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Physical motivation

e What do we know about the nuclear structure at high
energies (low Bjorken-x)?
e Gluon contribution is dominant and raising
e At some point, gluon production should be balanced by
annihilation = saturation
e For heavy nuclei, saturation expected at lower energies
(than for nucleons)
e Various aspects of the target structure can be studied
to determine the onset of saturation:
e The average gluon density
e Event-by-event fluctuations

e |deal probes? Photons!
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Photoproduction T!\’

e At hadron colliders, the tool at hand are
ultra-peripheral collisions (UPCs):
e b > 2R = pure hadronic interactions suppressed

e The emitted photon fluctuates into a color dipole
e Exchange of gluons = photonuclear interaction

~ -

—_—

A Mandelstam t

e vPb at the LHC For incoherent J/9: [t| = p2
e E.g. diffractive J/¢ photoproduction:

O4pp Sensitive to

. . 2
Process <y interacts with (Good-Walker) [1] (|t]) [GeV?]
Coherent The whole nucleus The average <0.01
Incoherent A single nucleon ) ~ 0.1
) o The variance
Dissociative | Sub-nucleon structure ~1
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Abstract

The first measurement of the cross section for incoherent photonuclear production of J/y vector
mesons as a function of the Mandelstam |¢] variable is presented. The measurement was carried out
with the ALICE detector at midrapidity, |y| < 0.8, using ultra-peripheral collisions of Pb nuclei at a
centre-of-mass energy per nucleon pair of \/sN\N = 5.02 TeV. This rapidity interval corresponds to
a Bjorken-x range (0.3-1.4) x 10 3. Cross sections are given in five |¢| intervals in the range 0.04 <
|| <1 GeV? and compared to the predictions by different models. Models that ignore quantum
fluctuations of the gluon density in the colliding hadron predict a |r|-dependence of the cross section
much steeper than in data. The inclusion of such fluctuations in the same models provides a better
description of the data.
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Analysis overview vA’

First measurement of the |t|-dependence of incoherent J/1 photonuclear production

e Paper approved by ALICE: arXiv:2305.06169
e Submitted to Physical Review Letters (PRL)
e Now waiting for the second round of comments from the referees
e The analysis carried out with ALICE using Pb—Pb UPCs at /syn = 5.02 TeV
e J/4 reconstructed at midrapidity, |y| < 0.8, from the decay into u*u~
e Sensitive to x € (0.3,1.4) x 1073
e Five |t| intervals in the range 0.04 < |t| < 1 GeV? = Me‘y
SNN
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https://arxiv.org/abs/2305.06169

Analysis motivation

Fourier tr.

Mandelstam t +—— matter distribution in the transverse plane

e |Incoherent photonuclear cross section

103
— geometrical fluctuations of the
target gluon density 102
e Fluctuations at sub-nucleon scale 3 "
would enhance the cross section at 2
’t‘ ~1 GeV2 ;? 100
=
s
~ 107!
1072

Pb+Pb — J/U +Pb+Pb,{/s =5.02TeV,y =0

—— Geometric and Q) fluctuations in the nucleons
=== No subnucleon fluctuations

8€8-2€8 (L102) /L 9 3197 'shud
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lt] [GeV?)
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Participating ALICE detectors Al D

THE ALICE DETECTOR

a. ITS SPD (Pixel)
b. ITS SDD (Drift)
c. ITS SSD (Strip)
d. Voand TO

e. FMD

e Event selection: central UPC
trigger — inputs from the SPD,
TOF, AD and VO

against hadronic activity
e Tracking: the ITS and TPC ina =,

13. Muon Wall

o Qe
e Forward scintillation detectors T
AD and V0 operated as vetoes iy ®
£ e ot -
8.
9.

large solenoid magnet (0.5 T) w i
e Particle ID: ionization energy 1 Aoonoe
loss measured in the TPC
compared to the muon Looking at events with two
hypothesis oppositely-charged tracks, |n| < 0.8
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Photonuclear cross section TA’

dO'fbe . 1 NT/(’:(/J

dlt] — 2npp (Acc x €)1, X BR(J/P — utu=) x L x Ay x Alt|
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Photonuclear cross section TA’

