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Introduction

Quantum interference studies

* In the coherent photoproduction there are two possible indistinguishable photon sources
producing a vector meson.

* The produced vector meson constitutes a wave

propagating from two separated point-like

_ | A+A Collision
sources (~ double slit experiment).

A e n
_ _ , + R
* Under the assumption of linearly polarised photons, R n &
the interference of these two sources manifests v A
. . Ao e
itself as a cos(2A @) modulation A e
. : . : : 1 o
In the azimuthal distribution 5 N | s
of the final state particles. B0 N
El: 5
A, = S o S ' <]

J. D. Brandenburg et al., Phys. Rev. D 106.7 (2022),
arXiv: 2207.02478 [hep-ph]




Introduction

Analysis strategy

 The anisotropy can be studied via Ag:
A¢ = azimuthal angle between | + i, and u; — i,

o U’ ... four-momenta of two tracks

e Used dataset: UD LHC23 pass5 SingleGap

* Impact parameter studies:

o Separate events into neutron classes.

 Separate events in each class into 12 A¢ bins and fit the distribution to get modulation strength.

e Transverse momentum studies:

» Separate events in p; bins (with similar number of J/ys in each bin).

» Separate events in each bin into 8 A¢ bins and fit the distribution to get modulation strength.



https://alimonitor.cern.ch/hyperloop/view-dataset/2153
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Selection criteria

Event selection

 (General collision selections:

» collision.gapSide() == 2 (select DG events)
* collision selection bits:
* KisVertexITSTPC
 KNoSameBunchPileup
* kKNolTSROFFrameBorder

e KNoTimeFrameBorder

* |vertex z position| < 10 cm

 good CBT RCT flag
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Selection criteria

Track selection selection

6
e Good track selection: ® x10
e PV contributor § B
5000 —

e || < 0.9 B
e haslITS, has TPC 4000
e ITSNCls > 4 with at least B

one hit In the iInnermost 3000/

layer B
 ITSChi2NCls < 36, TPCCrossedRows > 70 20003_ |
« TPCChi2NCls < 4 B
 Dimuon candidate selection: 1000
e 2 good tracks with opposite charges -
« muon hypothesis: o2 + 0> < 6% + 0 0 a’/rral %i — ’TsAvl ’TsLl ’Ts;cle/ "asrL Tpcl 7P 2 Qeol O%ls o,
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Selection criteria

Track selection selection

e Good track selection:

DCA cut: no effect in data,
strong effect in MC. Currently
under study.

PV contributor

e || < 0.9
* haslITS, has TPC

e ITSNCIs > 4 with at least
one hit in the iInnermost
layer

e ITSChi2NCls < 36, TPCCrossedRows > 70
e TPCChi2NCls < 4
* Dimuon candidate selection:

e 2 good tracks with opposite charges

.2 2 2 2
« muon hypothesis: 0, + ) <0,,+0,
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Selection criteria

Further selection criteria

e Coherent dimuon candidate selection:

o |y,+,-| < 0.9 (midrapidity) E :_
. | pT,/mr‘ < 0.2 (coherent-enriched sample) | j:
* ZDC classes selection: iﬁﬂ .
* Xn is marked an event within 2 ns 2— L::
Nl

4 6 8 1
ZNATime [ns]




Signal extraction



Signal Extraction Strategy

Applied on all data samples

e Unbinned extended maximum likelihood fit to the invariant mass distribution of the coherent
dimuon candidates.

 Mass peak signal fitted with double-sided Crystal Ball function, background with exponential
function.

* Tail parameters of the Crystal Ball are fixed from reconstructed Monte Carlo sample.

* Applied same cuts as on data (except for ZDC selection as it is not available, but first test
productions are being evaluated).

* Used production: kCohJpsiToMu.




Signal Extraction

Full coherent dataset

* Fit of the invariant mass distribution is stable, peak clearly visible.

