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Qutline

e Ultraperipheral collisions: photon induced reactions using relativistic
heavy nuclei

e Examples of processes in UPC:
* Photon-photon processes
* Exclusive reactions
* Inclusive processes:
» Open charm photoproduction in UPC:

» Theoretical predictions for D9 production in UPC at LHC and
comparison with CMS data

Work with Gian-Michele Innocenti and Matteo Cacciari, arXiv:2506.09893
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UPC topical conference

UPC2025: The second international workshop on the physics of Ultra

Peripheral Collisions

Jun 9-13, 2025 C
Saariselkd, Finland Norwegian Sea
Europe/Helsinki timezone

Overview
Scientific Program
Call for Abstracts )
Norway Finland
Timetable : = StP O
- The second international workshop on the physics of Ultra Peripheral Collisions will be organized in (i('j)slo b . '\?;_%E;;Eférugﬁypr
Contribution List Finland in June 2025. Batioses ~ Estonia =" o

Book of Abstracts

North Sea

This is an in-person only event. Fios
. . Denmark * Mockea
Registration {,/\ i

The following research topics will be discussed:

Participant List izt Netherlands gerlin © o
Exclusive processes and small-z physics © London Germany
Important dates Monte Carlo event generators for UPCs and photon-mediated processes Belgium w
Inclusive and diffractive processes and photon, proton and nuclear structure © Paris Slovakia Ukraine

Financial support Photon-photon physics, precision tests of SM and BSM

New directions in UPCs, connection to heavy-ion physics, and synergies with EIC and other
facilities

Travel and
accommondation

Discussing ultraperipheral collisions in ultraperipheral location...
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Heavy ion collisions

LHC :

\@ = 5.36 TeV

Collisions of highly relativistic nuclei

lab frame Lead (Pb) nuclei:

— total 208 nucleus (A=208)
— 82 protons (Z=82)
— 126 neutrons
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PhPb event at LHC

CMS Experiment at the LHC, CERN
% Data recorded: 2023-Sep-26 18:00:42.425216 GMT

. - Run / Event/LS: 374288 / 9490950 / 84

PbPb collision: large multiplicity of produced particles
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UPC events: light by light scattering

light-by-light scattering in UPC PbPb collisions at 5.02 TeV
Two back-to-back photons with an invariant mass of 24 GeV with no
additional activity in the detector are presented.
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CMS Experiment at the LHC, CERN

Data recorded: 2023-Oct-10 05:24:04.000512 GMT p h Oto n u CIe a r eve nts

Run / Event/LS: 374925 /591414336 / 646

Clean dijets events with

> 3 negligible

underlying QCD
background

A photonuclear dijet candidate in PbPb UPCs ‘23




Ultraperipheral AA collisions

UPC: ultraperipheral AA collisions, b > 2R,

Dominated by electromagnetic component

Cleaner environment than standard AA
collisions

Equivalent photon approximation EPA

Photon flux enhanced by Z? of nucleus

Unique source of high-energy photon-
nucleus collisions at a collision energy is much
higher than in any electron-ion collider

LHC :
PbPb, Z=82, A=208

\@ = 5.36 TeV
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Equivalent photon approximation

Fermi, Weizsaecker, Williams

Flux of photons from a highly relativistic projectile
272 | z _ n = zm,by;,/(hc)

Fu(2) = === | nKonK,(m) — (K, () = Ko
7 2

Z=82b. =2R,=2x7.1fm

Flux is cutoff at:

Zﬁ,/A(Z) 1ooo§— Zmax ™~ (hc)/(mpbmin)
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Photon fluxes for electron and nucleus

zf(2)
1000? Comparison with electron
100 " A flux
10 HERA (electron-proton)
1 . photon energy, extending
02— 0012 Gev? | to large fractions
0100 F o o o o e oL .
T eesessennnn SR € UPC: flux steeply falling
0010 I beyond z=0.01
oot e,
107 0.001 0.010 0.100 1
M
HERA range Small z
electron
[(2) = lo (2) =~ —lo
Joil2) 2 Z g< (m,z)? T T |z . (m,z)?
nucleus ] ]
27%a n’ n=zmpb.,. /(hc)
fin@) = — = [ nKy(mK, () — 7(1(1(;7)2 — Ky(n)) ’
i i Z=82,b. =2R, =2x7.1fm
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UPC physics

