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Introduction

* our goal is to measure the energy evolution of the [t|-dependence of coherent
photoproduction of |/ in ultra-peripheral Pb—Pb collisions

Pb Pb

o At /SN = 5.36 TeV, using 2023 Pb-Pb data

* in dimuon channel w
e at forward rapidity —4.0 <y < — 2.5

e MCH and MID used only for now; MFT tracks will be included later on



Dataset used

UPCCandidateProducer.cxx was used to produce the J/y
candidates by running on Hyperloop over the following
datasets from 2023 Pb-Pb data taking:

e LHC23 PbPb_pass3_fullTPC - runs with full
TPC acceptance

e LHC23 PbPb_pass3 _I-A1l1 - runs without TPC

sector A-1 |
derived data downloaded and analyzed locally

* some jobs were not successful, so the luminosity is
slightly lower compared to the full sample

MCH and MID information used

* studies with MFT tracks in progress, plan to run over
the full sample once we optimize the settings

Selection

2 MCH+MID tracks or | MCH+MID +
| MCH track, unlike sign

176 <R_, <895 cm
p X DCA
—4<n<-=25

VOA amplitude <100 in the same BC

ALICE


https://github.com/AliceO2Group/O2Physics/blob/master/PWGUD/TableProducer/UPCCandidateProducer.cxx

ALICE

Cross section for coherent photoproduction in UPCs



Cross section for coherent photoproduction in UPCs %

ALICE

dZUJC/?//h NJ/V//<1 +]CI +fD)

dy dt (AXE)J/W'BR(J/W_)”+/"_)’3int’AY‘AM
* yield of |y measured from the invariant mass fit - see slide 8

o incoherent contamination: <p§°h > ~ 60 MeV/c, <p¥‘c> ~ 300 MeV/c

* feed-down contamination:
e w(2s) - J/w+X
* (2s) coherent or incoherent

e X charged or neutral, most often 7z



* details of the fit in the back-up

Total yield of J/ys candidates

e produced locally with the downloaded data from the dataset mentioned in s.3

* some jobs were not successful, the luminosity is slightly lower (see next slide)

* using the double-sided crystal ball + an exponential for background

e /' parameters are fixed to the ones from the J/ys in a standard way

ALICE, PbPb \s,, = 5.36 TeV
Jy - p'p
“40<y<-2.5
0.00<p_< 0.25 GeV/c
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N,,, = 60855+ 313
N, =470+ 97

N, = 136373 +435

M,,, = 3.083 £0.001 GeV/c*
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o, = 0.0733 £0.0008 GeV/c’
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Integrated luminosity

d*ofoh Ny ! (1 + fi + 1p)

dy dt  (Axe)y, - BR( Iy — putut) - Lo~ By - Alt]

integral of TCE
distribution

 hCountersTrg that contains count for TVX-TCE triggers used \NTCE
to calculate analyzed luminosity Orce = ONEL e |~ 1 P

from the fit

e stored along with produced UD tables

o |uminosity calculated from TVX-TCE triggers for the local dataset: 1213 ub~!
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M C Sdm P I c Caiy _ N/ (1t /i +/o) ALICE

dy dt | (Axe)yy BRIy — pfi - Lo Ay - A1

e for the moment:
 sample for coherent |/yy downloaded from grid

e |y generated in |y| < 4.1, then filtered to —4.1 < y < — 2.4, using STARIight
(approx. 2M events)

e test simulation with latest MCH and MID developments
* to be used to calculate A X &, resolution, for unfolding...

