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Longitudinal decorrelations of anisotropic flows

In collaboration with: Long-Gang Pang Guang-You Qin  Xin-Nian Wang
Based on PhysRevC.98.024913
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Introduction

The event-by-event fluctuations of the initial state density and geometry lead
to anisotropic momentum distributions for the final state soft hardons.
Probe the initial conditions and the
transport properties of QGP

Many flow observables:
» symmetric cummulants

» higher-order anisotropic flows
» nonlinear respones

» event plane correlation
focus on fluctuations in the transverse plane.
4/35
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Longitudinal fluctuations
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Longitudinal fluctuations can lead to:

» rapidity dependent anisotropic flows » decorrelation of anisotropic flows
[Denicol, Gabriel et al. Phys.Rev.Lett. 116 (2016)] [L.G.Pang, et al, Eur.Phys.J.A52,97(2016)]
[ALICE Collaboration (Adam, Jaroslav et al.)Phys.Lett.B762(2016)] [P.Bozek and W.Broniowski,(2017),arXiv:1711.03325 ]

[J.Jia and PHuo, Phys. Rev. C90, 034905 (2014)]

Our work:

Systematic study for the longitudinal decorrelations of anisotropic flows for
different collision energy & centrality, using different observables(flow vector,
magnitude, orientations)
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Model Setup
CLVisc (IDEAL) (3+1)-dimensionsal hydrodynamics model

[L. Pang, Q. Wang, and X.-N. Wang, Phys. Rev. C86,024911 (2012), Pang,Long-Gang et al. arXiv:1802.04449]

» initial state: A-Multi-Phase-Transport (AMPT) model
[Z.W. Lin, C. M. Ko, B.A. Li, B. Zhang, and S. Pal,Phys. Rev. C72, 064901 (2005)]
local energy-momentum tensor TH#" at the inital proper time:

ptp¥ 1 1 Zx)2 4 (y — )2 2
THY (rg %, 11 ms) = KZ 'T’ e [7 (x x,)2 2(,V e (ns2 2775,) M
i p; 701/27rc,rns O of oTs
70 = 0.2 fm for LHC , 0.4fm for RHIC, o, =0.6 fm ¢,,,=0.6
» evolution: ideal hydrodynamics 9, T*” =0
» freeze-out: Cooper-Frye Formula (T;=137 MeV)
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Longitudinal decorrelation observables
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. . n direction
n direction

(€) g2(n) # G2(—n) (d) Wa(n) # Va(—n)
We use Q-vector method: Qn(1) = gn(17) Qn(n) = Gn(n)e™ = 1 SN e

1
Longitudinal observables

(3-n-bin observables) Effects
rin, K](n) = W‘fm Decorrelation of flow vector'?
mln, Kl(n) = % Decorrelation of flow magnitude®
ro[n, K](n) = % Decorrelation of flow orientations®

[1][CMS Collaboration (Khachatryan, Vardan et al.) Phys.Rev. C92 (2015)]  [2][ATLAS Collaboranon Aab%id, Morad et al.) Eur.Phys.J. C78 (2018)
[3][P.Bozek and W.Broniowski,(2017),arXiv:1711.03325.] = = R
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Longitudinal decorrelations in PbPb collisions at 5.02A TeV
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e The decorrelation functions are linear in 7 directions around midrapidity
o ro[n, k] < r[n, k] < ru[n, K]
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Longitudinal decorrelations in PbPb collisions at 2.76A TeV
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e The decorrelation functions are linear in 7 directions around midrapidity
o ro[n, k] < r[n, k] < ru[n, K]
e Decorrelation effects (5.02A TeV < 2.76A TeV )
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Longitudinal decorrelations in AuAu collisions at 200A GeV
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e The decorrelation functions are linear in 7 directions around midrapidity
o ro[n, K] < r[n, k] < ru[n, K]
e Decorrelation effects (5.02A TeV < 2.76A TeV < 200A GeV )
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Slope parameters for longitudinal decorrelations

Since r[n, k](n), rs[n, k](n) and ru[n, k](n) are almost linear in n, they can be
parameterized as follows:

rln, k](n) = 1 — 2f[n, k]n

mln, kl(n) = 1 = 2ful[n, k]n

ro[n, k](n) =~ 1 — 2fs[n, K]y (3)

where f[n, k], fu[n, K], fs[n, k] are called slope parameters. They can be
measured via:

fin, k] = 2= ;lenél(m)}m

Similarly for the slope parameters fy[n, k] and fs[n, K].
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Slope parameters for longitudinal decorrelations
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o fo[n, k] > f[n, k] > fu[n, k]

e Decorrelation effects (
5.02A TeV < 2.76A TeV <
200A GeV)

o Centrality denpendence:

For v», non-monotonic,
strong dependence on initial
collision geometry

For v3 & vy, weakly centrality
dependence( fluctuations
dominate), slight increase
from central to peripheral
collisions.
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Collision energy and centrality dependences
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The longitudinal decorrelation effects for anisotropic flows:
Energy dependence:

o f(5.02A TeV) < f (2.76A TeV) « f (200A GeV)

Centrality denpendence:

o for v», slope parameters strong dependence on initial geometry.
o for v, vs, slope parameters slight decrease with Npar.

