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NS Why elliptic flow?

Ed3N_ 1 d’°N

dp ~ 2m ppdp; dy (1+Z(1)10:1 2VHCOS(D(Cp—an)))

v,=(cos(n(¢—W)))

- Elliptic flow (v,) is sensitive to the system M. Luzum,
: J. Phys. G: Nucl. Part. Phys. 38 (2011) 124026
evolution

« Constrains the initial conditions, deconfined
phase, particle production mechanisms
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- ldentified particle v, allows for precision 0.3 Pb-Pb (5, =276 TeV  ALICE Preliminary —
measurements - Centrality: 20-30 %

] Lo . - Il <0.8 o~ .

 Adds further constraints to initial conditions, 02 . ]

deconfined phase, particle production [ . ° ]

mechanisms ot 7 v ani>08 .

- Probes the freeze-out conditions of the system ) ) (MOKLN e 018 -

(temperature, radial flow, ...) ol v£2} (IP-Glasma, v/s = 0.20) ]

« Checks the number of constituent quarks (NCQ) 0 ! S 4 ) ?GGWC)
scaling T
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% AlLargelon Colllders‘xpenment

\.
NS ALICE

1 16m from LF,

ABSORBER

* Inner Tracking System (ITS)

« Data sample:

« Tracking, triggering and vertex determination - Pb-Pb at Vs = 2.76 TeV
 Time Projection Chamber (TPC) - ~15M events analyzed

- Tracking and particle identification based on » Tracks used:

specific energy loss . 0.8 <n<0.8 (1 Kz, p, d)

 Time-of-Flight (TOF) « 05<y<0.5 (K9 A, =, Q)

- Particle identification based on the arrival time - 0.2<p;<6GeV/c
* V0-A (2.8<n<5.1) and VO-C (-3.7<n<-1.7) - Do not differentiate between

- Triggering and centrality determination particle and antiparticle
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Sua
TN Particle identification N
ALICE 0_5% ) Pb-Pb {5, =2.76 TeV ) 36<p, <3.8GeVic |
i e
£ 60)51 033 O<p_<4.0GeV/c
- 1%, K¢, p identified using TPC and TOF 3 | (cj r<4

2 ) 2
NG,PID_NO',TPC+NO,TOF

NO,PID<3

 Topological reconstruction for strange
and multi-strange particles
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SVS Flow analysis methods
KN y ALICE
. v, of T, K¢, p is directly measured by (75 - BN (5 B

using the scalar product method \ (f;? , %*>

 Hits measured by V0-A (2.8<n<5.1) and
VO-C (-3.7<n<-1.7) detectors are used as

reference particles (RPs)

- Large n gap between particles of interest
and RPs to suppress non-flow

- v, of KO, A, ¢, =, Qis determined using

o
0.6 <p;< 0.8 GeV/c

%10

the v, vs invariant mass method: Ty
Lg * (Miny) = 'Iﬂggnﬁ(m- ) + -Lng(m-- )E(ﬂr ) e (GOVIE)
1nv j\TTot nv 2 mv AI\TTot mv f 0.12 06<p, <08 GeVic
« The yields Nssn and NBs are extracted from = 010
fits of the invariant mass distributions g 008/
« The v,™(m,,, ) is measured using the o008
scalar product method 004 (@) K2
0.02"

1 1 1
"0.40 0.45 0.50 0.55
m,,, (GeV/c?)
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W . g :
€ Identified particle v,

ALICE, arXiv:submit/0981508 ALICE
0.3 0-5% - 5-10% sl
Pb-Pb |s, = 2.76 TeV
nl <0.8
and lyl < 0.5

Particle species

——
o

o -© Kz

A

i . B
] Ks = p+p
n-h —
%) -0 * A+A
G

> —_—t —_—

[ 50-60%
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£o Identified particle v, i
N ALICE
ALICE 10-20% Pb-Pb \/STN =276 TeV ALICE 40-50% Pb-Pb \ISTW =276 TeV
0.4Fop K*
K =pip
& 0.3  *A+A &
o o
b i
5 5
o o
2 3
> >
| | |

>
p. (GeVic)

- Small difference between v, for K+ and K.°

» Physics mechanism/detector effect responsible not understood yet
- v, for Kt and K0 averaged for p;<4.0 GeV/c in the following slides

« For p;<2 GeV/c: observe mass ordering indicative of radial flow
« For p;~2-3.5 GeV/c: crossing between v, of p and =
« For p;>3 GeV/c: particles tend to group into mesons and baryons

- v, of ¢ follows baryons for central collisions and shift progressively to mesons for
peripheral collisions
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04— ALCE  VISHNU 10-20%
Pb-Pb |5y, = 2.76 TeV

03—

v,{SP,|IAnl > 0.9}

v/ v,(hydro fit)

|
1
P, (GeV/c)

