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Introduction : signatures of the quark gluon plasma

Signatures : many !

2001 : discovery of strong « elliptic » flow at STAR ﬂoai
2002 : discovery of jet quenching at PHENIX

Many other signatures :

strangeness enhancement
quarkonia suppression
mass ordering

baryon-meson grouping

Dé&c¢in Workshop
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Introduction : signatures of the quark gluon plasma
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Introduction : signatures? of the quark gluon plasma.

Near-side ridge in two-particle correlations
was understood as a signature of QGP in
heavy-ion collisions
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Until CMS dropped a bomb in 2010 by observing a
similar but less strong near-side ridge in pp collisions !

Which started the hunt of QGP
« signatures » in smaller systems !
The ridge was also later observed

in pPb collisions
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1< Pr o < 2GeVic 0-20%
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ALICE

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

heavy-ion collisions
Until CMS dropped a bomb in 2010 by observing a
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(d) CMS N > 110, 1.0GeV/c<pT<3.0GeV/c Which started the hunt of Q GP
s « signatures » in smaller systems !
The ridge was also later observed
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Introduction : signatures? of the quark gluon plasma.

From Katka’s JCF seminar

Digest of experimental results

measured and similar ¥

measured but different
not measured

OBSERVABLES A=A (higph_mltlt.) (higk:) ;un.) (IowpnF:uIt.) UPC ep (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 [72,75) 771 —_
Multiparticle cumulants |64 i) [40-45] [40,41,45] — — — — —
Mass ordering (6] [47-49] [46,48] — — — — —
Baryon-meson grouping |&4 el [47-4] [46,48] — — — — —
Flow decorrelations (pr) |4 7.¢ [50-51] — —
Flow decorrelations (n) |&4 .10 [52] 53] — ]
Event-by-event vn [11,12] — — — + StrangeneSS enhancement
Vn Correlations [13,14] [54-57] [54,55,57] —
Un correlations [ s — (VY — | + quarkonia suppression in high multiplicity
Nonlinear response of Vi, ({4 re-1] — [59] — | pp collisions
ESE [19] — — —
rho(v2,[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] K 691 — — — — —

EJF seminar | 10.11.2023
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References in back-up slides
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Introduction : signatures? of the quark gluon plasma

ALICE

Collectivity seems to be everywhere... A

Near-sid
Anisot

wipartid  EIther what we thought were signatures were in fact not exclusive
signatures (that is sure thing for some signatures)

Baryon-mie

o or maybe a quark-gluon plasma droplet is created in smaller
| systems ??

From Katka’s JCF seminar
References in back-up slides

veniner - MYy analysis will answer this question ! (Not true but that’s what |
| My analy
would say to a funding agency)
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An iSOtrOEiC ﬂOW Illustrated with heavy-ion collisions.... %

n Initial spatial asymmetry\ / Collectively expanding h ALICE

medium

o /

ﬂ Particle are emitted Withx / Angular modulation of

preferred direction their distribution
dN -
t — o 1+2 cos[n(ep — ;)]
BNV ’//'v\‘P de ;
«— SN
‘/N*\\\A Yplane Quantifies particle correlation

K / kWith symmetry plane y,, /
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Two-particle correlations

ALICE

How to get two-particle

azimuthal correlations ?

same event

correlation
v .dz]vsame
1 dAnAg
Niip assoc
The correlation function : dAnAgo
A o .
C(an, Aw) = S(An, Ap) same event T A (rd)
T B(AT], A(P) mixed event mixed event/]
°N,

mixed

- dAnAg

Nt —Mn2 P1— P2 B0.0)
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Understanding the 2D correlation function

e

1.4 ff—Bp_se-Ein teig:f;;.- 4™ Photoq
1.2 - 2 ___conversion
1 | | Back-to-back jets

Same jet T

1.4 ‘Momentum
1.2 @ma. CONservation
1¢
1
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What 1s our interest In the 2D correlation function ?

