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Motivation

** Traditionally Flow analyses look for correlations w.r.t common
symmetry planes over a large range in pr.

> L

031" Pb-Pb {5, =2.76 TeV [ o V42,An>0.8) [ — {2} (MC-Glauber, 1/s=0.08)
L Centrality: 20-30 % - m v,{2,|AnI>0.8} - v {2} (MC-KLN, 1/s=0.16)
ol M<08 L % v{2,IAn1>0.8} L — v, {2} (IP-Glasma, 1/s=0.20)

P, (GeV/c) [ (GeV/c)

= Constraints on the initial state and n/s.

Initial symmetry planes Final symmetry planes ??
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ol M<08 L % v{2,IAn1>0.8} L — v, {2} (IP-Glasma, 1/s=0.20)
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“* However, recent hydrodynamic simulations show p+ dependent flow

angle and magnitude fluctuations
= Further constraints on the initial state and n/s.

Initial symmetry planes Final symmetry planes ??

nl Ry
\o 20\ S R _\\3 T , \A




€™ 2 Particle Correlations NN

LS

> *» Type <aAll>
Pr One particle from p the other from entire p
" d{2}

P+

> *» Type <AIlLAIl >
& Two particles from entire p;
" {2}

% Type <ab>
One particle from p-?, the other from p°
" Voalpr pr°)

 Type <aa>
Two particles from p;
" val2]
" Vaalpr, p7) = va[2)?
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v {2} and

v,{2) = d,{2)/c {2}

Vol2]

= <a,All >ford{2}and <All, All >for c {2}

» Contributions from possible p; dependent flow angle and magnitude fluctuations, in

addition from non-flow

o .
% Vn [2]

u <aa->

= Contributions from non-flow

o Ratio of v.{2V/v.[2]: <a, All > B <AIl, All> & <a,a >

1.0¢
Pb + Pb 0-5% @ LHC

PRC 87,034913

vy {2}/, [2]

— MCGlIb. n/s=0.08
- MCKLN 7/s=0.20

Pb + Pb 0-5% @ LHC

— MCGlb. n/s=0.08
- MCKLN 7/s=0.20

08005 10 15 20 25 30 3
pr (GeV)

* Hydrodynamic calculations: v _{2}/v,
and magnitude fluctuations.

‘6.0 05 1.0 1.5 2.0 25 3.0 3.

pr (GeV)

2] < | => p; dependent flow angle
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Factorization ratio r,

PRC 87,031901(R)
_ VnA (p’%a p%)
\/VnA (0%, %) - Var (05, %)

" r probes<ab>mp <a a>&<bb>
= r, < |, Factorization broken

MCKLN 7/s=0.20 MCKLN 7/s=0.20

e

pr€[0.25,0.5 |
py €[0.5,0.75]
pre[0.75,1] |
prelLL3)
pr 6[1 2]
€[2,2.5]
€[253)

° PRC 87,034913

0.5 i ) l 2.5 : 0.5 1.0 15 2.0
pp (GeV)

¢ r. < | observed in hydrodynamic calculations
* indication of p; dependent fluctuations of flow angle and magnitude.
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Analysis Details

*»* Detectors used: «» Data sample:

" |nner Tracking System = Pb-Pb at ‘/SNN =276TeV
(trigger, tracking and vertexing) « ~ 12 M events analyzed

= Time Projection Chamber (tracking, = p-Pb at Vs = 5.02 TeV
centrality determination) * ~ 96 M events analyzed

= VO detectors " Tracks used:
3.7<n<-1.7and 2.8 <n<5.1 « -08<n<08
(trigger, centrality determination) * 02<pr<6.0GeVic
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MC-Glauber &

PRC 87, 034913

[ Centrality: 0-5 %

[ Centrality: 20-30 %

IP-Glasma:

PRL 110, 012302

V,{2} (MC-KLN, /s=0.16)
v,[2] (MC-KLN, 1/s=0.16)

