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Why anisotropic tlow?

ALICE

Anisotropic distribution
of final-state particles

Initial spatial anisotropy Expansion within the medium
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Why are light ions so interesting? £s

o 101 1Of 10

6] Il

small systems

Dominated by QCD effects
Signs of collective behavior

large systems

Collective behavior largely understood
Quantitatively described by hydrodynamics

Qualitatively described by hydrodynamics

Collision geometry well constrained

Collision geometry poorly constrained
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th are light 10NS SO interesting? %

ol 0] O] 10 1ol 101 ol [0 o] [0

small systems large systems

Newcomers at the LHC: 10 and %°Ne!

The nitial state 1s better constrained than in pp by theoretical models!
Overlapping multiplicity with smaller systems with constrained collision geometry
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Motivations : n-deEendent flow

)

ALICE

* More differential measurement — challenge for theoretical models

* Could help to distinguish between different parametrization of eta_s/s(T)
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What was done 1n n-degendent flow

* Some results were already prepared by colleagues using FTOC instead of MFT but,
* FTO — limited to 2 bins, MFT will allow for more granularity (11 bins on C-side)
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The ALICE setup in Run 3 %%

ALICE

(GEM)-Time Projection Inner Tracking System 2

Chamber tracking and vertex determination
main tracking device

particle identification

Muon Forward Tracker
tracking & vertex determination in

the forward region
(-3.6 <n<-2.5)

A-side

Fast Interaction Trigger (A & C)
centrality/multiplicity determination
forward particle detection
(C:-33<n<-2.1)
(A:3.5<n<4.9)

- é-side
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MEFT vertex shift

* Longitudinal misalignment between PV and
MFT-MCH telescope was found

* 2mm for any production since 2024 PbPb apass3

* 0.2mm “only” for all productions before 0.05:

 Correction procedure 1s here, already implemented o

in the MFT track DCA reassociation task

-0.05

* Correction needed when re-propagating MFT tracks

or when using DCA

alexian.lejeune(@cern.ch

ALICE

D. Sekihata, 2025 0-O
DCAXxvs.y G

Track/positive/hDCAxy |()

Entries  3.417083e+07 -(
Mean x 0.001218

Meany -0.001689

Std Dev x 0.02907
3(

Std Dev y 0.02722
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MFT tracks ambiguity

ALICE

* MFT read-out time : 4 — 15 us Ambiguous MFT track

* Interaction rate : pp — 500 kHz, OO — ~40 kHz R
* On average, MFT tracks compatible in time with >1 collisions / \ \
¥

collisions co|1iﬂ col2 | col3

* How to deal with MFT ambiguous tracks ?

vertex V1 V2 V3

Propagation to the vertex
fDCA,  DCA: IDCA;} DCA;
is the |
lowest

collision 1 collision 2

trackl1 —» ! col2

reassigned
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEENEEEEEEEEEEEEEEN|
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MFT DCA reassociation efficienc

ALICE

* Task force : Tulika, Gyula and myself — It lead to an internal analysis/technical
note about MFT track association which was presented by Sarah Porteboeuf

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

ALICE Ve
To be specified
July 27, 2026

* Key findings are :

— 2D/3D reassociation 1s very efficient >94% for 1ons

s 96,8% 957% 856%  957% e 5E%
' I WAL g MTE gpy 95 BATR SR gnoy  ggon ooy e 58 : w2 B B B B Studies of track association to vertex with DCA,, , distributions at

forward pseudorapidities with the Muon Forward Tracker in Run 3

Giyula Bencedi!, Manrice Coguet®, Batoul Diab?,
Sarsh Porteboeuf Howssass®, Tulika Tripathy®, Alexian Lejeune®