 work in progress



Yield of J/ysin prand y bins



Choice of binning in prand y

S

ALICE

* by performing the fit of the invariant mass distribution, bins selected such that they all contain a similar number of signal events

e using the XnXn class: the sample with the fewer candidates

1st bin

pr bin y range #J/y
o 6 Dt bins defined as (0.0,0.05) | (-4.0,-2.5) | 767+32
(0.05,0.075) | (-4.0,-2.5) | 742+32
(0.075,0.10) | (-4.0,-2.5) | 753+32
(0.10,0.13) | (-4.0,-2.5) | 751+£32
(0.13,0.17) | (-4.0,-2.5) | 768 +32
(0.17,0.25) | (-4.0,-2.5) | 800+ 34
“g’_ 140{— ALICE, PbPb |/, =5.36 Te .
o L T
S B Jy - pp — Uiy
% 120 — “40<y<-2.5 .
o ~ 0.00<p_<0.05GeVic A W(2s)
= e ; —— background
B N, =767 +32
80— N,=14+8
B Nyg = 1279 + 41
" M,,, = 3.091 +0.008 GeV/c
. ' o, =0.0667 +0.0062 GeV/c?
¢
B o.. = 0.0670 + 0.0058 GeV/c?
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ALICE, PbPb (s = 5.36 Te

Jhy ='W
“40<y<-2.5
017 < p, < 0.25 GeV/c

sum
Jhy

V(2s)
background
Ny, = 800 + 34
N, =129
N, = 682+ 34

M,,, = 3.061 £0.010 GeV/c?
o, =0.1087 £0.0092 GeV/c?
o, = 0.0872 £0.0075 GeV/c’
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Choice of binning in prand y

* by performing the fit of the invariant mass distribution, bins selected such that they all contain a similar number of signal events

* using the XnXn class

* 6 p;bins defined as pr bin yrange | #/y
(0.0, 0.05) (-4.0, -2.5) | 767 +32
(0.05, 0.075) | (-4.0,-2.5) | 742+32
(0.075, 0.10) | (-4.0,-2.5) | 753+32
(0.10, 0.13) | (-4.0,-2.5) | 751 +£32
(0.13,0.17) | (-4.0,-2.5) | 768 £32
(0.17,0.25) | (-4.0,-2.5) | 800+ 34
e further divided into 2 rapidity bins:
e (-4.0,-3.25) and (-3.25,-2.5)
pr bin y range #J/y pr bin y range #1/y
(0.0,0.05) | (-4.0,-3.25) | 288 +20 (0.0,0.05) | (-3.25,-2.5) | 478 £25
(0.05, 0.075) | (-4.0,-3.25) | 26619 | [ (0.05,0.075) | (-3.25,-2.5) | 479+25
(0.075, 0.10) | (-4.0,-3.25) | 308 £20 | | (0.075,0.10) | (-3.25, -2.5) | 444 25
(0.10, 0.13) | (-4.0, -3.25) | 290 20 (0.10, 0.13) | (-3.25, -2.5) | 464 +25
(0.13,0.17) | (-4.0,-3.25) | 333 +21 (0.13,0.17) | (-3.25,-2.5) | 436+ 24
(0.17,0.25) | (-4.0,-3.25) | 305 +21 (0.17,0.25) | (-3.25,-2.5) | 499 +26




Events / (0.025)

* by performing the fit of the invariant mass distribution, bins selected such that they all contain a similar number of signal events

* using the XnXn class

Choice of binning in prand y

pr bin y range #J/y pr bin y range #J/y
o o (0.0,0.05) | (-4.0,-3.25) | 288420 (0.0,0.05) | (-3.25,-2.5) | 478 £25
further divided into 2 rapidity bins: (0.05,0.075) | (-4.0,-3.25) | 266+19 | | (0.05,0.075) | (-3.25,-2.5) | 479+25
(0.075, 0.10) | (-4.0,-3.25) | 308 £20 | | (0.075,0.10) | (-3.25,-2.5) | 444 £25
(-4.0, -3.25) and (-3.25, -2.5) (0.10, 0.13) | (-4.0,-3.25) | 290 +20 (0.10,0.13) | (-3.25,-2.5) | 464 +25
(0.13,0.17) | (-4.0,-3.25) | 333 +21 (0.13,0.17) | (-3.25,-2.5) | 436 +24
(0.17,0.25) | (-4.0,-3.25) | 30521 (0.17,0.25) | (-3.25,-2.5) | 499426
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(D

ALICE MFT

MFT track studies for forward UPC analyses



o)

