1 T 1 T | | T |_

3 0.6 ATLAS Preliminary T ~
— - Pb+Pb, 1.7 nb™, 5.02 TeV, OnXn, £,An* > 25 T
3"0 ool PHPD.0fONbY so2TeV ot 0816
F Extrap. to p_> 0 GeV TSNS TEE T AL
0.5/ + ®—p
— **—I— : —{—— l
0.45 — — T —— i
o 3 T o " _ lower In
(pr) similar in 04 o bpaph UPC I . | {pr) lowe

- - + . I -

y+Pbandp+Pb | == p,pp - 1 v+PDb than p+Pb
0.35'_1 | I | | | | I | | | | | | | | | 1 | l | | 1 | I | 1 | | I | | | | I_
30 40 50 60 30 40 50 60

NG NG
Theory (3+1D hydrodynamics) predicts both y+Pb and p+Pb should have same radial flow, therefore

same (pr) (in backward rapidity). Phys. Rev. Lett. 129 (2022) 252302 Wenbin Zhao, Chun Shen, and Bjm Schenke
K?, A and E~ are more sensitive to radial flow (ongoing work) 14
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Other QGP signatures
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Other QGP signatures
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Baryon Anomaly
Enhanced baryon-to-meson ratio

observed at intermediate p, is a

QGP-like signal.
Phys. Rev. Lett. 111 (2013) 222301
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Other QGP Sl natures ATLAS-CONF-2023-059

The yield measurements are being extended to particles such as

KY A and =~ — in search of more QGP-like signals —

strangeness enhancement, baryon anomaly, radial flow etc.
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What are the minimal conditions for collectivi

Many new searches In other small systems

9

18


https://arxiv.org/abs/2204.13486
https://agenda.infn.it/event/28874/contributions/168935/attachments/94719/130290/20220701-ICHEP_yenjie_v8.pdf
https://indico.cern.ch/event/895086/contributions/4705215/attachments/2422061/4145811/QM2022BelleTPC.pdf
https://indico.cern.ch/event/1139644/contributions/5490429/attachments/2706824/4699333/QM2023_poster.pdf
https://indico.cern.ch/event/1139644/contributions/5490429/attachments/2706824/4699333/QM2023_poster.pdf
https://indico.cern.ch/event/1139644/contributions/5541541/attachments/2709345/4704440/Gardner_Parker_QM.pdf
https://www-h1.desy.de/publications/H1_sci_results.shtml

?

What are the minimal conditions for collectivi

Many new searches In other small systems

CMS /1 y+p collectivity
% arXiv:2204.13486

CMS 2 < N/ < 35, {5, = 8.16 TeV (68.8 nb™)

03< p, < 3.0 GeV/c



https://arxiv.org/abs/2204.13486
https://indico.cern.ch/event/1139644/contributions/5490429/attachments/2706824/4699333/QM2023_poster.pdf
https://indico.cern.ch/event/1139644/contributions/5490429/attachments/2706824/4699333/QM2023_poster.pdf
https://indico.cern.ch/event/1139644/contributions/5541541/attachments/2709345/4704440/Gardner_Parker_QM.pdf
https://www-h1.desy.de/publications/H1_sci_results.shtml
https://arxiv.org/abs/2204.13486

?

What are the minimal conditions for collectivi

Many new searches In other small systems

/ CMS . y+p collectivity High mult. eTe™
HL experiment - arXiv:2204.13486 ALEPH &', 15=183-209 GeV
S10f (b) N, = 50 RAM23 poster
< . | . .
= cMs 2 < NO™" < 35, {5y = 8.16 TeV (68.8 nb") Thrust Axis |
3 | A 0.3<pT<3-OGeV/C/
O |\ s
] .| e
© 0.032- g 18 _.
S 1 Zls 51
0.8 = 003 ° 4 ._
: g_z |8 = 3 ¢ ]
_ Ny -(9)’.028— .
4 TIZ 4
d, 3 3
2 N/
N z 7 2



https://arxiv.org/abs/2204.13486
https://indico.cern.ch/event/1139644/contributions/5490429/attachments/2706824/4699333/QM2023_poster.pdf
https://indico.cern.ch/event/1139644/contributions/5490429/attachments/2706824/4699333/QM2023_poster.pdf
https://indico.cern.ch/event/1139644/contributions/5541541/attachments/2709345/4704440/Gardner_Parker_QM.pdf
https://www-h1.desy.de/publications/H1_sci_results.shtml
https://arxiv.org/abs/2204.13486
https://indico.cern.ch/event/1139644/contributions/5490429/attachments/2706824/4699333/QM2023_poster.pdf

?