F — v,{2} (MC-Glauber, 1/s=0.08)

(
(
.2[ = = V,[2] (MC-Glauber, n/s=0.08)
. (

v,{2} (IP-Glasma, 7/s=0.20)
> '- "

[ = V,[2,|An|>0.8]

e V.{2,|An|>0.8}

’\
2

- Centrality: 40-50 %

ml <0.8

s

“*v,{2} and v,[2]

= MC-KLN works better for both v,[2] and v,{2} up to higher p.
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MC-Glauber & PRC 87, 034913 <a, All > <All, All> & <a,a >

 Centrality: 0-5 % ml <0.8 | Centrality: 20-30 % | Centrality: 40-50 %

e M e e m _ e o = = =
,ma=c-Pe w EISEEE LA m-

i ~ 5

S~ i
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]

[ m V,{2,IAnI>0.8}/ v,[2,IAn|>0.8]
| |1 = v,{2}/v,[2] (MC-Glauber, 1/s=0.08
Pb-Pb ENN =2.76 TeV i : ALICE Preliminary 5 Vz{Z}/Vj[Z] (MC-KLN, 1/s=0.16)
] [ L1

[ M ] |
0 1 2 3 4 0 1 2 3 4
P, (GeV/c) P, (GeV/c)

!
!
!
[
[
|
|
|
1
L.

@ v,y{2} / vy[2]

= Significant deviation for p+ >2 GeV/c in most central collisions.
¢ Hydrodynamic calculations (no non-flow) already overestimate the

deviation of v,{2}/v,[2] in most central collisions
=  Calculations with MC-KLN describe the data better than MC-Glauber.
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Centrality: 0-5 % Centrality: 20-30 % Centrality: 40-50 %
— 00 0-@

- - @ @ -0 -0-9 -9 0-0-¢
0¢ r * e r ...

i i

- 0.2 <p‘T <0.6 GeV/c

Pb-Pb Vs, =276 TeV [ mi<0.8

h - -0-0-0-0-9-9---¢ - ere B -I. .I s | MC-Glauber &
- ¢ s o

! + [ —r,(MC-Glauber,/s=0.08) [
OF 15<p! <20GeVic | [ ~r,(MC-KLN;n/s=0.16) -

@ r,(IAn>0.8) (ALICE) PRC 87, 034913
O, (Ani>2) (CMS)

}' w&', .y

?

CMS,
JHEP 02, 088

:_ 25< ptT <3.0 GeV/c
O 1 2 3 4
pj (GeV/c)

ALICE Preliminary

pj‘_ (GeV/c)
S . . . o .
¢ Breakdown of factorization more pronounced in central collisions.

** Hydrodynamic calculations also show that the factorization is broken.
% CMS r,(]An|>2.0) quantitatively agrees with our measurements

= Additional n dependent fluctuations of flow angle (W,) and/or magnitude (v,) are
not observed or non-flow is similar between |An| > 0.8 and 2.0.

:: Universiteit Utrecht
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MC-Glauber & PRC 87, 034913 IP-Glasma: PRL 110, 012302
- Centrality: 0-5 % - Centrality: 20-30 %
[ = v,[2] (MC-Glauber, v/s = 0.08) i

[ —v,{2} (MC-Glauber, 1/s = 0.08) [ ™ Val2, 1An1>0.8] (ALICE)
v,[2] (MC-KLN, s = 0.16)

3 ® v {2, IAn>0.8} (ALICE)
v {2} (MC-KLN, n/s = 0.16) I
v{2} (IP-Glasma, n/s =0.20) 2

- Centrality: 40-50 %
-,
8

[ Centrality: 0-5 % | Centrality: 20-30 % [ Centrality: 40-50 %
ol Pb-Pb Vs, =2.76 TeV | ml<0.8 | ALICE Preliminary

T (GeV/c) N (GeV/c)

T(GeV/c)
“* No clear difference of v;{2} compared to v;[2] and v,{2} compared to v,[2] up
to pr ~ 4 GeVle.

