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LHC as hadron and photon collider
\W Ultraperipheral collisions (UPC):b > R +R,

- Hadronic interactions strongly suppressed

Z
O NN/ ‘L R] . ] .
/ \\ " Electromagnetic fields:

- - Treated as quasi-real photon fluxes

A

z - Small virtuality Q < 1/R ~ 30 MeV
//\\ - Proportional to 72

UPC physics reviews:

A.J. Baltz et al, Phys. Rept. 458 (2008) 1-171
J.G. Contreras, J.D. Tapia Takaki, IIMP A30 (2015) 1542012
S. Klein and P. Steinberg, Ann. Rev. Nuclear Part. Sci. 70 (2020) 323

Related ICHEP talk: Roman Lavicka, J/w production and polarization in
photon-induced reactions in Pb-Pb collisions with ALICE
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https://indico.cern.ch/event/1291157/contributions/5896573
https://indico.cern.ch/event/1291157/contributions/5896573

/) Run 3 Pb-Ph
VBN = 5.36 TeV

Central Pb-Pb collision
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ALICE
Run 3 Pb-Pb
\SnN = 5.36 TeV

\ Ultraperipheral collision
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Vector meson photoproduction
Photon flux ~ Z2

P, Pb P, Pb

Factorize UPC cross section;

= 0, @)or(y) + 1 (—y)oen(—y) ° RED: flux of quasi-real photoqs
dy * QCD: photonuclear cross section O rp
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Coherent and incoherent photoproduction

Pb Pb LO:  Ryskin, ZPhys.C 57 (1993), 89-92
NLO: K. Eskola et al, PRC 106 (2022), 035202
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ALICE, Pb—Pb |5,y = 5.02 TeV

UPC, Ly =233+6 pb
ly| <0.8 3.00 < m,, < 3.20 GeV/c?

o ALICE data
— Coherent Jiy
— Incoherent J/y
— Incoherent J/y with nucleon dissociation
— Coherent J/y from y' decay

— Incoherent J/y from y' decay
— Continuum yy — I
— Fit: x%/ dof=2.44

Pb Pb

e Coherent:
— Coherent interaction with all nucleons

- {pp ~1R,, ~60MeV/c
— Exclusive process

)\Coherent

e Incoherent: 107k
— Interaction with single nucleon ; L‘
L | 1| | = | 1 11 | | | | 111 I | I | I 1 1

- <pT>~]/Rp~450 MeV/C 0 02 04 06 08 1 12 14 16 18 2

— Can cause nuclear breakup ALICE, PLB 817 (2021) 136280 Py (GeV/)
6
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Rapidity dependent cross section measurements

ALICE, PLB 798 (2019) 134926, PLB 817 (2021) 136280
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ALICE Pb+Pb — Pb+Pb+J/y |5, = 5.02 TeV

[ ALICE coherent J/y
- - - - Impulse approximation
------ STARLIGHT
—— EPS09 LO (GKZ)
- LTA (GKZ) e RO
——— IIM BG (GM) #2"
— — IPsat (LM)
— - BGK-I (LS)
- -=-- GG-HS (CCK)
— - b-BK(BCCM) -~

OyPb
Sp=,/"a ~065aty~0 (x~1073)
YPb

12

do/dy (mb)

10

Direct evidence for strong nuclear shadowing! 4

‘1I|I|||||III||I\[III|III

6
dopypn (Y
#U = ny(y)orn(y) + ny(—y)opr(—Yy) 4
(/1@/ ,”’_;“l‘. =
f * f \ 2'__ i e
low-energy high-x high-energy low-x e

photons gluons photons gluons 0 _4/ 3

X ~1072 (~95%)
X ~1075 (~5%)
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ALICE, JHEP 06 (2020) 035

Dlsentongllng low- hlgh X qmblgwty

§ 19 - ALICE Pb-Pb UPC {5 = 5.02 TeV
w i
_________________ | ey - : —— ZNA energy
10° = Do —— ZNC energy
‘on.
:.:»‘*:,
102 fﬂ{ :} ﬂﬂ] h I |
‘ i A1nh it
¢ S AV
Jly of ’| ﬂgn bw{ J !
----------- - - - - - - <---- ----------------- L ' T2
ZN energy (TeV)
Meadsured Calculated photon fluxes
dopip,(y) 0 o/ 0 0\
. _ non nOn
OnOn: no neutrons 2y = n," " (y)opp(y) + 1, (—y) oy (—y)
' dopiph (y) OnX OnX
. . nXxXn nXn
OnXn: neutrons on one side 1 = n)"(y)oen(y) + " (—y)oyen(—Y)
Guzey, Strikman, Zhalov, EPJC 74 (2014) 7, 2942 Unknown photonuclear cross sections
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ALICE, JHEP 06 (2020) 035

