
Measurement of anisotropic flow coefficients using the 
long-range (3x2PC) correlations method with the MFT 

detector in light-ion collisions with ALICE

Alexian Lejeune1

Supervisors : Jaroslav Bielčík1, Katarína Křížková Gajdošová1

1: Faculty of Nuclear Sciences and Physical Engineering, Czech Technical University in Prague

DUCD 2026

A Large Ion Collider Experiment



Why anisotropic flow?
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Initial spatial anisotropy Expansion within the medium
Anisotropic distribution

of final-state particles

Eccentricity ε𝑛 

“how the initial state is distributed”

“how strongly correlated is the 

particle with the reaction plane 𝜓𝑛”

QGP-like phase
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Why are light ions so interesting?
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small systems large systems

Collective behavior largely understood

Quantitatively described by hydrodynamics

Collision geometry well constrained

Dominated by QCD effects

Signs of collective behavior

Qualitatively described by hydrodynamics

Collision geometry poorly constrained
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Why are light ions so interesting?
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Newcomers at the LHC: 16O and 20Ne!

The initial state is better constrained than in pp by theoretical models!

 Overlapping multiplicity with smaller systems with constrained collision geometry

small systems large systems
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Motivations : 𝜂-dependent flow 
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• More differential measurement → challenge for theoretical models

• Could help to distinguish between different parametrization of eta_s/s(T) 

Run 2 results JHEP
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https://doi.org/10.1007/JHEP01(2024)199
https://doi.org/10.1007/JHEP01(2024)199
https://doi.org/10.1007/JHEP01(2024)199


What was done in 𝜂-dependent flow 
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• Some results were already prepared by colleagues using FT0C instead of MFT but,

• FT0 → limited to 2 bins, MFT will allow for more granularity (11 bins on C-side)
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Martijn’s approved results in Run 3 with FT0C/FT0A

Could bridge between FT0C 

and FT0A mirrored points!
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The ALICE setup in Run 3
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(GEM)-Time Projection 

Chamber  

main tracking device

particle identification

Inner Tracking System 2

tracking and vertex determination

Fast Interaction Trigger (A & C)

centrality/multiplicity determination

forward particle detection

(C: -3.3 < 𝜂 < -2.1)

(A: 3.5< 𝜂 < 4.9)

Muon Forward Tracker

tracking & vertex determination in 

the forward region

(-3.6 < 𝜂 < -2.5)
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MFT vertex shift
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• 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

• Correction procedure is here, already implemented 

in the MFT track DCA reassociation task

• Correction needed when re-propagating MFT tracks

or when using DCA 
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MFT tracks ambiguity
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• MFT read-out time : 4 – 15 𝜇s

• Interaction rate : pp → 500 kHz, OO → ~40 kHz

• On average, MFT tracks compatible in time with >1 collisions

• How to deal with MFT ambiguous tracks ?

DCAxy

collision 1 collision 2
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MFT DCA reassociation efficiency
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• Task force : Tulika, Gyula and myself → It lead to an internal analysis/technical
note about MFT track association which was presented by Sarah Porteboeuf

• Key findings are : 

→ 2D/3D reassociation is very efficient >94% for ions

MFT track association analysis note
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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
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How to get two-particle

azimuthal correlations ?

𝐶 ∆𝜂, ∆𝜑 =
𝑆(∆𝜂, ∆𝜑)

𝐵(∆𝜂, ∆𝜑)

same event

mixed event

The correlation function :

𝜂1 − 𝜂2 𝜑1 − 𝜑2
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Analysis procedure : 3x2PC method
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New detectors : Muon Forward Tracker and FIT detector

TPC-MFT TPC-FT0A

MFT-FT0A

trigger

assoc.

4,93,50 0,8-0,8-3,6 -2,45

TPC FT0AMFT ∆𝜂 > 2.7∆𝜂 > 1,6

assoc

.

trig. assoc.∆𝜂 > 6
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FT0 gain equalization

• The gain of the detector should be similar across all channels 

• Though in practice it is not the case, thus an equalization correction is applied to 
smooth out the gain across all channels
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Correlation functions, no gain equalization
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Central vs C-side Central vs A-side

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

C-side vs A-side
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Template fit the principles detailed
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𝒀𝒕𝒆𝒎𝒑𝒍𝒂𝒕𝒆 ∆𝝋 = 𝑭 ∙ 𝒀𝒑𝒆𝒓𝒊𝒑𝒉𝒆𝒓𝒂𝒍 ∆𝝋 + 𝒀𝒓𝒊𝒅𝒈𝒆 ∆𝝋

Our measurement at given

multiplicity → Contains non-flow

& collective effects

Non-flow component

→ Assumption : low-multiplicity

sample contains only non-flow

Collective flow component

→ Fourier expansion

𝑌𝑟𝑖𝑑𝑔𝑒 ∆𝜑 = 𝐺 1 + 2෍

𝑛=2

3

𝒗𝒏∆ ∙ cos 𝑛∆𝜑

Fit inputs :

→ measurement at high multiplicity

→ measurement at low multiplicity

Fit outputs :

→ F, G, 𝒗𝒏∆ Get second-order two-particle corr. coeff.

TPC-MFT
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Template fit a nice scheme to understand more easily ☺
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scheme credits : Teemu Kallio
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Statistical uncertainties

• For each two-particle correlation calculated in this analysis is 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.
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Pseudorapidity dependent measurement
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MFT-rangeTPC-range

𝑣2{−3.6, −3.5} =
𝑣2Δ
𝑇𝑃𝐶−𝑀𝐹𝑇{−3.6,−3.5}

× 𝑣2Δ
𝑀𝐹𝑇{−3.6,−3.5}−𝐹𝑇0𝐴

𝑣2Δ
𝑇𝑃𝐶−𝐹𝑇0𝐴𝑣2{−0.8,−0.7} =

𝑣2Δ
𝑇𝑃𝐶{−0.8;−0.7}−𝑀𝐹𝑇

× 𝑣2Δ
𝑇𝑃𝐶{−0.8,−0.7}−𝐹𝑇0𝐴

𝑣2Δ
𝑀𝐹𝑇−𝐹𝑇0𝐴

TPC FT0A

MFT TPC

MFT TPC

MFT FT0ATPC
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Efficiency correction

• Computed by track-to-particle ratio in 3D : pT, eta and z-vertex 
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TPC track efficiency projected on pT axis MFT track efficiency projected on pT axis
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Preliminary results

• Comparison with approved preliminary

results using only FT0

• Difference between red and black is pT

extrapolation to 0 GeV/c

• My results in blue are not extrapolated yet

and agree well with the red curve

• Discrepancies at forward range expected to be reduced by the pT extrapolation 
(needed for MFT, not needed for FT0)
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Systematic uncertainties : variations
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+ variation in low-multiplicity baseline : 

Default : Nch 0-10, Variation : 0-8

• Will be evaluated using the Barlow criteria

• 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
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Detailed next steps
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• 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

mailto:alexian.lejeune@cern.ch


Thank you!

A Large Ion Collider Experiment



Muon Forward Tracker
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• Number of clusters per track, 𝑝𝑇, DCA information

MFT η distribution

MFT φ distribution
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Muon Forward Tracker
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• Number of clusters per track, 𝑝𝑇, DCA information

16O→←16O
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FT0-A and FT0-C

27alexian.lejeune@cern.ch

• FT0-A and C are similar but still different

• FT0-C will be used as a double check for C-side
FT0A η distribution

3.5 < η < 4.9

FT0C η distribution
-3.3 < η < -2.1

16O→←16O
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Template fits
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TPC-MFT TPC-FT0A

MFT-FT0A
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