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Introduction LPT‘H%Q%’

THEORIQUE ET HAUTES ENERGIES

* Very impressive SM cross section measurements at the LHC
° many processes are at percent even subpercent level

July 2019 CMS Preliminar
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All results at: http://cern.ch/go/pNj7™="

* Mainly quarks and gluons (photon density ~ |% of quark density)
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Introduction LPT‘H%Q%’

» Ultra-Peripheral Collisions (UPCs) \ /W
, R g _
- Large photon flux o< 2 . ] / W\
AMAAAAS @ T R 5
- Cross section enhanced by 7* " W
E.g., PbPb is Z4 = 45M times larger than pp & e+e- b> Ra+ Rg

A z R A< Ra
Coherent Incoherent

- Coherent photon virtuality Q* < R;”
— — Equivalent Photon Approximation

TorP LHC FRANCE 3 HUA-SHENG SHAO




LPTHE

LABORATOIRE DE PHYSIQUE
THEORIQUE ET HAUTES ENERGIES
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Central Detector LPT@

Jets
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Most collisions have enormous multiplicities.
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Introduction LPT‘H%Q%

+ Gold-plated SM and BSM processes

Process Physics motivation

yy — ete  ut “Standard candles™ for proton/nucleus y fluxes, EPA calculations, and higher-order QED corrections
Yy —=1T Anomalous 7 lepton e.m. moments [29-32]

YY — VY aQGC [25], ALPs [27], BI QED [28], noncommut. interactions [36], extra dims. [37]....
yy —= 7o Ditauonium properties (heaviest QED bound state) [38, 39]

yy — (¢, ('b5)0_3 Properties of scalar and tensor charmonia and bottomonia [40, 41]

yy = XYZ Properties of spin-even XYZ heavy-quark exotic states [42]

yy - VM VM (with VM = p, w, ¢, I/, T): BFKL-Pomeron dynamics [43-46]

yy = WW,ZZ Zy,--- anomalous quartic gauge couplings [11, 26, 47, 48]

yy — H Higgs-y coupling, total H width [49, 50]

yy — HH Higgs potential [51], quartic yyHH coupling

yy — 1t anomalous top-quark e.m. couplings [11, 49]

yy — €€, vy, HH SUSY pairs: slepton [11, 52, 53], chargino [11, 54], doubly-charged Higgs bosons [11, 55].
yy — a, . MM, G ALPs [27, 56], radions [57], monopoles [58-61], gravitons [62-64]....

HSS, d’Enterria (2207.03012, JHEP’22)

p.A FF p,A p,A (FF) p, A
Y J\‘\r Y, WZ
3 o (c2)o2: (Bb)o2. T
1 H,a,¢, MM, G
Y g 7. W~Z
p. A FF p-A p. A @ p.A
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https://arxiv.org/abs/2207.03012

Introduction LPT‘H%Q%

» Gold-plated SM and BSM processes

Process Physics motivation
yy — ete  utu “Standard candles” for proton/nucleus y fluxes, EPA calculations, and higher-order QED corrections
Yy —=1T Anomalous 7 lepton e.m. moments [29-32]
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yy — H Higgs-y coupling, total H width [49, 50]
yy — HH Higgs potential [51], quartic yyHH coupling
(yy — 1t anomalous top-quark e.m. couplings [11, 49] )
yy — €€, v* 3, HH SUSY pairs: slepton [11, 52, 53], chargino [11, 54], doubly-charged Higgs bosons [11, 55].
yy — a, . MM, G ALPs [27, 56], radions [57], monopoles [58-61], gravitons [62-64]....

HSS, d’Enterria (2207.03012, JHEP’22)

p.A FF p,A p,A (FF) p, A
Y J\‘\r Y, WZ
3 o (c2)o2: (Bb)o2. T
1 H,a,¢, MM, G
Y /\/‘/" v,W~,Z
p. A FF p-A p. A @ p.A
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https://arxiv.org/abs/2207.03012

Motivation LPT@

* Why v+ — tt ? Or what we can learn ?