Yy physics
Pb Pb® Pb Pb
\% p* p*
Y 5 b +
Y ‘ A 7_
Y . -
y
) pr p*
Pb kb Pb Pb

Testing QED
Testing SM in general

BSM and exotic searches

YA :photonuclear interactions

Pb

gap

gap

Exclusive production

Pb

Pb

»
>

Inclusive: dijet, heavy quark production
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YY physics: g-2

S myyS o g = 1: classical
g) y,:g—S — ¢ g = 2: Dirac
2m
7

g ~ 2.002: QED

a'°"P) = 0.00115965218059(13)
CL'ELexp) b— 0001 165920715(145) Latest FNAL+BNL combined
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YY physics: g-2

Constraints for g-2 from yy — 7t
PbPb measurement is in
CMS Prefiminary ~ [1.61,1.70] nb™" - PbPb (v/Swy =5.02TeV) complementary phase

J.III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|il|II|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIJ.

DELPHIe'e” [ | — SM space to pp measurement

(EPJC 35 (2004) 159) — 95% CL_‘

| — 68%CL -

CMS PbPb
(PRL 131 (2023) 151803)

From pp (most precise)

ATLAS PbPb
(PRL 131 (2023) 151802)

al**P) = 0.0009(4-0.0032, —0.0031)

CMS pp
(Rep. Prog. Phys. 87 (2024) 107801)

e+3prong
(This result)

From PbPb

H+e
(This result)

a'®®P) = —0.035(40.018, —0.010)

H+3prong
(This result)

H+1prong
(This result)

Combined
(This result)

1
TIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|:IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIT
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plot from Michael Murray a.
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Exclusive vector meson production

g r Ein Vi=J/,é,p

Exclusive (photo)production of vector mesons
Mass of the vector meson provides a hard scale
Process sensitive to square of gluon density Q* = (Q*+M2%,)/4

Lowest order formula (for electroproduction as well)

do FeeM3 ﬂ_g S )? = ° 2
— (VP = J/Y p) LZO = 48‘]5” [a gf ):cg(a:,Q2)] <1+ © )

Ryskin
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Exclusive vector meson photoproduction

Measurements in e = |
p 5‘ B & - Otot(Yp) i W°'16
c10?F
2 P .
o .
Rise in the slope of the g Mo o(yp — pp) wo#
10 | = oW
with the scale of the process  © 5 olvp — w022
IT) o Qo Yp (l)p)
1 :_ o0%a0 0 w0.22
= o © o
o~ WO b o(P — 4p) -
10 F
o(yp — JApp) W
0 ~4(a,(t) — 1 2f
( b ( ) ) 10 F = zEUS
E e ZEUS
. ofyp — (2S)p)
- HERMES
ap (t) — CVp(o) + CY,t 10'3 : O fixed target W2
olyp — Y(1S)p) /rﬁ/‘/
0L arXiv: 1001.3241
1 10 10° W (GeV)
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VM photoproduction over range of energies

Can be measured in UPCs

Yp — J/Yp

X
- 1072 107° 107 107

o) L A LA L T T ;
M £ ~ ALICE .
Provides large energy range 3 i : ALICE (PRL113 (2014) 232504) g
R B Power-law fit to ALICE dat i -

together with HERA S boowm o
0 L v ZEUS 00 @‘é@""@ il

o O  LHCb pp (W+ solutions) R AT
measurements = - O  LHCb ES (W- sscjutioonss) Y;Er)f - .
Can test evolution and gluon L ek A coT E
. SO JMRT NLO .
density at moderate scales ~ F &g ol STARLIGHT param. -
NLO BFKL .
NLO coll; CGC (IP-Sat, b-CGC) |
collinear ) g ;
3 13 -
NLO BFKL E :
= 1 7 =
. . °© 1E = ---__-_ T =
Nonlinear BK evolution 2 o, T e
with parton saturation oo Rt
- 20 30 40 50 60 1(I)2 2x10? '1cl)3 i
- -343701 WYP (GeV)
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VM production: dipole approach at high energy

At high energy: photon fluctuates into
quark-antiquark pair and interacts with the target

Differential cross section

do 1
— = —|A(z, A, Q)|

Amplitude
Alx, A, Q) = Z /d2r/dz\IJh,h*(r,z,QQ)N(:c,r,A,z) \I!X’h*(r,z)
h,h

N(z,r,A,2) = 2 / b Nz 1. b) i b-(1-2)0)

Dipole amplitude
r dipole size

N(x,r,b)

b impact parameter
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o (nb)

