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Probe of hot medium

p, I, Y.

Courtesy: Q. Yang

Probe of gluon structure and polarization
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A sensitive probe of QGP
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Probe of hot medium
® Quarkonia suppression was proposed as

a sensitive probe of QGP properties
Satz, PLB 178 (1986) 416

® Hot medium effects

» Static and dynamic dissociation
* Regeneration

® Cold nuclear matter effects
* Nuclear PDF
* Nuclear absorption
* Initial-state parton energy loss
« Co-mover effects

Courtesy: Q. Yang
J. Zhao, K. Zhou, S. Chen and P. Zhuang, PPNP 114 (2020) 103801
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Jz,b suppression at top RHIC and LHC energies
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® Significant J/y suppression towards central collisions at RHIC

® Transport models qualitatively describe the data
L. Yan, P Zhuang, N. Xu, PRL 97 (2006) 232301

STAR, PLB 797 (2019) 134917 K. Zhou, N. Xu, Z. Xu, P. Zhuang, PRC 89 (2014) 054911
ALICE, JHEP 07 (2015) 051 Zhao, Rapp, PRC 82 (2010) 064905
CMS, EPJC 77 (2017) 252 Andronic et al., Nature 561 (2018) 321
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System S|ze and energy dependence of J/?,b produetlon

~ Decreasing energy

® Strong J/i suppression is observed in large
systems at top RHIC and LHC energies

| Aut+Au
o | . .
@ | ® The presence of J/i suppression in small
é | Zr+7r systems has yet to be established
é | Ru+Ru
20 | . .
D 0+0 ® The behavior of J/i production at low energy
O
O | s still poorly determined
A ptp
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® Strong J/i suppression at low pr, consistent

1.8
6k e 0O+0, 0-80%, lyl<t Sy = 200 GeV with 1 at hlgh DT
1.4F
1.2

. ,
- B Global uncertainty
0.6 B
0.41 STAR Preliminary
0.21
% 1 2 3 4 5 6
p_ (GeV/c)
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® 0O+0, 0-80%, lyl<i \'Syn = 200 GeV
1.61 TM: Tsinghua
1.4F — Total
R— Initial
1.2 ----- Regeneration
< i
< 1| -- -
0 N =
< o8f T ¢ t |
) ! B Global uncertainty
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0.4l STAR Preliminary
02 ...
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® Strong J/i suppression at low pr, consistent
with 1 at high pr

® Model underestimates the suppression at low
pT, but describes the data at high pr
» Primordial: QGP dissociation + nPDF +
nuclear absorption
» Regeneration: charm is assumed to be fully
thermalized

J. Zhao and P Zhuang, PRC 105 (2022) 064907 (private communications)

Shuai Yang
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PHENIX., PRC 102 (2020) 014902

Incluswe J/?,b productlcn in OO CO||ISIOnS

® Strong J/i suppression at low pr, consistent
1.6;— ® 0O+0, 0-80%, lyl<1 syy = 200 GeV with 1 at hlgh DT

® The Rpa Is consistent with 1 in p+Al

|\
LN
T

Global uncertainty

0.4f STAR Preliminary
0ol O P+AL0-100%, 1.2<y <2.2, PRC2020

“L 0 p+Al, 0-100%, -2.2 <y < -1.2, PRC2020
1 2 T3 4 s 6
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nPDF In alumlnum and oxygen

Buckley et al., EPJC 75 (2015) 132
Jonas et al., arX/v 2602.15928

" Gluon Ratio Aluminum/Oxygen ot @ =100GeV? @ Strong J/¢ suppression at low pr, consistent
: n;?;;g;:;:‘? I|  with 1 at high pr
__________________________________________ | | © The Rpals consistent with 1 in p+Al
N » NnPDF calculations suggest similar CNM
| ' effects in p+0O and p+Al collisions
- Additional suppression in O+O relative to
200iGae~ TN o0 p+Al is consistent with QGP-induced
M L R TR R e Suppression

I

Shuai Yang Frontiers in high-energy nuclear physics, Beijing 38



System S|ze dependence of mcluswe J/P RAA
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STAR, PLB 797 (2019) 134917
STAR, PLB 825 (2022) 136865

