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Breit-Wheeler process

CMS-PAS-HIN-21-015
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® Cross section vs. prt, mass, and rapidity

® Good agreement with between data and model predictions
» FSR is critical to describe pair prt distribution at LHC ,
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~ pr broadening of yy — l+l in non-UPC
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® Observed Breit-Wheeler process in non-UPC

® Broadening of pair pt towards central collisions
QGP EM properties vs. initial photon pt broadening
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Klein and Steinberg, Ann. Rev. Nucl. Part. Sci. 70 (2020) 323

® Control the impact parameter via forward neutron multiplicity
* Dxnxn < Donxn < Donon
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Concluded the b dependence of photon pT
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® Qualitatively desenbed by a Ieadlng order QED model

® Demonstrated the b dependent of photon pr
 Precise reference for probing QGP EM effects
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Observation of yy — 77 in AA

CMS Experiment at the LHC, CERN
Data recorded: 2015-Dec-06 21:41:27.033612 GMT
Run / Event / LS: 263400 / 88515785 / 849 ' ”

CMS, PRL 131 (2023) 151803




Constrain a, = (8, — 2)/2
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CMS PbPb
(PRL 131 (2023) 151803)

ATLAS PbPb
(PRL 131 (2023) 151802)

® SenS|t|V|ty to the BSM physics

Much better precision compared to
DELPHI result

- Model-dependent value of a,

« Consistent results between ATLAS and
CMS in PbPb UPC

CMSpp
(Rep Prog. Phys. 87 (2024) 107801)

pa———

e+3prong
(This result)

///

H+e
(This result)

C M S |.|+_3prong
Pbe (This result)

H+1prong
m (This result)

Combined

L (This result)

Shuai Yang Advances, Innovations, and Prospects in High-Energy Nuclear Physics 9



leferentlal Yy =y f|du0|al Cross sectlcns

e i —— — - _ —— ———— e —— e

CI\/IS PAS HIN- 21 015

50 CMS Preliminary PbPb, 1.65 nb™ (\/s, = 5.02 TeV) , CMS Preliminary PbPb, 1.65 nb™ \[_ 5.02 TeV)
P _I | 1T 11 | 1T 11 | | | | | 1T 11 | | | | L | 1T 11 | I_ P 10 _I | | | | | | | | | | | | | | | | | | | | | | | | | | | | ]
e L YV Yy - ®  F (Rl -
= - ¢ Data i O - ¢ Data i
> 90 —+— gamma-UPC@NLO — ~ i —— gamma-UPC@NLO ]
A —e— SUPERCHIC 3.03 - e | —e— SUPERCHIC 3.03 )
~ L F E IS NN\ :
EY > 2 GeV T 40f - c
r - - s 10 .. =
< 2.2 3 - = -
| " ‘ ' 30: I | . - S - AAAAAANNN i
m’’ > 5 GeV - - i : -
20— L N i |
p%y <1 GeV - | ’ :
- SO\ AN | 1 = —
AT < 0.01 1o} v - - mY :
O | | ] ] | | L1 11 ]
O 3 ' ' O
= 2 i ; - = ol {. _
@ R Tttt ot — © e e L R T —
..C_U- 1 SRR R SRR RN RN RN i = 1 é
D O ........................................... D ..............................
2 15 -1 05 O 0.5 1 1.5 2 6 8 10 12 14 16 18 20
y! m'" (GeV)

® Fiducial cross sections measured w.r.t. mass and rapidity
» Consistent with gamma-UPC and SuperChic prediction
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Constraints on axion-like particles
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® Limits on ALP coupling to photon with 5<ma< 100 GeV
» Most straight limits for 5<ma< 10 GeV
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Photon-nuclear interactions

Average gluonic structure

Coherent (nuclear keeps intact)

Incoherent (nuclear breaks up)
(p7) ~ 500 MeV

Sub-nucleon fluctuation
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Imaglng heavy nuclear W|th Coherent J/v,b

ALICE, EPJC 81 (2021) 712
CMS, PRL 131 (2023) 262301
LHCb, JHEP 06 (2023) 146
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® LHC experiments complement each over
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Shuai Yang

a wide range of y region
R;” = 0.64 = 0.04 at x~10-3 (y=0)
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Imaglng heavy nuclear W|th eeherent J/v,b
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® LHC experiments complement each over

a wide range of y region
R;” = 0.64 = 0.04 at x~10-3 (y=0)

photon emitter
\ (higher energy) R
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CMS, PRL 127 (2021) 122001

Single neutron peak

Shuai Yang

A solution to the

H.tW

Experimental

O-way ambiguity”

Guzey et al., EPJC 74 (2014) 2942

from theory
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What we need!