VM production in the dipole picture

BK nonlinear equation for dipole amplitude at small x Balitsky; Kovchegov

O Nx,x d*x
ﬁ N / 2T K(zo1, 212, 025 s, m) [Nxgxy + Nxaxy = Nxoxi — Nxoxz Vxax |

Can obtain good description of various features of the data on VM elastic photo- and
electroproduction in electron - proton using impact parameter dependent BK

HERA data
Berger, Stasto oo s
Y p=>JAyp 103: . . _ . . — . Y p=>Jp
102? W - 100 Gey Q2 =0.05 GeV?
N; 5 7
T
| 5 & |
107 ¢ 3 @” x
L © Al
I R S ﬁ
0 100 200 300 : — — — ' ' 3 . . . . L
W (GeV) 0.0 0.2 0.4 0.6 » 0.8 1.0 1.2 102
Itl (GeV*) W (GeV)
energy dependence t dependence energy dependence of

the slope
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o [nb]

VM production in UPC on proton and nucle

plots from J.Penttala

1072 1073 10~4 10-6

BK
[ === BK (no IP)
1031 € ZEUS
Y HI

B ALICE
¥ LHCbH

1077

102} Y+p—J/+p
Q? = 0 GeV?
i i I
W [GeV]

o [nb]

10° b

10*

VM in UPC PbPb: can test nuclear effects of the gluon density
BK equation (with impact parameter dependence) can provide reasonable description

of the data

Pb data point to stronger suppression

see lecture by Christophe Royon

10-2 10 10* 1077 1076 1077
— BK
=== BK (no IP)

Y ALICE

N

v+Pb—J/19+Pb]
}! Q% =0 GeV?

Y

G G G

W [GeV]
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UPC with hard scale: open charm production

Klein, Nystrand, Vogt;

A A — A DX Adeluyi, Bertulani;

Adeluyi, Bertulani, Murray;
Gongalves, Bertulani

A A D(ppy) Ug;
Y :
— [ ﬁg
A \_&i

 Advantage: access to wide range of scales : m = \/ pi+m?

YYY

YYY

* Inclusive(® process: test of factorization and universality of PDFs

e Charm produced mainly in yg fusion

e Sensitive to the nuclear gluon density: nuclear modification
e Tests of parton evolution: DGLAP vs BFKL vs CGC ...

C

C
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(x, Q2) kinematic space in nuclear DIS

e Probing nuclear structure

Armesto, Cridge, Giuli, Harland-Lang,

HOb NNPDE EPJC 79, 471, 2019 :
e Limited to fixed target DIS so far, Newmc;:z(,G i’cz)hmookler, Thorne, Wichmann
moderate to large X “’Gf EIC eAu 18X110 GeV 3
e Electron Ion Collider will open | i 107 EIC eAu 10X Gev ;
- N E EIC eAu 5X41 GeV ]
new kinematics o iy ok PPDELHC
i [ : : ; ‘. i . ‘,-’I f DEEF
&% o “ ":'IJ 10° 0B 0 o
S b I - —opB584]
s L P oot
e e L CE R g PPb@LHC Mé
I T T R 10? RHIC® BED;
o ooooo DQ%FV 7
e | L / /e
1 E
qorecind v i vl
10°° 107 107 107 1072 107" 1
0% *
Charm photoproduction
e Charm produced mainly in yg DGLAP
fusion
* Sensitive to the nuclear gluon ———
density in UPC BFKL/BK
e Can test low x evolution:
DGLAP vs BFKL vs BK >
X
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(x, Qz) kinematic space in UPC with nuclel

x-Q? coverage from yN data

c\’,>\1 O6§
8 - Proj. UPC charm Run 3 with CMS acceptance
0P -24<y°<-1.0,0.0< pi <12.0 GeV
@) § -1.0<y°<0.0, 0.0<p$< 12.0 GeV
= 0.0<y°<1.0,0.0<p’ <12.0 GeV
104 1.0<y°<2.4,0.0 <p’ <120 GeV
- DIS nuclear target
10% data
10°
xr ~ e 7 -
SNN 10
1_|||||||| | |||||||| | |||IIII| | I||||||| | L1 1111l
Need pr < 2GeV,y > 1 to probe 107 107 107 107 1
X
o) .
small x and Q0 fegion Charm level estimate, fragmentation shifts
the estimates to higher Q*
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Example: probing low x gluon using charm at HERA

Y

stat. errors onIy:
\\‘\\\\\\ ‘ \\\\\\‘\\\\\\ ‘

50 100 150 200

u® (GeV?)

