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Flow observables 2
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Correlations and fluctuations in transverse plane

» Transverse dynamics has been well explored both in experiments and theory
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3D initial conditions

= Longitudinal dynamics hasn’t been fully explored yet

«  AMPT: HIJING with string melting
» Soft string length fluctuation
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» Lexus model for the longitudinal
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3+1D QGP evolution 5

Longitudinal dynamics hasn’t been fully explored yet
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Q: what is the influence of longitudinal dynamics on these transverse observables
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2D map of flow correlation in n

= 2-particle correlator: correlate flow v, between 5, and 1,

Van (11, m2) = (vn (12) vy, (11))
= (vn (M) vn (M2) cosn (¥, (m1) = ¥r (12)))

Strong non-flow
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v' V,, decreases at large An = | n;- n, | : decorrelation in correlation
v' V,, has small variation



How to measure flow decorrelation

« Factorization ratio r,, is constructed to measure flow decorrelation
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How to measure flow decorrelation

« Factorization ratio r,, is constructed to measure flow decorrelation
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New observables in ATLAS

= Decorrelation of [v, (1)

(vn (=1 V% (Mrer)*) Sensitive to how n-dependent

Tolnk = T~ i decorrelation fluctuates EbyE
R wn ()R, (o))




1t moment of decorrelation: r,, 10
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Quantify decorrelation using linear fitting 11

ran:1 IS parameterized with linear function
T
Fnln;1 = 1- 2an,;ln

From increasing
contribution of v,2
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> Slope is minimum in mid-central events
» Magnitude of slope is quite small

% For higher order harmonics
» Slope significantly larger
» Weak centrality dependence trends are seen



(2.76 TeV)
(5.02 TeV)
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The Energy dependence of slope
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For n=2, ratios are independent of centrality.

% For n=2 decorrelation is 10% stronger at 2.76 TeV than at 5.02 TeV

% For n=3 decorrelation is 15% stronger

Stronger decorrelation effect should be expected at RHIC



Higher order decorrelation: (v,)*

Higher order moments <A*> provide more constrains on P(A)

>

>

Fo10 Measures decorrerlation of (v,)%, stronger decorrelation is expected

In general (vEvik)  (v,v5)"
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Higher order decorrelation: (vg)*

ra3. Vs is fluctuation driven

» k-th moment has stronger decorrelation
> TIgax = %354 in all centrality intervals

» The relationship maybe related to fluctuation driven nature of v,
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Scaling relationship F,, 7k = F, 15

rank are parameterized with linear functions

k
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New observables in ATLAS

" 4-particle correlator

(v, (=Nret )V, (=1) V0 (1) V5 (Mres) ) =
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Minimize v, fluct. and single out EP twist




Rone at2.76TeV & 5.02TeV 17

Rin:2 - mostly sensitive to EP twist
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Rone at2.76TeV & 5.02TeV

= Fit Ry using linear function R, =1- 2FR 1]
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How to separate twist and asymmetry
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Separating asymmetry and twist contributions 20

— (v;(_nref)v;(_n)vﬂ(n)vn(nref)) o1 twi
R”L|";2(7’) B (U:L(_nref)vn(_n)v;(n)vn(nref)) Rnln;ZNI 2Fn;277
r _ (vn(_n)kv;(nref)k>
T (o ()07 (et ) )

rnln;k(n) v 1 - 2F,rl;k7], n: k — F::SIZ FtW1

5 [T AT ———
@ 1_6 ..... 8 D ..................................... 7 s "Pb+Pb 5.02 TeV, 22 ].lb-1 o] Fasy = Fasy 1
o o B = . B - % 1
O ¢ B g ] 2¢
I e = I g0 " "o, |
0.95F © 2 |::> ¢ Téd e B ®E g "j
[ © ] @
o Te .
N 20-30% : 10‘2 - 88 é _|
o9 [©] Mj2:2 - - s J ) s 8 e s E
I @ R2|2;2 ] B 7
N B P I B T
| PR R T M|
0 05 1 15 2 n ( 0 100 200 300 400
Npart

s For v,,v;, twist is slightly larger than asymmetry



New observables in ATLAS

® Mixed harmonics decorrelation
—

]

Are the decorrelation of different
harmonics correlated?




Decorrelation of (V,V3): o555 22
= Decorrelation of (v,vy)
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5 3038Nd 5 X I3

> 3103 =l X I35 indicates the decorrelation of v,, v5 are independent
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Flow correlations can be extended between v, and v,?