How do we understand these dependences?
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Longitudinal structure of initial states
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» Divide the initial partons into different clusters in transverse plane

» Arrange partons in the same cluster in the longitudinal direction to form a
‘string’

» The length of each string is obtained from difference between the
maximum and minimum rapidities of the initial patrons in the same
cluster.

The higher the collision energy, the longer the initial strings length
Is(5.02A TeV) > I5(2.76 A TeV) > Is(200A GeV) (5)
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Collision energy and centrality dependences
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~-Jet induced rapidity even direct flow

( CoLBT-hydro model )

In collaboration with: Wei Chen Long-Gang Pang Guang-You Qin  Xin-Nian Wang
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~-Jet induced rapidity even direct flow

Directed flow!™: vy = vo% 1 yeven

V9% develops along the impact parameter direction, depends on rapidity
vi¥e" created by fluctuations in the initial geometry(dipole-like), weakly
depends on rapidity

) 1 w;sing;
Event plane method: vi(pr) = (cos(¢ — Vep)), Wep =tan ‘%

Where weight®: wi(p;) = pr — %

quantify the ~-jets imbalance due to
the Jet energy lossi®#

Jet How does ~+-jet affects rapidity even
direct flow?

[1][STAR Collaboration (Adam, J. et al.) Phys.Lett. B784 (2018) 26-32 arXiv:1804.08647 [nucl-ex]]
[2][Gardim, Fernando G. et al. Phys.Rev. C83 (2011) 064901 arXiv:1103.4605 [nucl-th]
[3][Phys.Lett. B785 (2018) 14-39 arXiv:1711.09738 [nucl-ex]]

[4][Chen, Wei et al. Phys.Lett. B777 (2018) 86-90 arXiv:1704.03648 [nucl-th]
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Rapidity even directed flow both x;, and centrality dependence
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» Central collision: v-jets induced v;*®" is almost same, medium dominated

» Peripheral collision: v-jets induced v{*®" has larger cross point,
jet energy loss become more important
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Conclusion

» We have a performed detailed analysis for longitudinal decorrelation of
Vo, v3, V4 for the LHC & RHIC energies.

» We find:
o fo[n, k] > f[n, k] > fu[n, K]
e f(5.02A TeV) < f(2.76A TeV) < f(200A GeV)
» Centrality dependence:
e Vv, decorrelation has a strong dependence on initial collision geometry
e v3, v4 decorrelations slightly increase for smaller Npart
» The collision energy dependence of flow decorrelation can be traced

back to the longitudinal structure(fluctuations) of initial states:
Is(5.02A TeV) > [5(2.76A TeV) > Is(200A GeV) .

» We have a brief study about v-Jet induced even direct flow.
e For peripheral collision, the jet energy loss will lead to larger even
direct flow v4
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Back Up
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Test of linearity of flow decorrelations
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Collision energy and centrality dependences
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The decorrelation fuctions with shear viscosity at 2.76A TeV
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The decorrelation effects are stronger for the linear component of v4 than for
the nonlinear component.

[ATLAS Collaboration (Aaboud, Morad et al.) Eur.Phys.J. C78 (2018) |
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The decorrelation fuctions with shear viscosity at 2.76A TeV
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N (1a) 0-5 (1b) 5-10 (1c) 10-20
08§ cMsreft
i CMS ref2
1.0 W '*H—HH
. kkkq‘i%
. "
o9
=
= (1d) 20-30 (1e) 30-40 (1f) 40-50
08 —— CLviscrefin/s=0.0  * CLViscrefl n/s=0.16

—-—- CLViscref2 n/s=0.0 O CLViscref2 n/s =0.16
1 2 1 2 1 2
na ,75 na

ref1:3.0 < n < 4.0 ref2: 4.4 < n < 5.0
For decorrelation functions r[2,1], the effect of shear viscosity is very small for
zero-flow velocity.

[ Pang,Long-Gang et al. arXiv:1802.04449]
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The decorrelation fuctions with shear viscosity at 2.76A TeV

o Ty T Ty

K] (2a) 0-5 (2b) 5-10 (2c) 10-20
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1.0
oo N\b\ M
T
- (2d) 20-30 (2e) 30-40 N (2f) 40-50

0.8

1 2 1 2 1 2
n° n° n°

ref1:3.0 < n < 4.0 ref2: 4.4 < n < 5.0
For decorrelation functions r[3,1], the effect of shear viscosity is very small for
zero-flow velocity.

[ Pang,Long-Gang et al. arXiv:1802.04449]
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The decorrelation fuctions with flow velocity at 2.76A TeV
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—=-- CLViscref2 n/s=0.0 O CLvViscref2 n/s =0.16
1 2 1 2 1 2
n° n° n°

ref1:3.0 < n < 4.0 ref2: 4.4 < n < 5.0

For decorrelation functions r[2,1], the decorrelation effects become larger due
to the stronger short range correlations when the initial velocity is computed.

