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Introduction : what started 1t all

Near-side ridge in two-particle correlations
was understood as a signature of

collectivity in heavy-ion collisions
ATLAS Until CMS dropped a bomb in 2010 by observing a

2<p3°<3 GeV
S=5.02 TeV, 22 ub™

eo-70%  similar but less strong near-side ridge in pp collisions !
(d) CMS N> 110, 1.0GeV/c<pT<3.0GeV/c

Which started the hunt of collectivity
« signatures » in smaller systems !

1 The ridge was also later observed in
2 pPb collisions
R, 2< meg<4GeV/c p-Pb \% =502 TeV
4 G R e N
g ‘\“/f f/l’ " “’-
. X "fflln
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Introduction : how i1t escalated

Digest of experimental results

measured and similar ¥

measured but different
not measured

OBSERVABLES A=A (higph_mltlt.) (higk:) ;un.) (IowpnF:uIt.) upc °p (hig?r?wult.) ere
Near-side ridge vield [1,2] [30,32,33] [30,31] [34] — K (7475 [77] X 76] %
= Anisotropic flow (3.4] [36,37,38,39] [35,37] [30] [72,73] K 74,75 771 — E
£ Multiparticle cumulants |62 s [40-45] [40,41,45] — — — — — é
<1§ Mass ordering (6] [47-49] [46,48] — — — — — E
[, Baryon-meson grouping |64 ) [47-4] [46,48] — — — — — <
LH) Flow decorrelations (pr) |4 7.¢ [50-51] — — ‘2
"ﬁ Flow decorrelations (n) |&4 .10 [52] 53] — ;
% Event-by-event vn [11,12] — — — | + strangeness enhancement é
. Vn Correlations [13,14] [54-57] [54,55,57] — %
g bn correlations [15] — /58] — | + quarkonia suppression in high multiplicity ;a;)‘
= Nonlinear response of V|84 [16-1s] — [50] — | pp collisions
ESE [19] — — —
rho(vn2,[pT]) [20,21] [60,61] [61] —
High-pr flow [22,23] [63,65] [62,64] — — — — —
Charm flow [24-27] [67,68] [66.67] — — — — —
Bottom flow [28,29] [70] X (69] — — — — —
EJF seminar | 10.11.2023 19
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Introduction : how i1t escalated %%

OBSEH -~

Hearee Collectivity seems to be everywhere...

Anisot
Multipartid

) "= Either what we thought were signatures were in fact not exclusive
. signatures (that 1s sure thing for some signatures)

Flow decqd
Flow decq

E‘;e”; or maybe a droplet of deconfined matter 1s created in smaller

b cO systems ??
Nonlinear 11
b

rho(
Highl
Cha
Bott
EJF seminar | 10.11.2023 19
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From Katka’s JCF seminar
References in back-up slides

Anyway, interesting physics to be understood !
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Anisotro HIC flow illustrated with heavy-ion collisions....
n Initial spatial asymmetry\ / Collectively expanding B

a Particle are emitted With\ / Angular modulation of n

preferred direction their distribution
dN -
e N o dp < 1+2 ) (@n)eosinp — )]
4.——<v§ A n=1
TS Y . . .
YA plane Quantifies particle correlation

k / Qith symmetry plane i, /
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Two-particle correlations

ALICE

How to get two-particle

azimuthal correlations ?
same event

correlation
v dstame
1 AnA
Ntrig . d =2 1 dzNassoc
The correlation function : dA .
nagy
An "y -, :
S(An,Ap) same event - A (rad)

C(An,Ap) =
(471, &) B(An,Ap) mixed event mixed event

ki ' A e
& AL ) ;
’ AT \\\\‘ : mixed 8 p : C,
1 ’ O \\\\“ “““} W 05 ™
‘“ “ :‘ st \“\\Q\\ d AnA(p 0
. § A N M Ty - o8 S ( )
. S = e — 2 *Ag (rad

N1 — N2 Q1 — P2 B(0,0)

N\
IS
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This typical triangular shape is caused
by the limited detector acceptance
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Understanding the 2D correlation function

Photo
: c'onve:"#ion

Back-to-back jets

"Momentum
« conservation

4)]--1 0

N\)
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What 1s our interest in the 2D correlation function ?