Using photoproduction D* data H1
extracted gluon density; using estimator

of the longitudinal momentum fraction
of proton carried by the gluon

10

H1 nNLO

e D* (DIS)
* D* (vp) 1
1 QCDfitto F, 1

—— CTEQ4F3 |

Sensitive to gluon at small x !
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Cross section for charm production in ep and UPC

Applying

collinear factorization

do 24 do 74
= [ dzy fy/a(zy)
dyd2pr v Sy /ANy dyd2pr photon flux
do74 dz Dy (%) do 4
— ) < fragmentation function
dyd®pr 22 M dydPpy °
J51A - 157 partonic Ccross section
dyedpre Z/dﬂ?A fj/A T A, F) dy.d2pr, (Py,zAPa, iR, LF)
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Direct and resolved contribution

In addition to direct process, need to take into account the contribution
when the photon fluctuations and the parton from the photon interacts with
parton from the nucleus to produce ccbar pair.

direct resolved

714% Both related beyond LO

Only sum is observable

Y

A

do"4A doti

Z/de /dl‘kfg/A (A, pur) [/ (X, o) T (xx Py, xAPa, iR, pr)

O'
dyc d2pTc
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Cross section for charm photoproduction in FONLL

FONLL: collinear framework for heavy flavor photoproduction and hadroproduction
Cacciari, Frixione, Nason; Cacciari, Greco, Nason

Connects small transverse momenta with mass effects to the large transverse
momentum region with logarithmically enhanced terms In p;/m

Accurate up to NLO: a__a,, &, @ terms exact

Includes terms up to NLL: a, o (a,In pT/m)k (a In pT/m)k

ems ems

Fixed order NLO

do = A(m)aemas + B(m)aemai—l—

dydpr

Resummed NLL

(aemas Z afz Qg lOg pT/m))Z - Oéemoé Z bz (as log(pT/m))z> X G(mapT)
1=2 1=1

+O(temas” (o log(pr/m))") + O(aemas”® x PST)

PST: power suppressed terms

G(m, py) is regularizing function, vanishing at p; — 0, and approaching unity at large p;
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Fragmentation functions: from c to D

D0,

DO in UPC and D* at HERA

Braaten-Cheung-Fleming-Yuan (BCFY) fragmentation function

Direct decays ¢ — D" and decays from D* states
Cacciari, Nason ; Cacciari, Frixione,

Parameter choice: r = 0.1 Houdeau,Mangano,Nason, Ridolfi

Use Peterson-Schlatter-Schmitt-Zerwas (PSSZ) function:

] 1 e \°
D(Z):/V—(l——— > o)

Z z 11—z - PSSZ

Parameter choice: € = 0.02,0.035

Frixione, Nason

0.0
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Comparison with HERA data on D*

Update FONLL results by Frixione & Nason with recent PDFs
Compute both FONLL and fixed order FO at NLO; direct+resolved

Proton PDF sets: CT1SANLO, HERAPDF2.0, nNNPDF3.0 p

Photon PDF sets: GRV, AFG

Fragmentation:
102 I I T I I i
PSSZ with € = 0.02,0.035, Frag. frac. for D*+: 0.235 ° o 11 ETAGAS dat
e tot 7 —1.5<y<1.5
BCFY with r=0.1, r=0.06 A
- 8t |
Scale variation: Ratio of photon energy 5" |
. . L . o 2 2 to incoming electron 107% F
pr=0.5+204, Hr = 0.5+2.0u0, o = \/mc tPr (usually denoted by y) o8 Lt

0 2 4 6 8 10 12

. Pr (GeV)
Charm mass: 1.3-1.5 GeV / FrixiomeNason
Data set 2 o | Zmin | Zmaz DT (pseudo)rapidity
H1 NPB 545 (1999) 21 H1 ETAG44 | 0.009 | 0.02 0.32 pr > 2GeV yl < 1.5
H1 ETAG33 | 0.01 0.29 0.62 pr > 2GeV Yyl < 1.5
ZEUS EPJC 6 (1999) 67 ZEUS 1 0.187 | 0.869 | pr > 2GeV nl < 1.5
HI1 EPJC 72 (2012) 1995 H1 2012 2 0.09 0.8 pr > 1.8 GeV nl < 1.5
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Comparison with HERA: pr distributions for D*

A H1 ETAG33 lylk15 Y Hi1 ETAG44 lyl<1.5

Note: these are

uF=1 , p.R=1 , PSSZ

—
NS
T IIIII|T|
—_
(@)
()
IIIIIII|

p.F=1, p.R=1, PSSz

ep Cross sections

T

...... p.F=1, p.H=1, BCFY

E w=1,0.5<u <2, PSSZ

S S ¥ S— o [ m=t 059 2. BCFY | ’