ALICE MFT

Tracks at forward rapidity

MFT-MCH matchinc
e MCH-MID tracks:

e The matching is essential for every muon analysis
*l that wants to use the MFT

Challenges:
High occupancy close to the interaction point
The absorber can change the trajectory of the muon
Weak pr resolution in the MFT

* muon analyses that require no vertex information

=1679 | |
205 10 -5 0 5 10 15 20
¢ glo al tracks:
. g

F# Absorber

* muon analyses that need access to the vertex z

* matching is done at reco level currently

e not flexible



50

Track types:

¢ 0:GlobalMuonTrack - MFT-MCH-MID

Forward matching (®

ALICE

enum ForwardTrackTypeEnum : uint8_t {
GlobalMuonTrack = 0, // MFT-MCH-MID
GlobalMuonTrackOtherMatch, // MFT-MCH-MID (MCH-MID used another time)

GlobalForwardTrack, // MFT-MCH
MuonStandaloneTrack, // MCH-MID
MCHStandaloneTrack // MCH

e |:GlobalMuonTrackOtherMatch - MFT-MCH-MID (MCH-MID used another time)

e 2:GlobalForwardTrack - MFT-MCH

¢ 3:MuonStandaloneTrack - MCH-MID

e 4:MCHStandaloneTrack - MCH

example from a random AO2D file: 0+2 = 3+4
(MFT-MCH-MID)+(MFT-MCH) = (MCH-MID)+(MCH)

250
200
150

100

fTrackType
htemp
Entries 908
Mean 2.124
Std Dev 1.509
[, ' ' ' ' '
0 0.5 1.5 2.5 3.5 4.5 5
fTrackType

> MCH track always gets matched with MFT

Global

MFT

-----------------------------------------------

yyyyy

‘----------.
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ALICE MFT

Forward tracks ®)

e MCH+MID acceptance

MCH ~ 40 BC
MCH+MID ~ 1 BC .,
MFT+MCH+MID ~ 594 BC (for Pb-Pb) |

e 40<n<—25

e MFT acceptance

e —36<n<—245

UPC EVENTS SEEN IN FWD TRACKS: DOUBLE COUNTING TRACKS:

e valid UPC - no background e it can happen that one MFT track gets matched with two MCH tracks

® to remove this:

e 2 tracks in MFT + GLOBAL

o the MCH track which is outside of MFT acceptance typically has a high y?
e | track in MFT + | outside value for matching

: : e applying a strict selection (e.g. ¥* < 35) should remove most of the cases
e 0 tracks in MFT + 2 outside PPYINS (g% )

* when analysing a matched track in AO2Ds, we could retrieve the
corresponding MCH track that was used for matching, and discard the global
tracks if the MCH track is outside of MFT acceptance



o

Vertexin g ALICE MFT

e all the tracks are propagated using fwdTrackPropagation.cxx

if (static_cast<int>(muon.trackType()) > 2) {

02::dataformats: :GlobalFwdTrack track;
track.setParameters(tpars);
track.setZ(fwdtrack.getZ());
track.setCovariances(tcovs);
auto mchTrack = fMatching.FwdtoMCH(track);
simch::TrackExtrap: :extrapToVertex(mchTrack, vtx[e], vtx[1], vtx[2], vtxCov[@], vtxCov[1l]);
auto proptrack = fMatching.MCHtoFwd(mchTrack);
propmuon.setParameters(proptrack.getParameters());

o propmuon.setZ(proptrack.getZ());
. - trac (S. propmuon.setCovariances(proptrack.getCovariances());

s lse (static_cast<int>(muon.trackType()) < 2) {

double centerMFT[3] = {0, 08, -61.4};

02::field::MagneticFieldx field = static_cast<o2::field::MagneticFields>(TGeoGlobalMagField: :Instance()=>GetField());
to B2 = field->getBz(centerMFT); // Get field at centre of MFT

auto geoMan = o02::base::GeometryManager: :meanMaterialBudget(muon.x(), muon.y(), muon.z(), vtx[8], vtx[1], vtx[2]);

auto x2x@ = static_cast<float>(geoMan.meanX2X0);

fwdtrack.propagateToVtxhe lixWithMCS(vex[2], {vtx[0], vtx[1]}, {vtxCov([B], vtxCov[1]}, Bz, x2x0);

propmuon.setParameters(fwdtrack.getParameters());

propmuon.setZ(fwdtrack.getZ());
propmuon.setCovariances(fwdtrack.getCovariances());

e tracks with MFT:

e propagation to vtx helix with MCS


https://github.com/AliceO2Group/O2Physics/blob/master/PWGUD/TableProducer/fwdTrackPropagation.cxx

