Measurement of longitudinal flow decorrelation in Pb+Pb collisions

ATLAS

EXPERIMENT

1. Motivation

Stony Brook University

Particle distribution from 3D
hydrodynamics model

For harmonic flow v,, = v, (n)e"¥»(M

 Both longitudinal & transverse fluctuation exist in event-by-event particle distribution
in (1, ¢). The goal of this analysis is to study the longitudinal flow fluctuation.

4. Ry ninn at 2.76TeV and 5.02TeV

at \/syy =2.76 and 5.02 TeV with the ATLAS detector
Peng Huo for ATLAS Collaboration

For n=2 and 3,

a linear trend is observed in
all centralities
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AN ] longitudinal flow fluctuation could manifest as:
_____ | Vi )
- B “3\\\“\\\\“\ * Event plane twist
zZ.|S 1 4 7O AR O
Sl 101 A ¥, (771) + ¥, (772)
6 2+ Forward-backward (FB) magnitude asymmetry
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2. Methods & Observables
ing;
: : _ Yiwe™ in¥,
 Estimate flow using g-vector ¢, = S =qn e
. w-
1 l

e Correlate flow from different sub-detectors

(ak ()t () = (vE () v3F (12)) = ([vn (1)vn (1712)]" cos kn( @ (m) - @ (n2)))

* Define factorization ratio 7y,

(Qﬁ (_n)q;k(nref)) ([Un(_ﬂ)vn (ﬂref)]k COS k”((bn(-ﬂ) - (Dn(nref) ))

G DG ) ™ {[onm)onen) ] coskn(@a(n) - (e

higher-order moments capture statistics of fluctuation
1st-order = CMS measurements,,  PRC.92,034911 (2015)
A linear trend predicted from the Glauber model

rn|n;k(n) v 1 - 2kFrr1;kq’ rrt;k = F:;Sz + Frtz‘?;cl
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* Define factorization ratio R, ,jnn

(g, (=neet )@y, (=1)q,, (1) @, (rer) )
Rosinn (1) (@ (~11eer ) g, (- (1) @, (Neer) )

)

quantify flow decorrelation: FB asymmetry + event plane twist
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» mostly sensitive to EP twist
> together with 15,2, Can separate twist + asymmetry

Rn,n|n,n= 1- 4F7€}A2}i77; Thin;2z = 1-—- 41;-72/512” — 41’9?72

n;

* Mixed-harmonics correlation can help test nonlinear contribution in v, and vs

vy = Vgp +B22(02)°, 05 =05y + B 30003
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v If weak correlation between v, and v3, then we expect

r232,3 (1)

Froa(n) = (qg(_’?)q;(”rcf)) _ (‘I%(_’?)Q;L(nrel“)) +22 (05(—0)452(%&‘))

e (63(ma; (neer)) (@2(m) i, (eer)) + Bo2 (3 (1) @57 (Meest))
ruc(n) = (@2(-m)a3(-m) g2 (neer))  {@2(-m)as(-1)q5, (neet)) + B2z (@2 (1) @3 (=1) @5 (Mt ) g3 (cer )
2,315 - -

(%('))‘h(f?)q; (Wrel‘))

v If Linear contribution is weak and can be neglected, then we expect

2214 = 1212;2, 12315 = 12323

(a,(m)a3(n)a%; (Meer)) + B3 (@ (M) a3(0) @5 (Meet ) @5 (et ) )

arxiv:1701:02183

12,312,3% T212;1 X 13)3;1

5. Extract EP twist + FB magnitude asymmetry at 5.02TeV

* By fitting Ry, pjnn and 1y)p,2, We can
separate the twist and asymmetry
component

> Two effects are comparable
> Higher order flow harmonics

have stronger decorrelation
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6. Energy dependence: 2.76TeV vs 5.02TeV

Compare the ratio of linear decreasing trend
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> Lower energy shows stronger decorrelation for 1,1, and Ry, yjnn

7. Mixed-harmonics correlation at 5.02TeV

3. Higher order moments at 5.02TeV

. For n=2 and k=2,3:

in central events: 155, = Tzkiz;1 ; in non-central collision 755, > 7”2k|2;1
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Summary
A comprehensive study of flow decorrelation in Pb+Pb is shown at ATLAS experiment:
* v, (n>2) has stronger decorrelation than v,
* Moments result shows 13, = ;f|n-1 holds for n=3 but not in central collision for n=2.
 Mixed-harmonics results show non-linear component carries most of the flow
decorrelation of v, (Vs)

2.76TeV data shows stronger decorrelation than 5.02TeV data.