* Electric charge and electromagnetic dipole moments
Fayazbakhsh et al. (PRD’15)

/y t £eff — —iQQtEFMtAM
{ T 2 o"qy . 2 2
* = A"Fi(e”) + == (@) + Fs(¢7)s)
Y ¢ F(0) =ar = (g — 2)¢/2
» FCNC and anomalous top-photon couplings
Y ANNNN\ e t Howarth (2008.04249); Baldenegro et al. (JHEP’22)
"{Zq— v Y -7 7Y

A U/C LreNe = —eTt(f“ (ftq + zhtq%) ql ., +h.c.

Y \N\NN\NN——

Other BSM enhancements, e.g., resonances and extra-dim models
Baldenegro et al. (JHEP22); Inan, Billur (PRD’[ 1)

» Elastic photon flux and soft survival probability at large &
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LABORATOIRE DE PHYSIQUE

p i p p i p i
o t P t p Yo f

S ~ S2 A < G2
S v T,

p y D p y p p y p
Generator Setting Ipp—td) [Pb]  o(ypoip) PP |o(ypoi) [PD]| |o@R—ip) [P]| | 0(3y—eh) [PD]
SuperChic (isurv = 1) — — - 1.22(1) - 10~°| [2.05(2) -10~*

(isurv = 2) = —~ - 3.21(2) - 10~°| |2.06(1) - 10~*

(isurv = 3) - - - 2.05(1) - 10~°| |2.05(1) - 10~*

(isurv = 4) = = = 1.59(1) - 10~°| |2.06(1) - 10~

(sfaci = false) — — — 1.73(1) - 1073| [2.77(2) -107*
MadGraph - 1.23 - — 333 .10
PYTHIA (MPI: unchecked) 90.5(1) 1.45 1.26(6) - 10~ * - 4.56(2) - 10~*
(MPI: checked) 5.14(5) 1.46 1.27(6) - 10~ * - 4.57(2) -107*

FPMC]7] = - 52 -1072%| [2.84 -107%| [34  -107*

* Pomeron related processes have large uncertainties  powarch (2008.04249)

- Photon-photon is relatively well understood theoretically
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Feasibility at the LHC i

LABORATOIRE DE PHYSIQUE
""""""

* vy — tt is a (very) rare process in the SM  cvs 2103.02752)
but can be observed at HL-LHC

N [ ]
o(yy —1t) ~ 0.3 fb in pp at 13-14 TeV
10 3 _ G(PP — HH + X) [ﬂ)] gg — HH (NNLOFTRDPIOX: —
M = 125 GeV - —
i PDF4LHC15 J— P :
: -:!fﬁ:ﬂﬂ_ - = NNLO approx
10 E— -_:::,ngf”:'."::::::::- ___.,/a«"""“v-? O-hh FT PP — 36.69 f‘b
10 :— VBF (N’LO) _—— ttHH (NLO)
’”’ NLO __
| :—% . O-tfh,h — 098 fb
10
10 = 0 3 NLOFTapprox _
E Opr — 89.4 ab
10 - . .
1314 20 30 50 70 100

Vs [TeV]
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A library for exclusive photon-photon processes 1in
ultraperipheral proton and nuclear collisions (v1.5)

By Hua-Sheng Shao (LPTHE) and David d'Enterria (CERN)

Please cite arXiv:2207.03012 [JHEP @9 (2022) 248]

https://hshao.web.cern.ch/hshao/gammaupc.html
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https://hshao.web.cern.ch/hshao/gammaupc.html

Why do we need gamma-UPC ? i

LABORATOIRE DE PHYSIQUE

* Our aim is to generate any final state of interest

MadGraph5_ aMC@NLO

* Final state of elementary particles in SM and BSM both at LO and
NLO QCD+EW

HELAC-Onia

* Final state of elementary particles and quarkonia (including B¢) in
SM at tree level

+ Both can generate the standard Les Houches event files to allow
to interface to general-purpose Monte Carlo tools (e.g. Pythia)

TorP LHC FRANCE HUA-SHENG SHAO



https://launchpad.net/mg5amcnlo
http://hshao.web.cern.ch/hshao/helaconia.html

Why do we need gamma-UPC ? i

LABORATOIRE DE PHYSIQUE

* Our aim is to generate any final state of interest

MadGraph5 aMC@NLO

* Final state of elementary particles in SM and BSM both at LO and
NLO QCD+EW

HELAC-Onia

* Final state of elementary particles and quarkonia (including B¢) in
SM at tree level