Ao =~
_\leN v

assoc

e ng p Aﬂ Ag
"‘!"M\M'\\t\\\\

!

pp event in STAR Efb:

\ Particles from the same jet at low Particles from back-to- back Jets at
AnAp form the near-side peak Ap ~ 7w form the a
credits : Jasper Parkkila
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What is our interest in the 2D correlation function ? %%
Ap =~ 1 ALICE

;1’0.4\“1 %‘\}

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 :
X max An = Rje;

< >

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

. ) ' ' ) . _ s from back-to-back Jets at
jet, there is 2 times the contribution of 1 same-jet correlations form the =

Ap =0

UICUITLO . \J(J.O'JCI I AT INI\TTA
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What 1s our interest In the 2D correlation function ?

: Ap =~ m ALICE
1 d°N assoc
E. S ..... Ntrlg p A A ’

\Q‘\}\\’ 2t “
it

W

e A

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

771_772>>1 771_772z2

—Ese %

<+ — heam axis

< >

\ N =1y = —2 M1 = M2 =0 |to-back jets at

~ 1 |
i’ec\:‘l‘/\

CTCUTES . JAaSPeT T di RKKITA

Dé&cin Workshop alexian.lejeune@cern.ch 20th of September 2024 22



mailto:alexian.lejeune@cern.ch

What is our interest in the 2D correlation function ? %%
Ap =~ 1 ALICE

II) > \(\\\\ \ G -

ﬁ\\\

Experiment

Flow signal contributes across all An 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

\ | me jet at low Particles from back-to-back Jets at
forward detectors to broaden the An gap ! i el A v - Forim thes
Ap ~0 kila
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th studxing heavx flavor ?

Heavy flavor (charm, beauty) = hard probes !

(= coming from energetic processes at very early collision

which will later experience the QGP medium completely)
-

\3 QGP phase

O —
._I B pre-equilibrium
A
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.'.\. ]
B \ E | Kinetic freeze-out
A b o—
L N |
' ® —- - - Hadronic gas —m= _ F free

<+ Free hadrons - - —w=

; g
T( RITICAL ‘, |
/ .- C\ @’/é o)

Tr_m\m Al : ----------- é,’. % G( Xe (9/ l\ f
freeze-out ° S (©] i o O
@
1' g A—O vf‘/
@ S O
5 RN
]
I

Tinenic |
freeze-out |@) |
| )

ALICE

» Kin. freeze-out

Chem. freeze-out

c/b.quarks

gluons/u/d/s

M :

54 /AN

ot (3
S upd, 216 ®
Tanl e

scheme credits : Emma Chizzali
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FOCUSi Nng on D 0 and /\+ but we will see what statistics allow us...

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

through their hadronic decays

e A)K

wt A
- }'rr*
d

Studying both a meson and a baryon will allow us

Py
Al
A
—
<
& o2l
>

Heavier objects 0

) o \S}

J-k

Near-by partons
recombine into hadrons: particle type grouping

03f

¥ I
to study baryon/meson grouping and mass ordering ! 011§

low mass |

8

wﬂh(‘

“%

mesons

high mass

(o )

oK* _
WP+p O A+A

40-50%

o ¢
. 0
KS

e from Katka’s JCF seminar on 10/11/2023

pushedto O
higher momenta: mass ordering

@)

ALICE
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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
broadenn 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)

Décin Workshop
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The ALICE detector %%

| . ALICE
ALICE during RUN 2 ALICE during RUN 3
ITS — 6 layers of silicon pixel detectors ITS — 7 layers and 1st layer closer to interaction point
TPC — Multi Wire Proportional Chambers TPC — Gas Electron Multipliers + continuous readout
Forward detectors (of interest) — Forward Forward detectors — FMD out 9
Multiplicity Detectors on both sides@ o

ESRAN Muon Forward Tracker in

. (one side only) lrnum;;{'
FMD already used to T "W ';
‘ ‘ o o broaden n gap in : O g .:" -
i . arXiv:2308.16590

T Fast Interaction Trigger in
— s W (both sides)
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- ALICE

Get two-particle
azimuthal correlation

mixed event
_correlation

1
B(0,0)
A
Remove jet-peak apply 4n > 1.4
and project on 4@
TC {1 &N MFT 1 PNy |
\ . 1_35\:\.:corre1§vﬂons Nmﬁ\ . Now dAnAg
h\ ' ‘/HF h |A77| > 1,6 HF corelations ~J \
-0,8 0 0,8 3.6 245 -0.8 0 0,8 » A(}*)‘v(ra
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same event
correlation

ALICE

dzlvsame
L - dAnAg

Ntrig -

An ™
Get two-particle Ap (rad)
azimuthal correlation N

mixed
! ) dAnAg

B(0,0) .

