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Equivalent photon

» Ultra-relativistic charged nuclei
produce highly contracted EM field

v~c¢ »Equivalent Photon Approximation
* Quasi-real photon

——— Iy

ol

—>
w——, » Photon kinematics

1, +w < =L (3 GeV @ RHIC, 80 GeV @ LHC)
A

*pr < = (0(30) MeV @ RHIC, LHC)
A
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Photon-photon collisions

o]

- Baur et al., Phys. Rep. 453 (2007) 1
E ATLAS, arXiv:2011.12211

Pb

(a) Pb Pb  (b) Pb Pb (c) P (inPb)

/) == e

¢ LbyL is not covered by this talk, see backup
and Peter’s talk in April CFNS workshop
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Modeling of yy — 71~

472 2

k

d°qr = F(@) g,

» Photon flux: n(,r = a2t gz ©

Klein et al., CPC 212 (2017) 258
Zha et al., PLB 781 (2018) 182

> How to convolute two photons into [T~ ?

STARlight formalism:
c(A+A->A+A+IT1)

00 co 2T
= J T[Tldzrlf T[TZdsz f d¢ N(klrrl)N(kZJTZ)o-(yy — l+l_)
R

A Ry 0

* Integrate b out = No b dependence of photon (lepton pair) p;
e Radius cutoff = ~20% less yield & insensitive to form factor
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Modeling of yy — 71~

472
k

@m)2 it g

> Photon flux: nk,r) =

Klein et al., CPC 212 (2017) 258
Zha et al., PLB 781 (2018) 182
Klein et al., PRD 102 (2020) 094013

Zha et al., PLB 800 (2020) 135089 M 0] d e | S | N Mar ket

STARIight gEPA QED
Form Factor Point-like Woods-Saxon Woods-Saxon
y intensity(b) v v v
Y pr(b) X v v
[*1™ inside nucleus X v v
HO contribution X X X

*¢* Being addressed in calculations

No single available model covers all aspects
Shuai Yang CFNS Workshop
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Exclusive yy — {71~ production

EXPERIMENT
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do( yy — e'e

Total cross section at RHIC

€) (mb/(GeV/c))

dP,

STAR, arXiv: 1910.12400
Klein et al., CPC 212 (2017) 258
Zha et al., PLB 800 (2020) 135089

§ STAR

- 1 *  Au+Au UPC i

L o A . _

e A w—>ee (QED) | 3> Concentrated at low p;

. poT yy— e*e’ (STARLight)-

S ]

3 % 3 o . g :

i i L 1 » Significant difference between
21 § 7 STARlight and QED at p; = 0
11—;; e * E e Virtuality for e*te” channel?

e 2 ~og, i

.} 04<M,<0.76GeVic® %, 1+ bdependence of photon p;?

§ OED: Scaec Yo | e
% 0.02 004 006 0.8 0.1

P, (GeV/c)
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€) (mb/(GeV/c?))

dM

do( yy — e'e

Total cross section at RHIC

STAR, arXiv: 1910.12400
Klein et al., CPC 212 (2017) 258
Zha et al., PLB 800 (2020) 135089
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> 11~ production inside nucleus
e QED, gEPA (V)
ly*1 <1.0 & P <0.1 GeV/c e * STARlight (X)
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Events / bin width

Total cross section at LHC

ATLAS, arXiv:2011.12211

1 05 1 1 T ' 1 T L) ' L] 1 T ' 1 1 1 I 1 1 1 I

ATLAS Inclusive ZDC

5.02 TeV, 0.48 nb™ 10 < m,,, <20 GeV
10* PbPb(yy) = u'w(Pb Pb') Iy 1<08

L Pb Pb Pb
fys = 0.031+ 0.004 ® Data
—— Total =

16° —— STARIlight+Pythia8 ka

—— LPair (dissociative)

k1

(a) Pb Pb  (b) Pb

PR N T S
0 0.02 0.04 0.06 0.08 0.1

o (= 1-1Adl/m)

=
|
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Ratio (Data/STARIight)

doldm,,, [ub/GeV]

Total cross section at LHC

ATLAS, arXiv:2011.12211

5.02 TeV 0.48 nb”' p, >4 GeV, i
"

P, <2GeV Iy, <08
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E ATLAS PbPb(yy) = ww(Pb 'Pb") 3 3 E ATLAS PbPb(yy) — u'w(Pb'Pb"”)
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» Good agreement with STARIight at mid y, but

systematic increase at highery
 STARIlight should underestimate ~20% [*1~ rates

Shuai Yang
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Ratio (Data/STARIight)