+ Both can generate the standard Les Houches event files to allow
to interface to general-purpose Monte Carlo tools (e.g. Pythia)

* We need (realistic) photon-photon flux in UPC
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https://launchpad.net/mg5amcnlo
http://hshao.web.cern.ch/hshao/helaconia.html

Why do we need gamma-UPC ? i

LABORATOIRE DE PHYSIQUE

* Our aim is to generate any final state of interest

MadGraph5_ aMC@NLO

* Final state of elementary particles in SM and BSM both at LO and
NLO QCD+EW

HELAC-Onia

* Final state of elementary particles and quarkonia (including B¢) in
SM at tree level

+ Both can generate the standard Les Houches event files to allow
to interface to general-purpose Monte Carlo tools (e.g. Pythia)

* We need (realistic) photon-photon flux in UPC

l-—} gamma-UPC
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https://launchpad.net/mg5amcnlo
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Theoretical Framework i

LABORATOIRE DE PHYSIQUE

 Cross section:

(AB)
dE% dE’VQ dZJV’Yl/Zla’YQ/Z2

E, E, dE,dE,

c(AB -5 A X B) = / Ty x (W)
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Theoretical Framework i

LABORATOIRE DE PHYSIQUE

 Cross section:

(AB)
dEWl dE’VQ dZN’Yl/Z1>72/Z2
E% E72 dEWldE%
- Effective two-photon luminosity:

dQN(AB)
Y1/Z1,7v2 /2o 2 2
dE. dF — /d bld b2 Pnoinel (‘bl _bQD N’Y1/Z1(E717b1)N72/Z2(E72,b2)
Y1 Y2

(A B %AXB):/

><(9(b1 — GRA)H(bQ — ERB)
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Theoretical Framework i

LABORATOIRE DE PHYSIQUE

 Cross section:
A (AB)

dEb., dE., d? /7 y2 )7
c(AB 15 AXB)= / n NIZLRI22 5 ox (W)
Eﬂ’l E72 dEWldE72 L "

- Effective two-photon luminosity:

dQN(AB)
Y1/%1,v2/ %2 2 2
dE. dF B d61d"by |Pro inet (b1 = ba|)| Ny, yz, (Eqy 5 01) Ny, 2, (B 5 b2)
71 Y2

><(9(b1 — GRA)H(bQ — ERB)
* No hadronicl/inelastic interaction probability density:

e~ Tinel Tan(b) nucleus-nucleus
Proinel (b) = e ¢ Oinel’ TA(b), proton-nucleus
1—D(s..,b)]?, with T(sy,b)oxe /(0 pop

NN
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Theoretical Framework i

LABORATOIRE DE PHYSIQUE

 Cross section:
(AB)
dE.,, dE., N7 . 17
AB AXB Y1 71/ 17’72/ 2
( ) /E% E72 dEWldE% OWW%X(WWW)
- Effective two-photon luminosity:
dQN(AB)

1/Z1,7v2/ 22
d_;,yl qu;Q — / d2b1d2b2 Pno inel (‘bl - bQD ’Yl/Zl (Efyl bl) ,),Q/Z2 (E’,y2 , b2)

><(9(b1 — GRA)H(bQ — ERB)
* No hadronicl/inelastic interaction probability density:

e~ Tinel M) nucleus-nucleus
NN
Phoinel (b) = e~ inel m, proton-nucleus

1 — T(syn,b)|°, with D(sgy,b) oce™®/(b)  pp

NN

Glauber model
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Theoretical Framework LPT@

LABORATOIRE DE PHYSIQUE

Cross section:
A (AB)

dE.. dE., ¢°N_ "5
A B A X B Y1 Y2 ’Yl/ 1,72/ 2 W
( ) / E% E72 dEWldE% UWW/%X( ’Yv)

