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Ultraperipheral collisions (UPCs)

brief intro

b> Ri+ Rs

large b suppresses

hadronic interactions
and QGP formation




Ultraperipheral collisions (UPCs)

brief intro

fluxes of quasi-real

b> R+ Ro photons mediate long-
range EM interactions

large b suppresses
flux intensity o< Z2

(— UPCs mostly studied
in heavy-ion collisions)

hadronic interactions
and QGP formation




Ultraperipheral collisions (UPCs)

¢ and d of most interest

a selection of possible processes for this analysis...
a b C
jet/@Q
jet/Q
e f S

Pb Pb Pb Pb Pb


https://doi.org/10.1146/annurev-nucl-030320-033923

Vector meson photoproduction

e |imited hadronic interactions — clean environments for measurements of
exclusive events with rapidity gaps (e.g. photoproduction)

e Cross sections sensitive to nuclear gluon distributions and quantum
interference at sub-fermi scales
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Vector meson photoproduction
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exclusive events with rapidity gaps (e.g. photoproduction)
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Vector meson photoproduction

e |imited hadronic interactions — clean environments for measurements of
exclusive events with rapidity gaps (e.g. photoproduction)

e Cross sections sensitive to nuclear gluon distributions and quantum
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Vector meson photoproduction

e |imited hadronic interactions — clean environments for measurements of
exclusive events with rapidity gaps (e.g. photoproduction)

e Cross sections sensitive to nuclear gluon distributions and quantum
interference at sub-fermi scales

photon emitter ion

In the case of coherent
photoproduction only
two pions in the event

photon target ion



Interference In photoproduction processes

* the emitter/target roles of ions in the reaction are indistinguishable In
symmetric collision systems

* the produced vector meson
behaves as a wave propagating
from two spatially separated point
sources


https://www.science.org/doi/10.1126/sciadv.abq3903
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Interference In photoproduction processes

* the emitter/target roles of ions in the reaction are indistinguishable In
symmetric collision systems

* the produced vector meson A
behaves as a wave propagating
from two spatially separated point AV
sources

basically the set-up for a double slit experiment

destructive quantum interference in the
photoproduction cross section


https://www.science.org/doi/10.1126/sciadv.abq3903

A¢@ anisotropy

In theory

* photons participating in photoproduction reactions are linearly polarised

e angular momentum conservation causes the initial polarisation vector to be
transferred into the vector meson and eventually its decay products

> for p” — 7tz manifests as a cos(2¢) modulation in their azimuthal
distribution

* several other processes induce modulations of other orders

e e.9. direct pion production leads to ‘Coulomb-nuclear interference’ and
induces cos(@) and cos(3¢) modulations



A¢@ anisotropy

In practice

» proxy for the effect of such anisotropies is A@

 azimuthal angle between the vector meson p and the ‘relative’ p+ of its
decay products
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https://www.science.org/doi/10.1126/sciadv.abq3903

A¢ definitions
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» tracks can be assigned in several ways

e A@,..qom — randomised assignment with a time-based seed

* this potentially avoids non-uniform detector responses to tracks of
different charge, but also eliminates any odd-numbered harmonics

o A@cnaree — ‘track 17 always positive, ‘track 2’ always negative


https://www.science.org/doi/10.1126/sciadv.abq3903

Utilised dataset

. apass4 data from Pb—Pb collisions at /sy = 9.36 TeV recorded by ALICE
in 2023

e pre-filtered with the Single Gap Candidate producer
— UD_LHC23_pass4_SingleGap

 STARLight MC productions

. kCohRhoToPiWithCont (p° — n*z~ + direct pion continuum)

o kIwoGammaloMulLow (yy — ,M+,M )


https://alimonitor.cern.ch/hyperloop/view-dataset/1509

Neutron classes

* Independent neutron emission may be used to tag events into neutron classes

o distinguish On0On, OnXn, XnOn, XnXn from ZN Common Energy and ZN Time
measured by the ZDC detectors

e proxy for collision impact parameter

> |
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Neutron classes

* Independent neutron emission may be used to tag events into neutron classes

o distinguish On0On, OnXn, XnOn, XnXn from ZN Common Energy and ZN Time
measured by the ZDC detectors

e proxy for collision impact parameter

A A
“Xn” event tagged for arbitrary ! N
positive value of ZN Common Energy 7 <7T
and ZN Time within 2 ns pV T