! HUN-REN Wigner RCP. HU, contact for Ph-Ph

e, 2% %
62 qegn IR qary S gim  TROR BN WAAR il ool ogoge  WAR OEER ISR SETH  OBSTR enzw  uaim BT oni ‘
< CERN, coatact for the MFT tracking
3 CERN, contset for Explotation of MFT data
.
Hiim  CaTa  GARAR. SRR (RORS  GweAls  Rdak  ASI0R  AAAGE  TWATE.  GEAEn GENLS  ADSnh  GAAAR GAALE.  GAR5R NAAR ANAAR GeAAR SR GARAE o 4 Usiversité Clermont- Auvergne, CNRS, LPCA. 63000 Clermont-Feerand, France, contset for Exploitation of MFT data
1 0,.BA%:
1% B9.4% O n 5 Université Clermont-Auvergne, CNRS, LPCA, 63000 Clermont-Ferrand, France, contact foe pp and pO
. _ : _ s ©Faculty of Nuclear Sciences and Physical Engineeriny 2. Coech Technical University, Prague, Czechia, contact for 00
475 27,5% I 45 0% 2b.4% e P EREE EEEEY [EREC] EREE] RSN RS RN e
Abstract
157% 1 5% I 13 1% 12.6%
@ o " : 0 o N -
0"1'4 _,;P“ \S"@? ‘15?9 \_,-ﬁ ‘f ‘s?*ﬁa \gf bhlé’ ‘@cf 5 g‘s’ ﬁ .ﬁ"‘ ﬁ{‘ ﬁé_pb f v c;':'dﬁ @§- s@;}
B o e e o
«é,_'s'- _“.;\sa -é@' Fd #LP \'-:\' o \‘-:\“ o ,'cb? ,3’& '\ ,,3 S » e tiom Findings are s rized in recommendations for plysics analys
o q__p*" \df. ':F"aa & Fﬁ‘ '_\?"f o \tf ﬁg@:' *@-,"} Q_i’ {3}{ #ﬁ" ‘}gp rﬁ‘ ,fi @@4 _‘P ‘, \ o to-do list for required advanced studies o solve the remaining issues.
S A i g .e#g R A A A LA A e ‘?f %‘f
e = i <] - = i 5 &' £
< e ) __? = f A - & £ & S . . .
- & = ] “ I & oF 3 u B u
o s & o & Bl B 2 -3 o & =7 t t t
;P L A & & rackK asSocCiation analysis note

alexian.lejeune@cern.ch 10



mailto:alexian.lejeune@cern.ch
https://indico.cern.ch/event/1712689/#47-mft-track-association-to-th
https://alice-notes.web.cern.ch/node/1824
https://alice-notes.web.cern.ch/node/1824
https://alice-notes.web.cern.ch/node/1824
https://alice-notes.web.cern.ch/node/1824
https://alice-notes.web.cern.ch/node/1824

Two-particle correlations
ALICE

How to get two-particle

azimuthal correlations ?
same event

correlation
e 5
‘ d NS(I"IE
! dA
LI nAg 2
Nyig d°N, assoc
The correlation function : " N,i, dAnAg
A 1y
X 3 A d
S(An, Ap) same event so- frad)
C(An,Ap) = .
B(An, Ap) mixed event mixed event
correlation 4 2
005 A d ]Vmixed
1 004 «a:::sttht\*sitaa&(f\Q\{:?‘““‘\\\\‘tt:.“&&?f‘**‘%?: ” W
— -
M — N2 P1— P2 B0,0) o , * Ag (rad)
An "ty
Ag (rad)
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Analzsis Erocedure : 3x2PC method

ALICE
New detectors : Muon Forward Tracker and FIT detector C

TPC-MFT ] TPC-FTOA
trigger R
assoc\ — T T /assoc
.!li.IAnI > 1,6 Iiﬂ |An| > 2.7m |

0,8 0 0,8 3,5 4.9 FTO-A

trlg \z\lAnl > 6 assoc. 3.5 < f] < 4.9

z = 3305 mm

MFT-FTOA
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FTO gain egualization %%

. . ALICE
* The gain of the detector should be similar across all channels
* Though 1n practice it is not the case, thus an equalization correction 1s applied to

smooth out the gain across all channels
2000

2000 1= - - - 5 i =, ,7 Data/FTOAmpCorr
1800E 11| - 1800; ;' 1 A Entries 698100504787
1E ’ - : Data/FTOAMp 1600 =l 1 E Mean x 46.5
1600 Entries 698100504787 : E i I::i Mean y 123.3
' T i Mean x 46.51 £ 13 £ Std Dev x 28.25
1400 | : - Mean y 122 1400 - Std Dev y 75.43
B : T Std Dev x 28.25 [ ¥
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Correlation functions, no gain equalization

ALICE

This work TPC-MFT 02<p®<3.0GeVic This work TPC-FTOA 02<p!®<3.0GeVic
00, | s, =5.36TeV ch. part. - ch. part. P ¢ 3.0 GeV/c %Cé. \ ;NN 2=Og-36 TeV ch. part. - ch. part. no p==e cut
<Ny

|7 < 0.8
3.5 < n?C ¢ 4.9

7" < 0.8

180 <N, < 200 MFT alltracks
-3.6 <¥%° ¢ -2.5

a 2 ;
c c ]
2 3 10197
(&) o E
1018.54 -
1018~
1017.5~
10172 |
1016.57
: -3
4, 4y
4 This work MFT-FTOA 0.2 <p™ < 3.0 GeVie ro
00,y s,y =5.36TeV ch. part. - ch. part. no P55 cut . 0
180 < N,4< 200 MFT alltracks T -5 A
-3.6<n"<-25