T

—_
o

...... w=1, =1, BCFY

: : : E w =1, 0.5<u <2, PSSZ
SRR ST - - [ ] w=1 059 <2 BOFY

-
o

IIIIIIII| J IIIIII|

T TP O PO

do/dp_ (nb/GeV)
do/dp_ (nb/GeV)

m(D*¥) = 2010 MeV

T IIIII|T|

S~
S
~

PN

107"

AL
'
'
'
’
—
o
[N
anL
‘
s

~e.
Seol
o4

s it [ N

S T PN PR Y T T

~o
~
~
~
)
s

—i
<
\o)
T IIIIII|
C
.
'
'
’
.
'
'
—
<
N
T IIIIII|

_3 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
2 4 6 8 10 2 107 2 4 6 8 10 12
b, (GeV) P, (GeV)

—
S
@
o

%‘; : . ZEUS mets E - | : : m H12012 hi<15

% 102 E_ ......................... ......... A - 102 E_ ......................... _________ w1, w1, PSSZ

= F - L=, 1 =1, BOFY PO R e 41, 1,71, BOFY Fragmentation:
E 10 TN ________________________ ol [ w1, 05 2, PSSz E 10} — "* ......................... ot [] w1 059, <2, PSSz

] e T S e o 1] SRS SO S X g — —

e Blue: PSSZ

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

T
.
D
I.
.
T TTTH

107"

WS-
i

: : : Se :
: : : Ssd :

SO SUUUROUURUUURUUE SUURRRR S F 9
: : : d g : 10
: : : : Sob

S
Y
~

S
~
~
H .~
‘‘‘‘‘
S ~1

10_2 —— l — l —— l — l B -2 T B | T B | [ | [ | [ | L1
0 2 4 6 8 10 12 10 0 > 4 6 8 10 10

Reproducing Frixione&Nason calculations, results with CT18ANLO consistent with previous ones
Fragmentation dependence: calculation with BCFY closer to the data than PSSZ
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Comparison with H1 (emasss, Ea633) data: rapidity distributions D*

)
Data set fax | Amin | Zmaz

z: frac. of e energy H1 ETAG44 | 0.009 | 0.02 | 0.32
p ool - —c . HIETAGS | 001 | 020 | 003
carried by y ZEUS 1 ]0.187 | 0.869

H1 2012 2 0.09 0.8

= 4r : :
2 - s H1 ETAG33,25<p <35 GeV
g IO SO S . o) -
%3.5: n=1, u=1,PSSZ R . s H1 ETAG33,35<p <5 GeV
~ - H H
o = = > C : : =1 =1, PSSZ
3 ] Py TTTTIOT he=1, =T, BCFY ' BT~ el T PSS
= [ ] n=1,05< <2 PSSZ S F R n=1, =1, BOFY
25:_ """""""""""""" """""""" \: u_=1,0.5<u <2, BCFY ' 1:_ ............... \:I u=1,0.5< <2, PSSZ

- [ ] w=1.0.5% <2 BCFY

1 1 1 1 i 1 1 1 1 i 1 1 1 1 i 1 1 1 1 i 1 111 1 i 1 1 1 1 ' ' ' ' '
_01.5 _1 _0.5 0 0.5 1 1.5 C 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
y —01 5 -1 -0.5 0 0.5 1 1.5
y

lower-x
e

=038

—
L : T o) H
o "F A Hi ETAGS3,50<p_<10.5GeV c [ & Hl ETAGH4 p>2GeV
g SO SUOTOTROTROTOOOS NORN > i =1 =1, PSSZ
> 0.7F s s =1, w =1, PSSZ i w=1, u=1,
xe} - : M= Mg SS % 20H F R e,
0 - S T w=1, u =1, BCFY o M --eee- w=1, u=1,BCFY
ko] 0.6__. ............... o R’ i E R
veb o |Tseesmaes | B
- [ ] w=1,05< <2 BCFY ! [ ] w=1,059,<2 BCFY
0.4F B

0.3

0.2
0.1

LIII|IIII|

1 1 1 1 i 1 le 1 i 1 1 1 1 i 1 1 1 1 i 1 1 1 1 i 1 1 1 1

5 -1 -0.5 0 0.5 1 1.5
y y

—01 5 -1 -0.5 0 0.5 1 1.5

lo
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Comparison with ZEUS data: pseudorapidity distributions D*