« 6 =0.0296 £ 0.0001

~ [ zDC:al ALICE, Pb-Pb Y5 = 5.36 TeV
S 7000 0.2 GeV/
S : p.<0.2GeVic
. My, = 3.07203 = 0.00016 S o0
c 6000—
g - -3.14 <A¢ < 3.14
* Peak slightly shifted and wider than in Run 2. 5000~ ﬂ N,,, = 56342.3 = 279.0
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Signal Extraction

Neutron classes

e Fit stable also in all neutron classes.

g E ZDC: OnOn ALICE, Pb-Pb ys,, =5.36 TeV g 1600—_ZDC: XnOn+0nXn ALICE, Pb-Pb ys,, = 5.36 TeV g 4003_ ZDC: XnXn ALICE, Pb-Pb s, = 5.36 TeV
S 5000[- p, <0.2 GeV/c S p.<0.2 GeVic S 400F p. <0.2 GeVic
> E lyl <0.9 P 1400:— lyl <0.9 % 350 y1<0.9
s 3.14 <Ap <3.14 5 I 314 <Ap<3.14 5 | 314 <Aj <314
4000{— - -
i - [\ N,,, = 40745.7 = 238.4 LI 1200: m N,,, = 12544.9 = 130.1 w 3001 A N, =3048.5 = 63.3
i | 1000~ 2501 A
3000(— - - {
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Corrections



Acceptance x efficiency

Full sample

* Acceptance x efficiency (Acc X &)

| | N rec < i ALICE, Pb-Pb |5, = 5.36 TeV
IS determined as: , 8 a0 Jhp — wt
Ngen T
" : Ali
« N,,.: number of events in reconstructed 0.125[—
MC with the same cuts as on data, -
| 0.12/—
e N,,,: number of events in generated MC ' -
i ' ——
after coherent p cut. 0.115]
o i 0 i
(Acc X €) estimated as 11.7%. o |
- . i —
* No specific value in different neutron L L L — : ; L

classes due to lack of ZDC info in MC. A




Acceptance x efficiency

pr bins

* Acceptance x efficiency (Acc X &)

. . Nrec Bin Acc XE&
IS determined as: ,
N yen 0 10.8%
« N,,.. number of events in reconstructed 1 10.5%
MC with the same cuts as on data, 2 11.1%
. 3 11.4%
e N,,,: number of events in generated MC
. . 4 11.9%
after p, cut given by bin edges.
5 13.1%
» Clearly the correction increases with pr . 6 16.3%




Acceptance x efficiency

pr bins

» Clear (Acc X €) dependence on pr suggests there might be

migration between the bins. Bin Acc xé&
0 10.8%
| 10.9%
2 11.1%
3 11.4%
4 11.9%
5 13.1%
6 16.3%




Acceptance x efficiency

pr bins

» Clear (Acc X €) dependence on pr suggests there might be

migration between the bins.
* |Indeed!
* This suggests that unfolding is probably needed.

* Looking forward to Roman’s Omnifold slides!
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Feed-down contribution

Definition

 Correction to account for a process where J/y originates from w(2s) decay.

e Cross section definition:

 Oys) BR(y(2s) — My + 7x) - (AcC X €)25)=1)

GJl// y (ACC X 8)(.]1//)

/p

* Definition using raw yields:

1 B BR(I//(ZS) — //t_l_//t_) . (ACC X 8)(1//(25,)_)”4_”_) i
Jo Ry -BR(J/y— putpu~) - (Acc X 8)(1//’—>J/1//) - BR(y' = J/y) |
_ Nl//(Zs) : :
where R, = IS calculated from raw yields.

Ny

W




Feed-down contribution

Feed-down values

e Final feed-down values:

* Coherent (used for asymmetry corrections),

» Coherent (f; )and incoherent (f; ) for incoherent contamination estimation.

Table 6: Feed-down
Coherent?”  Coherent’! Coherent (f1) Incoherent (f7)

o 8.2% 7.69% 7.69% 5.6%




Incoherent contamination

PDF templates

 Use MC reconstructed datasets to create pdf templates for unbinned template fit.

* No prcut applied, selecting only events in the area of invariant mass peak.

* PDF templates:
» Coherent J/y,
* Incoherent J/y,
» Feed-down contribution from coherent y(2s) (yield restricted to (coherent J/y) * 1)),
» Feed-down contribution from incoherent y/(2s) (yield restricted to (incoherent J/y) * f1),
» vy pdf created from data (side bands around mass peak), yield fixed to value from invariant mass fit,

e Incoherent J/y with nucleon dissociation (model and values taken from H1).