Number of
incoherent J/4

dO',be . 1 NT/(’:(/J

dlt] — 2npp (Acc x €)1, X BR(J/P — utu=) x L x Ay x Alt|
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Photonuclear cross section TA’

Number of

__ pJinc coh f-d __ pginc inc __ J/v
incoherent J/4 Ny = Ny + Nij + N8 = Ny (1 + fe + fo) = N

VT 14 e+ o

dCT,ypb - 1 er}ip

dlt] — 2npp (Acc x €)1, X BR(J/P — utu=) x L x Ay x Alt|
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Photonuclear cross section TA’

Number of

__ pJinc coh f-d __ pginc inc __ J/v
incoherent J/4 Ny = Ny + Nijy + N7% = Ny (1 + fe + fo) = N

VT 14 e+ o

Coherent contamination
doyep 1 Nijw

dlt] — 2npp (Acc x €)1, X BR(J/P — utu=) x L x Ay x Alt|
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Photonuclear cross section TA’

Number of

__ pJinc coh f-d __ pginc inc __ J/v
incoherent J/4 Ny = Ny + Nij + N8 = Ny (1 + fe + fo) = N

L VT 14 e+ o

Coherent contamination Feed-down contamination
doyep 1 Nijw

dlt] — 2npp (Acc x €)1, X BR(J/P — utu=) x L x Ay x Alt|
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Photonuclear cross section TA’

Number of

__ pJinc coh f-d __ pginc inc __ J/v
incoherent J/4 Ny = Ny + Nij + N8 = Ny (1 + fe + fo) = N

L VT 14 e+ o

Coherent contamination Feed-down contamination

Ninc

doyer, 1 )Y

d|t| 2nypp (Acc x €)5, X BR(J/% — uru=) x L x Ay x Alt]
Photon flux:
849+17
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Photonuclear cross section vf\

ALICE

Number of _ pjinc coh fd _ pjinc inc Ny
incoherent J/qp N = Nyjy + Nyjy + N72 = Gw(L+ fo+ fDY)\:> Ny = Tt h
Coherent contamination Feed-down contamination
dCT,ypb _ 1 | Njn/(ip
d|t| 2nypp (Acc x €)1 x BR

) (J/Y — ptu) x L x Ay x Alt]

Photon flux:

Acceptance & efficiency:
849+1.7

e STARlight MC [2]

e Control datasets for
veto efficiencies
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Photonuclear cross section vf\

ALICE

Number of _ pjinc coh fd _ pjinc inc Ny
incoherent J/qp N = Nyjy + Nyjy + N72 = Gw(L+ fo+ fDY)\:> Ny = Tt h
Coherent contamination Feed-down contamination
dCT,ypb _ 1 | Njn/(ip
d|t] 2nypp (Acc x €)1 x BR

) (J/Y — ptu) x L x Ay x Alt]

Photon flux:

Acceptance & efficiency:
849+1.7

e STARlight MC [2]

e Control datasets for : :
veto efficiencies Branching ratio (J/¢ — up)
~ 6% (PDG)
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Photonuclear cross section

o
ALICE

Number of _ pjinc coh fd _ pjinc inc Ny
incoherent J/qp N = Nyjy + Nyjy + N72 = Gw(L+ fo+ fDY)\:> Ny = Tt h
Coherent contamination Feed-down contamination
dCT,ypb _ 1 | Njn/(ip
d|t] 2nypp (Acc x €)1 x BR

T (J/Y — utu™) x L x Ay x Alt|

Photon flux: Acceptance & efficiency: Integrated luminosity
84.9+17 e STARlight MC [2] L= (232+7) b~
e Control datasets for _ _
veto efficiencies Branching ratio (J/% — uu)

~ 6% (PDG)
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Signal extraction

e J/9 yields: extended likelihood fits to
unbinned invariant-mass distribution of
muon pairs (Crystal Ball +
exponential)

e Total yield (0.04 < |t] < 1 GeV?):