J

Solve the “two-way ambiguity”

}
Probe gluons at x~10->-10-4
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iIn heavy nucleus!
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Imaglng heavy nuclear Wlth Coherent J/v,b
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® Direct evidence of gluon saturation inside heavy nuclei?
. Wy < 40 GeV: rapidly rising
. 40 < WY < 800 GeV: nearly flat with a much slower rising
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PrOblng gluon fluctuatlons W|th mcoherent J/z,b

CMS-PAS-HIN-23-009
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Comparlsons of coherent and mcoherent J/¢

CMS-PAS-HIN-23-009
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 CMS Preliminary __ PbPb1.52nb™(5.02Tev) © Strong suppression towards low x region
ook PP+ Pb—Pb+Pb™+ R i for both coherent and incoherent J/y
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® Exciting opportunities ahead

* Higher luminosities
- System size scan with different ion species o
» Detector upgrade with new technologies

® UPC programs <‘

- Precise measurements of yy — yy/tt

» Various vector meson photoproductions
- Open HF and (di-)jet photoproductions

Shuai Yang Advances, Innovations, and Prospects in High-Energy Nuclear Physics

| Long Shutdown 3 (LS3) Shutdown/Technical stop
Protons physics

Ions
Commissioning with beam

1[FIMaM[3]]A]s|oINID| 3 [FIM[aM[ 3|3 [A]S[OINID| 3 [FIM[aM[ 3 ]3] A]S[OINID| 3 [FIM[AIM] 3|3 ]A]S[OINID{ 3 [FIM[AM[ 3|3 [A]S[OINID| 3 [FiM[aIM[ 3 |3 [A]s|ONID{ 3 [FIM[AIM] 3 |3 [A]s]ONID| 3 [F[M[AIM] 3 [ [A]S[OINID{ 3 [F[M[AIM[ 3 |3 [A]S|O[NID Hardware CommiSSioning/magnet training
Run4-J LS4 Run 5
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® Significant experimental progress of two-photon interactions
« Demonstrated the importance of Sudakov effects at LHC with yy — ee

+ Concluded the b-dependence of photon pr with yy — uu
» Most precise a; measurement with yy — 77

 Constrain the coupling between ALP and photon with yy — yy

® Multidimensional imaging of nuclel with photon-nuclear interactions

» Direct experimental evidence of gluon saturation?
» Energy dependence of the incoherent J/i production — sub-nucleon fluctuation
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® Significant experimental progress of two-photon interactions
« Demonstrated the importance of Sudakov effects at LHC with yy — ee

+ Concluded the b-dependence of photon pr with yy — uu
» Most precise a; measurement with yy — 77

 Constrain the coupling between ALP and photon with yy — yy

® Multidimensional imaging of nuclel with photon-nuclear interactions

» Direct experimental evidence of gluon saturation?
» Energy dependence of the incoherent J/i production — sub-nucleon fluctuation

Thank you for your attention!
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Incoherent J/z,b S|gnal extractlon

CMS-PAS-HIN-23-009
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® Coherent J/i: no correlation with neutron emissions
® Incoherent J/i: strong correlation with neutron emissions
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Incoherent J/gb Cross sectlon VS, rapldlty
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® Relative yield ratio between positive over negative rapidity in OnOn are assumed
to be same as that in OnXn events
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® The first measurement of [t| spectrum of incoherent J/i

» No model describes both the absolute yield and the shape of |t| spectrum
A reasonably good description of the [t| spectrum is achieved when models

iIncorporate sub-nucleon fluctuation
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