[ Pang,Long-Gang et al. arXiv:1802.04449]
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The decorrelation fuctions with flow velocity at 2.76A TeV

(2b) 5-10

ref1:3.0 < n < 4.0 ref2: 4.4 < n < 5.0

For decorrelation functions r[3,1], the decorrelation effects become larger due
to the stronger short range correlations when the initial velocity is computed.

[ Pang,Long-Gang et al. arXiv:1802.04449]
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ColLBT-hydro model

CoLBT-hydro model

Linear Boltzmann Transport model 4+ 3+1D hydrodynamic model
(LBT) (CLVisc)

L

LBT CLVisc

v formulated in Milne coordinates (7, , 1)

v simulated in sync with each other

1) provide medium info (T, u) to jet partons
2) carry out jet shower partons’ transport

according to medium info.

oo

| Ty2 | T1 3 soft(p-u < p%,) and ‘negative'(p-u < 0)
= - partons deposited into medium as source
(4 = term
At :
4 hard(p-u > p?, ) partons propagate in
LBT frame

- . 5 update the medium info through solving

A 4 A 4 9,1 = j* 9
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% Hydrodynamic equations with source term

Assumption: Instantaneous local thermalization of deposited energy and momentum

| Hydrodynamic equation with source term I

0 Thep(z) = 3 (2)

Gaussian approximation: N a z
PP At TAT(27)3 2020y, ! 252 207,

Energy-momentum Energy and momentum
tensor of QGP fluid deposited from jet
I's
source term:| jj.(z) ::
'
soft partons negative partons
0
(P U< Pyt ) (pu=0)
(7 - &) 1 C(E - (= ne)’

10
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q Initial condition

Initial condition
Pythia8 AMPT

Energy-momentum of jet partons ~
9y Jstp Energy density distribution

Production position of jet partons

AMPT:

v’ Energy density distribution includes transverse and longitudinal
fluctuation.

v" Production positions of jet partons: sampled from spatial
distribution of binary hard processes.

Pythia8:
v Energy-momentum of jet partons
different in each event.

11
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-

Hadronization

Cooper-Frye formula
Recombination model +
(Texas A-M group) Hadron resonance decay
[ [

Hadron spectrum

Momentum spectrum of
hadrons

Hadron list

Not consider:
v' Recombination between jet shower partons and thermal partons

v' hadron cascade
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Test of the linearity of flow decorrelations

Parameterization for the Q-vector:

Qn(n) & Qn(0)(1 + )€™ (6)
Q5(0)Q5*(nr) = Ani(mr)e™ " ) = X i(ni) + Yo k()
an : The forward-backward asymmetry

Bn . The rotation of the flow orientation
The decorreltion function can be approximated as:

Dtan ﬁnYn.
i K0 =1 = 2f[n, Kl i, K] = k (Lopned 4 Befan))
ru[n, Kl(n) ~ 1 = 2fuln,Kln ~ fuln, k] = k<a”A’”‘

ro[n, kK] = 1 — 2fs[n, K]n fo[n, k] = kM

(cos(dn,k))

Simple approximate relations between the slope parameters with different k:

fln,kl/k =~ f[n,1]
fuln, kl/k =~ fuln, 1]
fo[n, kl/k =~ fo[n,1] (7)
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Test of linearity of flow decorrelations

n=2 n=3 n=4
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Four-rapidity-bin decorrelation obervables
3-rapidity-bin decorrelation  Slope parameter

QK (=)@K (7r)) o (({enXak) | (BnYaw)
rln, k](n) = <ok< )03 (ne)) f[”’k]—k( Koy T <xn,k>)

rln, K|(n) = $BEMDBO) i g — o

(ak(m)afs(ne)) (An )
_ (OO ) _ . (Bnsin(S,.4))
roln, K1) = “CECEREE ol K] = kGgesy
4-rapidity-bin decorrelation Slope parameter
Rln,2)(n) = {uomfQln@l bl Fin, 2] = 243722 (defined by ALTAS')

)
=nr)Qp (—=1)Qn(n)QF (nr))
)

R¢[n,2]( )_ (Qn( 1) Qn(—n) @ () Qs (ny

_ (/3n5'n(5n2)
= Gl Cnanmas ey Telm2 =2

(cos(dn,2))

an : The forward-backward asymmetry
Bn : The rotation of the flow orientation
The relation between 4-n-bin & 3-n-bin slope parameters:
F[n,2] = f[n,2] — fu[n,2]
F‘b[nv 2] ~ f‘b[n? 2] (8)
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Four-rapidity-bin decorrelation obervables
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e F[n, 2] = f[n, 2] — fuln, 2]
holds pretty well for PbPb
collision at two LHC energy,
a slight violation for AuAu
collision at RHIC energy

e Fo[n, 2] = fy[n, 2] has a
sizble violation due to the
larger decorrelation effects
for pure flow orientations

e Violation is larger at the
RHIC than at the LHC
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