A ZEUS,p>2GeV - s ZEUS,p >3 GeV

p.F=1, MR=1, PSSz

p.F=1, MR=1, PSSz

do/dn (nb)

_______ MF=1' MR=1,BCFY _ [ MF=1, MR=1’BCFY

- E n=1,0.5<u <2, BCFY

- { [ ] #1059 <2 BOFY

8
7
6 : :
\: p"F=1’ 0'5<MH<2’ PSSz 5 _ ......................... ..................... \: “F=1' 0'5<HR<2’ PSSz
4
3
2

95 7 s 0 0.5 1 11 5 9% 1 05 0 05 1 1.5

A ZEUS, pT>4 GeV A ZEUS, pT>6 GeV
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Comparison with H1 2012 data: pseudorapidity distributions D*
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HERA ep vs LHC UPC AA

Differences between ep and UPC AA

e Electron vs nucleus photon flux: different behavior
e In ep: some data sets have larger range of Q*( ~ 2 GeV?)

* Proton vs nuclear target: nuclear modification expected
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UPC event selection

AA UPC: CMS selection of UPC events with OnXn (zero neutrons in one ZDC, at
least one neutron in opposite ZDC), requires accounting for survival probability
factor for nucleus due to possibility of electromagnetic dissociation (EMD)

(before scattering)

(after scattering)

incoming outgoing
Nucleus B Nucleus B
broken (Xn)
<4
incoming VYV outgoing
Nucleus A Nucleus A
y-emitting Unbroken (0On)
—> —>

In UPC OnXn selection means (part of) coherent diffraction is rejected.
In theoretical calculation it is included: inclusive process

Estimate from Frankfurt-Guzey-Strikman model: ~ 10 %
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Electromagnetic dissociation in UPC

* OnXn requirement means photon-emitting nucleus left unbroken

.. . . STARLIGHT
e Additional EM interactions can lead to break-up of nucleus
* Effective flux: fold the survival probability, assuming factorization of
hard interaction and soft-excitation probability
eff L 2 r
@) = [ b Puesi(B) Fyyazb) 6] )
Ratio of effective photon flux Ratio of DO cross section with
to no-break up photon flux and w/o breakup
> 1r g EPPS21 PDF
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%1_2'_ 809" +-1<;I<o BCFY FF
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g 1 5075 ‘\‘\:\'\Eh\’;'}ﬂi C

Sos- § 0.6§ \'\\.\\\‘\-\\,\&ﬂ\.

g Q0.5 \\“\-\kﬂ\‘
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Paukkunen 10 10°° 10-2Pht 10”" traction 2 o 2 4 6 8 10 12
oton energy fraction z pT (GeV)
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dzcr/dydpT (mb/GeV)

Comparison of FONLL with preliminary CMS data on D°
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_ (mb/GeV)

d?o/dydp

Comparison of FONLL with preliminary CMS data on D°
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Comparison of FONLL with preliminary CMS data on D°
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Low pr and transverse momentum distributions

nNNPDEF3.0

S nNNPDF3.0, m =1.5 GeV, BCFY r=0.1
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Nuclear gluon distribution: shadowing effects

Nuclear ratios for gluon EPPS21 evaluated at the middle of the pT bins

(2,5), (5,8), (8,12)
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1 065

o 1055_

Shadowing ratio at about 70% for lowest pr bin
and low x, evaluated at the gluon(parton) level
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108

Indeed, a reduction visible in lowest bin in CMS
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Wider range of rapidity: -4<y<4

log scale

lin scale
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Cross section large down to y=-4: large x in nucleus, more photon PDF sensitivity
Cross section still non-negligible for low pr up to y=3: small x region
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CMS-HIN-25-002

y-differential measurement of D? UPC production
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down to ~ 104 at low Q2
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-25-002/index.html

CMS data vs theoretical calculations
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Summary and outlook

e UPCs offer ample opportunities to test SM and nuclear structure
* Many new measurements at RHIC and LHC

* Recently: CMS measurement on the open charm photoproduction in PbPb UPC at
LHC /s, = 5.36 TeV

* Reasonable agreement between theory and data on D9 production from CMS,
within theoretical and experimental uncertainties

* Effects of nuclear modification visible in the CMS kinematics, at low pr

e CMS data at low pr (differential in rapidity) may point to stronger nuclear
modification than currently encoded in the nPDFs, however more detailed studies
needed to disentangle various effects
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