- Effective two-photon luminosity:

dQN(AB)
/Zl 772/22 _ 2 2
dE dE — d bld b2 Pnomel(‘bl _bQD fyl/Zl (Efyl bl) WQ/ZQ(EvzabQ)
Y1 Y2
3 : 1 1 1 1 II]I] I 1 1 | IIII] A’—I T ] I_Illl]" = ] I I_l II\III:
i IR, — bIn"s (90%CL -
No had icli | g,z 10— 2:28.8?&3.(52 «cb =
0 a l'OnIC |ne 8 & et S A - 7] b=0.05+0.02 /E
: 100 |4 , n=2.37+0.12 —
6_ O-jl_\rIll;Tl'TA ﬁ 90:_0.95— ----------------------------- + ‘ — _:
RS 8 — —
NN 09 aaal sl —]
Phoinel (b) — e_m,ain,él.TA g 805 N - -
‘1 _ F(SN] o 70;_ ¢ Fixed target (pp) _;
S anl- WUAS (o) ALICE (pp) =
» 60— xSTAR (pp) ATLAS -
S F  eET0(pp) A (PP) =
£ 50— +CDF (pp) » CMS (pp) —
20 - ~LHCb (pp) =
== TOTEM (pp) -
30F - d’Enterria et al. (2011.14909).. sucer (p-Air) =
: | | 1 111 ll] | 1 1 11 1 [ll 1 | | L1 11 ll | | | L1 111 I:
0.1 1 10 100
Vs (TeV)
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- Cross 3 2
Q)

=~ 22

o(Ag

L 20

[e)
» Effect 15
2 A7(AEGR
d N%ﬂ% 16

dE’Yl'

14
12

* No ha

10

Pno inel (b)

Theoretical Framework

IIII

IIIII]II]IIIT'III

| |

|

[ ] ] TII

= p-p collisions
—e— p-p collisions

pa—

—

| Ll

A

10°
s (GeV)

11l1Lll L0l L L1lll | ..
10° 10° 10*

— 0:. .11 A(D)
1
6 1ine ,

11 —T'(s

D, with (s,

: V17b1)N’YQ/ZQ (E727b2)

'i""----;_,___________ r -

1 — GRA)H(bQ — ERB)

1ity density:

nucleus-nucleus
proton-nucleus

b) e07/(2b0)  Hp
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Theoretical Framework i

LABORATOIRE DE PHYSIQUE

 Cross section:
(AB)
dE.,, dE., N7 . 17
AB AXB Y1 71/ 17’72/ 2
( ) /E% E72 dEWldE% OWW%X(WWW)
- Effective two-photon luminosity:
dQN(AB)

1/Z1,7v2/ 22
d_;,yl qu;Q — /d2b1d2b2 Pno inel (‘bl - bQD nyl/zl (Efyl ] bl)»l\r’yg/zg (E’,y2 , b2)

><(9(b1 — GRA)H(bQ — ERB)
* No hadronicl/inelastic interaction probability density:
e~ Tinel Tan(b) nucleus-nucleus

Proinel (b) = e ¢ Oinel’ TA(b), proton-nucleus
1—D(s..,b)]?, with T(sy,b)oxe /(0 pop

NN

* The photon number density:

* Two form factors
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Two Form Factors i

 Electric dipole form factor (EDFF) |
» Same as STARlIight

Z%a &% [ 1 ] E.b
NEDFF (B, b) = TS K€ + 5 K3(E) L
T L i YL

- Charge form factor (ChFF)

72%q 0 dk | k2
ChFF o 1y
NGz (B b) = —5 /O R Fen,a (\/ k3 + B2 /yg) J1 (bk1)
3 1q-T 47T i .
Pch,A(Q) — d°re /OA("') — —q dTPA("“)T' S111 (Q”'“)

density profile of nuclei normalised to unity
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Photon number density LPT@

LABORATOIRE DE PHYSIQUE

- EDFF vs ChFF

EN=2760 GeV

HELAC-Onia 2.7.3
HELAC-Onia 2.7.3

° Main difference comes from the p < R 4 regime

» EDFF photon number density is divergent at b = (
* Need a (arbitrary) cutoff when convoluting with ME
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Effective two-photon luminosity i
- EDFF vs ChFF |

—~10°
S, 5 — Pb-Pb, |s,, = 5.5 TeV
810 = — p-Pb, |Su = 8.8 TeV
~10* O-p, Sw = 14 TeV
? L 2
- S48 Pb-Pb, 5.5 TeV d
= w 1.6— ~
- 2 14— =
= 2 1.2= — — ——
;7 lcf 1::-_— ‘ ! w Lo
g 18 p-Pb, 8.8 TeV
= 2 14— S
— =12 " ___——
= g 1Tt = L
_ g 18 14 TeV
= W 16 P-p €
- e 14
10~*= Solid: ChFF v fluxes g 12- — —
5 . - 1 2 3456 10 20 30 100 20
1 O % Dotted: EDFF Y fluxes WW (Gev)
10—6 % Dashed: EDFF v fluxes (Pno ir]e|=1)
10—7 \ \ \ \ [ \\‘ \ \ \ \ [ \‘
1 2 3456 10 20 30 100 200