Total cross section at LHC

doldm,,, [ub/GeV]

ATLAS, arXiv:2011.12211

103 + g (v} (°), 3 s‘ 103 E + ) y} 3 s‘ 103 E + (), ),
ATLAS PbPb(yy) — ww (Pt Pb"”) 3 3 F ATLAS PbPb(yy) = ww(Pb 'Pb") 3 3 E ATLAS PbPb(yy) — u'w(Pb'Pb"”)
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» Good agreement with STARIight at mid y, but

systematic increase at highery
 STARIlight should underestimate ~20% [*1~ rates
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Ratio (Data/STARIlight)
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Linearly polarized photons

» Photon polarization direction
N /»éw} (5) is parallel to E

/ > Recently realized, collision of
=" SN\ //?
/ / -

A —linearly polarized photons lead

%/Z//l\\i’\\\\iif////Z//’\\i\\& t0 a cos(dA) modulation v.ca.

5:1 | fé — —(cos 4A¢) e cos(2A e mZ 2
& L & — +(cos4Ap) ( ¢) l /pT,l

b

J.D. Brandenburg, CFNS workshop 2021.04 A(p = A¢[(l+ + l_): (l+ - l_)]
~ Ap[(IT +17),17]

Shuai Yang CFNS Workshop 12



Linearly polarized photons

. A1 000 T T T T T T T

STAR, arXiv: 1910.12400 (=) - | -
R goof. 0.45 <M,, <0.76 GeV/c? STAR E

53 - , ]

~ 800 - % Au+AuUPC ]

"3 - — — Fit:Cx(1+A_ cos2Ad+A cos 4Ad) +10 7

S 200 2A¢ 4Ap =

8 - JI( * il .

600— =

500 [ —
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400— _
300E —Aypp=16.8£25% E
2001~ Appp=2.0%£2.4% E
100 ;_— — Polarized yy — e*e” (QED) — — Kinematics Only (STARLight)_E
C 1 1 1 1 | 1 1 1 1 .

T
’ 2 M=¢,-0, T

» Firstly observed 6.7 o cos 4A¢ modulation

* Experimental evidence of linearly polarized photons
* Analogous to vacuum birefringence

Shuai Yang CFNS Workshop



From UPC to hadronic collisions

Shuai Yang CFNS Workshop
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Non-exclusive yy — 1~ production

STAR, PRL 121 (2018) 132301

ATLAS, PRL 121 (2018) 212301, ATLAS-CONF-2019-051

10 ———————— e ‘ 23 o roT T
| Centrality: 60-80% ©0 0.4-0.76 GeV/c? i °_o [ ATLAS _ Preliminary ]
[ Solid: AuAu@200GeV 07612 GeV/c* x 107 | '-l S’ Pb+Pb  Ys,=5.02 TeV, 1.9 nb™
107 Open: UU@193 GeV 001226 GeV/ x10% 6 + -
~ F —— AuAu Cocktail - [ - 05% . ]
5 100 [ - 4 Data 1
E ?’: ¢ ® — py - = = = = Background -
= 107 | ] B . -
- ﬁg&k i . " _ i —4 Background = o |
A L - ok e -
= u | (=== = === - - - = === __ .o
10 4§ e ¢ —— I ]
r / T pe>02 GeVie, hl<l, Iy, I<1 - .
- . ol N
10—11 L . . L . . . ! . . . L . . . I . . . . 1 . . . . 1

0 0.2 0.4 0.6 0. 1 0 0.005 0.0

P, (GeV/e) a.
1 ¢ —¢7|
— n a=0 a>0
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Non-exclusive yy — 71~ production

600

STAR, arXiv: 1910.12400 -I— e —_— + —_— J. Zhou, sQM 2021
x10~° l/l ﬂ

81400_ T T T | | T T T T ] _e_ : N — T —— T T ™7 .2 T T L T T— | .2 ™7 ™
— ] - D > gl b ) N H Imn € y R
%1200__ 0.45 < M, < 0.76 GeV/c? STAR E g oo E Au+Au '200(er @STAR STAR l+rthmn:lr) =
S1200 4 L auUPe F Aushu60.80% 065 17 .0 Centrality: 60-80% A;,:0.20 £0.08 +£0.03 ]
B . 8 - + + =

