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Outline

Introduction
ALICE detector

Mesurements

— p? photoproduction in Pb-Pb and Xe-Xe

— J/w and y’ photoproduction in Pb-Pb

— p*u pair production and J/y photoproduction in p-Pb

Detector upgrade

Run 3 and beyond perspectives

— Anomalous magnetic moment of t lepton
— Light-by-light scattering

Summary



Ultra-peripheral collisio

Impact parameter b >R, + R,

= Hadronic interactions suppressed

Photon induced reactions:

= Well described in Weizsacker-Williams approximation

= Photon flux ~ 2% (Z,, = 82)

"= large y-induced interaction cross section

Clear signature - rapidity gap(s)

ns (UPC)
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Photon induced processes
= Photon — hadron interactions

" Photon — photon interactions
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Impact parameter dependence

No breakup (OnOn) = Excitation of the nuclei possible through the
= =— secondary photon exchange
Pb Pb

—> Giant dipole resonance

All protons vibrating against all neutrons —
= ) >»— Knocks out 1-4 neutrons

Pb Pb
e

Single breakup (XnOn + 0OnXn)

rri | 1 1 1 rmrrria | 1 1 1 1 LI L |
>=— 1 I — .
Pb | 12R, ]
| &
il &
i /
¥
= )
Pb* + X & 05 H STARLigH -
: LHC beam energy -
L — Ondin
/ : __:‘:__ —— X¥nl0n
AR — Xn¥n
B L5 ‘MH
* e L1 1 PR e T N O T e T W T W |
Pb* +X | 0 ! 107 [ig
b (fm)
UPC event clasifier: OnOn, OnXn, XnXn
Pb Pb* + X —> via electromagnetic dissociation (EMD)
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Photoproduction and main variables

* Photon virtuality Q*~ M,,* / 4
= Vector Meson (VM) quantum numbers:

F — JPC= 1
Pb, Xe .
" Bjorken-x
VM (p° 3/, W) (v, p1) MVM ty
Xp = e
SNN
Pb, Xe, p » Photoproduction is sensitive to the x;
= = evolution at LO of the gluon distribution
(nPDFs)

" Photon-target centre-of-mass energy

2 +
. W *Pb,Xe,p = 2Epp xepMyme Y
Ryskin: Z. Phys. C 57, 89-92 (1993)
| " 4-momentum transfert
do'(yp + J/¥ +p) |MP

e = ero — Transverse plain gluon distribution
xS |t| ~

= [FRP =5 S Teems 3[:0(; L ""



Photoproduction and main variables

QED is here * Photon virtuality Q*~ M,,* / 4
= Vector Meson (VM) quantum numbers:

F — JPC=1-
Pb, Xe .
Q? " Bjorken-x

VM (pO, J/\II; \II') (yl pT) MVM
Xp =

ety
SNN
Pb, Xe, p » Photoproduction is sensitive to the x

== evolution at LO of the gluon distribution
(nPDFs)

" Photon-target centre-of-mass energy

- 2 _ +
pQCD is here Wy*Pb,Xe,p — ZEPb,Xe,pMVMe y

" 4-momentum transfert
— Transverse plain gluon distribution
|t] ~ p;?

~ A
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p; signature

Coherent Vector Meson (VM) photoproduction:
= Photon couples coherently to all nucleons (whole nucleus)
» <p."M>~1/R,, ~50 MeV/c
= Target ion stays intact
Incoherent VM photoproduction:
= Photon couples to a single nucleon
= <p.'M>~1/R,~400 MeV/c
= Target ion breaks, nucleon stays intact
= Usually accompanied by neutron emission
Exclusive VM photoproduction:
= Photon couples to a single nucleon (proton)
= <p,"M>~1/R,~ 400 MeV/c
= Target proton stays intact (similar to coherent) in p-Pb case
Dissociative VM photoproduction:
— Photon interacts with a single nucleon and excites it
— <p'M>~1GeV/c
— Target nucleon and ion break (in heavy ion collision)
— Target proton breaks (in p-Pb)

@

?\Coherent

]\Incoherent



Motivation

Coherent vector meson (p°, J/y, ')
photoproduction allows for the study of
(gluon) shadowing and atomic number A

dependence

Heavy VMs particularly sensitive to gluon

shadowing

— Nuclear gluon shadowing factor
RA(X,Q%)=gA(x,Q%)/Ag,(x,Q%) < 1
— Saturation may contribute to nuclear

shadowing

— Search for saturation at low x;

|t|-dependence helps to constrain
transverse gluonic structure at low x;

Large photonuclear production cross
section of p® meson allows for studies of
black-disk limit of QCD approach

How well do we model photon flux?

Coupling at the vertex is large (Za ~ 0.6) =
do we need NLO corrections?

Constrain parameters of models
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ALICE dEtECtOr = Central Barrel tracking

(e*, h¥)

. — |7 <0.9,0< p<2n
a. ITS SPD Pixel -
b. ITS SDD Drift — ITS - silicon detector
c. ITS SSD Strip PR — TPC - gas drift detector
d. VOand TO L.
e. FMD — TOF - resistive plate
chambers
' = Forward tracking (u*)
— -4<p<-25

Absorber
Muon tracker

ITS Muon trigger

1
> B T Dipole magnet
5 Tor - O
7 Evcal R '
5. PHOS, CPY Jisa / i AD ZDC
10, L2 Magnet o o B |- e
11, Absorbor ~ ST "= Diffractive detectors
g sisq el = e 4 — AD - scintillator counter
.m0 7 — VO - scintillator counter
wooe | ITS — ZDC- sampling
19. ACORDE calorimeter
o Vertex
- — Pixel
S Trigger
o . — sPD,TOF AD, VO, Muon
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0% in Pb-Pb at Vs, = 5.02 TeV

> 100 ALICE Pb-Pb UPC {5 = 5.02 TeV m? E ALICE Pb-Pb UPC |5, = 5.02 TeV
= - > 3
o o] C
= o _ 8 - .ﬂ | ALICE data
5 oL - —t— C).ppos.|te-5|qn pairs S 25  Fult
£ : "A‘u —}— Like-sign pairs _g 2; p? Breit-Wigner
§ i - i 0.55 GeV/c2 < m < 1.4 GeV/c? _g : pO-nn interference
10° ? mﬂ,m# oy ly| <0.8 E 1'5? ------ Muon template
- Hm C
—Jr*’r H + +H+|'+ +H{ H-+ 1: '+—+'W p,<0.2GeVic
| iy *+
| \ |“ —
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do b = 800¢
— |A BWP —|—B —|—M £ - ALICE Pb-Pb UPC ys,, =5.02 TeV
dmdy > "5 Po-PbPb+Ph+p”
- - 5\ 32 :g 600
V’ m-myo - I'(m) B Myo [ m=—4m;
BW, = ——— [(m)=T(mpo) ——
M* — Mg, + Mg - ["(m) m no — My 500
+ - 400/—
= Coherent p® > nt* 1 ;
stat syst 2 300 i~ data T e
— Pole mass 769.5 + 1.25tat + 2 OYst MeV/c? ™= . efiected GKZ (upper miy
: 200—  — ., mmmemm GKZ (lower limit)
— width 156 + 2stat £ 3svst MeV/c? - %“”COW Syst CokT
. 100— corrsyst. ... CCKT (nuclear)
— agree with PDG et
. ~ O\L\\L\\L\\L\I\\l\\\l\l\\\\\\\\\\\
— Large cross section ~550 mb Com s e m e e
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do/dy (mb)

0% in Pb-Pb at Vs, = 5.02 TeV

ALICE Pb-Pb UPC s, = 5.02 TeV
. FETUS = ) Jo ® Impact parameter dependence via ZDC
Tl sn selection in 3 classes: OnOn, OnXn, XnXn

ZNC energy (TeV)
(2]
T T T ‘ 1771
1 1 1 1111 \I

o1 Si 71 = Comparisons with models
R g — GKZ (nuclear shadowing) gives the best
T = I description