2.9
m?‘i - @ O0+0,p_>0GeV/c,|y|<1.0 \/? — 200 Ge\y| PHENIX, PRL 101 (2008) 122301
- <& Cu+Cu,p_>0 GeV/c, |y |<0.35 M PHENIX, PRC 102 (2020) 014902
c - O Ru+Ru&Zr+Zr,p_>0.2 GeV/c, |y|<1.0
2 O  Au+Au, p. > 0.15 GeV/c, |y |<0.5
- 2L p+Au, p.>0 GeV/c, |y |<0.5
. ¢ p+Al, p_>0GeV/c, 1.2<y<2.2
1.5 — \V  pHAl p. >0 GeV/c, -2.2<y<-1.2
V. Global uncertainty
R T ¥
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B O
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10 10°
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®© Smooth decrease of Raa with increasing {Npart) for different colliding systems
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e Au+Au, 0-80%, lyl<1  STAR preliminary
- A 200 GeV
1.6 ¢ 27 GeV
WIS 19.6 GeV
' x 17.3 GeV |
<12 ¢ 14.6 GeV \
< - O N
S e
S 0.8f +_ N\
0.6 N ) X
0.4 == =
=
0.2
O'....|....|....| ........ L oo b v by oo v b by

® Au+Au at BESII: Raa is significantly below 1 at low pt, but rises with pr
® No significant pt dependence at 200 GeV
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ALICE, PLB 734 (2014) 314

ALICE, NPA 1005 (2021) 121769~ — -~ CNM
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Energy dependence of mcluswe J/?,b RAA

NA50, PLB 477 (2000) 28

® No significant energy dependence of J/i

Raa In central collisions is observed up to
200 GeV

® J/i suppression is weaker at LHC energy
» Regneration dominates at LHC energy

® Tsinghua transport model captures the
energy dependence, but slightly
overestimates the data at lowest energies

J. Zhao and P Zhuang, PRC 105 (2022) 064907 (private communications)
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Llnearly polarlzed photon

® Equivalent Photon Approximation

e Photon Flux o /2 Fermi, Z. Phys. 29 (1924) 315
Williams, Phys. Rev. 45 (1934) 729
* pT1 < ~30 MeV (Q2~0) Weizsacker, Z. Phys. 88 (1934) 612

® The photon is Imearly polarized
» Polarization direction (Zj) is parallel to E

. E1LB LYV

Zhou et al., PLB 88 (2019) 576
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Phc)ton nuclear mteractlons
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Ultra Per|phera| CO”|S|OnS Good and Walker, Phys Rev. 120 (1960) 1857
=\t
E f
\ W [
BY
' Average gluon structure
Coherent (nuclear keeps intact)
. _ >

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

Sub-nucleon fluctuation
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Physu:s goal of Ccherent and mccherent J/v,b
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H1 and ZEUS, EPJC 75 (2015) 580
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Physu:s goal of Ccherent and mcoherent J/z,b
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® Reduced gluon fluctuations also serve
as a signature of gluon saturation

| —— Large x
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The “two component amblgmty problem

(a) photon emitter
(higher energy) .
Mf/l// ) §
— e y |
2Ebeam § '
target
e OTOCU M e
photon emitter
(lower energy)
Aoy, —AAJly
(w)) - o + Nyu(@,) - o
dy — S Yy/A\Y] A—>J/WA () yIA\MY2 A—>J/l//A ()
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A solutlcn to the two Compcnent amblgurcy
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® Employ neutron tagging to measure the energy dependence of
photoproduced vector mesons

Coherent photoprod uction Klein and Steinberg, Ann. Rev. Nucl. Part. Sci. 70 (2020) 323
% L ' ' L ' ' L
. Pb S :
o— _
! s |
o~ 0.5 STARLIGHT -
- LHC beam energy -
i —— 0nOn
I —— XnOn
- - : s — XnXn
Pb* . i = o I'
0 10 102 103
b (fm)
AdGap—any
/g
dy — Ny/A(a)l) ' OypAs JlyA () T Ny/A(a)Z) " OyAS JIwA (w,)
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A solutlon to the two Component amblgurcy
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® Employ neutron tagging to measure the energy dependence of
photoproduced vector mesons

Coherent photoproduction Incoherent photoproduction
. Pb* @o @ Pb . @
—
Y\% g%::
e . : . S e
Pb* @0—’ @ Pb @0—’
doss_an s
dy - = y/A(a)l) Oy A= JlyA (@) T /A(a)Z) " Oy A= JlyA (w,)
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CMS