3.5 <¢n*° ¢ 49

Counts
—
o
)
o
()]

1019.5 “\ T T .
Central VS C'Side 10185 7. o Centl'al VS A'Slde

. - C-side vs A-side
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Correlation functions, WITH gain equalization

ALICE

This work TPC-MFT 0.2 <ptrig < 3.0 GeV/c This work TPC-FTOA 0.2 <ptTrig <3.0GeV/c
W 00, s,, =5.36TeV ch. part. - ch. part. assoc
00, =5.36 TeV h. part. - ch. part. assoc ¢ 3.0 GeV/ NN no cut
Sy e ch. part. - ch. par pEsse < eV/c 180 << 200 P

|ntrig| <08
3.5<n*° <49

7" < 0.8
-3.6 <¥%° ¢ -2.5

180 < N,< 200 MFT alltracks

[4] "CB ]
@0 c I
§ § 113.8 1
O 113.6]
113.43~
113.2
113
112.8]
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. q
dy 7
4
AQ ’ 5 1 0 >
This work MFT-FTOA 02<pr?< 3.0 GeVic
Q0,\ s,y =5.36TeV ch. part. - ch. part. no P cut
180 < N4 < 200 MFT reassociated3D -
-3.6<n"<¢-25

35¢ T]assoc <49

Counts
3]
N
o
I3
T

Central vs C-side Central vs A-side

R | - C-side vs A-side
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Temnlate f1t the principles detailed %%
ALICE

02<p <3.0 TPC-MFT

T, trig, assoc

180.0 < N,, £ 2000

—— FY(a@)" + G(1 +T°_, 2V, cos(nAg))
— Y@+ G

3
1+2 2 Vpa * cos(nlAe)
n=2

S
2
>

5180
Fit inputs :

— measurement at high multiplicity
— measurement at low multiplicity

5170

5160

—— FY(0)™" + G(1 + 22, 2V, cos(nA))
5150

Fit outputs :
— F G, v, ‘ Get second-order two-particle corr. coeff.

5140

5130

5120

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 | 1 1 L
-1 0 1 2 3 4

Ao (rad)
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Template fit a nice scheme to understand more easily ©

ALICE

/PS-(

M| LMTF

/)/54/#/ A

e Sgbi-mchon.

Propetion * IL |_¢ ’% Proection

01\\\3
£\ o

/\_/\ scheme credits : Teemu Kallio
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Statistical uncertainties

ALICE

* For each two-particle correlation calculated in this analysis 1s randomly (uniform
law) attributed a number between 0 and 10 to create 10 unbiased sub-samples of the
full two-particle correlation statistic

* We create 100 random samples by combining correlation functions from the 10 sub-
samples. We then calculate the second-order two-particle correlations coefficiencts
for all of those 100 random samples,

* Finally, estimate the mean and the standard deviation from these 100 samples and
we take the standard deviation as our statistical uncertainty.

alexian.lejeune(@cern.ch 18
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Pseudoragiditz deEendent measurement

TPC-range MFT-range s
g BN | KN KN

a¥ N\

—— —r—

i v B e R v e B IR

vTP C{—0.8,—0.7)—MFT y vTP C{—0.8-0.7)—FT0A , . v;‘gC—MFT{—Sﬁ,—S.S} X UZI\ZFT{—3.6,—3.5}—FT0A
. . _ |%2a 2/ V,{—3.6,—3.5} = —
v,{—0.8,—0.7} = MFT=FT04 pTPC-FT0A
2
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Efticiency correction

. .. ALICE
* Computed by track-to-particle ratio in 3D : pT, eta and z-vertex

TPC track efficiency projected on pT axis MFT track efficiency projected on pT axis

1-2 _I LI I LILILBL I LI I LI I LILELEL I LILILL I LILILL I LILILBL I LILLEL I LIBLIL] I_ 1-2 _| TT1 I T T 1.1 I T T 1.1 I TTT1 I TTT1 I L I LLELL I LLELL I LLELL I LI I_
Uy ] 1 —
0.8 r = 0.8 N_ﬁ_i
0.6 _' 0.6 N
0.4 [ - 0.4F -
021 — 02F N
0 _ﬁ 111 I 111 1 I L1 1 1 I L1 1 1 I 1111 I L1 11 I 11 1 I 111 1 I 111 1 I 111 I_ O _I L1l I L1 1 1 I L1 1 1 I | | I L1 1.1 I | I | I | I | I | I | I | I | I L1l I_
0 1 2 3 4 5 6 7 9 10 0 1 2 3 4 5 6 7 8 9 10

p, (GeV/c) p, (GeVic)
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Preliminzu_’z results