What are the minimal conditions for collectivi

Many new searches In other small systems

—_———————

CMS | y+p collectivity High mult. ete™ CMS . in-jet collectivity
el . ALEPH e*e”, /s=183-209 GeV
Hlexperiment \ AXIV:££04. 13486 N, = 50 QM23 poster AM23 talk
=104 (b) / trk | P ' CMS Preliminary 138 fb™' (pp 13 TeV)
< ~ Thrust Axis
= CMS 2 < N/ < 35, {5, = 8.16 TeV (68.8 nb™) 9 =107 .
4: - 0.3<p_<3.0GeV/c Nen>=10 | Anti kyR=0.8
5’ | ' T / Top 0.0023% highest-N'C . lets p'f‘ > 550
1 E . § < 6_,.
ZIT 5
0.81" E 4 e
] —|Q X 3]\



https://arxiv.org/abs/2204.13486
https://indico.cern.ch/event/1139644/contributions/5490429/attachments/2706824/4699333/QM2023_poster.pdf
https://indico.cern.ch/event/1139644/contributions/5490429/attachments/2706824/4699333/QM2023_poster.pdf
https://indico.cern.ch/event/1139644/contributions/5541541/attachments/2709345/4704440/Gardner_Parker_QM.pdf
https://www-h1.desy.de/publications/H1_sci_results.shtml
https://arxiv.org/abs/2204.13486
https://indico.cern.ch/event/1139644/contributions/5541541/attachments/2709345/4704440/Gardner_Parker_QM.pdf
https://indico.cern.ch/event/1139644/contributions/5490429/attachments/2706824/4699333/QM2023_poster.pdf

?

What are the minimal conditions for collectivi

Many new searches In other small systems

e*+e-

LEP /

' ulc'l
> Jl,’l'ld'

.
’ > \
4
|
a
L

CM> v+p collectivity High mult. eTe™ CMS in-jet collectivity
= .‘ Z arXiv:2204.13486 :LEPI;Oe‘“e‘ (s=183-209 GVI\/|23 oster Z OM23 talk
. ‘Motlvates Run 3/4 y+p and y+Pb collectlwty measurements'
0 8-: ""’\‘R‘\\\‘\‘“ ”’l’"“h" .. GIREEREEY < o
- ‘ “

Connects HERA and future EIC physms ' i\


https://arxiv.org/abs/2204.13486
https://indico.cern.ch/event/1139644/contributions/5490429/attachments/2706824/4699333/QM2023_poster.pdf
https://indico.cern.ch/event/1139644/contributions/5490429/attachments/2706824/4699333/QM2023_poster.pdf
https://indico.cern.ch/event/1139644/contributions/5541541/attachments/2709345/4704440/Gardner_Parker_QM.pdf
https://www-h1.desy.de/publications/H1_sci_results.shtml
https://arxiv.org/abs/2204.13486
https://indico.cern.ch/event/1139644/contributions/5541541/attachments/2709345/4704440/Gardner_Parker_QM.pdf
https://indico.cern.ch/event/1139644/contributions/5490429/attachments/2706824/4699333/QM2023_poster.pdf

yA close connections to EIC

Electron-lon Collider physics has close connections to UPC physics,
allows precise measurement of the energy and virtuality of the colliding photon.
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(Q/Qs  Phys. Rev. D 103 (2021) 054017

Predictions by hydrodynamic model and CGC, in opposite directions

EIC can be a “tie-breaker” between the initial-state and final-state models! .
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At low pr, v, Is interpreted as flow. At high pr,

Vv, in p + Pb could result from jet-quenching.

Run-3 p 4+ O collisions with a different geometry,
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Previous ATLAS measurements shows that

jet quenching is not observed in pPb.

but similar size could help understand this better!

arXiv:1802.06804 20
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Run-4 extended rapidity: big win for flow!

ATLAS Run-4, major tracking upgrades: |7 | < 4.0
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Run-4 extended rapidi

ATLAS Run-4, major tracking upgrades: |7 | < 4.0
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Exciting opportunities for UPC yield measurements
to forward rapidity and with better gap selections!
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ATLAS Run-4, major tracking upgrades: |7 | < 4.0

1400

R [mm]

1200

1000

800
600

®©@ ® ® @®

: big win for flow!

