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motivation
things to keep iIn mind

» the process of interest — pO photoproduction
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e we look at coherent events — limited transverse momentum of the VM
(O(10 MeV/c)), target ion unaffected by the interaction



motivation
photoproduction in symmetric collisions

* for UPCs we mainly study Pb—Pb data
(symmetric collision system)

» for coherent photoproduction we generally
cannot distinguish the roles of the ions in the
Interaction

* with some approximation, the two ions act
as two spatially separated point-like sources
of a wave function describing the production
of the vector meson
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akin to a double-slit experiment

at femtometre scales



motivation
photon polarisation

* the photons mediating the interaction are linearly polarised along the impact
parameter

* this is a conserved value and thus gets transferred throughout the
interaction, eventually inducing asymmetries/modulations in the angular
distribution of the decay products

. po decays into a pair of spin-0 particles, the ‘extra® momentum goes
fully into their orbital angular momenta — cos(2¢) modulation
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motivation

additional effects

 other phenomena can lead to modulations of different orders
e e.g. ‘Coulomb—nuclear interference’

* interplay between photon—photon (non-resonant) and photon—Pomeron
dipion production

» predicted to create cos(1¢) and cos(3¢) modulations

 not observed up to now


https://doi.org/10.1103/PhysRevD.103.074013

motivation
the A¢ variable

» for the study of asymmetries the A¢@
variable Is used

* azimuthal angle between the vector

sum and difference of the p of the
decay products
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motivation

a, modulation — expectations

* theoretical treatment in the following:

* [Zha et al., Phys. Rev. D 103, 033007/], [Xing et al., J. High Energ. Phys. 2020, 64], [Hagiwara

et al., Phys. Rev. D 103, 074013], [Mantysaari et al., Phys. Rev. C 109, 024908], ...

e t0 summarise;
e |t should be observable

 measured in Run 2, goal of better precision in Run 3

» it should depend on the b of the collision
(smaller b — stronger interference — bigger a,)

» it should depend on the p.

~ 0.35
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analysis

dataset

e UD LHC23 pass5 SingleGap Hyperloop dataset

« 92 runs from 2023 Pb—Pb data at /sy = 5.36 TeV

 total analysed luminosity (744 X 29) ub-
(N.B.: measurement is independent of £

* anchored MC productions part of LHC25g15

 kCohRhoToPiWithCont, kI woGammaloMulLow — for corrections + fitting
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https://alimonitor.cern.ch/hyperloop/view-dataset/2153
https://alimonitor.cern.ch/hyperloop/view-dataset/2350

analysis

strategy

online offline
e event selections e reconstruction + binning
* production of derived data e corrections

 fitting (yield extraction)

 modulation amplitude extraction
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event selections

general note:
Run 3 offers much more data than ever before, we can impose stricter selections
to aim for better sample purity without too much of a worry of event loss...



event selections

collision-level

gapSide ==

ITS—TPC vertex

no same-bunch pile-up
no ITS ROF border

no TF border

vertex [zl <10 cm

no more than 2 contributors to the PV
(= exactly 2 contributors to the PV)

CBT RCT flag

occupancy < 1000

collisions passing selections
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event selections

track-level

e IS PV contributor e atleast 130 TPC crossed rows

e has ITS e TPC crossed rows/findable clusters > 1.0
e atleast 4 ITS clusters + pr>0.1GeV/c

* mandatory hit in inner-most ITS layer . IDCA z| < 1.0 cm

<0. _ 1.01
. TS )(2/NC1S < 3.0 DCA xy| < 0.0105 + 0.0350/p1!-0T cm

+ has TPC * 7l =< 0.9

* exactly two good tracks left

 atleast 120 TPC found clusters (not necessarily net-zero charge)

. TPC)(Z/NCIS e [1.0, 3.0] * 2D PID selection
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event selections

track-level

tracks passing selections
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event selections

neutron classes

» events separated into three neutron (EMD) classes using ZDC info

e OnONn, XnOn (+ OnXn), XnXn (Xn == |ZN time| < 2 ns, energy agnostic) + AnAn
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event selections

system-level
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» impose |y| £ 0.5, pr < 0.1 GeV/c on reconstructed events and calculate their A¢
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corrections
strategy

» all events are separated into the three neutron classes + 12 bins in Ag
spanning [—, ) — independent subsets, handled separately

* next step Is to apply corrections:
1. combinatorial/feed-down background subtraction
2. reweighting + acceptance —efficiency

3. muon misidentification
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corrections
MC — reweighting

* it is known that STARIight does not g F
reproduce the pr spectrum of the p! 3 P
well S T
* |t Is desirable to correct this by 0.010;

application of weights to achieve a 0008 -
better agreement 0.006F— -
* the width of the distribution can be 0'0045_
tuned by changing the parameters PR T

o

Of the WOOdS_Saxon pOtentiaI in 0.00 001 002 003 004 005 0.06 0.07 0.08 pOT'(()(%eV/%;O
STARIlight (R)
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corrections
MC — reweighting