Since v, = vy + V52
(v4Lv§*) o< <e4e§*) () — (’04’03*) = (’U4L 2*) +,82,2 (vgvﬁ*)

(v%(_n)'vz (nref)) N (v%(_n)v%* (nref))
(”g (77)”2 (nrcf)) (v%(n)v%*(nrcf))

T2,214 = =T2lz;2

/

% v, is dominated by the non-linear contribution
associated with v,2

" Iy4,1 Can be approximated by

(vaL(=m)vi (mes)) + B35 (v3(—1)v32 (Mret) )
(V4L(77)VZL(77ref)) + ﬁ%z (V%(n)vzz(nref))

r4|4;1(71)

< I44.4 Shows stronger decorrelation
% suggesting stronger decorrelation of v, than v,2
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o35 @nd 553

= Decorrelation between v; and v,v;

FOI’ V5 = V5L + 32’3V2V3

25

VoVs Vg
—

Ne—

(vsLV3V3) o< (€s€3€3) ¥ 0 ——> (vs0305) = (VsDW3V]) + Ba3 (V2vsV3V)

(v2(=n)v3(=1)V5 (Mret)) ~

('02 (—77)713 (—n)'v§ (nref)'v; (nref))

= T2,32,3 (7))

"5 (7) (v3(m)v3 (1) (Trer)) (02(7)v3(1)03 (e )03 (Mrer))
rosi() = (vsL (—m)v3 (eet) ) # B3 3 [v2(—1)V3 (e )3 (—11) V3 (e )
i (vsL ()% (1ces) )|+ B2 A (v2(0) V3 (ee )93 (1) V3 (et ))
[ " ATLAS = Prelimary ]
S ] Pb+Pb5.02 TeV, 22ub™" N
o) T—é
— B T 6 7
S | oy :
[ g . ]
0.9 o o .
[ 20-30% Q 5 ]
: [®] 23023 ﬂ] ® |
i [©] 2315 T
0.8 =] sis:1 ]
0 05 1 75 2~

o
%

* Ioa5 = 3045 INdicates vy is not correlated with v,vs

n

<+ Iogs ® 303 = I55,4 iNdicates v has same decorrelation effect with v,v,



Thoughts on future experimental measurements 26

A+A system: Correction on n-dependent v, measurements
CMS HIN-15-008 CMS HIN-15-008

(cos(nge - )  vIrue x RTTue x cos(AW 4¢)

C C
vo{EPY = - A B

R - \/<°°S[”(IP: "qu)Dg"OS[’é@: shtt)) A,B are fixed
(cosln(w; - Wi)1) C is the same detector where v, is measured

= Rﬁ“‘e x \] cos(A¥4p) cos(A¥4c) = Rﬁ”‘e x cos(AV 5¢)

cos(A¥pc)
. - CMS PRC.92.034911
since EP twist is linear dependent on |An)| T CMS pPb (s = 5.02TeV ]
— 1.0~ NN 1
T [ e
_ 1:,0‘0.9:— @‘3\\ .
LHC p+Pb: stronger decorrelation ~ 20% & | 8\‘&
= o8k S
> 13, r4.....also for pp? o 08F o 44<n®<50 o o
> How to understand sub-event cumulant where An 2_0_7-_ © :fpz:::t;?ﬁts .
is applied between a, b [ 185 <™ < 22 ]
\ 00 05 10 15 20 |
e {4} = (4), o — 22N ap J.Jia etc. amxiv: 1701.03830 n

Stronger decorrelation expected at RHIC! How stronger, will this affect the BES result?



Thoughts on theory

3D initial conditions

10f  Pb+Pb20-30%
— St
-10f : ———
s T ey

Ns

With these ATLAS measurements
They can help to distinguish / constrain these models
v Simultaneously fit decorrelation of different harmonics n
v Describe energy dependence
v Fit A+A and p+A
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Summary

= Decorrelation of [v, ()]«

o {oaemon o))
R v ()0 (et ) F)

» Flow decorrelation contains: twist + asymmetry
» Stronger decorrelation at lower energy

" 4-particle correlator

(’U:L (_nref)'v; (_n)vn (77)’Un (nref))
(U:L(_nref)vn(_n)v;(n)vn(nref))

Rn|n,2(77)

» EP twist and asymmetry are separated

B Mixed harmonics decorrelation

~—
- f 7 " » Mode-mixing effect are tested
| in the longitudinal direction
| N
VyV3 V,Vs3
V)’ Vy