— CCKT (saturation) is slightly worse

ARG —_STARIight and GMMNS (saturation)
SR . | A D underestimate

-2 0 2 4 6 8

ZNA energy (TeV) = Test of photon.flux description

JHEP 06 (2020) 035

- —_ —~ 40
o) ‘ F .
- ALICE Pb-Pb UPC s, = 5.02 TeV E 120 ALICE Pb-Pb UPC ys, =5.02 TeV 'E ©  ALICE Pb-Pb UPC ys,, = 5.02 TeV
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r L 10
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P in Pb-Pb at Vs, = 5.02 TeV

= Resonance-like structure M™ ~ 1.7 GeV/c?
— Significance of 4.5 o
— Seen also by STAR, ZEUS, H1
— Most probably p;(1690) with angular momrentum J =3

ANz , I 2 D JHEP 06 (2020) 035
— =P exp(—B-(m—12GeV/c“))+ Py +Py-exp(—(m—M,.)* /T ( )
_ 1 2 ) k 4 . x) [ty
dm
L 220 © 80F
% 2005'_ ALICE Pb-Pb UPC m =5.02 TeV é . ALICE Pb-Pb UPC m =502 TeV
S 180 —— ALICE data 5
c m ) — Opposite-sign pairs
g 160}‘!‘ — Signal % €0 +
E 140 Background "g SOi —I— Like-sign pairs
S 120 + Significance: 5.8 ¢ S 405 1.6 GeV/c2 < m < 1.9 GeV/c?
100 p,<0.2GeVic - ++ ly| <0.8
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% in Xe-Xe at Vs, = 5.44 TeV

do/dy =131.5 £ 5.6t*17>_ Y mb
All models relatively close to data

W, = 65 GeV

o(yA — p°A) ~ A% with a slope

o =0.96 £ 0.02%

= Signals important shadowing effect
— Far from black disk limit

— Slope close to 1 by coincidence
Fair description of data by models
CCKT (saturation) and GKZ
(shadowing)

— n n {.0
(&) o (&)
o (=] o

do/dy(Xe+Xe — Xe+Xe+p") (mb)
>
(=]

65 GeV) (mb)

—
»

YA.n

o, AW

©
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ALICE Xe—Xe UPC s, =5.44 TeV

% ALICEdata  — — GMMNS ]
[ jeLvi ]
== CCKT —— STARIight 1

Phys. Lett. B 820 (2021) 136481  y

—_
T T T T

! e ALICE y-Xe
3 ALICE y-Pb
- ;o om Hiyp

- ] fit: 5, A”
: CCKT
- GKZ

+ -+= coherent: 5, A"
""" incoherent: 6, A

* black disk: o, A%°
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J/y in Pb-Pb at Vs, = 5.02 TeV

Forward region:

A

Central reglon: _ Eur. Phys. J. C 81 (2021) 712
— J/\|! —> M+ L, e*e, pp 5" ALICE Pb+Pb — Pb+Pb+Jiy {5, = 5.02 TeV

Nuclear gluon shadowing factor "L gl appemater
R, =0.64 +0.04 for

do/dy (m

------ STARLIGHT
—— EPS09 LO (GKZ)

0.3 x 103< x,< 1.4 x 10°3 1o o i ee P
B i R 22 0.642
8 T aems cek) R :

No model describes the full
rapidity dependence

— Models with nuclear shadowing
(EPSO9 LO, LTA) or saturation (GG-
HS) describe central and very —
forward data but tensions in ol e
semiforward region y

— Other models describe either
forward or central rapidity region

— - b-BK(BCCM) ,-°




Rapidity dependance: Ambiguity problem

Eur. Phys. J. C 81 (2021) 712
ALICE Pb+Pb — Pb+Pb+J/y \‘;"s—,\IN =5.02 TeV

= Two sources = two values of x; _

[ ALICE coherent Jiy
- - - - Impulse approximation
------ STARLIGHT
—— EPS09 LO (GKZ)
——— LTA (GKZ) el -
- IM BG (GM) o
= = |Psat (LM)
— - BGK-I (LS)
- - -- GG-HS (CCK)
— - b-BK (BCCM) -~

do/dy (mb

10

Detector

Pb Pb
Pb Pb
. N S
B ° A_’ > %:)XB 1.1x10 , 50 % each xz ~ 1073
Iy Detector B: 95 % x5 ~ 3.3 x10
A: 40 % x5 ~ 5.1 x 104
B: 60 % x5 ~ 0.7 x 1072
P P To disentangle both contributions we need to measure

J. G. Contreras, PRC 96, 015203 (2017) the same proces with EMD or in peripheral collisions
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v’ in Pb-Pb at Vs, = 5.02 TeV

’ Fi ot ata-mte |-
Yy > WU, € ETCTC,H Eur. Phys. J. C 81 (2021) 712

Good agreement of model BCCM
with saturation

Other models overpredict data

Nuclear gluon shadowing factor 27 Aucerswo ~powou s=502TeV

— R, =0.66 + 0.06 for 825 fmpice sprourtor
0.3x103<x;< 1.4 x 1073 e L

— Consistent with J/y result o R

Good agreement of models with 15 —-8<EeMm =

shadowing (EPS09 LO, LTA) :




J/y in Pb-Pb at sy, = 5.02 TeV

Central region
=y > pp
|t|dependence is sensitive to spatial gluon

PLB 817 (2021) 136280

. ) . c; 10 B ALICE Pb+Pb — Pb+Pb+J/y {5, =5.02 TeV —]
distribution 3 = .
. . o 7\\ N ALICE coherent J/y, |y|<0.8 :
BayeS|an and SVD unf0|d|ng used to z B '\_‘E?\'\ + Exper?mental uncorrelated syst. + stat. |
transform p,;2 — |t| E i A,
Transition from UPC to photonuclear cross =, T
section Photon flux g SN0 |
2 ~coh SO
d O-]/\‘V _ _ do-ypb 11— \\;‘\.\‘ ]
—— = =2np(y=0)—— s | NN :
dyde dltl _ — STARIight (Pb form factor) < i
—  --- LTA (nuclear shadowing) \\ o =
y:O - —-b-BK (gluon saturation) \}\' ~

Comparison to models: -

— STARIlight does not contain explicitly P N |
shadowing — do not describe shape nor 8 2- [ ST b
magnitude 3z 1o o . bBK/Data |

. . §  (r———r—— e e

— LTA contains nuclear shadowing —agrees 2 5602 0004 0006 0008 001 0012

with data t] (GeV? ¢?)

— b-BK based on gluon saturation — agrees
with data

— Reflects effects of QCD dynamics at small x;~ 1073



Dimuon counts / (30 MeV/¢)

Yy = ML in p-Pb at Vs, = 8.16 TeV

YY —> U cross section
Good agreement of simulation and data

Comparison with STARIlight (LO QED, no FSR) shows slight excess in
data

Important background for other UPC processes
Constrain theoretical models

<% .
% 10*E ALICE Preliminary .
o ¢
s F 0 - ST TETCEr
£
= +
ALICE Preliminary + .::::::::::@::::::::::.
p-Pb {5y, = 8.16 TeV = 10°F 3
Yy - W T
25<y<4.0 i- i
1:5 <My, <20 Gevic? = —+— ALICE ({5, = 8.16 TeV), 250 <y < 3.25
2 %1 —+— ALICE ({5, = 8.16 TeV), 3.25 <y < 4.00
10°F  ---6--- STARIlight, 2.50 <y < 3.25 -
-+-6--- STARlight, 3.25 < y < 4.00
1 I 1 1 1 I 1 1 1 I [ 1 [ 1 I 1 1 I 1 1 1 I 1 [ 1 1 I 1 1 [ 1 I I

2.6
GeV/c?)

0.8 1 1.2 1.4 1.6 1.8 2 22 24
M

i (



J/y in p-Pb at Vs, = 8.16 TeV

Gluon distribution at HERA energies follows power law at low x;