Dataset used for the MFT track and matching studies

o

ALICE MFT

using Hyperloop

dataset LHC23zzh_pass3_small

two trains

* one with a process for MCH+MID tracks

* one with both tracks of the MFT+MCH+MID type

slim derived data produced

UDCollisions, UDCollisionsSels, UDCollisionsSelsExtra, UDCollisionsSelsFwd, UDFwdTracks,
UDFwdTracksExtra, UDZdcsReduced, UDFwdindices

globallndex
matchMFT Trackld

matchMCHTrackld




Event selection

176 <R, <89.5cm
p X DCA
—4 <n<—23

VOA amplitude <100 in the same BC

e Nazar’s selection:

Combining by time

2 MCH-MID \/

8C

MCH-MID + MCH \ /

| l
+/- 5 8(C¢

e our selection:

Combining by time

VOA amplitude < 100 in the same BC

FTO-C
—3.3 -
z

=0.82 - 0.8
At ~ 25 ps

VOA amplitude < 100 in the same BC

FT0-C
3.3 2.1

n< -—21
4

ALICE MFT

FDD-C
7.0 !



Comparison of the two datasets

e MCH-MID / MCH-MID + MCH
e total number of MCH-MID tracks: 1.23076 X 10’ = 12.3 M tracks

e total number of MCH tracks: 2.093 x 10° = 2 M tracks
e MFTI-MCH-MID

e total number of MFT-MCH-MID tracks: 1.04021 x 10’ = 10.4 M tracks

After the selection

see next slides

o

ALICE MFT



o

Comparison of the two samples ax: v

After the selection
e 2 MCH-MID tracks / | track MCH-MID + | MCH track

hChi2MatchMCHMID -
Entries

Entries 26924 _
Mean 1.785 Mean 0
Std Dev 0

Std Dev 2509 | 25000

2 2
‘McdMp. “MFT-MCH

00000

00000

TR T N N
18

o 2 MFT-MCH-MID tracks: jg,cr ey is O everywhere

hChi2MatchMCHMID
— Entries 16750 — Entries 16750
1800 & 2 Mean 1996 | 16000 2 Mean 0
)( Std Dev 2.897 Std D 0
wi| AMCH-MID [ e MFT-MCH
e IR T
200
0000
000
000
800
60
4000
2000
J‘\—ft‘—"ﬁ—l'—'—h’hthh—l_rx‘“"l“’{—h—"rﬁ‘—'—l 1 L 1 I 1 1 1 0 1 L L I 1 L L I 1 1 L I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20

— the idea of using a )(2 fit is not possible ?



Events / ( 0.025)
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Invariant mass fits

without MFT tracks

pt in (0.00,0.25), y in (-4.00,-2.50)

[~ 1 19 1 1 11

i . 4

IIII|IIJ_I_:+_I_I_<:

ALICE, PbPb \[SNN = 5.36 TreV
Jhp — u'w
-40<y<-25
0.00 < p < 0.25 GeV/|

ool :
N A.&-‘.‘-{mx.'&ﬂ..ﬂ.ﬂvv"u-.-—.» -~

3.5 4 4.5

sum
— Uy
— Y(2s)

background

N, =395 =25

N,=13 =8

Nypyg = 791+ 34

M, =3.094 = 0.014 GeV/c?

o, =0.0905 = 0.0114 GeV/c?
o =0.0737 = 0.0111 GeV/c?

