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Introduction: Heavy lon Collision

P. Sorensen, http://arxiv.org/abs/arXiv:0905.0174
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Introduction: Flow

Formation of the overlap region:
asymmetry in the initial geometry — anisotropy in particle
momenta distributions (flow)

dN o0 o0
i x1+2 Z vpcos(n(p —W,)) =142 Z(v,‘,’f’fcosngo + v,ff’yssinngo)

n=1 n=1

— v, and ¢ - magnitude and phase of the nt/" - order anisotropy in a given event
CMS — W, - event plane angle

Nazarova Elizaveta - SQM 2017 Skewness of p(v») in PbPb at /syy = 5.02 TeV 2/19



@ Event-by-event (EbyE) analysis (v, — p(va))

— Observation of non-zero vz at RHIC and LHC! =
Participant eccentricity fluctuations = v, fluctuates event-by-event

cms -
B. Alver and G. Roland, Phys.Rev. C81 (2010) 054905
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Motivation

@ Event-by-event (EbyE unfolding?) analysis (v, — p(v,))
— QObservation of non-zero v3 at RHIC and LHC —

Participant eccentricity fluctuations = v, fluctuates event-by-event

Precise flow fluctuation studies
Cumulant extraction using EbyE distributions
Estimation of p(e,)

L1

2ATLAS Collaboration, JHEP 1311 (2013) 183

35 A Voloshin, A. M. Poskanzer, A. Tang and G. Wang, Phys.Lett. B659 (2008) 537-541
s 4CBM Collaboration, Nucl.Phys. A904-905 (2013) 515-518

5G. Aad et al., ATLAS Collaboration, Eur.Phys.J. C74 (2014), 3157
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@ Event-by-event (EbyE unfolding?) analysis (v, — p(v,))
— QObservation of non-zero v3 at RHIC and LHC —
Participant eccentricity fluctuations = v, fluctuates event-by-event

— Precise flow fluctuation studies
— Cumulant extraction using EbyE distributions
— Estimation of p(e,)

@ Multi-particle cumulants® = moments of p(v,,):

o Observed* v2{2} > va{4} =~ v2{6} =~ v»{8}:
— Nature of initial state fluctuations is Gaussian
o Observed splitting® v»{2} > va{4} > w{6} > v {8}:

— Nature of initial state fluctuations is non-Gaussian

2ATLAS Collaboration, JHEP 1311 (2013) 183
35 A Voloshin, A. M. Poskanzer, A. Tang and G. Wang, Phys.Lett. B659 (2008) 537-541
4CBM Collaboration, Nucl.Phys. A904-905 (2013) 515-518

CMS
5G. Aad et al., ATLAS Collaboration, Eur.Phys.J. C74 (2014), 3157
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Motivation: Cumulant Splitting and Skewness

@ Splitting of higher-order cumulants
observed®
— evidence of skewness’ of p(e2)

(hydro calculations show that o5 |G GIaber
v2{6}/v2{4} ~ €2{6}/=2{4}) S saom vas
25
- @
— Suggests that initial state fluctuations E‘z
are non-Gaussian 1
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Phys. Rev. C 95, 014913 (2017) © [p-Giasma
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7G. Giacalone, L. Yan, J. Noronha-Hostler, J.-Y. Ollitrault, Phys. Rev. C 95, 014913 (2017)
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Motivation: Estimation of p(ec,)

Two common eccentricity parametrizations:

@ Bessel-Gaussian® (green line)

Phys.Rev. C90 (2014), 024903

25| € : (a) |

2 [ 1380% N

ot = me S22y T
en{2} > en{4} = {6} = cn{8} ol |

055 5 o o 1

€2

85, A. Voloshin et al., Phys.Lett. B659 (2008) 537-541

CMS
9L. Yan, J.-Y. Ollitrault, A. M. Poskanzer, Phys.Rev. C90 (2014), 024903
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Motivation: Estimation of p(ec,)

Two common eccentricity parametrizations:

@ Bessel-Gaussian® (green line)