521 4+ 26, about 100 per a |t| interval

David Grund

Counts per 20 MeV/c2

ALICE

220 ALICE, Pb-Pb \s, =5.02 TeV
200 I oy
180 UPC, L =232%7 pb*
160 0.2<p_<1.0GeV/c
yl<038
140 N, =512+ 26
120
100
80
60
40
20 = '
IR
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Coherent and feed-down contamination vAw

e Contamination from coherent J/1 g ALICE, Pb-Pb /sy, = 5.02 TeV
: / ) 3.0 <my, < 3.2 GeV/c? JY -t
(p:;ductj(;nw+ f;e)d—down from % I S e Y
— + o X?/INDF = 1.13 —4— data
o r —— coherent J/{
e Extended likelihood fit to transverse g — incoherent J/y
. . . F inc. J/Y with nucleon diss.
momentum ditribution of muon pairs , -~ 31y from coh. y' decay
with 3.0 < m,, < 3.2 GeV/c? 107 ~77+ /W fromine. 4 decay
e Templates obtained with the B
STARIight MC generator: reweighted N
to reproduce the peak at low pt 10°4 ‘
domlnated by COherent J/,lp PII\ ‘ I [i L l L ‘ L L ‘ L L L \'I[\ L1
0.0 0.2 0 2 1

e Nucleon dissociation:
H1 parametrization [3]
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Results & comparison with phenomenological models

MS [4]: “The IPsat model":

e MS-p: elastic interaction with
a full nucleon

e MS-hs: event-by-event
changes of the transverse
proton structure (three hot
spots) + fluctuating saturation
scale

David Grund
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5N
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Results & comparison with phenomenological models T!\*

MSS [5]: CGC based, solving the
JIMWLK equation

e MSS: full nucleon
e MSS-fl: hot spots included

saturation
region

N
3 5 4
3 S
g £ |2
=T
& > |£
4 £ } BFKL
=z [0}
o Q
: @ —
o
c
Ao In Q2
ag~1 ag <1
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Model / Data

1073
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15
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ALICE incoherent J/y, ly| < 0.8
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RSN
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|- —— MssHi T~ T
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Results & comparison with phenomenological models

GSZ [6]: HERA data +
Glauber-Gribov and shadowing

e GSZ-el: full nucleon

o GSZ-el+diss: extra
dissociative component
(sub-nucleon d.o.f.)

David Grund

do,p,/dlt] (b Gev?)

Model / Data

ALICE

ALICE, Pb-Pb UPC |5 = 5.02 TeV
ALICE incoherent J/y, ly| < 0.8
3 —+ Uncorrelated stat. + syst.
Tl S Correlated syst.
o )
10790 '~0
5N

- &= MS-hs

-.m MS-p b \
1073 —¢— MssH "'x, ~ T
[ --e- MSS Yy \\\
[ —e - GSZ-el+diss e
L -e- GSZ-el
P I 1 1 o NI [N
2.0 5
a
I . S
O pemcgeeast ¥ |
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Discussion of the results vA’

Two aspects of the data-model comparison: | Thiswork =& ALICE
. . . . % . MS-hs
The normalization: mainly linked to the § MS-p
scaling from proton to nuclear targets | - — \ ”””””””” GSZ-el+diss
. . — \ GSZ-el
The |t|-slope: driven by the size of the [ x, ”””””” vssq
scattering object . § MSS
24 6 8 10 12 14 16 18
0,0 (Hb)

e Models ignoring quantum fluctuations at sub-nucleon scale predict a
|t|-dependence much steeper than in the data

e Inclusion of such fluctuations in the same models provides a better description
of the data
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Complementary measurement of coherent production

e This analysis complements the
ALICE measurement of coherent
J/4 photoproduction at
|t| < 0.012 GeV? [7]:

e ORoman Lavi¢ka, 2021

e Together, three orders of

magnitude in |t| covered

e HERA-Ilike accuracy

David Grund
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Conclusions At @D

ALICE
e The first measurement of the |t|-dependence of incoherent J/1 photoproduction
IS presented

e Analysis performed at midrapidity using Pb—Pb UPCs measured with ALICE

e From the comparison with phenomenological models, the data favor sub-nucleon
fluctuations!