» the task is to find an ‘optimal’ R, which
produces a distribution that best matches
observations

* generate several MC samples with
different R, perform a y* minimisation

(in each A¢ bin separately)

» optimal values range from 8.1 to 8.3 fm,
corresponding distributions are used to

calculate w(pr, A@) for the ‘correction’
of the anchored MC
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corrections
MC — A Xe

* calculation of acceptance—efficiency
incorporates the weight factors

Axe

the anchored MC gets weighted by the

Pr- and A¢-dependent factors

weighted
N reco

Ngen(optimal R)

AXe=

denominator obtained from the STARIlight sample

with the optimal R for the current A bin

* values exhibit mass dependence but
numerically similar across all data subsets
(also to the values before the implementation
of reweighting)
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fitting

model selection

* In Run 3 we have so much data that we easily reach millions ofp()s

e previously unobserved features start to become apparent,
e.g. photoproduction of w(782)

. with a BR ~ 1.53% w" — 777, contributes to the dipion spectrum

* |ts presence has an influence on the shape of the pO peak

* we also assume that there is a substantial amount of directly produced
dipions (yy — #*77), which also interfere...
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fitting
Soding model

* the S6ding model can effectively incorporate all processes + interferences

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

direct (hon-resonant) w contribution power-law background from
pion production muon misidentification

3/2 3/2
— * Ow ’ W—>AT r(a) — ﬂﬂ) Ow , an 177/ a,m

2 2 2 2
m,. \ m5—9m; m,. \ ms—4m;

slope determined from

25 kTwoGammaToMulLow MC



fitting

Improvements

. m, 1, , fixed to PDG values, b,

from MC kS 2103 Soeding fit ALICE Pb-Pb UPC |5, = 5.36 TeV
= S— _|_+++ p? — m*’, XnOn
. . (E 40: (D.o B % 4 O.gOspT 560:1()1$Tecv_/c, IyTIEs :)a.S
 fits used to be quite unstable, S | T Gedtr J o ”ép;?é’:?é’izsi
. . . s . ) — 0_y0 o, = 13.86x 2.15
situation much improved by fixing R S e y 4,2 198000
: S — — wwbackground &% a = 71549+ 4544
the omega phase (¢),) according to 5 oo s b4z 000
a global fit AR
* reduction to 4 free parametres oF ) Ve =
—10_....I....I....I....I....I....I....I....I....I....

0.50 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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fitting

extracting amplitudes

» with the fits done one can obtain the corrected yield of pOs in different Ag
bins by integrating the associated function in the S6ding model

» this leads to to a AN/dA¢@ distribution which can be fit with a Fourier
decomposition to obtain the a; amplitudes

dN . |
A0 = (1 + lzzl a; cos(zAgb))

» we choose i up to 4, due to the A¢ definition used we expect odd-i
amplitudes non-zero
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integrated p° yield

results

extracted amplitudes
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integrated p° yield
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results

overview

» results clearly indicate a, o b with

expected behaviour, but also a
contribution of odd-numbered

contributions — a; 5

e paper idea:

focus on non-zero a, as evidence for

the Coulomb —nuclear interference
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results

other new results

» from the fits we can also look at e.g. the ratios |B/A| or |C/A]|

» b-dependence never measured before — new observation

|B/ Al

0.9

0.8

0.7

0.6

0.5

0.4

0.3F

'|' OnOn

[ XnOn
- -|- XnXn
— ]
:_|__|_ —_—
u -
S e
_| ] ] ] ] | | ] | ] ] ] | | ] ] ] ] |
-3 2 1 0) 1 2 3

A¢ (rad)

cccccc

31

IC/ Al

0.30

0.25

0.20

0.15

0.10

0.05 I I I I

'|' OnOn
Xn0On
-|- XnXn

cccccc






summary

» pr-integrated analysis is reaching the finish line
» still to do:

e systematics + comparison with theory (predictions requested)

AN to be finalised

e afterwards the analysis will be prepared to commence the Review process
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e 2D selection based on TPC PID

event selections

PID
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corrections

like-sighed contribution subtraction

* |like-signed events are not discarded by any selection — desirable to estimate
combinatorial/feed-down background

* four-pion events are assumed to be the biggest contribution to this
background

* the correction is performed bin-wise on the invariant mass spectrum with
the background estimated as B = 44/N,_ N__

 numerically small w.r.t. the nominal number of unlike-signed events
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corrections

MC — muon misidentification

* this analysis uses only TPC info for PID, in the investigated kinematic range
pions and muons have a very similar dE/dx response

e |eads to a non-zero contribution of misidentified muons to the measured
‘pion’ spectra

* but this can be accounted for during the fitting procedure
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corrections

MC — muon misidentification

e data from the kTwoGammaToMulow
MC production are subjected to the
same analysis procedure and
reconstructed as pions

* the resulting spectra can be used
to gauge the level of contamination

e dimuon invariant mass spectrum is
fit with a power law, the slope is
then fixed and an associated term
added in the fitting model for the
measured dipion spectrum
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