V,V; Vs






Nref dependence of ry,
)
& [ATLAS  Intema  |[ATLAS  intemal = = A'rLAé' Cintemal - {[ATLAS  ntemal ]
T Pb+Pb 5.02 TeV, 470 ub“ i Pb+Pb 5.02 TeV, 22 ub”’ Pb+Pb 5.02 TeV, 22ub™ 1 Pb+Pb 5.02 TeV, 22 ub™" 1
1_‘ ‘ 1™ s _l TR - .
) L . .
| s i ’ .4 .
8 L ' .
5 ) - M ™ & ry Lol
i # 1 = ¢
¢ 8 & &
0.95 s 1r o 1 o 1F .
L 1l & [
é g o )
- 0-0.1% 1t 0-5% 5-10% o 10-20%
| e-4.4<n <49 ¢ | <-4.4<n <49 4.4<n_<4.9 <-4.4<n <49
— <4 4 — <4 4 =-4.0<n ne'<d 4 — <4 4
F =3.6<n<40 4 L ~+ 3.6<n®'<4.0 T o 3. 6< <4.0 -+ 3.6<n®<4.0
0.9F —32<*<36 ¢ a6 -dF ~32x°<36 4F =3 2<n'ef<36 4F  +32<n<36 -
| -4, 0<n:;<4.9 1 -4 0<n'ef<4.9 -4, 0<n:::<4 9 -4, 0<Tl:::<4-9
PP EPEPETES BT ESEPET Er ;...l...l;..;l PSR MEFETENE EPETETET S BUE ST ST SR SRR TR ETETETETE BT ST E SRS EE B
“_‘ TI'rlvl'll'lll]lllll""- TIITI'IIIIT'IIIIIIIII'II IIITIITVIIIIITIITIIIIITI‘ ’IIIII'IIIIIIIIYVVIIIIYI-
% ATLAS Internal ATLAS Internal | ATLAS Internal ] ATLAS Internal ]
= 1= Pb+Pb 5.02 TeV, 22 p.b1 . Pb+Pb 5.02 TeV, 22 ub Pb+Pb 5.02 TeV, 22 ub™ Pb+Pb 5.02 TeV, 22 ub”’
| ..., DDTED 9. Ve 1EV, 22 UD. | ... PRTER OV 18V, MDD R MR SR AR [ ... TRTPD O U 16V, 22 WD
L e . . L . | ] ™ L . " E ‘ " g
. . ™ . [ ] . |
Y oe 9 L . .
) . 9
i & & s g 1 ! 9
0.95F 1r 1r « 1F o B
20-30% 30-40% 40-50% ] 50-60% 0
e-4.4<n _<4.9 o-4.4<n <4.9 =-4.4<n <4.9 o-4.4<n _<4.9
-5-4.0<n"'<4.4 = 4.0<n"'<4.4 -5-4.0<n"'<4.4 = 4.0<n"'<4.4 @
- ==3.61"<4.0 1 ==3.8<n"<4.0 {I  ==36<x"<4.0 ] ~-3.6<n''<4.0 ]
09F ==3.2<n"'<3.6 4b  <+3.2<x"<36 4 <+3.2<x"<36 4}  <+32x"<36 -
| =40 "<4.9 = 4.0<n"'<4.9 = 4.0n°<4.9 - 4.0™<4.9
llllllllllllllllllllllll llllllllllllllllllllllll llllllllllllllllllllllll IlllIIIllllllIIllIlllllI
0 05 1 15 2 0 0.5 1 1.5 2 0 0.5 1 1.5 2 0 0.5 1 1.5 2
n n n n

30



Nrer dependence of ry 3
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pT dependence of r,

" Iy0.4: PT dependence in central
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Linear and non-linear hydro. response 33

« From hydro. calculation: v, (v3) « €, (€3) _ATLAS PRC 92, 034503
linear hydro. response > |, _ Centrality 15-20% |
! . —o— data |
. ‘ —— Linear Fit
1297 z2<I>* 13P3 i3P% 0-04_’ — MC Glauber]
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0.03

« Higher-order (n > 3) harmonics:
linear response from €,, + nonlinear mixing of lower-orders

; * s\ 2 . - D.Teaney, L,Yan
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Linear term is dominant in central collision and NL term dominates in other centrality intervals
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0.01

Linear and NL contribution
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ATLAS experiment

Min. bias trigger scintillators (MBTS) Tile barrel Tile extended barrel

/ f * Fe-Scintillating
e Cu-LAr t Tile structure
structure *m[<17
*1.5<In <32 J
|_> LAr hadronic
end-cap HEC)

LAr electromagnetic
end-cap (EMEC)

T
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(U (—1)v7, (Mret))

I s Cu/W-LAr
* Pb-LAr St .
accordion *3.2<n<4.9
*nl<2.5 '
LAr electromagnetic
R LAr forward (FCal)
(LAr: Liquid Argon) Cryostat (dg o
n N
1
1
1
1
: 'rnln(n) =
:
1
| : I 1 >
-2.4 2.4 40 49

Inner Detector Forward Calorimeter

(n( 1)07 (7ret))



Why linear decrease

Assuming v, in each event slowly varying around n ~ 0

0a(1) % 0, (0) (1 + @nn) P, vS(0)03* (Mret) = Xk (") = iV (")

Then the two particle correlator (g5 (71)g;* (7)) can be expanded

(‘Iﬁ(m)q;k(nref)) m ((1+knan) (Xnk + kBnYnx))
~ ( Xk + knanXnk + knBnYnk)

N (knanXnk)  (knBnYn)
() (14 i+ (00)

With this format then r,¢,.x can be approximated by:

(kX (1)) i (Bok¥o (")

rn|n;k(77) =1 _2F:¢,k77’ Frk N F:SIZ +F:zv7cl’ F:?IZ = (Xn'k(nref)) ’ Fn.k = (Y"_k(nref))

If twist and asymmetry doesn’t depend on k, then expect F,,//k = F,.;'

(ﬁn Yn2 (n“’f))

Ruyna ™ 1-2F m=1-4n Yoo (7))
n;

Ff o = Fth

R.n2 and r,,.. together can help separate twist and asymmetry

Tz % 1 =2F,on=1- 2Ff,"v2in - ZFZS%'U
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