¢ Hydrodynamic calculations:

= with IP-Glasma agree v {2} very well, interesting to test if it can reproduce v_[2].
= with MC-KLN or MC-Glauber do not describe the p; dependence of v; or v,.
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MC-Glauber & PRC 87, 034913 <a, All > <All, All> & <a,a >

Centrality: 0-5 % ) Centrality: 20-30 % Centrality: 40-50 %

: Lf
L i

| | e
~
~
.

F = = V{2V [2] (MC-Glauber, /s = 0.08)
V{2V, [2] (MC-KLN, v/s = 0.16)

| v.{2,[An>0.8}/ v [2,|1An>0.8]

PR IR RIS NS SR N S S TR SN S SR S S TR SR TR N SN S SR S NN S S ST

.2 Centrality: 0-5 % Centrality: 20-30 %

-
-~ { L
~

ALICE Preliminary

] ]
0 3 4 1 2 3 4
P, (GeV/ce) P, (GeV/c) P, (GeV/c)

<* In data no clear indication of p; dependent fluctuations of flow angle (W; W, )
and magnitude (v3, v,).
¢ These effects seem more pronounced in hydrodynamic calculations.
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Centrality: 20-30 % Centrality: 40-50 %
-4y

: S S—

[ Pb-Pb Vs, =276TeV [

|n|<08

4.0 .__r__¢____§__:_ - *+++ MC-Glauber &
=r,(MC-Glaubermn/s=0.08) :

- e r,(IAn>0.8) (ALICE) PRC 87, 034913
(MC KLN n/s_O 16) [ ry (IAnl>2.0) (CMS)

I 15<p <2OGeV/c

N gy,n—a . ++
E_2.5<p‘T<3.OGeV/c ]
0 1 2 3 0

pj(GeV/c)

W* *

ALICE Preliminary
1 2 3

CMS,
JHEP 02, 088

pj‘_ (GeV/c)
X

* ry consistent with | up to |p;*
\J

0’0

-p#| ~3 GeVlc.
Good agreement between ALICE and CMS measurements

No clear contribution from additional | dependent fluctuations of flow angle
(W;) and magnitude (v;) or non-flow.

*¢ Hydrodynamic calculations seem to overestimate the effect
:: Universiteit Utrecht
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Vv, and v; in p-Pb

<> Flow in p-Pb? See talks: L. Milano (Tuesday, 14:40)

‘¥ 0-20 %

| m v,[2,1An>0.8]
- @ V,{2,|AnI>0.8}

~ VOA Multiplicity Event Class (Pb-side) (%) [
- 20-40 %

p-Pb Vs, =5.02 TeV

Ml <0.8

I ALICE Preliminary

Al

40-60 %

_(GeV/e)

_(GeV/c)

_(GeV/e)

Vv,[2] and v,{2} deviate at p~ 3 GeV/c for presented multiplicity classes.

(s2]

>

0.1

L VOA Multiplicity Event Class (Pb-side) (%)}t

p-Pb Vs, =5.02 TeV

| 0-20 % - 20-40 %

W V,[2,1An>0.8]
o V,{2,An>0.8}

hl <0.8

- ALICE Preliminary
I~ 40-60 %




MUSIC: arXiv:1405.3976

[ VOA Multiplicity Event Class (Pb-side) (%) p-Pb Vs, =5.02TeV M <08 | ALICE Preliminary
[ 0-20 % [ 20-40 % [ 40-60 %

2[ w v,[2,1An>0.8] - == v {2} (MUSIC V2.0)

o V,{2/An/>0.8) - v,l21(MUSICV20) g

P, (GeV/c [ (GeV/c

Hydrodynamic calculations works better in central than peripheral p-Pb collisions.