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

=<

FT 1 d’N,

assoc

dAnAg

trig

_ T~ MFT .
h\ /HF h\ |An| > 1,6 HF corelations -

= o K

08 0 08 36 -245 -08 0 08
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th using MFT for correlations ? %

ALICE

and project on 4¢

Remove jet-peak apply 4n > 1.4 \ ’\/HF h\ |An| > 1,6 /
o R - IR

-08 0 038 -245 -08 0 038

assoc
ng dAnA(/)

—

correlations 123"

§ ffoisien” /

4.5
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One consequence of using MFT for correlations

When measuring the flow of identified particles (such as D° and Al here) we must ALICE

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
isn’t enough anymore..

We must also correlate the TPC from the other side
with FVO0, and then cancel the forward region
reference flow by correlating MFT and FVO

How to cancel forward region reference flow ?

(VZHF . VZMF?

TPC M — (VZHF-N)(VZHF-M)
J(V vprT) 7 _\/ G )

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

HF _
Vyw =
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A |c_)otential |c_)roblem with MFT
ALICE

+ 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

10

=3
TTTT T TOT
<%
Isago12
502700

all MFT tracks
ambiguous tracks

80

300 80

200 40

Ideal case: MC simulations

=
2
=

‘I\\I\II‘I\\'\I\'III‘\I\'I’_&

100 20

13487

LI B L B

1 dZNaSSOC

g g |

1.59

F pp is=13TeV
r 0.2<P; 1 sgoe <30

20.0<N,,<30.0

3
3317

o
OD
N
IS
=]

N
3
N

;
s,

1.58

1.57

1.56
1.55

154

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

FY(0)™ + G(1 + X2, 2V,, cos(nAg)) 42

Ag (rad)

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

Ag (rad)

collision 1 collision 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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Analxsis Erocedure gllz

3.
‘ Perform template fit

Ytemplate(A(p) —|F - Yperipheral(A(p) 4 Yridge(A(p) TP I L -

Y(ag)

Remove jet-peak apply 4n > 1.4
2. :
and project on 4¢

Our measurement  Non-flow component ~ Collective flow component

] S.

' 3
(5 4g) = (142 ) Vi -costua ,

] n=2 4.
— .+
Differential flow

S bis.
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Analysis procedure (1) £s

3 .. ALICE

‘ Perform template fit

0.345— )
F o —— FY(ae™" + G(1 + 12, 2V,, cos(nAg))

Remove jet-peak apply 4n > 1.4
2. :
and project on 4¢

| —— Y@+ G
- —— FY(0" + G(1 + £, 2V,, cos(nAg))

I 3 T S.

) = 6{1+23 v -t ,
4.
n=2
T

l Differential flow

S bis.
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Analxsis Qrocedure gII2

Ytempl'

Our measul

I 3
1+22
] n=2

YT'idge (A(P) -G

C
<
y) Remove jet-peak apply 4n > 1.4 b

and project on 4¢

0.35

0.345

0.34

0.335

0.33

_ ALICE
i pp ¥s =13 TeV +
I~ 02<p_ . <3.0 +
B T, trig, assoc \ In
u 30.0 < N, < 40.0 o 1 *
- peri 3 + - '.L
— — FY(A9)  +G(1+X;_,2V,, cos(nAg)) il II'|
 —— FY(a9)"+ G i i
- —— FY(0)" + G(1 + 5%, 2V,, cos(nAg)) @
B - o
i i !
§ i i
L A, "
L !!‘“ g_'.
. F’:'fr""‘ [ i1 it I
M, 7 i
B T IR N N R B I I I B R R .
1 0 1 2 3 4
A@ (rad)
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Analysis procedure (1) £s

3 .. ALICE

‘ Perform template fit

0.345— )
F o —— FY(ae™" + G(1 + 12, 2V,, cos(nAg))

Remove jet-peak apply 4n > 1.4
2. :
and project on 4¢

| —— Y@+ G
- —— FY(0" + G(1 + £, 2V,, cos(nAg))

I 3 T S.

