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How do we study QGP?

(What we want
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Anisotropic flow phenomenon
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Anisotropic flow phenomenon

y

@Beam direction

Anisotropic flow: transfer of the
initial anisotropy into anisotropy
iIn momentum space via the
thermalized medium

o Distribution described by Fourier seriesl1l:

flo) = oz 1 +23007 [vncos (n(p = u))]l  :
o Analytic relation between v,, , ¥,, and ¢!

(cos[ny@q + -+ ni@i]) = Up, o Vn, cos[nltl’n1 + -+ nkWnk]

[1] S. Voloshin and Y. Zhang, Z. Phys. C 70, 665 (1996)
[2] R.S. Bhalerao, M. Luzum and J.-Y. Ollitrault, PRC 84, 034910 (2011) M. Luzum, J. Phys. G 38, 124026 (2011)
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What can we measure?

m®

o Uy, With k-particle cumulants of ¢:

’UH{Q}Q = <Ui>

o, {4}t = (vf) —2(v2)’
— Dominated by (n/s)

ALICE Collaboration, PRL 116, 132302 (2016) b
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What can we measure?

*

*

Hydrodynamics

o Symmetric Cumulants: generalisation - oS 6020

o U, with k-particle cumulants of @:  _ [e00}
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ALICE Collaboration, PRL 117, 182301 (2016)
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What can we measure?

o Symmetric Cumulants: generalisation -1
to two different harmonics m and n: 2
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ALICE Collaboration, PRL 117, 182301 (2016)
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Can we go further?

ALICE

o Why do we need to go further?
- new information on the initial and final state correlations
* hew and independent constraints on the models
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Can we go further? TUTI

ALICE
o Why do we need to go further?

* new information on the initial and final state correlations
* hew and independent constraints on the models

=>» Measure the genuine correlations between three and more flow
amplitudes

Cindy Mordasini | Initial Stages 2021 | 10-15.01.2021 11



Can we go further? TUTI

ALICE
o Why do we need to go further?

* new information on the initial and final state correlations
* hew and independent constraints on the models

=>» Measure the genuine correlations between three and more flow
amplitudes

o How can we achieve this?
* use the mathematical formalism of higher order cumulants
* ensure the new observables are cumulants of the flow amplitudes
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Higher order Symmetric Cumulants TUM

ALICE
o New theoretical framework!! developed for any number of flow amplitudes

o Focus of this analysis: 3-harmonic Symmetric Cumulants
SC(k,1,m) = (vivivn,) — (vpvi ) {v;h)

— (v ) (Vi) — (Vo) (i) + 2 () (v]) (vyn)

L R 3 A L]
ot ER,, " a a0,
i . : . S * . °
¢ . * " = N
[ v * n - LS
—_ i : - W +* - Q A _|_2
—_ Ny y as® .. L
. & N * - P
L S * .
b * * .
-
j " C o =
A . ¥
ogs as

NSC(k,1,m) = —klLm)

(vi) (vi) (v3)

[1] CM, A. Bilandzic, D. Karakog, S.F. Taghavi, PRC 102, 024907 (2020)
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Validation with toy Monte Carlo TUT

ALICE
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Analysis of ALICE data

ALICE

o Run 1 (2010) Pb—Pb collisions at \/syy = 2.76 TeV

* 8.2-10° events for the 0—-50% centrality range
* tracksin 0.2 < py <5 GeV/cand |n| <0.8

o Inner Tracking System
- centrality estimations g e
. vertex determination \

o Time Projection Chamber
* reconstruction of charged particles
- particle identification
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SC(k, 1, m) in ALICE TUTI

ALICE
o First experimental observations of

genuine correlations between
three flow amplitudes
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Signature of SC(k, [, m)

SC(k,1,m) = ((vi — (vi)) (v — (7)) (v, = (v)))
oIf SC(k,l,m) > 0 > (+,+,+4) and (+,-,-)

o If SC(k,l,m) < 0 = (+,+,-) and (-,-,-)
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Signature of SC(k, [, m) TUTI

ALICE
SC(k,1,m) = ((vi — (vi)) (v — (7)) (v, = (v)))
oIf SC(k,l,m) > 0 > (+,+,+4) and (+,-,-) o

o IfSC(k,1,m) < 0 > (+,+,-) and (-,-,") S e

S | [ sc(32) (x0.1) PRL 117 (2016) 182301

- [ SC(4.2) (x0.1) PRL 117 (2016) 182301 .
= i o 80{5,2) T

o Example: - e s ol
* SC(3,2) < 0> (+,-) (+,',') or (+,+,')? 01l —4— SC(4,3) .