Dlsentongllng low- hlgh X qmblgwty

§ 19 - ALICE Pb-Pb UPC {5 = 5.02 TeV
L i
_________________ ., ;. : —— ZNA energy
10 . —— ZNC energy
. = O n.x )
n R
102 ;',{ j n |
i i ]n it
\%, I i *h ftﬁ L HH
J/\V 10¥ f“ 2n “‘b qw H
: ’ n "ﬂ J !
[ S | TR B | L L
|| 70 2 P 2

Measured

¥

OnOnN: no neutrons dag%%t(y) __0OnOn Onon

' i " W)+ —y)ore(—y)
OnXn:; neutrons on one side dalg%%%(y) OnXn OnXn

' dy = Ty (y)oypn(y) + L (—y)oypn(—y)

Guzey, Strikman, Zhalov, EPJC 74 (2014) 7, 2942
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ZN energy (TeV)

Calculated photon fluxes

N

Unknown photonuclear cross sections




Coherent J/y photoproduction + neutron emission

ALICE, JHEP 10 (2023) 119

‘é 8 ALICE Pb-Pb |Syn = 5.02 TeV 'g 1.2 ALICE Pb-Pb |s, = 5.02 TeV
< _F + ALICE OnOn s >~ [+ ALICE XnOn
K 7? - - Impulse approximation K - -- Impulse approximation AR SRS ST L
5 --STARIight 1 5 1.0 __ sTARight
6 —EPS0910 OnOnN - —EPS9L0 - XNnOn
5 ....GG-HS ¥ 0.8~ . GG-HS
ALICE, JHEP 06 (2020) 035 F - b-BK-A I T - b-BK-A
4:_ -’ - O.Gj 5
ALICE Pb-Pb UPC \/s_NN =5.02 TeV Si C
< 8 " E 0.4
% L R 10° E 4
S 2- g
§ 6 11 0.2—
o 1 E r v
& S = 0:. 007"7""“, [ S 1 !
g ¢ 10° - -3 2 = 0 1
N Y
=25 =
'g L ALICE Pb—Pb \sy, =5.02 TeV 'g 1.0/~ ALICE Pb-Pb sy, = 5.02 TeV
10 > _ [ #ALICE OnXn+XnOn >~ |+ ALICE XnXn
O 2.0 -- Impulse approximation _.---"""""""-ooomTToe - K - -- Impulse approximation
87 - STARIgn L L L
-2 - S 0NXN+XNOn C sl TA
1.5 ....GG-HS . | ...GG-HS
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Photonuclear cross section as function of energy .

Bjorken-x

1072 1073 107 10°

. 3 3 I_l T T | TTT T T T T T I TTT T T T T T | TTT T 1 T T T ‘ I:

- ALICE: photonuclear cross sectionwas =10 4 atce po-ro s -5027ev E
measured at energies ~ 813 GeV, T f ]
f f . I % N o Guzey et al., using ALICE Pb—Pb |s,,, = 2.76 TeV (PLB 726 (2013) 290-295) N
or the IrSt tlme' B , Contreras, using ALICE Pb-Pb |/s, = 2.76 TeV (PRC 96 (2017) 015203) i
10° E

: %}] LI

i _ ]

B = @:I [ﬂ 7

[e]

0 ? E
B + 1 1 1 1 1 | It 1 | 1 It 1 1 1 | | 1 | i

20 30 4050 10? 2x10? 10°

Wy (GeV)

ALICE, JHEP 10 (2023) 119
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Photonuclear cross section as function of energy .