Events / (0.025)

40

30

20

10

S

ALICE

e MCH+MID acceptance

e 40<n<—-25

e MFT acceptance

e —3.6<ny<—245

both tracks with MFT

ptin (0.00,0.25), y in (-4.00,-2.50)

A§I|1_:I_|"‘I_|_I_‘III|IIII

)/

— ALICE, PbPb \/SNN =536T
Jhp — u'w
-40<y<-25

0.00 < p.< 0.25 GeV/c

¢

sum
Jhp

P (2s)
background
Ny, =185 =17
N,=8=5

N g = 461+ 24

M,,, =3.104 = 0.013 GeV/c

o, =0.0517 = 0.0108 GeV/c”
o = 0.0634 = 0.0116 GeV/c”

Mass

MFT



S

Invariant mass fits alice FFT

e MCH+MID acceptance
e 40<n<—-25

e MFT acceptance

with the acceptance reduced to —=3.6 <5 < —2.5 | 36, _2us
without MFT tracks both tracks with MFT

Events / (0.025)
D
o

N
o

-
6)

-
o

8]

o

pt in (0.00,0.25), y in (-3.60,-2.50) ptin (0.00,0.25), y in (-3.60,-2.50)
[ OF—
—_ ALICE, PbPb |s, = 5.36 Tey —— sum - ALICE, PbPb |5, = 5.36 Tef — sum
- Jhy = P - o
B voup — Jhy - Jy —>pp — Uiy
= -3.6<y<-25 ® ) . B -3.6<y<-25 ®
= 0.00 <p_<0.25 GeV/c W(2s) B 0.00 < p_<0.25 GeV/c — Vy(2s)
B R background : e background
E Ny, =234+ 19 Oi'— Ny, =185+17
__ N,=8+6 'y N,=7+5
E Ny, =510+27 B Ny, = 428 +24
%_ i | M,, = 3.088 +£0.017 GeV/c* 0 — M,,, = 3.108 £ 0.013 GeV/c?
ool 11| 6, =0.0790 +0.0143 GeV/c? - |1 o =0.0553 £0.0110 GeV/c?
% “??#‘# ? % * Og = 0.0729 +£0.0131 GeV/c? . t. N 0. = 0.0620 + 0.0111 GeV/A
- Lo e » ; 0 B e :iggi'jpnq;.-q...---..-,,‘-l,:_,n__ i @ 1107 08 ;
2 2.5 3 3.5 4 4.5 5 2 4 4.5 5

mass : mass



A different approach Y e

* retrieve the corresponding MCH track which was used in the * MCH+MID acceptance
matching and discard the global track if the MCH track is outside . _40<pn<—25
the MFT acceptance

* MFT acceptance

e —3.6<n<—-245

Further modification of FwdTracks in UD Tables.h

// Details about FWD indices
DECLARE_SOA TABLE(UDFwdIndices, "AOD", "UDFWDINDEX",

e we had the following: * what was added: erusmatenimton pcottisonta

udfwdmatchindex: :GlobalIndex,
udfwdmatchindex: :MCHTrackId,
udfwdmatchindex: :MFTTrackId);

// Muon track Kinematics

DECLARE_SOA_TABLE(UDFwdTracks, "AOD", "UDFWDTRACK",
02::s0a::Index<>,
udfwdtrack::UDCollisionld, ® traCI(T)’Pe
udfwdtrack::Px,
udfwdtrack::Py,
udfwdtrack::Pz,
udfwdtrack::Sign,

fwdtrack: :NClusters,

udfwdtrack::TrackTime, fwdtrack: :RAtAbsorberEnd,

// Version with global tracks
DECLARE_SOA_TABLE_VERSIONED (UDFwdTracksExtra_001, "AOD", "UDFWDTRACKEXTRA", 1,
fwdtrack: :TrackType,

udfwdtrack::TrackTimeRes); fwdtrack::Chi2

fwdtrack: :Chi2MatchMCHMID,
6£CLMR[ SOA TABLE(UD? dT ksExt AOD UDFWDTRACKEXTRA fwdtrack: : Chi2MatchMCHHFT,
A rac s ra " H' LU IO' .
= N L ® I v I F I I Fac kl D fwdtrack: :MCHBitMap,
fwdtrack::NClusters, ,
fwdtrack: :MIDBitMap,