W,, (GeV)
» Survival probability reduces luminosity
impact: AA > pA > pp and increase with W,

 ChFF > EDFF and enhancement increases slowly with W.,
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EEEEEEEEEEEEEEEEEEEEE
THEORIQUE ET HAUTES ENERGIES

* Leading Order (already in version >= 3.5.0) HSS, d'Enterria (JHEP'22)

./bin/mg5 aMC
MG5 aMC> import model <a model>

MG5 aMC> generate a a > t t~
MG5 aMC> output; launch

* Next-to-Leading Order QCD and/or EWV (to be released)
HSS, Simon (2504.10104)

./bin/mg5 aMC

MG5 aMC> import model loop gqcd ged sm Gmu-a0
MG5 aMC> generate !a! 'a! > t t~ [QCD QED]
MG5 aMC> output; launch
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Total Cross Sections

Process: yy — tf

Colliding system, c.m. energy

gLO0

gamma-UPC+MGS5_aMC

OUNLO QCD

O'NLO QCD+EW

p-pat 13 TeV
p-p at 13.6 TeV

p-p at 14 TeV

212.40(6) ab
228.53(6) ab
239.58(7) ab

256.43(9)*33 ab
275.5(1)*33 ab

288.7(1)*39 ab

244.8(1)133 ab
263.1(1)*33 ab

275.5(1)*39 ab

p-Pb at 8.8 TeV 46.89(1) fb 59.87(2)*]3 fb 57.32(2)]3 fb
Pb-Pb at 5.52 TeV 30.64(1) fb 39.08(1)*g33 o 37.43(1)*057 fb
p-p at 100 TeV 2.3080(2) b | 2.7111(2)1 0% b | 2.5816(2)*)0%) b
p-Pb at 62.8 TeV 3.0742(2)pb | 3.6721(3)*)08  pb | 3.5045(3)*0¢! pb
Pb-Pb at 39.4 TeV 0.9583(1)nb | 1.2062(2)*90%¢nb | 1.1545(2)*0.0%¢ nb
K factor ONLO QCD/0LO O'NLO QCD+EW /L0
p-p at 13 TeV 1.207 1.153

p-p at 13.6 TeV 1.205 1.151

p-p at 14 TeV 1.205 1.151

p-Pb at 8.8 TeV 1.277 1.222
Pb-Pb at 5.52 TeV 1.276 1.222

p-p at 100 TeV 1.175 1.119
p-Pb at 62.8 TeV 1.194 1.140
Pb-Pb at 39.4 TeV 1.259 1.205

LPTHE

LABORATOIRE DE PHYSIQUE
THEORIQUE ET HAUTES ENERGIES

HSS, Simon (2504.10104)

> Sizable NLO QCD:

+20%

* Non-negligible NLO EWV:

-5%

NLO QCD+EW _  o-r f

O-q/fy—>tt_

@pp 14 TeV

HUA-SHENG SHAO
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NLO+PS Event Simulation i

LABORATOIRE DE PHYSIQUE
THEORIQUE ET HAUTES ENERGIES

« At NLO QCD (no NLO EW), we can have NLO+PS simulations
HSS, Simon (2504.10104)

10% F ) E 10" E - :
F KnLox(LO+PS) — 1 : KnLox(LO+PS) —
1 01 E_ fN LO m _: ;‘ 1 0-2 E_ “‘vvvvv?vv'.;:.;(?;" ) Y le _ fN LO m _:
3 5 q) - == -
&= NLO+PS O] NLO+PS
= 0 L ] fe) .
— 10 =, 10° E
< | pp™>p ttp | B ppp tt p
B i : -
S 10" s=14 TeV IR =14 TeV |
C J 7 S~ 7
; gamma-UPC ChFF |3 gamma-UPC ChFF
) 1 o | o
107 15 10°F E
1 > ] 4;1
a0 1A
it ] +
o
10 ' ' ' 12 10° i
5 lo : 8
w150 1% 15 E 1%
o e %2 = 14
x 5 & | 12
@) 1 s ]
3 {10 o ¥
= : T 2 S :
IS e | A
o 15 o | T
T i S TR 18 "c% - 18
c 05 13 c05 13
1E [ 12
| L | 15 o L o 18
107 10°3 102 107! 10° 107" 10° 10! 10° 10°
Aglt) prti) [GeV]
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The first measurement i