Phys.Rev. C90 (2014), 024903

o5 € (a) |
2 ce , | 75-80% 1
0 n ~
Penleo, 9) = 52E [ 20 }'0( 52 ) =71
en{2} > ep{4} = €,{6} = €,{8} os
055 o7 55 0
€
@ Elliptic Power Law® (red line)
p(enleo, @) 2%"(1 g2)att/2 /Tr (1—cp)dy
n{<0, = -
m 0 o (1 — egencos )t

len] < 1,e,{2} > €,{4} > €,{6} > €,{8}

8S. A. Voloshin et al., Phys.Lett. B659 (2008) 537-541

CMS
9L. Yan, J.-Y. Ollitrault, A. M. Poskanzer, Phys.Rev. C90 (2014), 024903
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Analysis: CMS Detector Setup

Hadron Calorimeter (HCAL)

EM Calorimeter (ECAL) 3.8 T Magnet

Forward
Calorimeter
(HF)

nl<24

ECAL [n|<3.0

1 Inl<3-2

INl<25 Muon System
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Analysis

oObserved
EbyE p(v,) ("true") is smeared:

@ p(ve|va)xp(va) = p(ve®)

— statistical fluctuations (finite number of

. \
particles) 03 04 05 Vggg
— non-flow correlations (resonance and jet decays) " I
g o Prior
. . . 4 y -
@ Construct p(v2b) distribution: @ 10 O e
. « D'Agostini Iter=32
obs (Z cos ny;/e; L sinny;/e; (Vobey 10° « DiAgostini Iter=128 3
- n = ’ ) - n
21/6; 21/6,' 102 %2, i
%
— Perform D'Agostini Unfolding!® (using 10

RooUnfold package!!)

s 10G. D'Agostini, Nucl. Instrum. Meth. A362, 487 (1995)
i, Adye, Proc. of PHYSTAT 2011 Workshop, CERN-2011-006, pp 313-318, 2011
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Analysis: Response Function

n=0
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Analysis: Response Function
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@ Divide the event into 2 sub-events (2SEs)

CMS
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Analysis: Response Function

n=0
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@ Divide the event into 2 sub-events (2SEs)

@ In (7?’5"’ - 7zbs’b)/2 flow signal cancels
— Remaining effects: statistical and non-flow

CMS
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Analysis: Response Function

©
. e 8L >
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@ Divide the event into 2 sub-events (2SEs)
@ In (7?’5"’ - 7st’b)/2 flow signal cancels
— Remaining effects: statistical and non-flow
@ Use 2SE difference to construct the RF - response function
CMS
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Analysis: Response Function
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@ Divide the event into 2 sub-events (2SEs)
@ In (7?’5"’ - 7st’b)/2 flow signal cancels -
— Remaining effects: statistical and non-flow 0102030405
V.
@ Use 2SE difference to construct the RF - response function 2
CMS
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Analysis: Unfolding regularization

@ [terative unfolding to remove smearing:
— Unfolding matrix:

.. ~iter
Ajici
[/ jter ?
Zm’kAm,'AjkC;(er

Elter+l — Mlter'é

iter __

,Aji = p(ejlei)

@ Regularization to choose "final" distribution:

— Refolding

— Cut-off criteria: x?/NDF (refolded/observed)

CMS
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Analysis: Estimation of p(e,)

Elliptic Power Law parametrization'?

2ae, (1—¢e2)*"tdyp
plenleo, @) = 1—gd)etl/? L lenl <1
(eoen) = 22 B
If vio = kyx e, = (v)—l(ﬁ)
n — n 5” p n) — knp kn
® Ky

— Response coefficient

— &2 mean reaction plane eccentricity
(for PbPb collisions)

— Describes fluctuations, depends on n

CMS
12| Yan, J.-Y. Ollitrault, A. M. Poskanzer, Phys.Rev. C90 (2014), 024903
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Analysis: Estimation of p(e,)

Elliptic Power Law parametrization12

2ae, (1 —-e2)ldyp
— 1/2
p(5n|€07a) - (1 - a+ / fo 2a+10 |€n| < 1
T (1 —eopepcosp)
1 v,
If vip = kp*xep, = p(va) = —p(-—)
kn " kp
@ k, @ ifegg=0
— Response coefficient — reduces to Power distribution
@ 5 @ ifa>1
— & mean reaction plane eccentricity — reduces to Gaussian distribution
(for PbPb collisions)
@ inthelimita>1landeg K1
@ «
— reduces to Bessel-Gaussian
— Describes fluctuations, depends on n distribution
CMS

12| Yan, J.-Y. Ollitrault, A. M. Poskanzer, Phys.Rev. C90 (2014), 024903
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Results: Fitting EbyE p(v,)