PbPb 1.52 nb™ (5.02 TeV)

Energy dependence of eoherent J/

CMS PRL 131 (2023) 262301
ALICE, JHEP 10 (2023) 119
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gVM o< [)CG (.X)]2 Q 1072 _.",,’ O ALICE --LTALWS -~ bBK_A _
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100 200 300 400 500 600 /700 800

® 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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CMS PbPb 1.52 nb™ (5.02 TeV)
el 1O'_?""'@F' t t of | h tJ/
5 [ Po+Pb—Pb+Po _ Irst measurement of incoherent J/i as a
~ m CMS '
=2l s AlicE function of energy
all oA T
T | --cGCSubFluct T . .
S 'CGC_noSubFluct ~__.-.==7" ® Strong suppression compared to impulse
! S e approximation model
hcf e
T o10bF T e B . .
B fewww T L i 1 @ LTA describes the data with Wfﬁ < 60 GeV,
& b : . . . .
S Syst. oxp. while CGC without gluon fluctuations is
(= st. ux . . .
= = ) consistent with data with /¥ > 90 GeV
—» Small x
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CMS, PRL 131 (2023) 262301

s CMS PbPb 1.52 nb™ (5.02 TeV)
“TiA+A—-A+A+dy 1 ® Experimental and theoretical uncertainties
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Mc)dulatlon of phc)toproduced vector meson

e — —?“i——\ e — = e

7 Wu et al., PRR 4 (2022) 1042048

) R ) Xing et al., JHEP 10 (2020) 064

E E Zha et al., PRD 103 (2021) 033007
AN

%

Polarization vector

Polarization vector _ G Impact parameter b

e

\ 4

® VM inherits the polarization because of s-channel helicity conservation

® cos(2A@) azimuthal modulation of decayed daughter w.r.t. the

polarization direction
® Impact parameter (b): a robust estimator of polarization direction
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Spin state dependence: of COS(ZAgb) modulatlc)n
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Zha et al., PRD 103 (202 1 ) 033007
STAR, Sci. Adv. 9 (2023) abg3903
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Study the modulatlon n hadronle eelhsmns

Reaction

plane \

\

- - defines g

(durectlon of the impact parameter)

® b Is estimated by the second
order event plane technique

Shuai Yang Frontiers in high-energy nuclear physics, Beijing
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Study the modulatlon n hadronlc CO||ISIOnS

ALICE, PRL 116 (2016) 222307
STAR, PRL 123 (2019) 132302
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PN § "+ Au+Au 20-40%
® 107 o Au+Au40-60% =
| ——> - defines Yy @ [ = Au+Au 60-80%
(dnrectlon of the impact parameter) N y . S
1010—2 1071 1 10
pT(GeV/c)
® b is estimated by the second @® Coherent J/y) was observed Iin
order event plane technique hadronic collisions
STAR, QM 2025 CMS-PAS-HIN-25-006
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https://cds.cern.ch/record/2957192?ln=en
https://indico.cern.ch/event/1334113/contributions/6369533/

COS(2A¢) modulation in Coherent J/z,b — ph

Shuai Yang

10° PbPb 1.26 nb™' (5.36 TeV)
[ [ [ [ | [ [ [ [ |
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COS(ZAgb) modulation in Coherent J/z,b — ph
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Ap=¢ W,

® A negative modulation is observed in coherent J/{ — u*u-(spin-1/2)

« A>=-0.194 + 0.022 (stat) +

0.018 (syst), with a significance of 6.8c

» No significant centrality dependence in 50-80% centrality class

Shuai Yang
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COS(ZAgb) modulation in Coherent J/z,b — U
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CMS- PAS HIN 25 006
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® A negative modulation is observed in coherent J/{ — u*u-(spin-1/2)
® Provide the first observation of spin-state dependence in azimuthal asymmetry

Shuai Yang

Frontiers in high-energy nuclear physics, Beijing

24



COS(ZAqb) modulation in coherent J/z,b — [

E é E, CMS-PAS-HIN-25-006
0 CMS Preliminary PbPb 1.26 nb' (5.36 TeV)
| |
- p.<0.2GeVic ¢ Coherent Jhy
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® Demonstrate the feasibility of a complementary reaction plane probe
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OS5 (2A @) modulation in coherent J/yp — u*u-

e e e ——— — —_ = =

CMS-PAS-HIN-25-006

0 CMS Preliminary PbPb 1.26 nb' (5.36 TeV) 0 CMS Preliminary PbPb 1.26 nb' (5.36 TeV)
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@ No significant rapidity dependence in 1.6 < |y| < 2.4
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COS(2A¢) modulation in Coherent J/z,b —
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® Both models consider the correlations between polarization and b directions

® The model by Wu et al.