23



Incoherent contamination

Nucleon dissociation production with fixed parameters

* The model clearly
overpredicts the data

. : G 10* f,=6.03+0.04 %
N |ntermed|ate pT and SE i Coherent J/p
. o Incoherent J/p
underpredicts at large p;. < Coh ' Jhy
— Incoh. ¢' — J/y
. . *(é) 10° et , YY = uu
* The fractions for incoherent g B VA - Nudeon disoc
_ LLI : iy iﬂﬂ'ii%iiig :
J/y and feed-down -/ g
contribution are too small . f‘l
to show up on the plot.
10 =
— L | | o | |
0 0.5 1 1.5 2 2 3




Incoherent contamination

Nucleon dissociation production with free parameters

* Leaving the parameters free
overpredicts at large pr-

o 10% WP f=5.11=0.08 %
. . SH ; Coherent J/p
e The fractions for incoherent 5 meoherent Ji
J/y and feed-down = A
contribution are still too small £ v =
tO be Shown g’ — o Nucleon disoc.
- LLI
 |ncoherent fractions are
strongly correlated to the 1
nucleon dissociation function. "
10 = | | | | |
* Current results could suggest : —— L 1 L L S .
that models from Run 2 are p_ (GeVic)

not sufficient for Run 3 analysis.




Incoherent contamination

Nucleon dissociation production with free parameters

* |Leaving the parameters free
overpredicts at large pr-

Under discussion with the Kansas group. fczlfe:;m 3/-38 %

e The fractions for incoherent  |ncoherent Jip

Coh.y'— Jhp
J/y and feed-down A
contribution are still too small —
to be shown.

Nucleon disoc.

Events / ( (

* |ncoherent fractions are
strongly correlated to the 1
nucleon dissociation function. r

* Current results could suggest " ——e e
that models from Run 2 are p. (GeVic)
not sufficient for Run 3 analysis.







Determination of g,

* Results obtained from fit to corrected yield

dN Niypy Nyield
= , where Ny, =
dA¢  (Acc X e)y, 1 +fp

e f;not included as fits are not stable.

« Resulting distribution has been fitted with f(A¢) = ¢ (1 + a, COS(ZAqb)),

» during analysis checks fits were done also with linear terms a,, a5 that are consistent with
ZEro.




Determination of g,

Full data sample

* Data is very well described by the fit.

ALICE, Pb—Pb s, = 5.36 TeV
Jhp — uru”
v2/ndf =5.4/10

* Fit results: >0000
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Determination of g,

* Data is very well described by the fit.

e Fit results:

. ¢ =28397.8 + 169.05
. a, = 0.1792 + 0.0084

OnOn

Corrected Yield
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ALICE, Pb-Pb \s,, = 5.36 TeV
Jhp — utu-
¥2/ndf =4.7 /10




Determination of g,

XnNOn+0nXn

* Data is very well described by the fit.

: ke, — —
° Fl.t results: >c|__) 11000; ALICE, Pb-Pb md71]25.i6u-[el:{
2 10500 2/ ndf=9.8/10
+ ¢ =8754.95+91.33 I
8 10000:—
e a, =0.127 £0.015 95001~ —
90002— ' —
8500
80003— ] _
75003—
N | 1 1 | |
-3 _2 1 0 1 2 3




Determination of g,

* Data is very well described by the fit.

e Fit results:

. ¢ =2129.2 + 4435
. a, = 0.096 %+ 0.030

XnXn
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Impact parameter dependence of a,

Neutron classes overview

* Results show clear dependence

on impact parameter. S
* There are 2 important points to 0.185 | !
be made: 016— |
» All values of a, are positive. 014
* The strength of the anisotropy is 0.12f .

decreasing with decreasing impact i
parameter. 0.1F :

0.08

0.06

all OnOn XnOn+0nXn XnXn




Transverse momentum dependence of ¢,

Results

* [ransverse momentum dependence
clearly shows that the anisotropy
parameter switches sign with

Increasing pr.

N |

: ALICE, Pb-Pb s, = 5.36 TeV
Jhp — utu”

+

0.4

0.3

* 4, turns negative at
pr < 0.04GeV/c. 0.2

* This dependence hints on the reason
why the integrated results show
positive values.

0.1

o

* This part has to be rechecked
after unfolding.

B | | |
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.1




Conclusion

What is next?