— similar trend in Wyp

Exclusive J/y cross section fits well into trend of photo nuclear energy

dependence

A deviation from trend — a change in the evolution of the gluon PDF
—> expected at the onset of saturation

Power law fit to ALICE data
O~ Wyp5 with 6=0.7 £ 0.04

— agreement LHC and HERA
—> agreement ALICE and LHCb

Models show agreement

— JMRT NLO: based on
DGLAP evolution with
dominant NLO contribution

= validtoxg~2x10?
— CCT: Saturation in an

energy dependent hot spot
model

—_

o]

o(y+p — Jw+p) (n

(
—
o

o

10

10°F

Bjorken-x
10~ 1072 1073 107 10°
IIIIIII L] L IIIIIII L] L] IIIIIII L] L IIIIIII L] L] IIIIIII I_
® ALICE ({sy=8.16 TeV) ALICE Preliminary
ALICE ({5 = 5.02 TeV) g
o Fixed target exp. (E401, E516, E687) quy
VvV g
R e ]
v ZEUS w J
o LHCbpp ({s=7TeV)
— v LHCbpp (/s =13 Tww -
P
ol
i
. JF + {T —mimm JMRT NLO
H} H CCT
- Power-law fit to ALICE data
-I 1 1 1 11 I 1 11 I 1
10 20 30 40 102 2x10° 10°  2x10°
W, (GeV)



o(y+p — Jy+X) (nb)

J/w in p-Pb at Vs, = 8.16 TeV

Bjorken-x

102 1073 107 107> 102 107° 1074

Bjorken-x
107

I rmrri 1 I rrrnri 1 I rrrnmi 1 IIIIIII e [ -I
Xl
., 1.6F
102k ALICE Preliminary i %% :
I =[5 L
TT 1.4F
2% |
=k 1.2: 2 B

—CCT

. 1 \%
¢ ALICE (s = 8.16 TeV\ 0.8F

oA 0.6F
—CCT [

0.4f

I mmrrri 1 i
ALICE Preliminary 7

¢ ALICE ({sy, = 8.16 TeV)

20 30 40 102 2x10? 10° 20 30 40 102 2x10?
W,, (GeV)

First measurement of the dissociative cross section at the LHC

Energy dependent dissociative J/\y cross section (x; ~ (0.5,2) x 10?2
Agreement with HERA results

CCT model with saturation agrees with data
— Predicted maximum at Wyp ~ 500 GeV to be checked in Run 3

10°

W, (GeV)

BM: perturbative JIMWLK evolution with parameters constrained to H1 data to be

checked in Run 3



Years

ALICE
version

Collision
System

LHC and ALICE outline
b 52 4

4

You are
here!

2009 -2013 2015-2018 2022-2025 2029-2032 2035-2038

ALICE 1
pp, p-Pb, pp, p-Pb,
Pb-Pb Xe-Xe,

Pb-Pb

Pb-Pb luminosity

® ALICE2

PP, p'or
0-0, p-Pb,
Pb-Pb

® ALICE2.1

pp, p-Pb,
Pb-Pb

High Iuminosity for ions

® ALICE 3

pp, p-A?, A-A  pp, p-A?,

A-A

Higher luminosities for

~1-2 x10%” cm™2 5! ~7 x10%” cmp® st ions
Major upgrade: pp luminosity ~ 4 x10%* cm™ s™
Run2 |1/nb = TPC GEM
Run3 |6/nb = 1152 \
" = MFT
Run4 | 7/n = FIT Upgrade: Major upgrade:
Run 5* | 5.6/nb = O?(online-offline) = |TS3 Next generation
* per year = All systems readout || = FoCal detector
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ALICE 2 vs ALICE 3

ALICE in Run 3 +4 (2022 -2032T)

T FoCal upgrade <

before Run 4 s

e

6 1!# &

ALICE 3 detector in Run 5 (2035 - 2038)

TOF

Superconducting RICH
magnet system

Muon
absorber

Muon

Forward Conversion chambers

TPC |5 <1.7

TPC, TOF [5] < 0.9

ITS inner: | <2.5

FV0-A
22<n<51

FT0-C EMC + FHOS FTO0-A
34<n<-23 Inl < 0.7 3.8< <5
ITS outer: | < 1.3
FDD-C FDD-A
69<n<-49 47<n<6.3

600-220Z-DDH1-NY3D :(6T0Z) TTZTOZO6T “/0 32 eAOWEpPY

tracker ECal
Muon Chambers: |77] < 1.5
FCT:-5<n<-3 ECal: -1.6<n<4
RICH:-3<n <4
Vertex, Tracker, TOF: || < 4
- -4 -2 0 2 4Pseud0—rapidity i 6

|
-10 5 [1]

ACORDE | ALICE Cosmic Rays Detector ITS-OB | inner Tracking System - Outer Barrel
AD | ALICE Diffractive Detector
MCH | Muon Tracking Chambers
DCal | Di-jet Calorimeter P lisssei s
EMCal | Electromagnetic Calorimeter AID | Wi

HMPID | High Momentum Particle
Identification Detector

06 0600

PHOS / CPV | Photon Spectrometer

00000

ITS-IB | Inner Tracking System - Inner Barrel
cveco 1vU T

TOF | Time Of Flight

9060000

AR

1aviacyja

TO+A | Tzero + A
TO+C | Tzero + C

TPC | Time Projection Chamber
TRD | Transition Radiation Detector

VO+ | Vzero + Detector

2ZDC | Zero Degree Calorimeter

VIVE PV

L L " 1 L
Pseudo—raﬁ[idity n
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Run 3 and beyond
= Luminosity increase

= Detector upgrade and continous readout

—> More than 10* data with respect to Run 2!
» Precise and new measurements in VM sector
» Light-by-light scattering

. 1»+ BSM searches
» T anomalous magnetic moment

CERN Yellow Rep.Monogr. 7 (2019) 1159

Meson, channel  gPb-Pb NTot Nlnl <09  p-a<7p<-2.5
p? >t T 52b 68 x 10° | 5.5x 10°
pPo>rrwntn | 730mb | 9.5x10° | 210 x 10°

¢ —> KK 0.22b | 29x10° | 82x 10°

Jy - ut 1.0mb | 14 x10° | 1.1 x10° | 600 x 103
y(2S) > prw 30ub | 400x 103 | 35x10% | 19x103
Y(1S) > pt 20ub | 26x103 | 2.8 x 10 880
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G 44(M) (barn/GeV)

T pair production

Pair production at LO at
LHC for Pb-Pb collisions

/] 3
107 o ; . 10°
L. e e
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G. Baur at al., hep-ph/0112211 (2001)
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T pair photoproduction in Pb-Pb UPC —
Cross section scales with Z*4

Suppression by factor O(a., > = 5 x 107)

T leptons decay quickly and can not be
observed directly
— Lifetime 1013 s

— Difficult due to at least 1 vineach t
decay

Sensitive to anomalous magnetic
moment: a,=(g—2),/2
Pb

Ze

Uy
a. sits here
I
Ly
Z ;
Pb . Pb
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Anomalous magnetic moment

aT(M, ) # 0 because 1 lepton (u, e) is surrounded by virtual particles

:,e) % O becomes evident in interaction of t lepton (u, e) with external B
field

a,=(9—2),/2

- g is gyromagnetlc moment which relates particle’s magnetic moment to its spin
q

— Dirac’s equation predicts g = 2
— Higher order corrections (loops) make g # 2
— Sensitive to particles beyond SM

____________



Analysis strategy

T decay channels:
— 1 prong:
" BR(t* > v, e*v)=17.8%
* BR(t* > v, u*v))=17.4%
* BR(1* — v_ h*nn®) = 50 % (h = =, K)
— 3 prongs:
* BR (t* > v_ 31" n%) = 15 %
Event topology:
— 1+1 tracks ~ 70 %