« Vector meson dominance framework
» Accounts for the effects of participating

nucleons

Shuai Yang

CMS Preliminary

CMS PAS HIN—25 006

PbPb 1.26 nb ™' (5.36 TeV)
| |
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© The model by Shao et al.
Color dipole framework
lgnoring the effects of participating
nucleons

2.4

Shao et al., arXiv:2511.17670
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® J/1) serves as a sensitive probe for studying the dynamics of QGP

® J/1p can probe the gluon structure of heavy nuclei

® J/1p can probe the linear polarization of equivalent photons and the
initial collision geometry
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Centrallty dependence of mcluswe J/z,b RAA

STAR, PLB 797 (2019) 134917
STAR, PLB 825 (2022) 136865

2
i . . PHENIX, PRL 101 (2008) 122301
| 8f Au+Au Collisions  STAR preliminary PHENIX. PRC 102 (2020) 014902
- A 200 GeV, p_ > 0.15 (GeV/c)
1.6 ¢ 27GeV,p L 0 (GeVic)
1 al N 196GeV p >0 (GeV/c)
F ¥ 17.3 GeV, p >0 (GeV/c)
< 1.2¢ ¢ 14.6 GeV, p >0 (GeV/c) \
S s &
g A A ¢
0 6: § 2 AW & Ai
0.2 - N,,, uncertainty
O_ L
10°
Npart

® Hint of decreasing trend as a function of centrality
® Raa shows no significant energy dependence at RHIC for similar {Npart
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Ultra-dense gluonic matter

e — - e e e —

® Gluon is enhanced by a factor of A3 in nucleus w.r.t free nucleon
Q2 NAI/B(l)/I
’ X

® Onset of gluon saturation is expected at higher x, Q2 INn nuclel
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The crltlcal role of gluon fluctuatlons

=== e —i.—w—m e e —— — _— =

Mantysaarl and Schenke, PRD 94 (2016) 034042 Mantysaarl Rep. Prog Phys 83 (2020) 082201
103} With she
. = With shape fluctuations % H1 coherent |
=== (0nly color charge fluctuations H1 incoherent f
102}
— | a) Coherent b) Incoherent
?‘5 | e(k)
~ 101:‘
QO : ,’
~+~ S
Z ol
o U7
O : .
p(P)
1071}
0.0 0.5 1.0 1.5 2.0
] [GeV?]
®© CGC can only describe HERA data when gluon fluctuations
are included
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The Crltlcal role of gluon ﬂuctuatlc)ns

— L= ___, —_ = — _—

Mantysaarl and Schenke, PRD 94 (2016) 034042 Mantysaarl Rep. Prog. Phys 83 (2020) 082201

107 With hl I I I
5 ith shape fluctuations i H1 coherent
=== 0Only color charge fluctuations H1 incoherent | Lt -
| - - 1.2
102} E 0 _
o | e 11.0
= -1
SERy 10.8
i |
= | 10.6
= 10°} 1}
| >
o 1| 0.2
03 0.5 1.0 15 2.0
t] [GeV?] x|fm] x|fm]
®© CGC can only describe HERA data when gluon fluctuations
are included
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A solutlon tO the twc)—way amblgurcy

CMS PbPb 1.52 nb (5.02 TeV)
' 19<|y““|<21 295<m <325caev :
0° 3 ¢ Data =
- OnXn(Same)  —Hbxindi=16 :
T Incoh. Jip w. Ndiss. El

Coh mp(ZS) — Jhp +X

—Incoh D(2S) — JpX W, Ndlss 1

.Q
~
.Q
~

CMS PRL 135 (2025) 112301

® Coherent J/i: no correlation with neutron emissions
® Incoherent J/i: strong correlation with neutron emissions