(s2]

> L VOA Multiplicity Event Class (Pb-side) (%)}t p-Pb @NN =5.02 TeV ml <0.8 | ALICE Preliminary
0.1 0-20 % ~ 20-40 % " 40-60 %

[ wv,[2,1A0/>0.8] I [

o V.{2,An>0.8}




[0.2< p‘T <0.6 GeV/c
| mr, (IAnl >0.8)

| R T ST

PREPREEN T

PR TR

++;

ml <0.8
20-40 %

| p-Pb Vs, =5.02 TeV ALICE Preliminary

LLJJILLLJJIILLLJJILLLJJ+I ) T T T T N T N N

0 1 2

3 4

F Centrality: 60-70 %

- Mi<0.8
r 0.2< ptT < 0.6 GeV/c

o 1, (IAnl >0.8)

[ Pb-Pb Vs, =276 TeV ALICE Preliminary ]

1

0 1 2 3 4 1
P, (GeV/c)

¢ Factorization is always significantly
broken in p-Pb collisions (in case there
is no non-flow subtraction).

% Factorization is valid for a wider p;
range in peripheral Pb-Pb collisions.
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Summary

“* We presented v {2}, v_[2], ratio of v {2}/v_[2] and r_ in Pb-Pb
collisions.

< We observed indications of pr dependent flow angle (W,) and
magnitude (v,) fluctuations, however non-flow contributions are
not fully excluded.

<> The p; dependent fluctuations of the flow angle and magnitude
seem to be smaller than what hydrodynamic predictions.

¢ Factorization is more strongly broken in p-Pb collisions
= Different from peripheral Pb-Pb collisions.
* Further study on non-flow are necessary.

Thanks for your attention!
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0.2<pl <0.6 GeVic 0.6<pl < 1.0 GeV/c 10<p' <15 GeVic
--..‘----

I
Yy LLALE R

: 15<p' <2.0GeVic

[ &

% **
[ *

Inl<0.8

[ VoA Multiplicity Event Class (Pb-side) (%
- - 0-20 %
[ 1
I 2.0< p <2. 5 V/c

* 25<-p=-<31GeV/c I -I4O<p <SOGeV/c
CILAAE IR TIA A

[ & %1, (NonGap)

- r, (1AnI>0.4)
@ 1, (I1AnI>0.8)

[ *

p-Pb \sy, =5.02TeV [

N N N N N N 1
2 4

0 4 o0 2 4 0o 2z
p: (GeV/c) p? (GeV/ce)

4
p: (GeV/c) pi (GeV/c)

% Without n gap, r, deviates from unity for entire pr range
¢ With n gap

Consistent results for |An|>0.4 and |An|>0.8.
Factorization is broken as |p;*

- p7| increase.
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€ AN dependence of v, in Pb-Pb nisger

| Centrality: 0-5 % [ Centrality: 20-30 % | Centrality: 40-50 % | Centrality: 70-80 %
- O V,{2} L Pb-Pb I's, =2.76 TeV L Il <0.8

L du v,02,1a0>0 ]
[ O v,{2,lAn1>0.4}

2 @ vy{2,1AnI>0.8} ‘ e @ ¢ & - " R
I M@J ¢SS § | ALICE Preliminary \

:ICentraIity: O-IS %

L O v,[2]

T dh v,[2,1A0I>0]

[ O v,[2,1An>0.4]

= V,[2,1An>0.8] O

can @ W g @ %'

“*v,{2} and v,[2]
= decrease when the An increase;
" The short range correlations (non-flow) are expected to be suppressed when
applying An gap.
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€ AN dependence of r, in Pb-Pb~ijsger

<a,b>mp <3 a>&<bb>
- 0.2<p! <0.6 GeVic L 0.6<p' <1.0GeV/c

L 1.0<p! <1.5GeVic [ 1.5<p! <20GeV/c

= e e e ---
St £ i
[ Centrality: 0-5 % [ [ | LT 4
O 5 r, (Non Gap) i [ I
L mr, (IAnI>0.4) L L
[ @, (An>0.8) [ [