" e, u, 7, Ktracks

— 1+3 tracks ~ 25 %

" e, u, 7, Ktracks + 3 charged &t
Reject dilepton continuum production

Use displaced vertex for 3 prong t decay



p- and acoplanarity spectra

L. Beresford, J. Liu, PRD 102 (2020) 113008
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L sk LBIL ] e LB L]
| & Sample (Yield) — | E Sample (Yiekd) =
E T, -Ci-:'n.:=|'.'l.£id:=U [1.32+03) E T, fi-:'l.:=|'.'l. Gd =0 (3. Te+dZ) E
F =%, 620 02, 51,20 (1.8+03) F — =, 58=0.02, 5020 (6e+02) 3
- T, Ga=-0 02, Sd=0(1.3e+03) o T, ba=0.02, 5d=0 4. 7e+02)
G B — rr, 6300, =0015 (282403) o i — =, 82 =0.0, BA=0.015 (1.58403) |
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ALICE in Run 3 expectations

Burmasov et al., 2203.00990 (2022) Burmasov et al., 2203.00990 (2022)

(%] = T 2o
S — e ————
S PbPb — PbPb+1t, 5 TeV, 2.7 nb!
10t ALICE acceptance: 1 electron + 1 pion/muon A=140GeY A =250 GeV
g E SMEFT predictions
o C - Il <0.8,p_>0.3 GeVlic
8 ol — T B
-E 10 = — DELPHI
(=] = -
@ B - -
K] e S
é 107 . ALICE 2.7 nb™", 5% sys
- —a = _ — —
10 —a,=-0.1 — — ALICE 2.7 nb™", 3% sys ———
- —a,=+0.1 -
1= | | | | — ALICE 2.7 nb™ 1% sys r—
y — — — E— I P S T TN TN N Y TN R T [ T T S Y SN A A T T N B
0 2 4 6 8elec;trc:n pT EIGerc) -0.08 006 -004 002 0 0.02 0.04

= Cross sections with a_=-0.1 are below SM at low p; but switching to higher cross :
sections starting from p;® > 3 GeV/c — p; differential measurements provide better
sensitivity
= Atleast x2 improvements on a_ limits with Pb-Pb data to be collected in the first
year (2023 ???) with current ALICE (2)
= ALICE 3 will provide much more data
— Finner binning
— Lower p; accesibility
— Larger nrange
— Better PID (not only electrons will be used)

29

2022-10-24 Adam Matyja - VM photoproduction in ALICE - UJ Seminar



Light-by-light scattering

Pure quantum effect

Contributes to electron/muon
anomalous magnetic moment (g-2)

Challenging process: O(a.,,* = 3 x 107)

Quarks, leptons or W bosons can be
exchanged in the loop in the lowest
order

Higher order corrections allow also for
mesons exchange: n, n’(958), n(1S),

N(2S), %o(1P), ...

There is a place for Beyond Standard
Model physics: SUSY particles, spin-
even resonances (ALPs), magnetic
monopoles, ...

Cross section is calculated by several
groups

=y Y
[==] [==]
=] w

5:

do(PbPb—PbPbyy)/dM _ (pb/GeV)

e

PRC93 (2016) 044907

W
W<
A

AVAVAVAVS
< <

W

>
AVAVAVAN

W

e

(670Z) £T0E60 ‘66 QYd

n'(958)

— T
\san=3.02 TeV, UPC
ALICE cuts

hlr_| <= 0.9, E‘j =200 MeV

(6T02) ETOE60 ‘66 AYd



Feasibility studies for ALICE 2 and 3

N
< 10° E+ ALICE Simulation SuperChiod
@ F Pb-Pb UPC {5y =5.02 TeV o Pou-peM
S Lo “+ PCM-EMCal
A - L=13/nb, n’| <1 “+ PCM-PHOS
10 F —+ EMCal Triggered
=~ E . AS
o -
< - ——
O 43
[ E .
C -
102 — ++—o—+
_E - —— +_F_._
C . -,
s -~
10 E . g Y *+++_’_
3 -+ 44 + 4
: i, gty o+
1 V& ANEESF YRR she SRS
0 2 4 6 8 10
M., (GeV/c?)

Considered topologies in Run 3 and 4

Background
reduction with
A variable

Both y’s reconstructed with Photon Conversion

Method (PCM) from e*e™ pairs
" pPM > 0.1 GeV/c

One y via PCM, other in EMCal acceptance

= p,rEMCGI > 0.5 GeV/c
" pPM > 0.1 GeV/c

One y via PCM, other in PHOS acceptance

= p;"PHOS > 0.3 GeV/c
= pr 1 PCM 5 0.1 GeV/c

Both y ’s in EMCal acceptance, one triggered

= pv EMGl 5 0.5 GeV/c
= p, v, EMCal triggerd 5, 9 § GEV/C
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ALICE3 LOI: CERN-LHCC-2022-009 / LHCC-1-038

=
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Expected upper limits for ALP production

Poissonian limits for ALPs in UPCs at \/SNN =5.5TeV (Based on PRL
118, 171801 (2017))

Signal: ALPs from STARlight; ['(a—>yy) = 1/64n m 3/ A?
Background: L-by-L, n°n°, fake electrons and bremsstrahlung
Asymmetry requirement A.< 0.02

LEP

1/A, [TeV

107 LHC

(pp)

Yoy +inv.  Pri

ALICE 3 is designed to
measure very low particle p
ALICE 3 can provide
complementary result in low
mass region 50 MeV/c? < M, 10
<5 GeV/c? '

] Beam-dump
10_2 IIIII| T IIIIIII| T IIIIIII| T IIIIIII| T IIIIIII| T IIIIIII|

1072 107" 1 10 10? 10°
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Summary

Light VM photoproduction signals large shadowing effects
— No model describes all the breakup classes (OnXn is the most difficult)

Resonance-like structure at M™ ~ 1.7 GeV/c?

Nuclear gluon structure probed with J/y at x;~ 1073

— Nuclear gluon shadowing factor R, ~ 0.65

— Models with shadowing or saturation describe data the best
— No model describe all the rapidity points

— |t|dependence is sensitive to spatial gluon distribution

Proton gluon structure probed at x;~ 102

— Agreement of exclusive and dissociative J/\ photoproduction with
saturation models

— Agreement with previous results
— First measurement of the dissociative cross section at the LHC

Analyses of data coming from Run 3 and beyond will provide new
exciting results
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Coverage
VOA:2.8<71<5.1,z=3.4m
VOC:-3.7<1n<-1.7,2=-0.9 m
ADA:4.7<1n<6.3,z=169m
ADC: -6.9< 17<-4.9,z=-19.5m
ZDC:z=12112.5m, | 7] > 8.8



Triggers

= Central barrel trigger

— p%in Pb-Pb | = 485 + 24 mb-
= Vetoin AD and VO

= SPD topology Ap > 153°

— p%in Xe-Xe [ =279.5+29.9 mb
= \etoin VO
= SPD and TOF signal

— J/\II, \|!’ in Pb-Pb [Central = 233 Mb'l

= Vetoin AD, VO
= SPD and TOF topology Agp > 153°
= Signal in central barrel ITS, TPC, TOF

"= Forward trigger
— J/\V, \y' in Pb-Pb LForward = 754 + 38 b1
= Veto in SPD, AD, VO
= Signal in muon spectrometer
_ J/\V in p_Pb L=7.62+0.14 nb'
= Vetoin AD, VO
= Signal in muon spectrometer



VM photoproduction publications

Coherent photoproduction of p® vector mesons in ultra-peripheral
Pb-Pb collisions at Vs, = 5.02 TeV, JHEP 06 (2020) 035.

First measurement of coherent p® photoproduction in ultra-
peripheral Xe-Xe collisions at Vs, = 5.44 TeV, Phys. Lett. B 820
(2021) 136481.

Coherent J/{ photoproduction at forward rapidity in ultra-
peripheral Pb-Pb collisions at Vs, = 5.02 TeV, Phys.Lett. B798 (2019)
134926.

Coherent J/Y and Y’ photoproduction at midrapidity in ultra-
peripheral Pb-Pb collisions at Vs, = 5.02 TeV, Eur. Phys. J. C 81
(2021) 712.