Bjorken-x

1072 1073 107 10°°

. 3 3 I_l T T T | TTT T T T X T I JITTT 0 T T T | TT T T 1T T T T ‘ l:

- ALICE: photonuclear cross sectionwas =10 4 atce po-ro s -5027ev E
medsured Gt energies ~ 8]3 GeV’ g E ¢ CMS, Pb-Pb VST\W=5.02 TeV (arXiv:2303.16984) E

f f . I % | o Guzey et al., using ALICE Pb—Pb |s,,, = 2.76 TeV (PLB 726 (2013) 290-295) N

or the IrSt tlme' B , Contreras, using ALICE Pb-Pb |s,, = 2.76 TeV (PRC 96 (2017) 015203) i

+ Good agreement between ALICE and CMS |

10° B

: a¥ ]

L EE"E' %}] i

— (= x|
I === = |
[e]

10E ? E

L + 1 1 1 1 1 | 1 1 | 1 1 1 1 1 | | 1 | ]

20 30 4050 102 2x10? 10°

W, (GeV)

ALICE, JHEP 10 (2023) 119
CMS, PRL 131 (2023) 262301
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Photonuclear cross section as function of energy .

Bjorken X
102 10°° 107 107
. 3 3 I_\ T T T | rTr 1T T T I YETT T 0 T T | TTT 1T T T T T ‘ Ii
- ALICE: photonuclear cross section was =10 4 Alce po-rb s~ 502 Tev anxuzaos. aos0) g
H ~ e C ¢ CMS, Pb-Pb |s, = 5.02 TeV (arXiv:2303.16984) ]
meosured Gt energles 8]3 GeV, 05- * t Guzey et al., using ALICE Pb—Pb s, = 2.76 TeV (PLB 726 (2013) 290-295) .
b — R

A Contreras, using ALICE Pb—Pb |s,, = 2.76 TeV (PRC 96 (2017) 015203) L

for the first time!
I~ - - Impulse approximation =il
+ Good agreement between ALICE and CMS ek STARIgHt -
- Experiment vs Theory: I e ;

— At low energies:
compatible with Impulse Approximation
and hadronic models 1oL
- Atlarge energies: E
compatible with LTA and dipole model [~ ', . , . | ]

(b-BK-A, GG-HS) 20 30 4050 107 2107 - ((;gf/)
Y ,N

T I\IHI‘

ALICE, JHEP 10 (2023) 119
CMS, PRL 131 (2023) 262301
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Nuclear suppression factor

is measured down to x ~ 107!

O.

YPb

Seb =, [ —[x-
O-be

« At small x: results compatible both with LTA
(based on gluon shadowing) and models
based on gluon saturation

Nazar Burmasov
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 For the first time, nuclear suppression factor

1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2

Bjorken-x
1072 107 1074 107°

1 1 1T T IIII\IIT T [TIII\\\ T |\\IT|V| T ‘!l

¢ ALICE, Pb-Pb \/S_NN =5.02 TeV

¢ CMS, Pb—Pb s, = 5.02 TeV (arXiv:2303.16984)

i Guzey et al., using ALICE Pb—Pb s, = 2.76 TeV (PLB 726 (2013) 290-295)
A Contreras, using ALICE Pb—Pb |s, = 2.76 TeV (PRC 96 (2017) 015203)

- - Impulse approximation -.--LTA
--- STARIight - GG-HS

— EPS09 LO ---b-BK-A

I\II\I|II\|\I!|II\|\IL|\II|I\

20 30 4050 10? 2x10° 10°

ALICE, JHEP 10 (2023) 119
CMS, PRL 131 (2023) 262301
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Opportunities in Run 3 and 4

. . . _ _]
EXpeCted vector meson statistics in Run 3-4 at 13 nb Z. Citron et al,, CERN Yellow Rep. Monogr. 7 (2019) 1159

Pbe TTTT T T T T T T T T T T T T T T T T T

o Al <09 <24 25<n<4 2<n<s F aRISEeIRTIaEER RESRIESRPS R T Y /{/l/
Meson Total Uy VSuy =55 TeV,L =13 nb” ]
po T 52b 68B 55B 21B 49B 13B - .
portn atr” | 730mb 95B  210M 2.5B 190 M 1.2B 0.8k ',,+<|/ |
¢ — KK~ 022b 29B 82M  490M 15M 330 M ;/,,""”"' 7
Y —ptp” 1.0mb 14M 1.1M 57M 600 K LeM | [ e 1 |
W(2S) = ptu~ | 30ub 400K 35K 180K 19K 47K | Z08F PSP T T s
Y(1S) » ptp” | 20ub 26K 28K 14K 880 20K | ® 1
04r | CcMsY(1S) dodata -
. o pseudodata -1
Run 3-4 900|S° i — EPS0SLO,Q=m,, /2 | ALICE Y(1S) pseudodata |
e Precise measurements of nuclear 0.2~ —— EPS09LO,Q=m /2 | ALICE y(28) pseudodata ]
. - — EPS09LO, Q=m, /2 {  ALICE J/y pseudodata .
shadowing at small x - ;| E | | ]

e Detailed study of nuclear shadowing 10° 107 107 107

as function of Q2
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Opportunities in Run 3 and 4

ALICE, PLB 798 (2019) 134926

6000

r 50 MeV/c?