8 I Fit:Cx( 1+ A, 008 206 + A._c05 414) i1e 1 81 0.40<M,,<0.64 GeV/c Ayyi-0.35 £0.08 +0.07
3F & A0 ] 0.7 |- 0.00<p_<0.10 GeV/c x¥/mdf: 32.0/17 =
o B * & | ] - —e— (Data - Cocktail)/Acceptance B +10 :
800— = :k_ ] 0.6 F —— QED - -
= . o= fitfun:Cx{1+A2A°cos(2Ao J+A5,c08(440 ) ) E

0.4 |- J_ L -
ol _quit |

400

200

02 [
 — — Polarized yy > e'e (QED)  ----- STARLight ] '
ol - - - - SuperChic _‘ 0.1 + 2
C 1 1 1 1 | 1 1 1 | B 0 : . 1 F . | : 2 ; | 5 A I 1 A 1 2 |
0 I _ _ T 0 0.5 1 1.5 2 2.5 3
2 Ap=¢, — 9

> Consistent with 0 cos 2A¢ » Observed 2.30 cos 2A¢
modulationinete™ modulation in p*u~

cos(2A¢) « m{ /pf,
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Modification of lepton pairs

STAR, PRL 121 (2018) 132301 ATLAS, PRL 121 (2018) 212301
70— : 600

ATLAS (.10 %"

$
VSry = 5-02 TeV

> 60 - ¢ ] 4 " Pb+Pb, 0.49 nb™ 7
> I s 00 —— Pb+Pb data |
= 5ol—+— 1 ©IS ] ——>80% data |
! ] P B ' ]
S0 e 1 = I STARlight + |
= | e ] 200 _{ data overlay
40 _ s * + -
[ ® Au+Au 200 GeV (60-80%) | T
I - yy—ee (UPC) ] B L *_i t ]
I R ] Op-----"- t + 4 ¢ 4—0—
30
0.5 1 1.5 2 2.5 : ,
M, (GeV/c?) 0 0. 005 0. 01 0. 015
o
+ _—
" — ¢
a=1-—
Tt a=20 a>0

> Back-to-back correlation becomes weaker towards

central collisions
Shuai Yang CFNS Workshop 17



Puzzle of the physics origin

STAR, PRL 121 (2018) 132301
ATLAS, PRL 121 (2018) 212301

Final-state effect?

Shuai Yar;g CFNS Workshop

18



Puzzle of the physics origin

STAR, PRL 121 (2018) 132301
ATLAS, PRL 121 (2018) 212301

Final-state effect? Initial-state effect?

Zha et al., PLB 800 (2020) 135089

AP a5

—IZ
300F:
250F
200H]
150
100f =

- Pb +Pb 5.02TeV 0-10%

4 <M, <45 GeV/c’ ¢ data
p,, >4GeVic n|<24
2

(]

= QED
**r gEPA1
= =gEPA 2

» Described by lowest-order QED
Y ) without medium effect

A\ / * b dependence of initial photon p;

Shuai Yaag CFNS Workshop 19




Experimentally explore the puzzle

@ ~ Turn off hot medium

- Control b

Shuai Yang CFNS Workshop 20



Control “centrality” in UPC

Pb

Y
w
ut
Y

Pb*

Pb, @8:’
;

N(k) = / d’bN (k, b) Ponaa (b) Py (b) P (b)
, where P;(b) « 1/b*

» Bearing analogy to centrality

STARLIGHT 3.13 | ° b)(n)(n < bonxn < bonon

LHC beam energy

— XnXn
— 0nOn
XnOn

ol A l
10

10?

Shuai Yang

' 1(';3 Klein and Steinberg, Ann. Rev. Nucl. Part. Sci. 70 (2020) 323
b (fm)
CFNS Workshop 21



/DC selections

T CMS PbPb 5.02 TeV PbPb 5.02 TeV
I\ ] HH --' i
\TI) 25 = '-':-: E
2 | . - ---1n E
G 2] t Xn on
o .
N 15 :
10
a .
': ¢ : ‘| ')‘ ~\
a _ -"-'-—l'-’ X103 10 . nl I: |:' |: ‘u "' 1 ‘\ 1 1 “k . X103
VDG 0 5 10 15 20 25 30 Z3[5)C 40 45 50
a.u. . a.u.
CMS, arXiv:2011.05239 P'“S( ) 'V"”Us( )