Thank you for listening!
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Numerical results A0 B

ALICE

] b 2
S (ub/GeV?)

(0.040,0.080) | 128+ 12 9.4+0.8 81.9+11.7 3.394+0.03 21.84+21+£03+21
(0.080,0.152) | 127 £12 | 0.024 £ 0.002 36.0+4.9 3.03+0.02 19.1+£19+£03+£15
(0.152,0.258) 85+ 10 0 9.3£1.0 2.49 +£0.02 13.1+£1.6+£04+£0.9
(0.258,0.477) 86+ 11 0 49+04 2.04+0.02 81£1.1£0.1+0.6
(0.477,1.000) 86+ 11 0 27£0.2 1.57+£0.02 46+06+0.1+03

The uncertainties on the cross section are (in this order): statistical, uncorrelated
systematic, and correlated systematic
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Systematic uncertainties

Source

Signal extraction
Selection on |Zyx]

fc

o

Integrated luminosity
Veto inefficiency due to pile-up
Veto inefficiency due to dissociation
ITS-TPC tracking
Trigger efficiency
Branching ratio
Photon flux

~ Uncertainty (%)
(1.0,2.9)
(0.0,2.9)
(0.0,0.4)
(0.2,6.5)
2.9
3.0
3.8
2.8
1.3
0.6
2.0
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PID: complete rejection of electrons
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X C . . I o= 14 muons
S 90k s 16 o P
L C - s zZ 12
° 80; --'I.r= :.'- A 1 /
E T : zo 10

70: AT ST ﬂfﬂ_. 10 8

60E . :::!_.{ iy 8 6

50F R j 4

40; . ) 2

%9040 50 60 70 80 90 100 110 120 °

o

dE/dX™PE() (a.u.)

David Grund

Incoherent production of J/1 at midrapidities

Nog(+) + Nog(-)

Sep 15, 2023

2 4 6 8 10 12 14 16 18 20 °

4/8



Reweighted STARIlight templates in®

x10° x10°
< 50¢ = 50f
) 45; ALICE, Pb-Pb s\, =5.02 TeV ) 45; ALICE, Pb-Pb \|s\, =5.02 TeV
% F # 3.0<my, <32GeV/ic? Jy - ptp % F 3.0<my, <32Gevic? Iy - ptp
Q 4054 yi<os UPC, L, =232+ 7 ub* Q 40k yi<os UPC, L, =232+7 pb?
Q_’— E X?/NDF = 3.679 —4— data D_’_ E X%NDF =1.133 —4— data
° 35 E —— coherent J/ kS 35 E —— coherent J/y
g 30 This work — incoherent J/ ) P 30F This work — incoherent J/p _
E inc. J/Y with nucleon diss. E inc. J/y with nucleon diss.
25H - == J/y from coh. ' decay 25H - == J/Y from coh. Y' decay
===+ J/Y frominc. ' decay ===+ J/Y from inc. Y' decay
20 —— model 20 —— model
15 15
10 10
5 5
B e T s » - 4 L [ diniate ,,,,,,,,:,:,—, > - - L
00 01 02 03 04 05 06 07 00 01 02 03 04 05 06 07
P, (GeVic) P, (GeVic)
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Need for unfolding? 44

< 1.2

S - This work 90
8 10 80
§QF - 70
0.8 :— 60
0.6 __ 50
- 40
0.4 30

2
0.2 0
10

0.0 0

0.0 0.2 0.4 0.6 0.8 1.0 1.2
pie“ (GeVic)
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Need for unfolding?

Counts (normalized to one)

David Grund

x107°
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|t| vs p7: photon transverse momentum ﬁtm

~ 1.0
2 F This work E This work ‘
L 0.9 =
v :
S 0.8 =
15 F = ‘
2 0.7 =
|k 10° 3
5 06 2
L 0.5 F
0.4;* =
0.3 &
F 10
0.2F
0.1 o
b Il 0.996, |, 1l b b L
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