EEEEEEEEEEEEEEEEEEEEEEEEE

* The first measurement by CMS with data collected in 2017 (29.4 fb-!)

where all CT-PPS strip and pixel detectors were operational
CMS-TOTEM (JHEP24)

700 l...|...|...|...|.29-f‘ﬁb (18Tev)  _ 5><1o e 294fb (13 TeV)

S  CMS-TOTEM ¢+ Data 1 B 45— CMS-TOTEM ¢ Qata _E

~ 00 Dilepton channel g tt 1 ~ " f+jets channel it -

IZ N . : 1 @9 E Single t =

c [ Post-fit Single t 1 € 4E Post-fit mm Wt -
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BDT output BDT output

- Dominant background: pp — tt
» Signal and backgrounds are well separated by BDT
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The first measurement i
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* The first measurement by CMS with data collected in 2017 (29.4 fb-!)

where all CT-PPS strip and pixel detectors were operational

CMS-TOTEM 29.4 fo (13 TeV) CMS-TOTEM (JHEP'24)

T 1 IIEI[|[ IIII|I111]1111

semi-leptonic channel:

ot < 0.78 pb  @95%CL

[ +jets ¢ :

leptonic channel:

Dilepton :
gPilepton -1 71 ph @9s% cL

~+e=~ Median expected Two channels combination:

68% expected

- 95% expected ]
—e— Observed O'C()mblned < 0.59 pb @95% CL

llllllllIIJJJJJJJJ

Combined :

0 1 2 3 4 5 6
[Pb]
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Conclusion LPT@

* LHC is a unique photon-photon collider

* Novel BSM programmes: axions, gravitons, monopole, anomalous
couplings, ...

* Increasing number of SM rare/precise measure: LbL, tau g-2, WW, top
pair, ...

» gamma-UPC+MadGraph5 aMC@NLO enables NLO QCD+EW
calculations and NLO QCD+PS simulations

. First measurement of Pp —% p tt p by CMS-TOTEM collaboration
using CT-PPS based on 2017 Run 2 data (29.4 tb-!)

* What about ATLAS using AFP ? Run 3 data ?
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Conclusion LPT@

* LHC is a unique photon-photon collider

* Novel BSM programmes: axions, gravitons, monopole, anomalous
couplings, ...

* Increasing number of SM rare/precise measure: LbL, tau g-2, WW, top
pair, ...

» gamma-UPC+MadGraph5 aMC@NLO enables NLO QCD+EW
calculations and NLO QCD+PS simulations

. First measurement of Pp —% p tt p by CMS-TOTEM collaboration
using CT-PPS based on 2017 Run 2 data (29.4 tb-!)

* What about ATLAS using AFP ? Run 3 data ?
Thank you !
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A few selected results LPT@

LABORATOIRE DE PHYSIQUE

* Fiducial and differential cross sections CMS (2412.15413)
* Electron-positron

OCMS — 203.0 £ 1-88tat T 17°88yst /Lb

STARIight+PY8 SuperChict+Photos++ gamma-UPC (ChFF)+PY8
CMS PbPb, 1.70 nb” (\/_ 5.02 Te) , CMS PbPb, 1.70 nb” ﬁ °.02TeV)
< B B B UL BN BN ELELNLL IR IR I ] 910 S e =
> I Yy = ¢€ee ® = Yy — ee =
8 - ¢ Data O) Z". ¢ Data ]
~ 3 —>— gamma-UPC/MGS5 + FSR (PY8) B ~ 10 = o ——— gamma-UPC/MG5 + FSR (PY8) =
-% 10 = ——®— SUPERCHIC 3.03 + FSR (PHOTOS++) J -% ~ 0‘ ——— SUPERCHIC 3.03 + FSR (PHOTOS++) =
;—/ - STARLIGHT 3.13 + FSR (PY8) . q:" 1 ;_ -' STARLIGHT 3.13 + FSR (PY8) _;
g | E = e
S 102 - > 107 ™ =
o) - = - H S Ty E
© S - aal .
- —— - 102 | _
A .- - T S
10 = = = 3| T ___*__, )
I T B I BT B BT T B i E .................... I I § — +:
o 1.45¢ - - - - - - - - - . O 2 — .
= = N 3 ) . = =
R Tt T I S VoYY SO S
< O. ' ' ' ' ' ' ' ' ' = . . . . .
o) O 01 02 03 04 05 0.6 0.7 O.8eeo(.cgaev)1 S 0 10 20 30 40 50 60 70 80 90 100
Pr me (GeV)