First measurement of the |t|-dependence of coherent J/{
photonuclear production, PLB 817 (2021) 136280.

Energy dependence of exclusive J/{ photoproduction off protons in
ultra-peripheral p-Pb collisions at Vs, = 5.02 TeV, Eur. Phys. J. C
(2019) 79: 402.



pY —ZDC energy

E § b3 < ALICE Pb-Pb UPC |5, =5.02 TeV
%; ; . 7 — ZNA energy
& 10° = N {— ZNC energy
O E
g AR
10? _—++]lg+: ':;r ﬁ &#% |
iﬂ“ Hi #{ I i Hm .
T W
i “%-ﬁ“*”‘”**-w il
s Ll )HWW

ZNA energy (TeV) ZN energy (TeV)
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Counts per 20 MeV/c?

Fo/(dmdy) (b/(GeV/c?))

pYin Xe-Xe

240F ALICE Xe-Xe UPC |5,y = 5.44 TeV S 240F ALICE Xe-Xe UPC |5, = 5.44 TeV
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J/W in Pb-Pb — forward

o4 [ JE—
%EDDD_— ALICE, Pb—FPb Ii'S_NM =502 TeV % ALICE, Pb-Fb |5y, =502 TeV
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J/y in Pb-Pb — centra
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Counts per 20 MeV/¢?

“in Pb-Pb — central b

arrel

Counts per 30 MeV/c?

Counts per 50 MeV/¢?
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Dimuon counts / (20 MeV/¢c?)

Exclusive J/y in p-Pb

220 o
500 ALICE Preliminary
180 p-Pb\(s_rW=8.16 TeV
160 25<y<40
140 2.5« MUU <35 GEV/C2
120 —— Sum
Exclusive J/y
100 Dissociative J/y
80 ; Jhy from yPb
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40 |
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Cross section parameterization

Soding formula
do

| ]1=|A-BW,;,+B 1M, * A-normalization

ey " B-—non resonsnt amplitude
1th;’Fm-mﬁ,n T'(m) » M - other background

W = m? —mﬁu +imgy -T'(m) " BW,—Breit-Wigner function

* ['(m)— mass dependent

) 5\ 3/2 W|dth
. Mo [(mT—4m;
l“{m} — l"[mpn) C— 5 m mpO _ pole mass

m m;o —mz
u mn - pton mass

p5(1690) with angular momrentum J = 3

ANz 7
dm

=Py -exp(—Py- (m—1.2GeV /c?)) + P+ Py-exp (—(m— M, )?/T?)
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VM cross section

h coh
doyvy B Ny
A ileu / ; ,
d} EvM X Efem P X E\]e'_::f:r:!'ln x BR X -i{int X *ﬂ}
N}-]E]d

Nyielg — J/W or ' raw yield,

gym - reconstruction efficiency

f, — incoherent contamination fraction
f, — feed down contamination fraction
L« — integrated luminosity

Ay — rapidity interval

BR — branching ratio of the Decay
gPileup . — pileup veto efficiency

gEMD ., —electromagnetic dissociation veto efficiency
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Shadowing and saturation

= Shadowing — the experimental fact that the
nuclear structure functions are suppressed
compared to the superposition of those of
their constituent nucleons.

— N. Armesto, “Nuclear shadowing”, J. Phys. G 32
(2006) R367—R394.
= Saturation —a dynamic equilibrium between
gluon radiation and recombination.
— J. L. Albacete and C. Marquet, “Gluon saturation

and initial conditions for relativistic heavy ion
collisions”, Prog. Part. Nucl. Phys. 76 (2014) 1-42.



o Models
Black disk limit:

— Frankfurt, Strikman, Zhalov, Phys. Lett. B537 (2002) 51-61.
— total cross section of the interaction is equal to 2t R,2.

STARlight:

— Klein, Nystrand, Seger, Gorbunov, Butterworth, Comput. Phys. Commun. 212 (2017) 258-268; Klein and
Nystrand, Phys. Rev. C 60 (1999) 014903.

— Based on a phenomenological description of the exclusive production of VM off nucleons, the optical
theorem, and a Glauber-like eikonal formalism, does not take into account the elastic part of the
elementary VM—nucleon cross section.

— Includes multiple scattering, no gluon shadowing.

GKZ (Guzey, Kryshen and Zhalov):

— Guzey, Kryshen, Zhalov, Phys. Rev. C93 (2016) 055206; Frankfurt, Guzey, Strikman, Zhalov, Phys. Lett. B752
(2016) 51-58.

— Based on a modified vector dominance model, in which the hadronic fluctuations of the photon interact
with the nucleons in the nucleus according to the Gribov-Glauber model of nuclear shadowing

GMMNS (Goncalves, Machado, Morerira, Navarra and dos Santos):

— Gongalves, Machado, Moreira, Navarra, dos Santos, Phys. Rev. D96 (2017) 094027; lancu, Itakura, Munier,
Phys. Lett. B590 (2004) 199-208,

— Based on the lancu-Itakura-Munier (IIM) implementation of within the colour dipole
model coupled to a boosted-Gaussian description of the wave function of the vector meson.

CCKT (Cepila, Contreras, Krelina and Tapia):

— Cepila, Contreras, Tapia Takaki, Phys. Lett. B766 (2017) 186—191; Cepila, Contreras, Krelina, Tapia Takaki,
Nucl. Phys. B934 (2018) 330-340; N. Armesto, Eur. Phys. J. C26 (2002) 35-43

— Based on the colour dipole model with the structure of the nucleon in the transverse plane described by
so-called hot spots, regions of high gluonic density, whose number increases with increasing energy. The
nuclear effects are implemented along the ideas of the Glauber model. Version without hot spots (hamed
nuclear) and including them.

— Indicates .
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E ar ALICE Pb+Pb — PL
Models Z e ® ey
Impulse approximation: L iyl A
— Exclusive photoproduction off protons, neglects all nuclear effects but coherence. L T i ea om
— Based on STARIight. of — eeriiis
EPS09 LO: F e mcon
— GKZ model with parameterization of nuclear shadowing data. 5C
— Eskola, Paukkunen, Salgado, JHEP 04 (2009) 065. 4:_ o
LTA: R
— GKZ model based on Leading Twist Approximation of nuclear shadowing. zzﬂjﬂ"ﬂé”ﬁ '
— Frankfurt, Guzey, Strikman, Phys. Rept. 512 (2012) 255-393. u: o
—4 -3 -2

IIM BG, IPsat, BGK-I:

— Color dipole approach coupled to the Color Glass Condensate (CGC) formalism with different assumptions
on the dipole-proton scattering amplitude.

— Gongalves, Moreira, Navarra, Phys. Rev. C 90 (2014) 015203; dos Santos, Machado, J. Phys. G 42 no. 10,
(2015) 105001. (saturation)

— Lappi, Mantysaari, Phys. Rev. C 83 (2011) 065202; Lappi, Mantysaari, Phys. Rev. C 87 (2013) 032201.
(saturation)

— A. tuszczak, Schéfer, Phys. Rev. C 99 no. 4, (2019) 044905. (shadowing)
GG-HS:
— CCK color dipol model with hot spots nucleon structure with Glauber-Gribov formalism

— Cepila, Contreras, Krelina, Phys. Rev. C 97 no. 2, (2018) 024901; Cepila, Contreras, Tapia Takaki, Phys. Lett.
B766 (2017) 186—191.

b-BK:
— Bendova, Cepila, Contreras, Matas (BCCM) model based on the color dipole approach coupled to the

impact-parameter dependent Balitsky-Kovchegov equation with initial conditions based on the Woods-
Saxon shape of the Pb nucleus.

— Bendova, Cepila, Contreras, Matas, Physics Letters B 817 (2021) 136306.
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Models

" noon:

— Broz, Contreras, Tapia Takaki, “A generator of forward
neutrons for ultra-peripheral collisions: nOON”,
Comput. Phys. Commun. (2020) 107181.