Ao =~
.\leN e

assoc

i e ng dAﬂAQD

Sy

’Il)' \\\\v ol
11» fﬂ“'v\ il "

pp event in STAR

\ Particles from the same jet at low Particles from back-to-back jets at
A 0 AnAyp form the near-side peak Ay ~ 7 form the away-side peak
= credits : Jasper Parkkila

Dé&c¢in workshop alexian.lejeune(@cern.ch 16th of September, 2025
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What 1s our interest in the 2D correlation function ? %%

2 Ap =~ ALICE
\ 1 d°N, assoc
13—5- """""""""" Ntrig dAﬂA¢
e M}ﬁ
15 The near-side peak spans a limited An range because the An of two

charged particles within the same jet is limited by the definition of

the jet itself :
\ max An = Rje;

< >

The near-side peak is bigger than the away-side peak for 2 reasons :
more physics phenomena occur at this range and for each opposite- [ fom back-to-back jets at

jet, there is 2 times the contribution of 1 same-jet correlations form the away-side peak
AgD ~ O CICTUITS . JasSpPTT T arKKIIa
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What 1s our interest in the 2D correlation function ? %%
Ap ~ 7 ALICE

1 dzN assoc

e U S trig

v Y

Vi ,» ) q\}\\\
g\\!\\\\

The away-side peak spans the whole An range because opposite
jets can be emitted in a variety of ) range :

Ny —1n,>1 N — Mz =2

— e W&

<) = heam axis

< >

\ N =1y = —2 Nn—1n2=0 to-back jets at
Ap =0

) __ ( f"(— !

CITUITS . JasSpPTT T dIKKIId
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Wh

at 1s our interest 1n the 2D correlation function ? %%

L e

2 Ap =~ 1 ALICE
AAAA \ 1 d Nassoc
--------- | Mg dAnAg

X

\ “{\‘\W"

Flow signal contributes across all Anp range, but it is
more visible in long-range, because most of the other
2D correlation function contributions are negligible !

To study long-range correlations, we can make use of

\ | ame jet at low Particles from back-to-back jets at
forward detectors to broaden the An gap ! -side peak Ap ~ 7 form the away-side peak
Ap ~0 _ kkila

Dé&c¢in workshop alexian.lejeune(@cern.ch 16th of September, 2025 14
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ALICE

ZKin. fréeze-out

Chem. freeze-out

Why studying heavy flavor ?
Heavy flavor (charm, beauty) = hard probes !

(= coming from energetic processes at very early collision

c/b quarks

which will later experience fully the medium)
gluons/u/d/s

o—
— |£ QGP phase
._I B pre-equilibrium
A | Initial cond’ D |chemical freeze-out
E Kinetic j;reﬁe—out
IL free VL$
AN :

Temperatu: -.\.
| o\ ,
—«- - - Hadronic gas —»__
\D «————Free hadrons - - -
W,

, o
Teumen.”, I z"h’@\\ ®™>; \O Oxe &
& ;! e

scheme credits : Emma Chizzali

15

T('HEMI( Al
freeze-out

TKINETIC
freeze-out

16th of September, 2025
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Focusin on D 0 and /\+ but we will see what statistics allow us... %%
ALICE

They are the lightest heavy-flavor hadrons and both hadrons will be reconstructed

through their hadronic decays . N
+ ;i
o f c W d }
t - o )
Ao {o ?\{ D '“.\1 C

¢ - E} Kn

Lo rd L_)! 5

M

Near-by partons

wt AL . recombine into hadrons: particle type grouping
w = I
1 } 3: 03| ooty e 40-50%
S I & 6 o o
i - Soof G Yo  mK_ K
Studying both a meson and a baryon will allow us S B Ve, e oad

to study baryon/meson grouping and mass ordering ! o1F-§)

low mass |

high mass

Heavierobjeotso............................-..
pushedto O 2 4 6 8 10 12 14
higher momenta: mass ordering P (GeV/c)

Figure from Katka’s JCF seminar on 10/11/2023
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The ALICE detector

ALICE during RUN 2

ITS — 6 layers of silicon pixel detectors

TPC — Multi Wire Proportional Chambers

Forward detectors (of interest) — Forward
Multiplicity Detectors on both sides @)

FMD already used to
broaden n gap in:
arXiv:2308.16590

)

ALICE during RUN 3 ALICE

ITS — 7 layers and 1st layer closer to interaction point
TPC — Gas Electron Multipliers + continuous readout

Forward detectors — FMD out x

Muon Forward Tracker in

(one side only)

O

Fast Interaction Trigger in
(both sides)

DécCin workshop

alexian.lejeune@cern.ch

16th of September, 2025 17
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The ALICE detector

ALICE during RUN 2

ITS — 6 layers of silicon pixel detectors
TPC — Multi Wire Proportional Chambers

Forward detectors (of interest) — Forward
Multiplicity Detectors on both sides@

N\
=SSN | X

| FMD already used to
,f ‘ ‘ \Na i broaden n gap in :
S A arXiv:2308.16590

)

ALICE during RUN 3 ALICE

ITS — 7 layers and 1st layer closer to interaction point
TPC — Gas Electron Multipliers + continuous readout