Shuai Yang
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CMS Pbe 1 52 nb (5 02 TeV)
! 19<|y““|<21 295<m <3256.ev '
10° F ¢ Data =
: - — Fit: ¥?/ndf = 0.8
= OnXn(Opposite) — Coh, Jh
e I _ --- Incoh. J/yp w/o N diss.
S 10" - Incoh. Jp w. N diss. E
> l _ Coh. )(2S) > Jhp+X
-~ = Incoh. ¢ (2S) — J/y+X w/o N dISS
o — Incoh. ¢ (2S) — JAp+X w. N diss. |
o 10 E
Z Ol
© s LT =
10 B * ;
e | il “ R | ]
0 0.5 1 1.5 2 2.5 3

Photon mtt
(higher energy)

—e %
1
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Solve the “two-way ambiguity

do,,, / dy (mb)

PbPb 5.02 Te

CMS PbPb 1.52 nb! (5.02 TeV)
B I T T T ]
T Pb+Pb—=Pb+Pb+Jhp
_________________ \-—“‘Lz‘::.':__._._._.---------'-'-"'"
T ens™ B -
E‘. ““‘_‘,.--“‘_ O’:(} __________
e e g =
p S et e onoOn  OnXn  XnXn
107 F g [¢] [©) [&] Data
--ss =--e ---- LTASS
-= LTA_WS
SCeT e e STARLight
K A;& | |
-4 -3 y -2 ~1 0
Shuai Yang

E— e e ——— - - . [ — —_—

” for coherent J/

= ———————  —— ——

Guzey et al., EPJC 74 (2014) 2942

Experimental
measurements Photon flux
00 from theory
dGAA—>AA’J/l// _ A70n0n 0nOn
dy YA (@) - Oy A—JlyA (@) T Ny/A (@) - OyA— JhyA (,)
dGXZXXHAA’J/
—AAVlY o onx OnX
dy — N},/Z/\ n(a)l) " OyAS TpA () T N;//Z n(a)z) " OyA—JIyA (@)
dqu(XXHAA’J/
- Y x1XnX XnX
dy = Ny/z ”(a)l) 1 6yA—>J/l//A'(601) + N},/X n(wZ) 1 6}/A—>J/I/IA/(0)2)

What we need!

J

Solve the “two-way ambiguity”

|

Probe gluons at x~10-5-10-4 in heavy nucleus!
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Pb
Coheret J/v,b poductlon VS. W N

S = - = = == ——— e — e —_ — = I __
— e —— —_ ——— = _— _— e —— *—),-’————-m_;_ e — — R —_— e —_—— -

ALICE, JHEP 10 (20 ) 119 CMS, PRL 131 (2023) 262301 ALICE EPJC 79 (2019) 402
ALICE, EPJC 81 (2021) 712 LHCb, JHEP 06 (2023) 146
ALICE, PLB 798 (2019) 134926
X
CMS PbPb 1.52 nb™ (5.02 TeV) S S N | M R - M
| | T T T T 1 | | T T T T 1 = ~  ® ALICE .
| e = . ¢  ALICE (PRL113 (2014) 232504) B
® CMS i [ - Power-law fit to ALICE data ¢‘ e
e S - O H1 g
1071 - O ALICE "/' T L v ZEUS éQ‘Q 55, == -
B . RS o O LHCb pp (W+ solutions) QQQ,@ -
3 B A LHCb ('4-5 <y< '3-5) % - O LHCb pp (W- solutions) ,Y,‘-""'-‘::?‘.’*: == 7
é I Syst. exp.
fo) " Syst. v flux fﬁ; o é
L I STARLIGHT param. -
2- N 4 NLO BFKL i
) 2 CGC (IP-Sat, b-CGC) |
_;'; ) oL —LTASS — bBK_GG . |
o 10°F ‘,;é/@"/ - LTAWS -- bBK_A - S E
%' B / CD_BGK CGC IPsat | S E
, _,'If CD_GBW -:-- GG-hs - g T T ;
- !'I CD_IlIM - .= |Impulse approx.- = S E
; | | e | | I R R N RS %
10 102 103 2 2 2 2 2 U T > 2 > L 2 2 2 PR 13 -
20 30 40 50 60 10 2x10 10
WYPE (GeV) g W, (GeV)

vA — JIYyA vp — Jlyp
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Solve the twc—way amblgurcy for mcoherent J/z,b