) = 6{1+23 v -t ,
4.
n=2
T

l Differential flow

S bis.
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Analysis procedure (1) £s

3 b ALICE
‘ Perform template fit '

0.335 S vl i
L L"?,’;‘ TR *1"7'.1,‘,
g o P S A S SIS EF SR E R B

[ 3 ] 5.

F o —— FY(ae™" + G(1 + 12, 2V,, cos(nAg))

Remove jet-peak apply 4n > 1.4
2. :
and project on 4¢

L —— FY@aef 4G
- —— FY(0" + G(1 + £, 2V,, cos(nAg))

V..p - cos(nAg)

4,
n=2
T mml +
5 bis.

Differential flow
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Template fit anice scheme to understand more easi
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scheme credits ;: Max

ALICE

im Virta
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Ssummary

ALICE

| tried to show the relevance of anisotropic flow measurements both in the QGP
history and in the young field of the study of collective behavior in small systems

| hope to have described well enough for you to understand the measurement of
anisotropic flow through two particle correlations

| hope to have well motivated the purpose of my analysis

And | hope to have highlighted the use of forward detectors to improve anisotropic
results, and the challenges that they bring to the table
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A Large lon Collider Experiment

ALICE

BACK UP
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Introduction : signatures of the quark gluon plasma
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Summary of the discovery of QGP : arxiv:nucl-ex/0501009
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Introduction : signatures of the quark gluon plasma (*

ALICE

Au+Au collisions at /s = 130 GeV (RHIC) =" ‘ :
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Introduction : signatures of the quark gluon plasma

Au+t+Au collisions at /s = 130 GeV (RHIC) >Ng".8§‘ [ 1< ALICE

= 4 0

02 (2001

Signatures : many !

Quarkonia is even more suppressed in the presence of quark gluon plasma
2001 : discovery of strong «

2002 : discovery of jet quen

lllustration : PHENIX case, J/\{ suppression in Au-Au

PHENIX, Phys.Rev.Lett.98 (2007) 232301
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From Antonin Maire’s lecture : Strong interaction at hadron colliders
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Introduction : signatures of the quark gluon plasma £s

o
AL L i
. , , Au+Au collisions at /5 = 130 GeV (RHIC)  s™osf % ALICE
Signatures : many ! otef 8 P
Signature associated with the anisotropic flow of identified hadrons, explained
2001 : discovery of strong « by quark coalescence, a phenomenon exclusive to a QGP-like medium
T . Near-by partons
2002 : discovery of jet quen recombine into hadrons: particle type grouping
-
Many other sianat N 0.3 40-50% S
any other signatures : = =
Y ’ 5 ot W S
ol oK* =% K =
w02 +p © A+A |18
strangeness enhancement > M p+p Q
quarkonia suppression 0.1 % | %
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Figure from Katka’s JCF seminar on 10/11/2023
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TemEIate fit the principles detailed. .. %
ALICE

S 035
4
>.

142 Z Van - cos(nAg)

pp Vs =13 TeV +
02< pT, trig, assoc <3.0
30.0<N, <400

Fit inputs :
— measurement at high multiplicity
— measurement at low multiplicity

0.345 ‘
— FY(a0)™" + G(1 + £2_, 2V, cos(nAg))

—_— FY(Aq;)"" G

—— FY(0F" + G(1 + 22, 2V,,, cos(nAg))

0.34

Fit outputs :
—> F, G, VnA

0.335

b Get reference and differential flow

033 1 1 | 1 1 1 1 | Il L L 1 | 1 1 1 1 | 1 1 1 1 l L 1 L Il | 1 1 1
Ag (rad)
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