» Straight cut to disentangle neutrons
* OnOn, Onln, OnXn, 1n1ln, 1nXn, XnXn (X=>2)

@ Fewer neutrons @
>

More neutrons @
Shuai Yang @ CFNS Workshop 22




a spectrum vs. neutron multiplicity

CMS, arXiv:2011.05239

UPC

CMS PbPb 5.02 TeV (1.5 nb’ )
- -0nOn
- -OnXn ]
- - XnXn
a2 N >97) 4
C e - IyWI < 2.4xn (X_2) E
: +$1+ p'>35GeV, <24 |
N + 8T E
% <m,, <60 GeV ]
[ i‘ii _;
g +:$::t -+ E
=S 1
e oot = ]
- ——o—p—s
S R S S S S 1x107°
0 1 2 3 4 5 6
o

» 0n0On (fewer neutrons) = XnXn (more neutrons)

e a spectrum becomes broad

Shuai Yang

CFNS Workshop
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a spectrum vs. neutron multiplicity

CMS, arXiv:2011.05239 ATLAS-CONF-2019-051

UPC Hadronic CoII|S|ons
800 C,MS ............. I.Dt.)P.b.S,QZ.T.e\./ ,(1. 5 nbr ) %I_g ATLAS ' PI i ' T
C I reliminar
700 -0nON 3 Az 2 : iminary 1
- onxn %" (L Pb+Pb Ys,=5.02TeV,1.9nb
600;— ++ . XnXn —; - ++ 0-5%
3 500 3 S E ;+_ ® Data
© B . ]
Ew o ly I< 2-4)(n (X_2) ] 4 —$- = = = Background
S 400f L # - MW u E -
=~ : ++ 1_+_ pT >3.5GeV, In"1<24 ] | + Background = |
Z 300 ?1% 8 <m,, <60 GeV . [ - I
200 _ - g 2 w_-:l:m:ﬂ*-!:
100_— +:‘:3:_._35+$ —_ : N
0 _ .............................. _;x10“3 Un ) ) : ) 1 ) ) " ; ] "
0 1 2 3 4 5 6 0 0.005 0.01
(04

» 0n0On (fewer neutrons) = XnXn (more neutrons)

e a spectrum becomes broad
 Similar depletion in XnXn class with that in hadronic collisions at
very small a

Shuai Yang CFNS Workshop 24



Decouple leading-order component

CMS,

arXiv:2011.05239 i i
e CMS Supplementary PbPb 5.02 TeV (1.5 nb™) ! » -
L B B B B B B B .
? —Sum (A B T : % 5 5
10°§ - Core I
- Rz
i iV
ot P Z2eIUERAISer 5 I e =" %
107 -
102 core: cyXe(~a/c1tezxal?®) —+=
. tail: to X (1 + (t1/ty)xa)t2 ]
—3| Il.l 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | Il Il
970 0.05 0.1 015 0.2 x

o

» Decouple a spectrum:
* Data: (acore) = (1227 + 7 (stat) £ 8 (syst)) x 10°

* STARlight: 1350 x 10®

Shuai Yang

CFNS Workshop
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(ac°re) vs. neutron multiplicity

‘6 <1073 PbPb 5.02 TeV (1.5 nb'1) CMS, arXiv:2011.05239
- CMS ] >~

1.5 _ . STARIight + B
[ - b-dep.y p_ :
I 1 <

1.4 [ ® | S ';

...............

1.3 } p : >

1 : Iywl <24 )
R S : p' >3.5 GeV, Il <2.4 -

E 8 <m,, <60 GeV @
I0’70/7 IO"I n I0/7)(,7 I7 Nin I7 nxp I)(n X
Xn (X=2) @
»Strong (5.7 o) neutron multiplicity dependence of {(a¢°"e)

* b dependence of initial photon p;
e Qualitatively described by a leading order QED model

Shuai Yang CFNS Workshop  Brandenburg et al., arXiv: 2006.07365 26
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HO contribution vs. neutron multiplicity