CMS Preliminary PbPb 5.02 TeV. CMS Preliminary __ PbPb 5.02 TeV.
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— Elliptic Power Law parametrization describes data better than Bessel-Gaussian

cMS — Allows for extraction of p(e,) without an assumed initial-state model
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Results: Cumulant ratios

CMS Preliminary PbPb 5.02 TeV/ CMS Preliminary PbPb 5.02 TeV CMS Preliminary PbPb 5.02 TeV/

< < <
R 03<p_<3.0GeVic 3 03<p_<3.0GeVic < 0.3<p_<3.0GeVic
>'10 T >'10 i 3 31.002 T p
Z Z Inl<1.0 Z Inl < 1.0
10 Py S g ©
T i N 1000 - F- gz mmmmmm i m o o]
0.99 0.9 .y E .
.
0.98) 0.98) | § 0.998 il
0.97 097
006k = VoA6}/ v,{4} 1 0.6l 1 0.996) 1
) [2.76 TeV Hydro ) ~+ V,{8}/ v,{4} —~-V,{8}/ v,{6}
R R T ORI
0951620 30 40 50 60 0951620 30 40 50 60 0.994 1620 30 40 50 60
Centrality % Centrality % Centrality %

— Splitting between higher-order cumulants is observed (v2{4} > v2{6} > v»{8})
— More pronounced in the peripheral centrality bins

— Consistent with hydrodynamic predictions!3 for 2.76 TeV

CMS
3¢, Giacalone, L. Yan, J. Noronha-Hostler, J.-Y. Ollitrault, Phys. Rev. C 95, 014913 (2017)
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Results: Cumulant ratios and skewness

CMS Preliminary
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@ Measurements for 2.76 and 5.02 TeV are consistent with each other

— observables have no strong energy dependence

@ Skewness found negative for the whole centrality range

CMS
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Conclusion

@ Through extracting underlying EbyE p(v,) distributions:

— Splitting of high-order cumulants was observed: v2{4} > v»{6} > v»{8}
— Negative value of skewness was measured(y; ")

— Elliptic Power Law parametrization used to describes distribution of p(v2)

@ Observations suggest non-Gaussian nature of eccentricity fluctuations

@ Shows a possibility to extract initial eccentricity and its response coefficient
using only |en| < 1 constraint (without an assumed initial-state model)

CMS
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Conclusion

Utrecht 2017

Thank you for your attention!

CMS
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Back-Up: Estimation of p(e,)
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L. Yan, J.-Y. Ollitrault, A. M. Poskanzer, Physics Letter B 742 (2015) 290
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Motivation: Cumulant Splitting and Skewness

S1
Multi-particle cumulants can be calculated as:!# Standartized skewness is defined as: 71 = =5

=3
va{2}?2 = (V3) 3y 2 2

s1= (s —v2)), 02 = ()
V"{4}4 - _<Vr‘1‘> + 2<V2>2 0_12 — <(Vx _;2)2> :y<v2> _y<vx>2
va{61° = ((v8) — 9(vA) (v2) +12(2)3) /4 . -
{8} = —((vE) — 16(v8) (v2) — 18(vA)*+ 72 = (el () = /()P4 (9))

184(v8 (v2)? — 144(v2)%) /33 (ve) = % /OZW P(p) cos(2)d

Knowing EbyE distributions, one can measure: (v2¥) = [ v2kp(vy)dva.

Experimentally skewness can be measured using multi-particle cumulants:

o {4} = {6}
P = *6\6V2{4}4( 2{2}2 _ V2{4}2)3/2

CMS 14
usual method uses event-average: vp{2} = v/cn{2}, cn{2} = ((2)) = ({cos(1 — ¥2)))
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Back-Up: Data Set and Event Selection

Event Type | Track Collection [ Dataset [ Nevents |

Minimum Bias | HiGeneralAndPixelTracks /HiMinimumBias2/ 100M
HiRun2015-25Aug2016-v1/AOD

Table: Data sample for PbPb collisions at /syy = 5.02 TeV

Event Selection:

@ Vertex selection

— |vz] < 15.0 cm
— Ntracks >2

@ 0.3< pr <3.0Gev/c
@ |n <10
@ 5%-centrality bins (0 — 60%)

CMS

Nazarova Elizaveta - SQM 2017 Skewness of p(v») in PbPb at /syy = 5.02 TeV 19/19