CMS, PRL 135 (2025) 112301

_CMS PbPb 1.52 nb” (5.02 TeV)
el Pb + Pb — Pb + Pb* + JAp )
| CMS LTA
~ 14r AnAn* © i}
c 2. OnAn* o -
= fmels e OnXn e
-é’ 1_—.—-0—:@: ~~~~~~~~~~~~~~~~ -
£ 08F el e -
ez | Tl Ty
w06+ Tl _
0-41 AnAn ALICE . -
0.2 y-emitter going }ﬁﬁﬁsﬁ:
95 2 115 -1 05 0 05 1 15 2 25
y OnAn* nXn OnOn
dUPbe—>Pbe’]/1p (v) dUIO’be—>Pbe T/ (v) , dUPbe—>Pbe’J/¢ v)
dy B dy | dy

® Relative yield ratio between positive over negative rapidity in OnOn are assumed

to be same as that in OnXn events
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f The roadmp of probing gluon structure

— — — e — P — — D e e — P,

Large System

Probe gluon structure at x — Q2 — ngA
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Observed COS(2A¢) modulatlen ef Coherent pO in UPC

Shuai Yang

“k—,_,————-m_;_ e - [ — = — e ——

-0.2 0 0.2
P, (GeV/c)

STAR, Sci. Adv. 9 (2023) abg3903
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Observed COS(2A¢) modulatlen of Coherent 00 in UPC

® Symmetrlc A+A collisions: Strong Correlatlon between the pr and polanzatlon dlrectlons

_I_
B STAR Signal - palrsA¢ A¢[p t ]

@0.4 #\ﬁ — Au+Au |s, =200 GeV
QN
20 *;2 ~+ ptAu s =200 GeV
O : * B
No.2:I .¥¥ =+ U+U  \s, =193 GeV
%
0.1 ! I"‘_ =¥= |
OF=== ?T:‘% e T
0 005 01 015 02 025
P (GeV)

STAR, Sci. Adv. 9 (2023) abg3903
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Observed COS(2A¢) modulatlen of coherent pO in UPC

== == _ = ,—;————-—__?e_;_ P —— —_ — —?‘—t—— [— — e ———

® Symmetrlc A+A collisions: Strong correlatlon between the pr and polarlzatlon dlrectlons

_I_
B STAR Signal - palrsA¢ A¢[p t ]

C @0.4 ke — Au+Au |s, =200 GeV
G e .
& §0.3'— *;”; - ptAu |s,, =200 GeV
' ! ¥ |
~ i  \* =+ U+U sy, =193 GeV
Al A% NN
Interference matters for pr proxy! 02§ 4
0 ¥|¥ y N
0.1fF \ % =4= |
_ ¥+¥I l—%: _I_—)(-— | ——
o= Tﬁ‘%‘ s T
0 005 01 015 02 _ 025
P (GeV)

STAR, Sci. Adv. 9 (2023) abg3903

® Asymmetric collisions: No/weak correlation between the pr and polarization direction
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Challenge Of spln 1/2 measurement

- T T == = = e e — *_,,————m_;_ — - e = = — =

Zha et al., PRD 103 (2021) 033007 STAR, PRL 136 (2026) 242302

y py =~ 60 MeV
EEE e e pr =~ 1.5 GeV -

= (3.) ¥  Data: Au+Au UPC 3 —

By ’ef& g coherent J/s
- l N, Theory for yy— e*e™: STAR sy = 200 GeV | -
E 10_1 :_l I:ts't‘ 3 fo'r JPe E 1 A+A_)DZ:\:+A - “— CGl\go(c.jJ/e\:r):Model-l
S El R o STARLight 1 08 * y+Au- Jhy (—e’e) T CGC (Jiy): Model-I]
= - N ’ Y+ Au-p (D) — — STARIlight (J/v)
S ‘I '\‘< - 0.6 I ® "+ Ruazr - Jiy (—e’e) T

N

% 10—2§|l g i, | = ' 0.4 ¢°®‘®®®
~ ! GOSN -
-8 E TN :

H Background: NS ~

10°4 —— Photonuclear p° & q> """ =
g | /\l L1 R R R R SR B ! -
0.5 1 15 2 25 e/ 200
M,. (GeV) Pr (MeVie)
®p'/¢p — ete” is overwhelmed ® J/w — ete is suffered by the detector
by two-photon interactions resolution and soft photon radiation
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~ Extraction of COS(ZAgb) amplltude (Az)

—_— = e —_————— —
= e i —— — - e ————

CMS PAS HIN—25 006
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