ATLAS, arXiv:2011.12211

i [ = oo o o o o e o e e o e e B R o 10° L B e LN B e e e [ = o o o o o o o o s e e o
E ATLAS 0non ."5 ATLAS Xnon 3 6 ATLAS XnXn
§ 5.02 TeV, 0.48 nb™ 10 < m,, <20 GeV § 5.02 TeV, 0.48 nb™ 10<m,, <20 GeV ] § 5.02 TeV, 0.48 nb™ 10 < m,,, <20 GeV
- 10 PPb(yy) » u'uw (PbPD) Iy, 1<08 p— POPb(yy) » w'uw(Pb'Pb) Iy, 1<08 i - 10 PbPb(yy) > w'w (Pt Pb") Iy, 1<08
a o fys = 0.00120.003 ® Data a ® Data E a fy = 0.127 = 0.021 ® Data
-~ :ﬁ ‘ -~ Total ] ~ Total
8 ek —— STARIight+Pythia8 2 4 —— STARIght+Pythia8 _| @ —— STARIight+Pythia8
qc) E.‘ qc) ——— LPair (dissociative) § c —— LPair (dissociative)
E ] ()
T Z | @
TER OnOn i OnXn (X>1)3 N XnXn (X>1)
S (S 1
10 '+' \++ 10 3
E . ] —
T T T
1 1 3
E|||||||||||lllllll |||||||||||||||||||j: |||1|||l| |
0 0.02 0.04 0.06 0.08 0.1 0 0.02 0.04 0.06 0.08 0.1 0 0.02 0.04 0.06 0.08 0.1
a (= 1-1A¢l/x) a (= 1-1A¢l/x) a (= 1-1A¢l/x)
@ Fewer neutrons
>
Pb Pb
@ More neutrons @
ko -
m
ky w
p (in Pb) Pb* +X
Shuai Yang CFNS Workshop 27



HO contribution vs. rapidity

ATLAS, arXiv:2011.12211

2 1_ ' T T T T T ' ' ' T ]
i ATLAS . ] :
0.8 PbPb(yy) — u+u'(|1°b Pb™’) = , | .
- 5.02 TeV 0.48 nb’ § negativey,, ' positivey,,
- e 10<m,, <20 GeV - I
0.6 o 20<m,, <40 GeV N :
- 2 I —
B < |
0.4 $ - ! o—
L OnXn (X>1) - ! °
0.2 J - e ! —>
B N I
- o ‘¢ . .
- L il
@ % - 0 2
signed /-

»Increase HO contribution (dissociative
assumption) vs. signed Y

—=
p (in Pb) Pb*+X

Shuai Yang CFNS Workshop 28



HO contribution vs. rapidity

CMS, arXiv:2011.05239

,CMS PbPb 5. 02 TeV (1 5 nb™)
_8 102 Onin Xn (X>2) 1an
o> 10k e Larger n hemisphere 1
S o Smaller n hemisphere
% 1&&* = ’
107" == I e ’
0 == A | . :&:
< 10_? pf“> 3.5 GeV, 'l < 2.4 r ’
— 107¢ 8 <m,, <60 GeV ¥ 1
1046005 01 015 02 0 005 01 015 02 0 005 01 015 02 025
I A 0. ol
Smallern + Largern >In OnXn, the tail contribution
i * Larger n hemisphere > Smaller n hemisphere
I — og o o« ge
—o o > Only the tail in OnXn has rapidity
! *— dependence
— ! —>

* Other HO process(es) play a role?
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(M) vs. neutron multiplicity

PbPb 5.02 TeV (1 5 nb-1) CMS, arXiv:2011.05239

15 . . .
- CMS | I
| ... STARIight I |
| --bdep.yp, T T :
S 14f I I R
o P TR N
S R
= ;
Ei - i i
13- i 7]
~ : ly, | <2.4 -
e p>3.5GeV, 'l <24 -
o } 8 <m,, <60 GeV
12

bno,, |0/77,, IOn)(n I7r77,, I7n)(,, I)(n)(n
Xn (X=>2)
» Strong neutron multiplicity dependence of (m )
e Deviation from constant: >50
* b dependence of initial photon energy
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summary

g4oor —— 1.6x10° ‘ ‘ PbPb 5.02 TeV (1 .5‘nb")
S b 045<M,<0.76 GeVic? STAR cMs
3 | - —
:’1 2001 *  AutAuUPC % Au+Au 60-80% x 0.65 - 150 STARIGht +
o " ] PF - ig
§1DDDj —— Fit: Cx( 1+ Amcos 2A¢ +Amcos 4A¢) +t1o 3 b-dep, b pT
8 I I 1771 S [ (O
800 . T
i + R R S