5000

Counts pe
N
o
o
o

3000

2000

1000

ALICE, Pb—Pb /s, = 5.02 TeV

UPC, L, = 754 + 38 ub"
pr < 0.25 GeV/c
—4.00< y <-2.50

N, =21746 £ 190

N, =521+ 63

x?/dof = 1.37 (96.2/70)

m,, (GeV/c?)

Counts per 20 (MeV/c?)

1600
1400
1200
1000
800
600
400
200

- ALICE performance in Run 3, Pb-Pb, |5y = 5.36 TeV

= ++ P < 0.25 GeV/c

— ++ 4<y<-25

- ¢

= b

— t

N ¢

— b

1:',*4'+*++ ++

[ "y A "

— “W. *Q; ¢

L (A

B d"..o.. 0atee, 00008 o,

I I T TN SR NN SN SO SO SN NN TN M.M
2.5 3 3.5 4 4.5 5

M, (GeV/c?)

e Run 3 and trigger-less readout give an opportunity to go down to small invariant masses!

Nazar Burmasov
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Dilepton continuum

= 10 IR RS AR AR AR AR RRRRE R RN~
Pb Pb 8 i Pb- Pb VZ‘NN = 2 76 TeV ALICE Prellmlnary .
;B_ 102 3 ; : —+— ALICE (2010 data) stat. errors 3
o - : —}— ALICEEPJC73 (20132617 ]
; € eLN worosam ]
&::L E _+_ STARLIGHT 3
; 242 1074 b Pb.tl:.?.b.“ﬁ..P.brkl?.b#?{.}!..7>.4P.brk.P.bﬂre..e ....... _=,
5 Fi | = =
s -
10-5 E— ; .......... ?
Pb Pb - : @ ; : o
10‘6 lIllIlIlIllIIlllIIlllllllllllllllllllllll Ll 1 1

1 2 3 4 5 6 ¥ 8 g 10
My (GeV/c?)

e ALICE: dielectron continuum at central rapidity in good agreement with LO QED
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do/dm,, (mb/GeV/c?)

Forward rapidity

Dilepton continuum
Mid-rapidity
? .
10 Pb-Pb, |5, = 5.36 TeV STARlight
“1<y<t Upcgen
10 SuperChic
1
107
1072
S— L.
1.6F
1.4
1.2}
]
1 2 3 4 5 6 7 8 9
My (GeV/c?)

Ratio to STARIight

R .
= 10 J—
s Pb-Pb, |5y, = 5.36 TeV STARNght
% 4<y<-25 Upcgen
£
‘é 10 SuperChic
g
3
3 1

107

1072

| L L L i L L

= 1.6}
k=2
o 1.4 =‘_‘_,=='_,_,:»:9:=
<C
'(7) 1.2
e L R L LTI LT IE I IR I I TETRLE
o
k= 1 2 3 4 5 6 7 8 9 10
s m,, (GeV/c?)

STARIight: CPC, 212 (2017) 258-268 Upcgen: CPC, 277 (2022) 108388 SuperChic: EPJC, 80 (2020) 925

STARIight: point-like flux, hard cut-off at b =
SuperChic, Upcgen: realistic form- factor
Visible differences at high rapidities

Nazar Burmasov
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PRC, 75 (2007) 034903
JHEP, 08 (2021) 083

v

\ 4

Unitarity?
§ >
s S 9 : R

Multiphoton interactions?

b

vl

Photon flux treatment?
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Tau anomalous magnetic moment

Pb Pb
7 160 -
CPC, 277 (2022) 108388 < L . * ALICE Simulation s
5 £ 140 ) Pb-Pb UPC, |[Sy, = 5.02 TeV
i ST ~ Il <0.8,p.>0.3 GeVic
- — Uy é 120~ 11T — e+ Wnevents 40
S
N = 100/
T - e+ Wn
\ I/e 807 -
@ 60; 1 |
Pb Pb “r
T R B SRR PR B A + + 0 20
BR(7T = e" 4+ ve +1v7) = 17.8% B
46 8 10 12 14 ( et vr ° -