* Comparison with approved preliminary

results using only FTO

SN AL AL AL NN AN SR A

— results smal results (Martijn), u ]

. . 009 ;_ I\g;igégé\?;ég ﬁf\ﬁéﬁf& uncorrected ESEGT;fhg;%?:ﬁC:e:( ) ) _;
 Difference between red and black 1s pT 0.08 |~ —— MFTrange, p, uncorected e o7 comocted =
E —©— MFT-range (mirrored) —&— pT corrected (mirrored) E

extrapolation to 0 GeV/c .07 E
0.06 |- i =

osf e TR

0.04 ;— } & —;

* My results in blue are not extrapolated yet  0.03F =
: 02F¢ ° b

and agree well with the red curve 002E -
0.01 111 I | | I L1 1 1 I 111 1 I L1 1 1 I 111 | I 111 | I L1 1 1 I L1 1 1 I L1l 1]

-5 4 3 -2 -1 0 1 2 3 4 115

* Discrepancies at forward range expected to be reduced by the pT extrapolation
(needed for MFT, not needed for FTO)
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S

* Will be evaluated using the Barlow criteria
| -

H Default sclection [ Systematic variations |

sel8 (< 2026) truc no variation

.. < 10cm < 8cm
kNoSamcBunchPilcup truc no variation
klsGoodITSLayersAll truc no variation
klsGoodZvtxFTOvsPV truc no variation
klsNoColllnRofStandard false no variation
kisNoColllnRofStrict falsc no variation
klsNoColllnTimeRangeStandard false no variation
klsNoColllnTimcRangeStrict falsc no variation
klsNoHighMultColllnPrevRof falsc no variation
klsRctFlagChecked truc no variation

+ variation in low-multiplicity baseline :
Default : Nch 0-10, Variation : 0-8

MFT track ambiguity systematic uncertainty will be evaluated
by comparing the reassociated3D case (93% correct
reassociation) with the nonambi case (95% correct) and will be
over-estimated for the final uncertainties

stematic uncertainties : variations

| Sclection criteria [ Default Variation |
klsGlobal TrackInFilter truc No variation
TPC crosscd rows =70 = 80
TPC found clusters = 50) = 60
ITS clusters =5 No variation
|DCA,| < 2cm < 0.1cm
x*/TPC cluster < 2.5 <4
pr range 0.2 < pp < 10.0 GeV/c | No variation
1) range In|< 0.8 No variation
| Selection criteria [ Default | Variation |
MFT cluster > 5 > 6
|IDCA,,| not used yet < 2cm
|DCA,| not used yet < 2cm
prr range 0.2 < pr < 10.0 GeV/c | No variation
1 range —3.6<n <25 No variation
Tracking algorithm CA + LTF No variation

ALICE

alexian.lejeune(@cern.ch
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Detailed next steps

ALICE

* Implement centrality : to match current approved results

— could potentially be a paper on its own only OO/NeNe, or we could add/do
separately multiplicity to compare also with pp and pO for the system size dependence

* Monte-Carlo pT extrapolation + MC closure

— Run correlations on MC generated with flow information (EPOS) and run for both
0.2 to 10 GeV/c and 0 to 10 GeV/c, the ratio of the two gives us the correction to
apply on our results

* Compute the systematics

alexian.lejeune(@cern.ch 23
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A Large Ion Collider Experiment

Thank you!
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Muon Forward Tracker

* Number of clusters per track, pr, DCA information

Entries

0<N_ <260
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ALICE
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: | L I LI L '| T T 17 |' L | LI L | LI '|' :
i ey ~T, _.:
: P . al .
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T | i
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Muon Forward Tracker 160)—s«—160) %%

* Number of clusters per track, pr, DCA information

O<N 260 . .
< Nep < Mapping x-y for Disk 4
—_ =
E150 Front PI i
= — — Front Plane 15l
- -] — Back Plane
3 — 3
100 N [
'1_
E [
EU [ I | T .1.11 us-_
'-._\_\\u | '} | 1 |_I :
A [
0 o
| I | -
1 I'r .f1||
I 05
=" -1
=100 ’J'
= — Constraints a5
-‘su||I||IlIIIIIIIIII|IIIIIIIIIIIIIIIII|III|IIII ;Illllllllllllllllllll i
0 20 40 60 80 100 120 140 160 180 200 220 2 25 3 35