= JMRT NLO:

— next-to-leading-order calculations

— Jones, Martin, Ryskin, Teubner, J. Phys. G 44 no. 3,
(2017) O3LTO1; JHEP 11 (2013) 085.

= BM:
— Perturbative JIMWLK evolution based on HERA data

— Mantysaari, Schenke, Phys. Rev. D 98 no. 3, (2018)
034013



Systematic uncertainty

p%in Pb-Pb

Source Uncertainty

Variations to the fit procedure 0.4-5.9 %

Ross-Stodolsky fit model +3.5%

Track selection +1.5%

Track matching +4.0%

Acceptance and efficiency +1.0%

Muon backeround (yy — u i) +0.3%

Incoherent contribution +0.5%

Trigger efficiency of SPD chips +1.0%

Pile-up +3.8%

Luminosity +5.0%

Total s o, %
Source No forward-neutron selection  OnOn  OnXn XnXn
Signal either in ZNA or in ZNC oY o0 8% 18
Signal in both ZNA and ZNC Tox 207 3 s

p?in Xe-Xe
Source Uncertainty
Variations to the fit procedure +2.5%
Ross—Stodolsky fit model +3.5%
Acceptance and efficiency +0.5%
Track selection +3.0%
Track ITS-TPC matching +4.0%
SPD trigger-to-track matching +2.0%
TOF trigger efficiencies +2.8%
Vertex selection +1.5%
Incoherent contribution +2.0%
Pile-up +1.0%
Muon background (yy — u " u™) J:::gi::‘}i
Electromagnetic dissociation +0.2%
Luminosity +10.7%
Total J:::ggj %
Class Measured fraction ngn prediction
OnOn (90.46 £0.70+0.17 F 0.68)% 92.4%
OnXn+XnOn  (8.484+0.66F0.134+0.64)% 6.9%
XnXn (1.07 +£0.25F0.0440.07)% 0.7%
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Systematic uncertainty
* J/\y forward = J/\y central

Source Value y—utu- Jjy—ete J/y—pp
Lumi. 1.1mmal.12:-1t10n —I_—:n.[}‘}f Signal Extraction 0.5 4 0.7
Branching ratio +0.6% Incoherent contamination 0.8 0.5 0.8
SPD, VO and AD veto from —3.6% to —6.0% Branching ratio 0.5 0.5 1.4
MC rapidity shape from £0.1% to £0.8% TOF matching — - 5.0
Trackine +3.0% [TS-TPC matching 2.8 2.8 2.8
Trigger from 45.2% to £6.2% | AP and VOveto 30 3.0 3.0

. ) SPD trigger efficiency 1.0 1.0 1.0
Matching =1.0% TOF trigeer efficiency 0.7 0.7 0.7
Signal extraction +2.0% Luminosity 27 27 27
fp fraction +0.7% EMD correction 2.0 2.0 2.0
yy yield 1+1.2% Feed down 0.6 0.6 0.6
pr shape for coherent J/y =0.1% Channel uncorrelated [.1 2.5 5.3
bpa parameter +0.1% _ _ _

- e e ~%T Channel correlated 5.5 5.5 5.5

Total from "g5% to T{53%
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Systematic uncertainty

" ' central

W —utuntr oy —=etentn oy =1t

Signal Extraction 1.0 2.0 10.0

[ncoherent contamination .4 1.8 1.8

Branching ratio 1.5 1.5 4.8

[TS-TPC matching pions 2.8 2.8 —

[TS-TPC matching leptons 2.8 2.8 2.8

AD and VO veto 10.0 10.0 10.0

SPD trigger efficiency 1.0 1.0 1.0 J/\lj ce ntra| t dep

TOF trigger efficiency 0.7 0.7 0.7

Luminosity 2.7 2.7 2.7

EMD correction 2.0 2.0 2 _Source Uncertainty (%)
Signal extraction (0.7.2.2)

Channel uncorrelated 3.5 5.8 1.2 (0.1,0.5)

Channel correlated 11.0 11.0 1.0 I (1.1,2.3)
p3 migration unfolding (0.6,2.3)
Luminosity 2.7
V0 and AD veto 3
EM dissociation 2
ITS-TPC tracking 2.8
SPD and TOF efficiency 1.3
Branching ratio 0.5
Variations in interference strength (0.3.1.2)
Value of the photon flux at y =0 2
p¥ —t| unfolding (0.1,5.7)

52

2022-10-24 Adam Matyja - VM photoproduction in ALICE - UJ Seminar



Upgrade - Inner Tracking System (ITS) v2

Newly designed beam pipe with a smaller
outer radius of 19 mm e
7 layers of Monolithic Active Pixel Sensors ATV e—
(MAPS)

— Area~10 m?

— Smaller material budget: ~0.35% X, per layer
for layers 0-2, ~ 0.8% for layers 3-6
(was ~ 1.1% for ITS1)

— Power consumption < 40 mW/cm?

Beam pipe

Faster readout rate
— up to ~50 kHz in Pb-Pb (1 kHz in ITS1)
— ~500 kHz in pp

Improved tracking and resolution

200280 (¥T0Z) Tt "SAud "Med "[oNN 9 'sAud ¢

0 22.4 + 2.5
— Spatial resolution ~5 um
. 1 30.1 +2.3
— Impact parameter resolution:
= 3 x better in the transverse plane 2 37.8 + 2.0
= 5 x better along the beam axis 3 194.4 11
— Momentum resolution ~ 4% at 2 GeV/c 1.5
— p;down to very low values 4 243.9 +1.4
More precise vertexing in higher rates with 5 3423 414
resolution better than 100 um
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ITS installation

Inner barrel

Outer barrel

Adam Matyja - VM photoproduction in ALICE -
UJ Seminar
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Time Projection Chamber (TPC)

" @Gas Electron Multiplier (GEM) technology
readout

= Continuous readout

= Factor 100 increase of data collection rate
" Tracking and PID remains the same

= 1 stack in IROC, 3 stacks in OROC

= |on Back Flow < 1% at gain = 2000

* Local energy resolution o./E < 12% for >°Fe

VU S

. OROCstack

Cover electrode

GEM 1 o o =
— Er — ‘ 2mm
GEM 2 i = e .
Eina readout anode\_\‘ ! 2 mm

Pad planc I S S S S N S

Strong back

CERN-LHCC-2013-020 (2014),
CERN-LHCC-2015-002 (2015)
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Muon Forward Tracker (MFT)

HaliDiskz  TRIFDEKS e

Half-Disk 1

= Two half-cones Half-Disk 0
= Five detection disks

= 460 MM <z<-768 mm

" -36<7<-2.45

= Technology similar to ITS 2

* Material budget 0.6% X,
per disk

= Spatial resolution ~5 um

4

(ST0T) TO0-STOZ-DIHT-N¥3ID

Back window

= Access for prompt J/y or
y(2S) production and nuclear
modification factors R,,
down to zero pr.
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Fast Interaction Trigger (FIT)

= |nteraction trigger
=  Online luminometer FDD-

= Beam quality -
— Beam — gas events
— Background conditions

= Vertex position indicator
= Forward multiplicity counter
— Centrality
— Event plane
FTO:
= Quartz Cherenkov radiators
= Time resolution o, = 13 ps -
= 7%=33mandz®=-84cm AT\
= 96 and 112 modules Fob-A
FVO:
= Large scintillator disk
= 8cm<R<144 cm
= A48 sectors
=  Trigger with latency < 425 ns

Two arrays of scintillator pads
= 8 channels each side FDD-C
= zPPA=16.9 mand zPP¢ =-19.5m

FTO-C
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ITS3 in Run 4

= Replacement of 3 most inner layers
Cylindrical

= Curved wafer-scale ultra-thin silicon < —
sensors arranged in perfectly
cylindrical layers

— Removal of mechanical suport
— Homogeneous material distribution

= Extremely low material budget
0.05% X, per layer
— Power and data buses integrated on
chip
= Power consumption ~20 mW/cm?