*+ SC(4,2) > 0> (+,+) ——> SC(2,3,4) > 0 05 | P
* SC(4,3) <0~ (+-) | orSC(2,3,4) <0? - ! ¢ ¢

- "I"'-li":'If';_i:.,_,,___ | :
- SC(2,3,4) < 0 observed in data 01f o " E—
[ Il<0.8,02<p_<50GeVic b .

- SC(k, [, m) can extract new information T T =

Centrality percentile

o

ALICE Collaboration, PRC 97, 024906 (2018)
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SC(2,3,4) and NSC(2,3,4)
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o Sensitivity of SC(2,3,4) to the model used for prediction

o Development of genuine correlations during hydrodynamical evolution
[1] J. E. Bernhard, J. S. Moreland and S. A. Bass, Nature Phys. 15, 11 (2019)

ALICE Collaboration, arXiv:2101.02579 (2021)
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SC(2,3,5) and NSC(2,3,5) TUT
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o Hint at the development of correlations during hydrodynamical evolution

o Non-linear response to vc from v, and v;
ALICE Collaboration, arXiv:2101.02579 (2021)
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SC(2,4,6) and SC(3,4,5)
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o Good agreement between the models
0 SC(2,4,6) and SC(3,4,5) ~ 0 = No correlations in the final state

ALICE Collaboration, arXiv:2101.02579 (2021)
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In a nutshell TUTI

ALICE
o First measurements of genuine three-harmonic correlations in
Pb—Pb collisions at \/syny = 2.76 TeV

- Development of genuine correlations g 0255400 T E
. . . = 0.1F . =
during the hydrodynamical evolution § N S + ;
: -0.1F ‘% 3
-~ Whole new set of constraints on the 020 ALIGE Pb-Pb 5y, 276 TeV :
e, _ . - 02<p_<5.0GeV/ =
- initial conditions and transport properties ~ 03f it E
of QGP 045 [0 sces % E
~-0.5F [[@]sc@3s) E
. . 065 [[F]sc@46)(x10) =
- parameterizations of the hydro models _83_ 5] scs49) 0 E
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ALICE

Thank you for your attention
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Backup Slides

ALICE
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Experimental Expression for SC(k,,m)  TUT

ALICE
SC(k,l,m) = ({coslkpi+lps+mps—kps—Ilps— mg06]>>
—  ((cos|kp1+lp —kps—lp4l)) ((cos[m(ps—pe)]))
—  ({coslkp1+mpa—kps —mpe|)) ((cos[l(p3—pa)]))
—  ({cosllps+mps—lps —mpg))) ((cos[k(p1—p2)]))
+ 2 ((cos[k(p1—p2)])) ({cos|l(p3— 904)]>><<COS[ (5 —p6)]))

Cindy Mordasini | Initial Stages 2021 | 10-15.01.2021 25



Parametrisations for n/s
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H. Niemi, K. J. Eskola, R. Paatelainen, Phys. Rev. C 93, 024907 (2016)
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Individual Flow Harmonics

ALICE
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FIG. 13. The individual flow harmonics v, for n = 2—4 in Pb-Pb collisions at ,/syy = 2.76 TeV [11]. Results are compared with selected
ALICE COl Ia bocalculations from three different types of models which are best in describing v, coefficients.
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Toy Monte Carlo TUTI

ALICE
(vivyvs), OLD — (vivgvs) — (oiv) (v3) — (vivg) (v3) — (v3v3) (v1)
— (vivovgcos(3Wg —2Wo—Wy ) —{Lﬂgtgﬂiﬂ@'@g—?‘l’g—@l)}g
+ 2(vf) (v3) (v3) »

(vivges) — (vivg) (v3) = (v1v3) (v3) — (vgv3) (vi)

+2(vf) (v3) (v3) -
o Old: method using azimuthal angles, New: approach used for this analysis

(th’ﬁ’”g) NEW

o Toy Monte Carlo setup as follows:

* V4, Uy, V3 Sampled randomly for each event in (0.03, 0.1), (0.04, 0.1), (0.05, 0.1)
respectively

- Y,, ¥, independently sampled for each event in (0, 2rt) and W5 = %(% + 2%, + ¥))
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Toy Monte Carlo

ALICE

all-event averages cumulants (OLD vs. NEW)
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