X (mm)
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FTO-A and FTO-C

* FTO-A and C are similar but still different

x10 Data/Ft0aFt0c/ChParChP..
— Entries 80862828785
. 3 — Mean 4.136
« FTO-Cwill b d double check for C-sid - -
1 € uSCd asS a4 adouolic CNECK 10r S14¢C 20— sta pev 0336
“FTOA n distribution
15—
~ 35<n<49
166 164 | 162 160 | 159 157 | 155 153 -
167 165|163 161|158 156 | 154 152 10—
169 168 | 114 112|110 108 | 107 105|103 102 | 151 150 -
171 170|115 113|111 109 | 106 104 | 101 100 | 149 148 5
173 172 | 117 116 99 98 (147 146 -
) I PRI B IR R B Ll
2 25 3 35 4 45 55 6
175 174 | 119 118 '/—\ 97 96 [ 145 144
\ FTC ) x10° Data/Ft0aFt06/ChPartChP...
76 177 120 121 \\\—/‘ 142 143 | 206 207 L Entries 46982786243
— Mean -2.583
95 94 31 29 21 20 | 69 68 78 179/| 122 123 140 141|204 205 10— — Std Dev 0.283
27 |24 ¢ - . . .
93 92|30 28 23 2|71 70 180 181|124 125|128 130|133 135|137( 139)202 203 C FTOCT] distribution
26 25 , 8— < <
91 89 (87 8 }——{78 76|73 n 182 183 126 127|129 131|132 134|136 138200 201 - 3.3 n 2.1
83 80 | C
9 88 | 86 84 79 77|75 74 184 186 | 188 190 | 193 195|197 199 o L
82 81l -
. N . . 185 187 | 189 101|192 194 | 196 198 i
FTO mapping from Yury Melikyan -
o
ol o e Lo
-4 35 3 25 2 15 i
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Temglate fits

s
a
>

5180

5170

5160

5150

5140

5130

5120

180.0 < N, 5‘200.0

+G(1 + X2, 2V, cos(nAg))

+G(1 + 22, 2V, , cos(nAg))

TPC-MFT

3045

3044.5

3044

3043.5

3043

S 4564
32 i
> B
4563 180.0 < N, < 200.0
e
4562/ — —— Fy(a9/" + G
[ — FY(
= )
4561 ;

4560

4559

02¢p,, <30 TPC-FTOA , %

+G(1 + 28, 2V, cos(nAg))

0" + G(1 + 28, 2V, cos(nAg))

0:2¢ pT,tri ,asjn

180.0 < 4 200.0
kol L2001

— FY(ag)"

peri

— FY(A9) +G

peri

FY(0 + G(1 + Z2_, 2V, cos(nAg))
|
! )

5o MFT-FTOA

+G(1 + 28, 2V, cos(nAg))

Ao (rad)

ALICE
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  C  (  ∆ 𝜂 , ∆ 𝜑 ) =   S ( ∆ 𝜂 , ∆ 𝜑 )  B ( ∆ 𝜂 , ∆ 𝜑 )


   𝜂 1 −  𝜂 2                        𝜑 1 −  𝜑 2


   |  ∆ 𝜂 | >


   |  ∆ 𝜂 | > 1 , 6


   |  ∆ 𝜂 | >


   𝒀  𝒕 𝒆 𝒎 𝒑 𝒍 𝒂 𝒕 𝒆  (  ∆ 𝝋 ) = 𝑭 ∙  𝒀  𝒑 𝒆 𝒓 𝒊 𝒑 𝒉 𝒆 𝒓 𝒂 𝒍  (  ∆ 𝝋 ) +  𝒀  𝒓 𝒊 𝒅 𝒈 𝒆  (  ∆ 𝝋 )


   Y  r i d g e  (  ∆ 𝜑 ) = G  [  1 + 2  ∑  n = 2 3   𝒗  𝒏 ∆ ∙   cos ⁡   (  n ∆ 𝜑 ) ]
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   v 2 { − 3 . 6 , − 3 . 5 } =      v  2 Δ  T P C − M F T { − 3 . 6 , − 3 . 5 } ×  v  2 Δ  M F T { − 3 . 6 , − 3 . 5 } − F T 0 A   v  2 Δ  T P C − F T 0 A


   v 2 { − 0 . 8 , − 0 . 7 } =      v  2 Δ  T P C { − 0 . 8 ; − 0 . 7 } − M F T ×  v  2 Δ  T P C { − 0 . 8 , − 0 . 7 } − F T 0 A   v  2 Δ  M F T − F T 0 A
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