Half Barrels

— Removal of water cooling 100
= Improved tracking precision and 0] 77
efficiency at low p; S 14 Pb-Pb, 0-10%, (S 4 5.5 Tel
:5’;' 60- .-1?";}/ : :ER -
Beam pipe 16 % 0] | :I;.-;:s' — :Ifon:m
0 18 +2.5 zn: _{,:::35"' ....... TSTPC
1 24 +2.3 1
2 30 +2.0 0.05 0.1 02 03 04 1

Transverse Momentum (GeV/c)
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ALICE 3 design

= Retractable vertex detector
— Detector into beam pipe (R" =16 — 5 mm)
= All silicon tracker (12 tracking layers + discs
based on MAPS)
— Power consumption ~ 70 mW/cm?

— Inner tracker:

= Ultra thin — flexible wafer scale sensors (MAPS)
— X/X,~ 0.01%/layer

= Position resolution ~1 um
— Outer tracker:

ius  {mm}

= Low material budget X/X, ~ 1%/layer = low 5/5mm
weight suport and services

>

= Position resolution ~10 um e A AL I =

) ER ALICE 3 stud T - m

= Particle ID systems (TOF, Cherenkov, EM c y 7w
O 3 _

shower, muon ID, forward detector for soft 5™ N-0 Ry =iooem 22

photons) g — e .

— TOF resolution < 20 ps challenging and 210 s ER

material budget X/X, ~ 1-3%/layer and E ¢ 1 5

power consumption ~ 50 mW/cm? and Q 10 S

large area (~ 45 m?) - - §

* large acceptance An~9 i- 5 x better than ] §

=  Continuous readout - ALICE 2.1 ;>

M —1 Lol Lol Lol L L

= Superconducting magnet 10 1 0 ¢ 8

p- (GeV/c) S
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Anomalous magnetic moment — cont.

=  For electrons:
— a,*"=115965 218 076 (28) x 1014 (PDG22)

— a,th =115965 218 164.3 (76.4) x 10714 (T.
Aoyama et al., PRD. 91 (3): 033006)

= 2.5 o discrepancy

— Contribution to a, from particles heavier than
electrons is ~ 4 x 10712

= Not so sensitive to BSM particles

- (m,/m,)*~ 40000 = a, is 40000 x more
sensitive to new physics (03, ~ m?2/M¢?) ;
M, — supersymmetry scale

= FOr muons: BNLg2 —— o
— a,%°= 116 592 061 + 41 x 10711 (PDG22)
— a, w2 =116591 810 +43 x 10711 (0.37 ppm) (T.

FNAL g-2 +—@——+

Aoyama et al., Phys. Rept. 887, 1(2020)) Q 4.20 )
— = 4.2 ¢ discrepancy —— —
— (m./m )2~ 280 = a_is 280 x more sensitive | Aveage

175 180 185 19.0 195 200 205 210 215

to new phyS|cs

a,x10° - 1165900

T. Aoyama et al., Phys. Rept. 887, 1(2020)



T anomalous magnetic moment

* Anomalous magnetic moment:

M. Dyndalst al, Phys. Lett. B809 (2020) 135682

~ a,%°=-0.018(17) (DELPHI, EPIC 35 (2004) 159) 5 g
— aTSM = 000117721(5) (S Eidelman and M. E . 1Ty * 1Ty, Categories
Passera, Mod. Phys. Lett. A 22, 159 (2007)) i UE —a0, 3
= Cross section and t kinematics sensitivetoa, ¢ .| Y
— L. Beresford and J. Liu, PRD 102 (2020) LI
113008 105
— M. Dyndat et al.,, PLB 809 (2020) 135682 - :
— Burmasov et al,, arXiv:2203.00990 (2022) T I
pll-.-a:. leplon (GeV]
1. (%) E 3_' A PbF’b—)F’bIF'lbltt VSnn -5|02 TeV
3 Z g 355. " %_ TT, + T/, Categories §
Jy %‘ 10?:_ ] — 1T, CN = pion _:
i)“ g%,_ % = —:;” ch = lepton ;
a_ sits here " 3 ok o )
Z /r g | | | P | | I | L
Pb PH'™ 4 6 8 10 12 14 16 18 [éOV]
P e
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Background description

[a—
=
[2]

Z O E Pb-Pb, {5, =5.02 TeV
< B M5 GeVe by | <
= l0g py <2GeVie b u_u' < 0.8
2 e p*=4GeVie.m|<24
£ 1E — '
e F T ==
~10'e=—Upcgen =
= — SuperChic 4 —
10 _ —STARIight
= —ATLAS measurement
2 1.2r
= b L
g ot ) ——JF
__'________|_ 4t7 —
0.8 ——
10 20 30 40

generators:

iy, [GeV/e?]

= Good description of background processes by MC

Data/MC

do/dmy,, [Ub/GeV]

1 Pb—Pb. *.'Em =5.02 TeV
— p#’u <2GeV/ie. 1.6 < [1'u”| <24
- — pL>4GeVie, m,| <24
L
107 ——
- —Upcgen —=
~ —SuperChic 4 —_—
- —STARIlight -
1072 :_—ATLAS measurement :':
1.5:
1_ . — 1 . L _
0.5F
10 20 30

— UPCgen (Burmasov et al., arXiv:2111.11383 (2022))
— STARIight (Klein et al., Comput. Phys. Commun. 212 (2017))

— SuperChic (Harland-Lang et al., EPJ C80 (2020))

(2202) 06600°€0TT “|e 12 Aosewung



Measurement of t pair production
= CMS observation shown at QM2022

CMS Praliminary  PbPb - 404k {I,'BNN =502 TeV)

8 405- [ pata
- 35 ."""'_’Tutilﬂmn
:.; 30, I background
E 25 — total
i 20

. 0 Ll L.l 1. 1.1 1
g 2F e :
535"’*'i!
E 4 6 8-.“1-0-‘-:1.2. .‘Ild -.1.6”'1-”:
a visible 7, p_[GeV]

CMS Preliminary PbPb - 404ub™ [llll'sNN =502 TeV)
' ! ! I

25— ]
M [ Data
Nzﬁ .-ﬁr *T, Taprong
— b
W .backgruund
*5155 — total
u}J [

10, ’
5'_

. O .....................................
a o ' U Fid
E b] 5 10 115 20 25 30 35 40
@

O

visible tt invariant mass [GeV]

2022-10-24

CMS Preliminary  PbPb - 404ub™ {1;'5\‘N =5.02 TeV)

F I Data

I -"JPhl J‘[utxprung

1 GeV
[ \%]
n

8205 -hackground
W, - — total
'E'15;
s
1110
5
. 0-
J: 21 } S —4
£ JEm
E 02 04 08 08 1 12 14
8 visible 15,,,, Mass [GeV]

CMS Praiiminary  PbPb - 404ub™ {5, = 5.02 TeV) m
330 | Data
: 25 - TT=T Taprong
= | I background
o 20
= I
© 15
= 7
TR

= total (prefit)

10— u
5
[ |

.0
R
E t; { % - T L u
o 28 2.9 3 31
5 ‘&‘D(Tu’ TSpror‘lg}
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CMS-PAS-HIN-21-009

" u+ 3tracks topology
" Ng=77%12
= [ =404 pbt

Good agreement
between MC and
data

Only 1+3 topology
Only u

Not full statistics

63



Events / bin

Data / Pred,

Events / bin

Data / Pred,

Measurement of t pair production

u ATLAS observatlons shown at QM2022

e L] e B I L B =
o ATLAS‘ F'rellmlnar}..r 7]
300 VS0 = 5.02 TeV, 1.44 b3
Hi Combined fit ]
250 wiT-5R -3
£ Post-Fit ]
200F 3
C # Data 3
1501 Clyy—te (a=-0.042)
£ Myy—up 7
100F photonuclear -
F 4 Uncertainty 7
—a=0.06 B
-- a=0.04 ]
L J E
20 25 a0
Muon pT [GeV]
L= e e B LA
16E ATLAS  Preliminary
VS = 5.02 TeV, 1.4 nb™
14 Combined fit 7
F] ue-SR =
2 Post-Fit ]
10 -
8 # Data 3
E Cyy—t (a=-0042) 7
6 Hr—upp =
4 E 7 Uncertainty 3
E —a~=-0.06
2B —a=0.04 -
O- |
1.4
1.2
1
n.8g
i
: 20 25 30
Muon pT [GeV]