ChFF(~SuperChic) is definitely better than EDFF (~STARIlight) !
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A few selected results

* Fiducial and differential cross sections
HSS, d’Enterria (JHEP’25)

LABORATOIRE DE PHYSIQUE %

THEORIQUE ET HAUTES ENERGIES

* Dimuon
yy — utu” measured 3@ gamma-UPC o© | gamma-UPC oNO ratio ¢-43@ /o-NLO
System, experiment ChFF (EDFF) ChFF (EDFF) ChFF (EDFF)
p-p at 7 TeV, CMS [54] R .381“&% pb 3.62 (3.20) pb 3.50 (3.10) pb O.97t8;%§/ (1 .O9f8ﬁ8)
p-p at 7 TeV, ATLAS [37] 0.628 + 0.038 pb 0.687 (0.59) pb 0.653 (0.56) pb 0.96 +£0.06 (1.12 £ 0.07)
p-p at 13 TeV, ATLAS [55] 3.12+0.16 pb 3.23(2.88) pb 3.09 (2.76) pb 1.00 £ 0.05 (1.13 £ 0.06)
Pb-Pb at 5.02 TeV, ATLAS [58] 34.1+0.8 ub 39.4 (31.5) ub 37.5 (30.0) ub 091 £0.02 (1.14 £ 0.03)
= 30 —_ - — 1
! N e 3 o e -
& BT 2 LT JEY
5 o= = N - 5, 03 -
'8 B e _8“_ 1:_ —_— _8“- 02 ] _._.:._._ .
Sr e L _ . T
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3 - - .
oL Pb-Pb (5 TeV): yy—utu, m, = 10-20 GeV ] B : R ——
[T+ ATLAS data 0.1 Pb-Pb (5 TeV): yy» 'y, m  =20-40 GeV =% 883: Pb-Pb (5 TeV): yy-> uus; m,, = 40-80 GeV
4l — NLO QED (gamma-UPC, ChFF) ; ] ATLAS data 0.02- [ ATLAS data
- --- LO QED (gamma-UPC, ChFF) - —— NLO QED (gamma-UPC, ChFF) — NLO QED (gamma-UPC, ChFF)
- femme : I LO QED (gamma-UPC, ChFF) s 0.01— 77 LO QED (gamma-UPC, ChFF) *
0.4+ C
colcvn b b b b b b b b e 0.01= R R 0.006- P I U R
15 ¢ 15, 15¢
]‘3‘ £ [=] data/(NLO QED) 1% g: ["=7] data/(NLO QED) 1% 3 [[=] data/(NLO QED)
1:2 ; — NLO/LO QED (gamma-UPC, ChFF) 1:2 E_ —— NLO/LO QED (gamma-UPC, ChFF) 1:2 ; —— NLO/LO QED (gamma-UPC, ChFF)
] = -0 & e B o | S Vs mmmc W |
S 09 %o . - —— . S g9Es : 3 [ C C g9F+— 5 -
0.8 & * 0.8 & * . 0.8 = . e
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Impgrtance of NLO and ChFF!
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QCD contribution (KMR)

Total QED cross-section

% Quark and Lepton loops contribution
TN e W loop contribution

= e Fichet et al. (1411.6629)
= FPMC (QED) and ExHUME (KMR) generator

—— Exclusive yy production

- p’. >10 GeV, p__ > 10 GeV

| T,1 T,2

=1 | | | | | | | I |

20 30 40 50 60 70 80 10° 2x10?

Cut on the di-photon mass [GeV]

NLO see 2312.16956 &
2312.16966
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