* Preparing final set of cuts and run list with Kansas team.

e Testing new 2023_pass5 MC (with all necessary corrections) and 2024_pass3 MC.
e 2024 _pass3 has higher lumi and the data taking was overall more stable.

* Analysis points that need to be addressed:
* Proper estimation of incoherent contamination.

e Systematic uncertainties.

* Further study of the transverse momentum dependence and unfolding.




Thank you for you
attention!
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Signal Extraction

Comparison of reconstruction passes

* No significant difference with different reconstruction settings.

Standard reco UPC reco
5 4000 ZDC: all ALICE, Pb-Pb |5, = 5.36 TeV 5 3500(— ZDC: all ALICE, Pb-Pb |5 = 5.36 TeV
o — p.<0.2 GeV/c S — p < 0.2 GeV/c
& 3900 lyl <0.9 o 3000 — lyl < 0.9
o = 3.14 <A¢ <3.14 S m 3.14 <A < 3.14
o 3000 — T
= Ny, = 30419.2 = 205.3 m Ny, = 25918.1+ 188.9
2500 — m,,, = 3.07130 + 0.00022 GeV/c? 2000 m,,, = 3.07287 = 0.00023 GeV/c?
= a,,, = 0.0298 = 0.0002 = a,,, = 0.0294 + 0.0002
2000 — —
E 1500 —
1500 — —
— 1000 |—
1000 |— —
00— 500 —
%: 1 1 1 | | | | | | | 1 | 1 1 1 1 1 1 1 1 1 1 1 1 1 : L L L L L L L L L L L L L L L L L L L L L | L L L L
8 2.9 3 3.1 3.2 3.3 3.4 3.5 93 2.9 3 3.1 3.2 3.3 3.4 3.5

‘M, [GeV/c?] M,.. [GeV/c?]




Back-up: Acceptance Xx
efficiency




Definition of p bins

Table 3: pr bin edges used for transverse momentum dependence determination.

Bin pr interval [GeV/c]
(0.0000, 0.0270)
(0.0270, 0.0395)
(0.0395, 0.0505)
(0.0505, 0.0625)
(0.0625, 0.0770)
(0.0770, 0.1010)
(0.1010, 0.2000)

NN B W N =IO




AXE VS D

AccxE Comparison of reconstructed vs generated
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Acceptance x efficiency

p7 bins - dependence on A¢g

Bin 0 Bin 1 Bin 2
x - ALICE, Pb-Pb |5, = 5.36 TeV x 0.114 ALICE, Pb-Pb |5, = 5.36 TeV y - ALICE, Pb-Pb |5, = 5.36 TeV
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Acceptance x efficiency

p7 bins - dependence on A¢g

Bin 6

0-21:— ALICE, Pb-Pb \[ Syy = 2-36 TeV
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Back-up: Anisotropy fits
INn P bins
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Corrected Yield
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Corrected Yield
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a, determination in p; bins
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Back-up: Feed-down



Feed-down contribution

Ry yields - coherent

M. [G V/gé]5
- e
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Feed-down contribution

Ry yields - incoherent
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Feed-down contribution

Definition

e Several feed-down contributions need to be estimated:

 Coherent feed-down to correct measured data (coherent p; cut applied in (Acc X ¢€)
calculation).

» Both coherent and incoherent feed-down with no p; cut but with invariant mass cut around
J/y peak for estimation incoherent contamination.

* Moreover, there are two feed-down contributions:

s w(2s) > Jy(up")+aa

e w(2s) = J/w(u" ™) + neutrals.




Feed-down contribution

(Acc X €) values

* Various (Acc X €):

Acc x € Acc x € (pr) Acc x g(M)

J/yeoh — utp- 11.7%  11.7% 11.7%
v (2s)°" — utu- 10.6%  10.3% 10.4%
y(2s)" > J/y(utu)+ntn 4.5% 4.5% 4.4%

v(2s)" > J/wy(utu~) +neutrals  11.4%  11.0% 11.3%
J/yincoh _, u*u‘ 143% - 14.2%
w(2s)meoh 5 utu- 14.5% - 14.4%

y(2s)™h S5 1 /y(utu )+t 4.5% - 4.5%
y(2s)moh - J/w(ut =) +neutrals 11.8% - 11.8%