2022-10-24

5
- ATLAS F'rehmlnan.l :
= =502 TeV, 144 b’y
L% Comblned fit
w3T-5R =
Post-Fit
# Data ]
Oyy—te(a=0042) 3,
Wry—up A
photonuclear
s Uncertainty 1
—a=-0.06 -
8
o
a
3 |
25 30
Muon P [GeV]
_EQGIUD B B e LA e o
- ATLAS  Preliminary 3
= {5 =5.02 TeV, 1.44 nb™3
2 7000 Combined fit E
2u-CR 3
Post-Fit 3
» Data E

W y—up
Uncertainty

Data / Pred,

5 10 15 20 25 30
Muon p_l_ [GeV]
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arXiv:2204.13478v1

- p1T-SR: muon + 1 track (e/y/hadron)
+ 3T-SR: muon + 3 tracks (3 hadrons)

pe-SR: muon + electron

Nsig

L=1.44/nb

=532, 85 and 39

=" Good agreement

between MC and data

= Several topologies with u

Not full statistics

64



Cross-section predictions

PRL 12 (2016) 129901

= Calculations of cross-section at the LHC energies: e
= d’Enterria group: 110; Y727 7(m,>6 Ge
= d’Enterria, Silveira, PRL 111 (2013) 080405 + Erratum PRL 12 1 e
(2016) 129901. .
= High W,, >5 GeV/c? ¥ 102f
= Krakow group: 107 ]
= Kiusek-Gawenda, Lebiedowicz, Szczurek, PRC 93 (2016) 044907; jﬁﬁﬁ pomm T
Ktusek-Gawenda, McNulty, Schicker, Szczurek, PRD 99, 093013 S

(2019)

10—6_| [

4 6 8

sl b b b b
10 12 14 16 18 20

'|1|% (TEV)

= |ncludes resonances contribution
" Both high (W, >5 GeV/c?) and low (W,, <5 GeV/c?) masses
= ALICE and LHCb acceptance

= MC generators:

= SuperChic 4 (Durham group):
= Paper-EPJC79(2019) 39
» Code - https://superchic.hepforge.org/
= gamma-UPC (d’Enterria et al.):
= Paper - https://arxiv.org/abs/2207.03012
= Code - http://cern.ch/hshao/gammaupc.html

PRD 99, 093013 (2019)
L weserrev,vPe
ALICE cuts E
hlrl <0.9, E? > 200 MeV _;

n'(958)

do(PbPb—PbPbYy)/dM_
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Background sources Cep

= 3 regimes:

= W, >5 GeV/c’ - perturbative, well-

&
" 2< W, <5GeV/c? /éﬂ‘

- W, < 2 GeV/c? — non-pertubative,

known region

not explored

= Background types

Fhb

] 4
=

928YET (610T) L6L 91d

Pb*

4 Meson pair production

A

= Central exclusive production (CEP)
= (CE) Meson pair production (n°r®,
mm, M, M’ ...)

" Combinatorial yy from vector meson 7

photoproduction (® — % — yyy,

v —->ny, -

. . . . Ph
Echu5|¥e_d|eIectron production ~—
Yy — e'e ~

* Hard bremsstrahlung photons
emitted by electrons

2022-10-24

\

Adam Matyja - VM photoproduction in ALICE - UJ Seminai Pk

66

9¢8VET (6T02) L6L 91d

(6T02) ET0E60 ‘66 AYd



Events /| GeV

Measurements

ATLAS: JHEP 03 (2021) 243

L L I B L w 80T T > SO T T
C signalregion  ATHAS g 7oF ATLAS - E S 45t signalregion ATLAS E
Pb+Pb Sy =5.02TeV § 5 60% Pb+Pb S, = 5.02 TeV_: S w0t Pb+Pb \S = 5.02 TeV ]
—e Data, 2.2 nb™ 4 0 :. —e—Data, 2.2 nb™' g E 35;_ —»Data, 2.2 nb™
[1Signal (yy — v7) [Isignal (vy = vy) gk [ISignal (yy — vy) 3
CICEPgg — vy : C [ CEP gg — vy ] = [ CEP gg — vy
B yy—ee - 40:_ vy — ee B 25 { B yy—ee E
Syst. uncertainty 30: [Z7] Syst. uncertainty ] 20: Syst. uncertainty _f
B " 15E- 3
20 = =
h o 10 =
] 10F E 3
+|+..+-: 0 z -"'--'+I...|...|...|...3
25 30 0 0 02040608 1 1214 16 1.8 2 22
My, [GeV] p?’ [GeV]
E;'>2.5 GeV
| 77y| <24
N, =2
W, >5 GeV/c?
Charged particle track veto to suppress yy — e*e
p;' < 1 GeV/c for W, <12 GeV/c? or p;7"< 2 GeV/c
for w,, > 12 GeV/c? to reduce fake photons
Acoplananty A, =(1-|A¢,|/m) <0.01 to reduce
CEP gg — vy
Efficiency factor CA™A> = 0.35 £ 0.024
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Data/Theory comparison

= Measurements at LHC:
= ATLAS (Nature Phys. 13(2017) 852-858; PRL 123, 052001 (2019); JHEP 03 (2021) 243)
= CMS (PLB 797 (2019) 134826)

Ereinan Lo scion oo

ATLAS (480 pb) 70 + 24 (stat) + 17 (syst) 4.4 G

CMS (390 ub?) 14 120 + 46 (stat) + 28 (syst) + 12 (theo) 3.7 ¢ >5
ATLAS (1.73 nb1) 59 78 £ 13 (stat) = 7 (syst) £ 9 (lumi) 8.20c >6
ATLAS (2.2 nb1) 97 120 £ 17 (stat) £ 13 (syst) = 4 (lumi) >5

= Theory calculations at LHC:

m Cross-section [nb] | W, [GeV/c?] Less than 2G discrgpancy

Data-to-theory ratio:

AR Gl | 6923 >6 = 1.50+ 0.32 (ATLAS — Krakéw)
Krakow 51+5 >6 = 1.54 £0.32 (ATLAS — SuperChic)
SuperChic 505 >6

ALICE can provide complementary result in low W, <5 GeV/c?
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Search for axion-like particles (ALPs)

Light-by-light scattering is sensitive for BSM physics

ALPs are class of hypothetical pseudoscalar particles with
unknown mass-coupling relation

Dark matter candidates
Axions initially proposed to solve CP problem

1., . 1 5y 1 g
! & L
L= =0"a0,a — =mya” — —gqyaF"F),
2 2 _]: ! Existing constraints from JHEP 12 (2017) 044
_I'_' R | T o T T vy
Pb Pb(*) 3
; 1{}1 I
- LHC
Yoy +inv. ’ (op)
100(&*&‘-y+lmr_ PrimEx
CMS yy— 2019) 134828]
107'F Beam-dump  ATLAS ATLA (this paper)
Y Y= | B R S
Pb pb(*) 10 10 10 10 10 10 - FGC;\,.I']

ATLAS and CMS set limits in a mass range 5 <m, < 100 GeV/c?
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= DGLAP: Dokshitzer—Gribov—Lipatov—Altarelli—Parisi evolution equations
= BFKL:

E.A. Kuraey, L.N. Lipatov and V.S. Fadin, Sov. Phys. JETP 45 (1977), 199;
Ya.Ya. Balitsky and L.N. Lipatov, Sov. J. Nucl. Phys. 28 (1978), 22.

= JIMWLK: Jalilian-Marian, lancu, McLerran, Weigert, Leonidov and Kovner
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