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® QGP In ultra-central collisions

ALICE
_[F. Gardim et al., PLB 809 (2020) 135749]
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() What determines the slope?

ALICE

Recent theoretical studies suggest that the extraction of the speed of sound is heavily
dependent on the centrality determination and associated # range.
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® Transverse momentum fluctuations

ALICE
. 20 i
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® Transverse momentum fluctuations

ALICE

The fluctuations of the event-by-event mean transverse

momentum, |pr], arise from two sources:
[R. Samanta et al., PRC 108 (2023) 024908]
[R. Samanta et al., PRC 109 (2024) L051902]

Geometrical fluctuations
Radial flow: hydrodynamic response of | py]
to the inverse size 1/R

- At fixed multiplicity — radial flow fluctuations
from fluctuations of inverse size

ob — (

OO

Intrinsic fluctuations
At fixed impact parameter b
- Quantum fluctuations in wave

function of incoming nuclei
-+ Thermal fluctuations of the QGP

2D Gaussian model of [ py] and N, fluctuations predicts

abrupt changes of the higher-order | p| fluctuations with

vanishing impact parameter fluctuations
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() Measured quantities

ALICE

Mean
From fully corrected spectra

(pT) extrapolated to pr = 0 with Levy-Tsallis parametrisation
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Measured quantities

ALICE

Mean _ th It Gl
From fully corrected spectra C, =N -order mu tl-pal‘tlc €
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() Measured quantities

ALICE
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() Measured quantities

ALICE
Mean _ th It Gl
From fully corrected spectra C, =N -order mu tl-pal‘tlc €
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€, Mean transverse momentum

ALICE

Correlation between (p) and N, fitted with parametrisation
[F. Gardim et al., PLB 809 (2020) 135749]

N 5 Gaussian fluctuations of NV, as
/ ref _ ch function of impact parameter
(pr){pr)"™ = . AT " . . o
JINGs N xnees 00) N* . and o obtained from fit to multiplicity
d'C t, 'Beet' [S. J. Das et al., PRC 97, 014905 (2018)]
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€, Mean transverse momentum

ALICE

Correlation between (p) and N, fitted with parametrisation
[F. Gardim et al., PLB 809 (2020) 135749]

" 5 Gaussian fluctuations of NV, as
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€, Mean transverse momentum

ALICE

Correlation between (p) and N, fitted with parametrisation
[F. Gardim et al., PLB 809 (2020) 135749]

% 5 Gaussian fluctuations of NV, as
N, ch function of impact parameter
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’ ch,knee 0 [S. J. Das et al., PRC 97, 014905 (2018)]
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ALICE

Relevant subdetectors:

Inner Tracking System (ITS)
Vertex identification, tracking

Collision system:

Emil Gorm Nielsen [NBI] | SQM2024

) The ALICE experiment

Charged-particle multiplicity down to 30 MeV/c
with ITS tracklets in ALICE

Tracklet. track segments joining hits in two
innermost ITS layers



) The ALICE experiment

ALICE

Relevant subdetectors:

Time-Projection Chamber (TPC)
Tracking, particle identification

Collision system:

Charged-particle multiplicity down to 30 MeV/c
with ITS tracklets in ALICE

Tracklet. track segments joining hits in two

innermost ITS layers
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) The ALICE experiment

ALICE

Relevant subdetectors: _ =TI 2. VO and TO

VOA (2.8 <1 <5.1) and VOC (-3.7 <5 < -1.7)
Multiplicity and centrality estimation

Collision system:

Charged-particle multiplicity down to 30 MeV/c
with ITS tracklets in ALICE

Tracklet. track segments joining hits in two

innermost ITS layers
Emil Gorm Nielsen [NBI] | SQM2024 7



(5

ALICE

Extraction of CS2 depends on

the centrality determination
Forward vs. midrapidity
ITS tracklets vs full tracks

ET VS NCh

Decreased CS2 using forward
centrality determination

Extracting the speed of sound
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ALICE

Extraction of CS2 depends on

the centrality determination
Forward vs. midrapidity
ITS tracklets vs full tracks

ET VS NCh

Decreased CS2 using forward
centrality determination

) :
Increased ¢, using Er

Extracting the speed of sound
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%& Speed of sound as function of 7-gap
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® Variance of [p] in UCC

ALICE
* Variances measured as a function of multiplicity iNEWI
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ALICE

* Variances measured as a function of multiplicity
determined from both midrapidity and forward
rapidity

» |Independent sources picture (HIJING) :
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Variance of |pr] in UCC
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® Variance of [p] in UCC

ALICE

* Variances measured as a function of multiplicity iNEWI
determined from both midrapidity and forward “\g 1 oL ALICE Preliminary ' -
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® Skewness of [py] in UC
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Skewness of [pr] in
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Skewness of [pr] in

ALICE ___I
$o - T | L I | 1T | | | | T T |
X 2~ ALICE Preliminary ]
~ . Pb-PDb VST\”\, =5.02 TeV :
. 0.2«< p. < 3 GeV/c i
- Py In| < 0.8 Trajectum HIJING -
1.5— o Nyl <0.8) —
— m| N (VOM) .
L E‘:I —
B -
i Tk i By :
- | ¥ Dﬁ] |
0.5= _
: . A N
o k3 (3) + +_ |
O_ | <[p ]> | | | | I ]
0.8 0.85 09 0.95 1 1.05 1.1 1. 15
Ncthh0

5%
y([p]>

/

7/<[p]>

~  ALICE Preliminary 7
2" Pb-Pb {5 = 5.02 TeV 7

. 0.2< p. < 3 GeV/c .