0

11 11 L 1 L L L L L L ‘ L Il 1 ‘ Il 11
20 40 60 80 100 120 140 160
TPC signal 1 [arb.units]

OO

)

mq, [GeV/c?] BR(7% — pE + v, +v,) = 17.4%

BR(7T = 7% + nn’ 4+ v;) = 45.6%
)

BR(7* — m*rT 7% v, + neutral pions) = 19.4%

e Cross section of two-photon process yy — 1t is sensitive to a !
e DELPHI:-0.052 <a_<0.013 (95% CL)  oeLpH, EPIC, 35 (2004) 159
e QM= 0,0011772](5) Mod.Phys.Lett.A 22 (2007) 159-179

Nazar Burmasov ICHEP 2024
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Tau anomalous magnetic moment

Number of events per 1, GeV/c ALICE Simulation
— 1 | Pb-Pb UPC, {5, = 5.02 TeV
s PbPb — PbPb + 11, 5 TeV, 2.7 nb 11l < 0.8, p. > 0.3 GeVic

104k ALICE acceptance: 1 electron + 1 pion/muon | Tt e+wnevents 16 %
3 SS— <0.9, pr> 0.3 GeV,
2 = ml & o DELPHI

103 — -
- — ALICE 2.7 nb™!, 5% sys

102 3 —_— —
E — ALICE 2.7 nb™, 3% sys

—a.=0 _ et |
1] S — T = .
- a.=+01 N ALICE 2.7 nb™, 1% sys e
2 ;

[S—

Phys.Part.Nucl. 54 (2023) 4, 590-594 — .
1 ALICE 13 nb™, 1% sys

0 2 4 6 8 10 008 006 004 002 0 002 004
Electron pt, GeV/c a,
Deviation from SM
A
I N\
Nblns

2
« Considering uncorrelated systematic uncertainties Z — Si(ar)]
« Precision limited by systematics — Ot + (o™ )?

[ S 20
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Conclusions

e Unique opportunity for detailed studies of %
nuclear structure at small Bjorken-x %

e Possibility to test QED in strong EM fields g’
with ALICE continuous readout

e Prospects for searches of physics Beyond
the Standard Model

- - -
- N N o)
T[T T

o
®

0.6

0.4/

0.2

0

T

ALICE Performance, 2023
Pb-Pb, |5, = 5.36 TeV
Recorded: 1535.5 pb™

| \\J‘\

\\\Jl‘\\J

05 Oct

Nazar Burmasov ICHEP 2024

12 Oct

19 Oct

26 Oct

12

10

21

Number of collisions (B)






Backup
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Tau anomalous magnetic moment

ATLAS Run 2 results

CMS Run 2 results

' — 1 PRL131(2023) 15, 151802 ;
OPAL 1998 |_| DELPHI, ee—e(yy—tr)e
L3 1998 ‘o : 68% CL, Eur. Phys. J. G 35 (2004) 159
DELPHI 2004 =@ — - :

Pb+Pb {5=5.02 TeV, 1.44 b ] CMS Preliminary, PoPb—>Pb' (Y7 500 PD"
—_—

u1T-SR __i_.__ @ Bestfit value 68% CL, 0.4 nb’
wrsn ——s —oa :

- T : CMS Phase 2 Projection Preliminary

e- L : - -
K ! i PbPb—Pb" Yy, 500 P’ 68% CL, 13 b’
Combined = ' : Based on rate-only-analysis, assuming 4% uncertainty
Expeclet | —— , . il PRL 131 (2023) 15, 151803
—0 1 -0.05 0 0.05 0.1 -0.1 0 0.1
a. a,

Nazar Burmasov

Promising results from ATLAS and CMS
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CMS Run 2 results (pp)

CMS Preliminary 138 fo™" (13 Tev)

® Observed —68%CL —95% CL
——— T T T
OPAL :
PLB 431 (1998) 188
L3
PLB 434 (1998) 169
DELPHI ——
EPJC 35 (2004) 159 {
ATLAS Pb+Pb ———
PRL 131 (2023) 151802
CMS Pb+Pb J
PRL 131 (2023) 151803
This result o
e gy oo 0 op oy oo T oo ow B
-0.1 -0.05 0 0.05
CDS: CMS-PAS-SMP-23-005 ar
SN 24