Forward detectors — FMD out x

Muon Forward Tracker in

(one side only) WamAAL ;-
- I 7
O

Fast Interaction Trigger in
(both sides)
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Analvsis procedure (1

IR ALICE

1
Niig
Get two-particle
azimuthal correlation mixed ven
1
B(0,0)
An™
Remove jet-peak apply 4n > 1.4
and project on 4@
mC 1 &N ANygsor MFT P Nssoe | -
\ MET jﬁ\:\.\j\-corr@éﬂons N, dAnAg Y
h\ /HF h |A77| > 1,6 HF corelations = {fiM e \
_098 0 0’8 _396 _2945 '098 0 0,8 £ A(v/)\‘(ra
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Analvsis procedure (1

same event

correlation
dZNS(Ime
; _dAnAg
Ntrig -
AV
. Ag (rad)
Get two-particle v
azimuthal correlation —
0.05 mixed
L _dAnAg
B(0,0)
A
> Ag (rad)
Remove jet-peak apply An > 1.4
and project on 4@
MFT . .
1=a | &N L &N
Nyyig dAnAg

— /\ MFT ”
h\ /HF h\ |An| > 1,6 HF corelations

e DO vt BET e

-0,8 0 0,8 36 245 -08 0 08

Dé&c¢in workshop alexian.lejeune(@cern.ch 16th of September, 2025 20
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Whyv using MFT for correlations ?

ALICE

Remove jet-peak apply 4n > 1.4
and project on 4@

ALICE Performance ps, pasc> 0.2 GeV/c 0 O 8 0
op, Vs=13.6TeV T T preasse| < 08 ALICE Performance o 2 GeV/c
0< N_<100 pp, Vs =13.6 TeV gi7 4 < 2.4
ch
ch. part.-ch. part. 0< Ng<100 | n'"%|< 0.8
‘‘‘‘‘ ch. part.-ch. part.
2 o™ PR ORI e ™
"g 005" . . PP il
O : ............... g ‘‘‘‘‘‘‘
©0.041 E
] i g JIE
0.031

lﬁ\”‘\/}hF lﬁ\ |An| > 1,6 AZBF
= KW

o000 00000
lejelolelolololelo)
oINGEASIRO

A
A
= o
w T
S
Q
A
wd
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th using MFT for correlations ?

Remove jet-peak apply 4n > 1.4
and project on 4@

ALICE

h\ |An| > 1,6 /HF
- -

-245 -0,8 0 0,8

.__..-—_.r-——. == -
e 'y . : .

0.031=

4
23;5(9
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One consequence of using MFT for correlations

ALICE
When measuring the flow of identified particles (such as DY and A} here) we must

cancel the effect of the reference flow (h-h correlations) so the final flow does not
depend on the choice of reference

Using MFT introduces a bias in the forward region, and using the usual 2PC method
1sn’t enough anymore..

. We must also correlate the TPC from the other side
How to cancel forward region reference flow ? with FVO0, and then cancel the forward region

reference flow by correlating MFT and FVO
HF , yyMF
(V7' - v ?

\/<V2TPC ' VZMF? VHF = i NszHF ‘ M)
- )

« 3x2PC » method first used in PHENIX : Phys. Rev. C 105, 024901 (2022)

HF _
Vyw =

Dé&c¢in workshop alexian.lejeune(@cern.ch 16th of September, 2025 23
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Challenges (problems) of MFT

A potential problem with MFT tracks

+ MFT read-out time: 4 - 15 ps
* Interaction rate of 500 kHz — 1 collision every 2 ps
+ MFT track would be compatible in time with 2 - 7 collisions on average

- 92% of all tracks are ambiguous 0’

- Note: we are talking about standalone tracks

g
2

Z w0 LHC21k6

IR=500 kHz
120

LHC21k6
IR=500 kHz 100

500

number of compatible
collisions for an ambiguous
MFT track

=3
TTTT T TOT
<%
Isago12
502700

all MFT tracks
ambiguous tracks

40 80

300 80

200 40

Ideal case: MC simulations

‘I\\I\II‘I\\'\I\'III‘\I\'I’_&

100 20

1 dZNaSSOC

‘]Vm'g dA']A(P [

1.59

LI B L B

3
3317

OD
® L
IS
=]

F pp is=13TeV
r 02<p, <3.0

. trig, assoe

Y(ag)

o

8

N
3
N

E
oo,

1.58

20.0<N,,<30.0

— FY(20)"" + G(1 + I}, 2V, cos(nag)
— FY(AQ)™+ G

1.57

1.56
1.55

154

—— FY(0)"" + G(1 + 5,2V, cos(nAg)) %y

Ag (rad)

{ 1 15 p 0 A I R AR R R |
- - — ————— | z { 2 = 0 1 2 3 4

Ag (rad)

COHISIOIl 1 COlliSiOIl 2 - Correlations far from the jet peak contamination
- We can use (almost) all the available statistics

+ Note: this is Pythia, so don’t look for meaningful flow signal :)

credits : Katka/Sarah Hermann et al.
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MFT track reassociation, ambiguity in pp %%

D . . ALICE
* Ran over LHC220 apass7 minBias medium, 5 min clusters

* ~90% ambiguous tracks, 90% of ambiguous tracks get reassociated to a new coll.