[ 2.0<p! <2.5GeV/c 25 <pl <3.0GeV/c

R

‘O ALICE Preliminary
| Pb-Pb \s,,, =2.76 TeV

L1 . . . . . . 1 . L L L L 1 L L L | I
0 2 4 0 2 4
pi (GeV/c) p: (GeV/c)

pj (GeV/c)
Without N gap, r, deviates from unity
¢ With n gap

p? (GeV/c)

T

= Consistent results for |An|>0.4 and |An|>0.8, non-flow effects are suppressed

" The factorization is valid when p;# ~ p;* and broken stronger as |p;'-p+?| increase

* Can be explained by p; dependent flow magnitude fluctuations, as well as by non-flow
probably.

:: Universiteit Utrecht
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€& AN dependence of v, in p-Pb Nisger

1 VOA Multiplicity Event Class (Pb-side) (%) | L
L 0-20 % L 20-40 % L 40-60 % ALICE Preliminary

60-80 %
p-Pb Vs, =5.02 TeV
O v,[2]
v.{2}
V,[2, IAn>0.8]
V{2, 1An|>0.8}

“*v,{2} and v,[2]
= decrease when the An increase;
" The short range correlations (non-flow) are expected to be suppressed when

applying An gap.
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€& V. Vvia Q-cumulant method Nis@er

“* V_,is a product of Q2 and Q " scaled by corresponding multiplicities
in certain py bin in each sub-event.

. a b
Via (0%, ) = (VAVE) = (v2a? - em(Va=Tn))
N

Q?L . Q%* > Qn = Z e'™? . Flow-vector
MaMb =1

/
QCL.QCL*
n n

Vaa (p5.p,.) =
Q,? and Q.° from p;* and p,°

Vaa (P07 ) ={37777)  Here Q2and Q7 (Q,°and Q¥ )
ara from same p; range but different
Qg : Qg* sub-events.

My M| )

Via (P2, p2) =

% If the main goal of using two-particle correlation is to obtain V,,, using
modified Q-Cumulant method is a direct and efficient way.
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€5 Comparison to published results NJS@Er

LN L N B B B L B B B B LB B S B HNL B B B I L R B . rrrr[rrr ot oot

Pb-Pb \(ENN =2.76 TeV  ALICE Preliminary N Pb-Pb \@NN =2.76 TeV  ALICE Preliminary ]
Centrality: 30-40%

ml <0.8 s 4

Centrality: 40-50%
Il <0.8

x
2*
»

*
¥
& x V,{2}, PRL 105, 252302

X

2 e v{2}, this analysis

v,{2}, this analysis

v{2,IAn| > 0}, this analysis
v{2,lAnl > 0.4}, this analysis
v,{2,IAn| > 0.8}, this analysis
v{2,|Anl > 0.2}, PRL 107, 032301
vA{2,IAnl > 1.0}, PRL 107, 032301 ]

PR S T T [ S T O N [ T T T S T S T T T AN S T S S N T T S PR T T T A N T T N T T T T S T T T A M T T A SN S

1 2 3 4 5 1 2 3 4 5
P, (GeV/c) P, (GeV/c)

R

o

Qe

RS

o
o

[ VOA Multiplicity Event Class (Pb-side) (%) [ [
[ 0-20 % [ 20-40 % [ 40-60 %
B[ #v,[2PC IAni>0.8] (PLB 726, 164) [ |1 08

F mV,[2,1An1>0.8] ;
2 ev,{2,IA0I>0.8} —kg— [




r, in p-Pb and Pb-Pb

MUSIC: arXiv:1405.3976

" VOA Multiplicity Event Class (Pb-side) (%)[ ml <0.8
I i 20-40 % | 40-60 %

0.2<p! <0.6 GeVic [ p-Pb Vs, =5.02 TeV
| w1, (IAn] > 0.8)

[ ALICE Preliminary

¢ The definition of “centrality” might be different in ALICE and
hydrodynamic calculations (MUSIC).
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