> Exclusive [T1™ production * *
* Linearly polarized photon Sy B
* b dependence of photon p; : E et L O 0wy oy T
« Advanced generator needed for e B

- d ol .CMs
current/future precise data e T e T
- Photon kinematics (PDF) ‘ S Rty | N
- . . B 3 g2 ] OOE;Z"‘—Q—
_ . | 1,107 B 1 |<24*h}__:’__I+
Higher-order yy interactions Py Tt
% 102 ] 8T< m,, <60 GeV
: 1105005 0.1 015 02 0 005 01 015 02

(0] o

. + —_ .
» Non-exclusive [T[™ production . "l 1+
* Opportunity to study QGP EM properties *[Gwaw e %ii s Py
0 AUAU@200 GeV 4y 07612 Gevie? x 107 | TS [ -+ Su=5-02 TeV, 1.9 nb™
* Require precise baseline
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Light-by-light scattering

S 30 e B e © S0 -

) C 1 > E ! B
O [ signairegon ATHAS 1 3 4k Sonmnyy ATHAS 4 ATLAS, JHEP 03 (2021) 243
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» Generally good agreement with model, but indication
of a systematic excess
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95% CLs limit on o(yy— a—yy) [nb]

Light-by-light scattering

ATLAS, JHEP 03 (2021) 243

102

10

ATLAS

Pb+Pb s, =5.02 TeV, 2.2 nb™

————— Expected Limit
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Shuai Yang
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> No ALP observed
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Existing constraints from JHEP 12 (2017) 044
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CMS yy - (2019) 134826]

ATLAS

ATLA (this paper)
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» Most stringent limits set for cross section
and coupling
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a spectrum vs. neutron multiplicity

CMS CMS, arXiv:2011.05239

.u.ononi""

PbPb 5.02 TeV (1.5 nb™)
LR | LB LR | L | —r .!
OnXn

“Onin

ly, | <2.4 \
u .
p;>3.5GeV, 'l <2.4

8<m,, <60 GeV '\‘

1n1n

10°'F — Sum . —

L} — Core ' |
107°F ... Tail \ :

1073 030-2 10" 10* 1073 OL1o-2 10" 10

10° 1072
o

10~

» 0nOn (fewer neutrons) = XnXn (more neutrons)
* Tail contribution becomes larger
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Rapidity dependence of (ac°®)

PbPb 5.02 TeV (1.5 nb™)

CMS, arXiv:2011.05239 3
x10 |

1.67 !
[ CMS
- Supplementary ]
1.5 ly <24 ]
i p$ >3.5GeV, In'1<2.4
C

- 8 <m,, <60 GeV

\5/13— H ++

e Larger n hemisphere
o Smaller n hemisphere ]

1.2F

1.1 ' ' '
0/;7,7 0/7)(0 7/7)(,7

» (") has no rapidity dependence
* Core dominantly comes from LO yy scattering

e Core function is reliable
CFNS Workshop
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Signatures of yy — [T1~

STAR, arXiv: 1910.12400

€) (mb)
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»Individual [* /1™ preferentially alighed along beam axis
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QO

Skin Depth (fm)

EM filed mapping

Brandenburg et al., arXiv: 2103.16623

b
Fit to do/dP | (1n1n events) . x10'
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QR e me e ms o S N 11— —_ :
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> Fit to STAR’s measurement of yy — e*e™ in UPC
» Map charge distribution and magnetic filed
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Non-exclusive yy — [T1™ at RHIC

X.F. Wang, Initial Stages 2021 J. Zhou, sQM 2021
= 0.4<M, <2.6 GeV/c? an G N NS AR TR EREAT AR NE N S
- e S 107 E AutAu 200GeV @STAR : E:C‘ﬁta" o E
10—1 = Au+Au 54.4GeV -+ Data ; E Centrdhty 60-80% — QED x 127 3
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1072 =o¢ < 10° e
S 4 Z
moal 4T ©
_8. 107 3 i _-*_ — T S 107 E E
B 10°E . 1
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10_6 E ST ) 7 e ee E
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2 4 ] . 1 ¥ X ; 2 025 03 035 04 045
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» Indication for additional peak from semi-coherent yy interactions
> New measurement of yy = u*u~ in 60-80% AuAu collisions
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