. hAmbiguityOfMftTracks
x10 hAmbiguityOfMftTracks . hReassociationMftTracks
B Entries 326820426481 x10 hReassociationMftTracks
- Mean 09228 | 100 Entries 187095302842
120{— Std Dev 08674 — Mean 0.4742
| 90— Std Dev 04993
100|— ==
- 70
80— —
N 60—
60— 50—
- 40
40— —
N 30
20— 20—
N | 10
0 | MFT tracks MFT sfter re g mi mbig 0 E
MFT tracks after track selection Reassociated MFT tracks by DCAxy method

MFT S&P meeting alexian.lejeune(@cern.ch 08/09/2025 25
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Analzsis Erocedure %%

P e .. ALICE
> - o2<p <30
by

ssssssss

3. L 300 <N, < 40.0 i
Remove et— eak a 1 A > 1_4 0-345; —_— FY(AtP)pe:+G(1+):i:zzvmcos(nAq>)) I i
2. Jei-peak apply 2 ‘ Perform template fit e
and project on 4@ P

— eripheral B B
[ a7 )] ()]

3

0.335

Nld

Y"dge(Ap) =G |1+2 ) V,, - cos(nAg)

Repeat for TPC-FV0 and MFT-FVO !

n=2

4.
. . (VZHF . V2FV0><V2HF . VMFT)
Get differential flow Vi = <V MFT [y 21:V0>

Same formula for ch. part. — ch. part. correlations

Dé&c¢in workshop alexian.lejeune(@cern.ch 16th of September, 2025 26
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Template fit a nice scheme to understand more easily ©

/Ps-(

HM| LMTF |} &<

Propction

U

AN

LM

et Ay Srewvw Ao

Sghi'mchon.

lb|_ |_¢

eﬁ on

oﬁ\\g
£\ 0"

ALICE

scheme credits ;: Maxim Virta

DécCin workshop
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Analzsis Erocedure %%

B .. ALICE
> - o2<p <30
by

.........

3. L 300 <N, < 40.0 Fa o
Remove jet-peak apply 4n > 1.4 T — ot g
2. Jel-peak apbly 2 ‘ Perform template fit e
and project on 4@ P

0.335

Nld

yriage(Ap) = G |1+ 2

3
V,.a+ cos(nAp)

Repeat for TPC-FV0 and MFT-FVO !

n=2

4.
VHF . yFVO\(/HF [y MFT
Get differential flow VZHF — ( 2 (VzM FT><. ZZFVO> 5 )

Same formula for ch. part. — ch. part. correlations
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TPC-FV0 and MFT-FVO correlations

Local results thus low statistics and also low multiplicity results (10-20) ALICE

—
DO’\/IA77I_>3\/‘h h \ |An| > 4.5 /h

«————’

23,6 245 0 22 5,1

XN ) UK
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Summary

ALICE

- Collectivity in small systems 1s a very dynamic field (especially lately with the light
ions runs at the LHC)

- I am using heavy flavor probes to try to study it, using what seems to be the best
methods (long-range flow + template fit), but recently I joined forces with other
ALICE analyzers planning to do a quick light ion analysis, without the HF part

- Using MFT specifically 1s a challenge (to stay polite), let’s hope it will be worth it

- I should have showed you some v, results, however I cannot run a hyperloop train
properly so this 1s for next time

Dé&c¢in workshop alexian.lejeune(@cern.ch 16th of September, 2025 30
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A Large Ion Collider Experiment

ALICE

BACK UP

8




Temnlate f1t the principles detailed... %
ALICE

142 Z Van - cos(nAg)

g *%¥ ppis=13Tev !
[ 02<p,,,,<30 Fit inputs :
- 30.0 <N, < 40.0 . C e .
0345 | — measurement at high multiplicity
- FY(a0)™" + G(1 + £J , 2V, cos(nAg)) e .
 raefeG — measurement at low multiplicity
—— FY(0)" + G(1 + £, 2V, cos(nAg))
0.34
Fit outputs :
—F G,V
0.335 ’ ’ ni
b Get reference and differential flow
0‘33 1 1 _‘1 1 1 1 1 3 1 1 1 1 “I 1 1 1 1 é 1 1 1 1 é l
Ao (rad)

alexian.lejeune(@cern.ch 32
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