- ‘1nl < 0.8 Trajectum HIJING .
el 7 o Nyy(lnl < 0.8)
1.5 a|N_(VOM)
1 L Em ---------------------------- —
: a B

I l _ \\ :
051 | e 90
L C3 @ —

L Xlpi) = 30 ]

} 5 i

O | 1 1 | I I | | L1 1 1 | | I I | | | I I | | I | | I |—|—
08 085 09 095 1 105 141 1. 15
N/ Neg

Variations are features of a thermalised system

Sensitive to early thermodynamic properties at
highest QGP temperatures

Emil Gorm Nielsen [NBI] | SQM2024

[R. Samanta et al.,

UCC

5%
Lo/ i)

- ALICE Preliminary

III|IIII||IIII|IIII|IIII

2_ |
Pb—-Pb \s, . =5.02 TeV
- hn c3 - ([prl) -
= O.2<pT<3G|eV/C F< ]> — —
- pyilnl <0.8 LT c22 :
- o m* L _
sy S
0.5_ Q= |
:Trajectum HIJING :
B | e N,(ln| <0.8) ]
I a] N (VOM) _
O [ 11 | | I I | | | I | | | I I | | | I I | | I | | | I |—|—
0.8 0.85 0.9 0.95 1 1.05 1.1 1 15
N/ Ny
0.25 i — =
n 0.201 - (d)
n
2 N
s 0.15¢ Fe \_:\.
Av o / 1\
N 0.10{ = - A A
o) it S / Y
4‘7’) —— Duke "~-~.:.’/*\\ i \
0.051 | JKEthSgerPE . \,\. ]
~--- K1 — Ky Cross term : \\5?;
1500 2000 2500 3000 3500 4000
Nch

PRC 108 (2023) 024908]



(5

ALICE

» Decrease of the kurtosis followed by

significant increase

+ Effect is lessened when determined as
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() Kurtosis of [pr] in UCC
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(® Summary

ALICE

The correlation between (py) and N, in ultra-central collisions - a feature of a thermalised
system - can be used to extract the speed of sound in the QGP

The extraction is heavily dependent on the choice of centrality estimator
A significant difference in forward versus midrapidity centrality determination and from the bias of the centrality estimator

The measurements of the fluctuations of event-by-event mean transverse momentum exhibit

significant changes in ultra-central collisions

In Gaussian model: driven by the changes in geometrical fluctuations and the remaining intrinsic fluctuations
In hydrodynamic models: Further contributions from the non-gaussian fluctuations of the initial state of the QGP

The data is well described by a state-of-art hydrodynamic model from which a consistent

speed of sound can be extracted
Further constraints on the hydrodynamic models related to the determination of the speed of sound in QGP
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The data is well described by a state-of-art hydrodynamic model from which a consistent

speed of sound can be extracted
Further constraints on the hydrodynamic models related to the determination of the speed of sound in QGP

Thank you for your attention!
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Backup
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ALICE

Formulas

| pr] cumulants

Cr = = ([p (2)]> — <[PT]>2
c; = ([p1) = 3{[pf){[pr]) + 2{[p:])

¢y = ([P — [P [pr])
~3(p <2>]>2+12<[ X)) = 6™ )|

N<m>PT

| pr] moments

D<m>PT =

Recursive moments

<k>PT
D(k)y,

k—1 m—1)! S
Z( D) N(m- k>pT(m k)'zpk,k

UL ) (m—1)! &
g‘; (= D'D(m-k),, p— Z Py,

([py°1) =
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P, ([pO]) = Piy = 3Py,P  + 2P 5
Iy <[pT]> — P, Pr P%,O _ 3P2,OP1,O + 2P3,O
Pnk= Zwlnp!lfl |
i ([P2]) = Pi— Py, ([P]) = P11 8P; 3Py | — 6Py P} | + 3Py, — 6P,
Pto— Pro 1o+ 8P30P19— 6P 0Pty + 3P5,— 6Py
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() Fitting the (pr)

ALICE

Correlation between (p) and N, fitted with parametrisation based on PLB 809 (2020) 135749

— N*

ch.knee

6‘2

I ' V26,
Neh where | AN*,N* o)) = N* -
f(Nékha N GO)

ch’” ch,knee C _ N
ch,knee?’

(pr)/{pr)™ =

ch.knee

200

and N;X;l — <chh/d77>/<chh/d7]>ref

N7 . . and o, obtained from fit to model
Below the knee (N7 < N7 ). proposed in PRC 97, 014905 (2018)
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