fwdtrack: :PDca,
fwdtrack: :MIDBoards);
fwdtrack: :RAtAbsorberEnd,

fwdtrack::Chi2,

fwdtrack: :Chi2MatchMCHMID,
fwdtrack: :Chi2MatchMCHMFT,
fwdtrack: :MCHBitMap,

fwdt rack: :MIDBitMap, 24
fwdtrack: :MIDBoards);

f/ Muon track quality details




Outlook

Next steps

acceptance and efficiency in p; bins

* veto efficiency, acceptances, unfolding

calculation of feed-down and incoherent contamination

further studies with MFT tracks

o still many aspects to be understood (matching, y* distributions, IDs)
inclusion of MFT tracks looks promising for forward UPC analyses

e better mass resolution when MFT tracks are included

ALICE



ALICE

Back-up



ZNA vs ZNC time [hist fTzna fTznc
Entries 293465

- Mean x 0.157
= = Meany  0.1071

5F w mne o == "= |StdDevx 03705 —160
- - = . e Em T == StdDevy 0.3412
: n B = g0 y = -
1__ --- ] = . e o N - - - —50
- = "1 .

30

ZNC time
o
|
[ 1

20

e total number of events in ZN classes S e :

e ZNA and ZNC time information will be used to separate the events into the 4 classes:
OnOn, OnXn, XnOn, XnXn ZNAvS ZNG energy

* approx. number of |/ys candidates in each ZN class: e mantn -'
e 44k in OnOn

e 6k in XnOn

e 9k in OnXn

e 5k in XnXn



More details on the mass fit ®

ALICE

e fitting function for the J/y peak: double-sided crystal
ball

* tail parameters n;, n, fixed to 10

e tail parameters a; = 1.2, ap = 2.5 fixed

e o; = 0.08, op = 0.07
e fitting function for the ' peak: double-sided crystal ball
* background fitted with an exponential function

* parameter A was left free
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80001741 IcE, PbPb VS = 5-36 TeV
L Uy oy
5000 [ -4.00<y<-2.50
[ 0.00< p,<0.25 GeVic
4000 —
9

sum
Jhy

W(2s)

background

Ny, = 42066 + 264
N, =277 + 84

600
400

200—

b Ny, = 104467 +380
= M,,, = 3.084 +0.001 GeV/c?
i o, =0.0833 +0.0012 GeV/c?
. o, = 0.0727 £0.0010 GeV/c?
1000 —
0 E | | | | |
2 2.5 3 4 4.5 5
mass
1200
~ ALICE, PbPb |5y = 5.36 TeV S
| Jy — 'y
J
1000~ 4.00<y<-2.50 3
| 000<p, <0.25GeVic w(2s)
| background
800—
- Ny, = 8500 + 113
B N, = 58 + 32

Ny = 14111 £142
M,,, = 3.083 +0.003 GeV/c?

o, = 0.0859 +0.0025 GeV/c?
o, = 0.0739 £ 0.0021 GeV/c?

mass

Events / (0.025)

Events / (0.025)

800

700

600

500

400

Mass fits in all ZN classes

[TT1

J_.I:PE?‘!I|IIII|IIII|IIII|

ALICE, PbPb |5, = 5.36 TeV

Jy - p'w
-4.00 < y<-2.50
0.00<p_<0.25 GeV/c

sum

JAy

W(2s)

background

N, = 5784 + 94

N, =88 30

Ny, = 11785+ 128

M,,, = 3.079 +0.003 GeV/c?

300(—

m o, =0.0769 +£0.0029 GeV/c’
200|— o, = 0.0736 +0.0025 GeV/c?
100[—

% 2.5 3 4 4.5 5
mass

E ALICE, PbPb \s,, = 5.36 TeV sum
600 — "

- Jy - puu Jhy

E -4.00 < y<-2.50
500 — 0.00<p_<0.25GeVic v(2s)

B background
300 — Ny = 5991 £92

B M,,, = 3.080 +0.004 GeV/c?
200 o, =0.0802 +0.0031 GeV/c?

B o, = 0.0769 +0.0028 GeV/c?
100—

O E | X

2 2.5 3 4 4.5 5

mass

ALICE