T 1T 1 I T 1T 1 | T 1T 1 | 1T 1T 1 1T 1T 1 1T 1T 1

—ATLAS Simulation

_ Inclined Duals
_ n=1.0

l

T 1T 1

III|III‘III|III‘III|III|III||

S
I
=
(=)

Illl|IIII|IIII|IIII|IIII|I

Better rapidity gap selections!

of higher order flow harmonics (v,)

0 500 1000 1500 2000 2500 3000 3500

Z [mm]

Extended tracker acceptance allows additional statistics!

Better separations between the particles entering correlations!
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Exciting opportunities

Test applicability of hydrodynamics with statistically significant measurement fOr UPC ﬂOW measurementsl
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Run-4 extended rapidity: jet substructure

ATLAS-CONF-2022-021
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Exciting opportunities for UPC jet measurements with Run-4

extended tracker rapidity coverage!
See talk by R. Longo on July 4th 23


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-021/

Improved TRT trigger
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Phys. Rev. Lett. 131 (2023) 262301

Run-3 Improved TRT trigger lets us accumulate large samples

of exclusive J/y using full acceptance of our tracker!
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.131.262301
https://inspirehep.net/files/3810182e78ad7d84ea6d95d94d8c049d

Summary

@ Lots of interesting results in the comparison of y+Pb and p+Pb in Run 2! More to come!
@ Run 3/4 y+p and y+PDb collectivity measurements connect HERA and future EIC physics!
@ Opportunities for flow measurements with p+0O in Run 3!

® Exciting opportunities with extended tracker rapidity coverage up to |77| < 4.0 in Run 4!
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Thank you for your attention!
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https://cds.cern.ch/record/2871729/files/ATLAS-CONF-2023-059.pdf
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and particle production

Study of photon enerc

AN O T 1 T 1 1 T 1 T 1 1 1 T T 1
17;' ;_. I I I I I I I I I I I I I I I I E : i ATLAS Preliminary ~
Q10 B ATLAS Simulation Preliminary - i Pb+Pb, 1.7 nb™" _
2. - DPMJET-IIl y+Pb, 5.02 TeV > I Sy = 5.02 TeV, OnXn
S 1 E_.. 3,AN > 2.5 = i AN >25
\5 E e _ | a Extrap. to p_ >0 GeV
Z 10-'% % ¢ DPMJET-Ill y+Pb nominal EY _ 0.5+ T =
° e o ¢ DPMJET-IIl y+Pb higher E E i )
B T — ‘//,;\
Z‘D 1028 ‘o ET-11ly+Pb lower E - i — T,
Al - -—0—/ e ;‘/\‘ =
107 E ' - J’
[ 7 e -
N oA fee | .
10 = P M"’é‘;‘ | -1 — DPMUJET-III y+Pb nominal EY N
- onpd | - ~* Data  —— DPMJET-IIl y+Pb higher E, -
107 . i —— DPMJET-ll y+Pb lower E_ i
—6 : | | | | | | | | | | | | | | | | | | : i l | l | | l 4 | | | | | | | |
1070 50 100 150 200 30 0 >0 60
Nrec

Arbitrarily re-weigh photon energy distribution (/) is matched with “low-energy photon” re-weighting

to relatively allow:
1) more high-energy photons
2) more low-energy photons.


https://cds.cern.ch/record/2871729/files/ATLAS-CONF-2023-059.pdf
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Run-4 extended rapidity
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® For most measurements, we at least need 2023+2024 data to be an improvement w/ respect to Run2
® Except for UPC physics —> Significant improvements in ZDC and Trigger



Run 3/4 v+Pb

e UPC collisions are excellent QED, BSM, and even QCD laboratories

@ Clean way to look for BSM particles; gravitons, axion-like, monopoles etc
@ Constraints on tau g-2 with precision comparable to LEP
@® Possibility to do precision QCD measurements - like fragmentation and hadronization in yy -> gqqbar

® |nteresting opportunities to explore in photo-nuclear collisions
@ Collective phenomena in small collision system

= Extended pesudorapidity || < 4.0 in Run4 will be particularly beneficial
® Potential to constrain nuclear PDFs with di-jets, exclusive vector mesons



Run 3/4 v+Pb

® |mprove existing measurements with statistics, new ZDC, and TRT trigger

@ UPC ridge-v2, UPC Jets-v2, tau g-2, LbL

@ TRT trigger
= Improve di-electron measurement —> bkg for light-by-light
= |mprove Taus measurement
= Charmonia (J/W,¥(2S)) in UPC

® Current monopole measurement only 2015 data, no trigger in 2018
— increase In statistic x100+ with 2023 data due to dedicated trigger



https://atlas-glance.cern.ch/atlas/analysis/papers/details.php?ref_code=HION-2023-01