> |
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Utilised event selections

track level

* PV contributor requirement e atleast 130 TPC rows
e hitinITS * tpcNClIsCrossedRows/tpcNClIsFindable = 1.0
 minimum 4 ITS clusters and hit in the  pr=0.1GeV/c

innermost ITS layer

, e DCAz<1cm,

e ITS y“/ndf < 3.0 DCAxy < 0.0105 + 0.0350/pT1-01
* hitin TPC . || <0.9
e minimum 120 found TPC clusters o exacﬂy 2 gcod tracks in event

2
» TPC y“/ndf € [1.0, 3.0] » 2-dimensional PID selection within 30,

11



Event selections

pion-pair level

2 ALICE Pb-Pb UPC {5, = 5.36 TeV 2 ALICE Pb-Pb UPC {5, = 5.36 TeV
8 UD_LHC23_pass4_SingleGap 8 UD_LHC23_pass4_SingleGap
O | pO — J'C+T|:- O pO — TC+T|:-

106k this thesis 10’ this thesis

B I | IIIIIIIIIIIIIIIIIIII
05 10 1.5 20 25 30 35 4.0
m (GeV/c?)

» further select m € [0.5, 1.0] GeV/c2, p; < 0.1 GeV/c, and | y| < 0.9 to extract coherent
pO around the primary peak (~770 MeV/c?)
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Raw A¢ distributions

normalised counts
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further corrections should be made
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Corrections

» events are divided into 14 bins in A¢ for all neutron classes

 all subsets handled separately

. combinatorial background subtraction with B = 44/N, . N__

o« A X € corrections calculated from kCohRhoToPiWithCont MC

14



Corrections

» events are divided into 14 bins in A¢ for all neutron classes

e all subsets handled separately distributions of like-signed pion pairs

. combinatorial background subtraction with B = 44/N, . N__

o« A X € corrections calculated from kCohRhoToPiWithCont MC

14



Yield extraction

invariant mass fits

* invariant mass spectra fit using the So6ding model

2
AN \/ m,m,l, | VO .
x |A,- ——+B,,+C, e , +¢, N,
dm,, mz, —ms +im,l, m2. —m2 +im, I,

3/2 3/2
- " m]%ﬂ' o 4m7% wn m]%ﬂ' o 4m7% —b
with T', =T , ', __=Br(w— an)l , and N, ,=am, "

2 — 4m?2 2 — A2 u
My, \ M dmz m,. \ ms—4m;
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Yield extraction

invariant mass fits

* invariant mass spectra fit using the So6ding model
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Yield extraction

invariant mass fits

* invariant mass spectra fit using the So6ding model
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Yield extraction

invariant mass fits

* invariant mass spectra fit using the So6ding model
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Yield extraction

invariant mass fits

* invariant mass spectra fit using the So6ding model
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Yield extraction

example of an invariant mass fit

corrected counts per 0.01 GeV/c?

x10°
- full fit ALICE Pb-Pb UPCYs,, = 5.36 TeV
0.16 C p° contribution UD_LHC23_pass4_SingleGap
0145 — © contribution < p?—n*n’,p_<0.1 GeVic, lyl <0.9
B e contribution —I—+ N ! this thesis
0.12 : —— p-nu interference . OnXn Ag bin 3
— —— p-o interference g?agfe_ 14
0.10c w-n interference Vas x-nat=1.
006 — . background / A,=136.4= 0.7
VO A C,=18+0.6
— T B, =-648+1.5
0.04F—++—+""" c,=0.6=0.1
0.021 \ o
— A T
~0.02F
0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00
m__ (GeV/c?)
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Yield extraction

example of an invariant mass fit

corrected counts per 0.01 GeV/c?

x10°
— full fit ALICE Pb-Pb UPCYs,, = 5.36 TeV
0.16 C p° contribution UD_LHC23_pass4_SingleGap
0145 — © contribution < p?—n*n’,p_<0.1 GeVic, lyl <0.9
B e contribution _|_+ ! : :
— | N this thesis
0.12— — p—7n interference . OnXn A bin 3
— —— p-o interference ZC/hagJ]?_ 14
0.10 w-7nw interference 4 xhdt=1.
— uw background 7 A, =136.4= 0.7
0.08- /T C,=18=0.6
— - = l.ox
0.06F o ¢ =1.5+0.3
— T B, =-648+1.5
0.04F—++—+""" c,=0.6=0.1
0.021
0.00F p" contribution integrated to get
_0.02F the yield for a given A¢ bin

055 060 065 070 075 080 085 090 095  1.00

m__ (GeV/c?)
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Modulation amplitude extraction

e corrected integrated pO yields in A¢ bins fit with a Fourier decomposition

4
N,(A@) = ¢ (1 + Z a; cos(iAqb)) to extract the modulation amplitudes
i=1



Modulation amplitudes
OnOn
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Modulation amplitudes

XnOn

corrected p° yield
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Modulation amplitudes
OnXn
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Modulation amplitudes

XnXn

corrected p° yield
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Summary and outlook

* first measurement of such asymmetries using LHC Run 3 data
* investigates impact-parameter dependence through neutron class differentiation

* results preliminary; working on improvements to fitting procedure, estimation of systematic
uncertainties, and understanding of differences with respect to Run 2 results

 for the future

* move analysis to apassS data + new anchored MC when available

» additional studies on a, pr-dependence, ...
» explore photoproduction and anisotropy effects in O—O and Ne—Ne collisions
* publish

22






Results comparison
Run 3 vs Run 2

* this analysis * Physics Letters B 858, 139017 (2024)
« OnONn: a, = 0.036 £ 0.004 « OnONn: a, = 0.028 = 0.011
« XnOn: a, = 0.064 = 0.004 » XnOn: a, = 0.14 = 0.04
e OnXn: a, = 0.060 £ 0.004 * OnXn joined with Xn0On

+ XnXn: @, = 0.145 % 0.005 » XnXn: a, = 0.25 £ 0.06
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Utilised event selections

collision level

» select only double-gap events
e vertex z position < 10 cm from |IP
e events with exactly 2 contributors to the primary vertex

* event tagging into neutron classes (0N0On, OnXn, XnOn, XnXn) using the ZNA/C
detectors

» differentiated from ZN Common Energy and ZN Time

“Xn” event tagged for arbitrary positive value of Common Energy and Time
within 2 ns

25



Utilised event selections

number of PV contributors Iimit

this thesis
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Utilised event selections

neutron class tagging

ZNC common energy (TeV)

this thesis

ZNA common energy (TeV)
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Utilised event selections

track level

0
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Utilised event selections
track level — PID
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Corrections

background subtraction

(0p)
S 10° unlike-sign pairs ALICE Pb-Pb UPC {5, = 5.36 TeV
3 = positive pairs UD_LHC23_pass4_SingleGap
B negative pairs p¥ = it
107 = background-subtracted p._ = 0.1 GeV/c
E o — lyl<0.9
B o _——___ this thesis
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Corrections

example for the whole sample (integrated in A¢),

AXe A X & very similar across all A¢ bins
= =+ MGy, kCohRhoToPiWithCont
8 — _|_ MCreco po s J‘E+J'|:-
: p_= 0.1 GeVlc
lyl<0.9
10° = this thesis
10*
x 0.14
< 0.12
0.10
0.08
0o mass fits performed
0.02 in (0.60, 0.95) GeV/c2
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