VISHNU: PRC 89, 034919 (2014)
05/19/14

vV, {SP,IAnl > 0.9}

v,/ v,(hydro fit)

Comparison with hydrodynamical
calculations (1%, p, )

04— ALCE  VISHNU 40-50%
Pb-Pb |[s = 2.76 TeV
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ALICE

- Hydrodynamical calculations
(MC-KLN, n/s=0.16) coupled
to a hadronic cascade model
(VISHNU) reproduce the main
features of v, for p;<2 GeV/c

« Underestimates the v, for 1+
- Underpredicts the v, for p
« Overestimates the v, for A

- Mass ordering is broken in the
model
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Comparison with hydrodynamical
calculations (K, ¢,

04— auce

03—

v,{SP,|IAnl > 0.9}

VISHNU

10-20%
Pb-Pb |[syy = 2.76 TeV

v/ v,(hydro fit)

VISHNU: PRC 89, 034919 (2014)
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vV, {SP,IAnl > 0.9}

v,/ v,(hydro fit)
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ALICE

VISHNU

40-50%
Pb-Pb |[s = 2.76 TeV
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- Hydrodynamical calculations

(MC-KLN, n/s=0.16) coupled
to a hadronic cascade model
(VISHNU) reproduce the main
features of v, for p;<2 GeV/c
- Describes fairly well the v, for K
« Overestimates the v, for =

« Overpredicts the v, for ¢

- Mass ordering is broken in the
model
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Sos p-/n_scaling?
NS T
ALICE 10-20% Pb-Pb s\, =2.76 TeV ALICE 40-50% Pb-Pb \'s,, = 2.76 TeV
on* K en* K
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p./ng (GeVic) p.Ing (GeVic)
- For p;/n>1-1.5 GeV/c: particles tend to group according to their type

¢ does not follow the band of mesons for central collisions
- For p;/n,>1 GeV/c: NCQ scaling is only approximate
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u ALICE
ALICE 10-20% Pb-Pb |sy,,=2.76 TeV ALICE 40-50% Pb-Pb |/s,, = 2.76 TeV
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« For p;/n>1 GeV/c: NCQ scaling deviations at the order of +20%

 Similar magnitude for all centrality classes
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V,{SP,lAnl > 0.9} n,

U
N

ALIGE 10-20% Pb-Pb |5, = 2.76 TeV

0.1

0.05

Shin K
"p+p L]
*A+A TE4E

oy e— -
7 +Q é
|

(my - my)/ng (GeV/c?)

VASP,IAnl > 0.9}/ n,

KE./n scaling?

ALICE

2 2
KE;=m;—m, m:r:\/p:r"'mo
» For KE;/n,<0.6-0.8 GeV/c2: significant deviations from NCQ scaling

are seen in data
« For KE+{/n,>0.8 GeV/c2: NCQ scaling, if any, is only approximate
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ALICE 40-50% Pb-Pb \'s,, = 2.76 TeV
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Talo W4
eV KE_/n_ scaling”
N Tq
ALICE 10-20% Pb-Pb |/, = 2.76 TeV ALICE 40-50% Pb-Pb |/s,,, = 2.76 TeV
P ”
#p+p -
1.5 1.5 *AtA  TEE
< S
3 3
S T S
c c
g Sy
05 § | 0.5
0 0.5 1 15 1
(my - my)/n, (GeV/c?) (my - my/ng (GeV/c?)

KE .=m;—m, mT:\/p§+m(2)
 For KE;/n,<0.6-0.8 GeV/c2: NCQ scaling is broken at the LHC

« For KE;/n,>0.8 GeV/c2: NCQ scaling deviations at the level of +20%
- Similar magnitude for all centrality classes
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€52 “NCQ Scaling’ from RHIC to LHC

ALICE

20-40% = 40-60%

PHENIX
@

F e
Hp(D)

p_r/nq (GeV/c)

2 10-20% [~ x 20-40% 40-60%
1.8 ALICE PHENIX
oy g - @

K K

=p(p) Mp(F)

- e 4
5. % ate|L
0.gLt= '-

0 0.5 1 1.5 0 0.5 1

1.5 o 0.5 1 1.5

(m-mg)/ng (GeV/c?) PHENIX: PRC 85, 064914 (2012)

- Deviations at intermediate p; are qualitatively similar at LHC and RHIC
« Evolution is different for m and K
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e Summary
AN ALICE
. v, for £, K¢, p, K9, A, ¢, =, Q is measured in Pb-Pb collisions using the
ALICE detector
« Observe mass ordering for p;<2 GeV/c
Crossing between v, of p and 11 for p;~2-3.5 GeV/c
Particles tend to group into mesons and baryons for p;>3 GeV/c

- v, of ¢ follows baryons for central collisions and shift to mesons for peripheral

collisions
Hydrodynamical calculations (MC-KLN, n/s=0.16) coupled to a hadronic cascade
model describe qualitatively the measurements

Observe deviations from NCQ scaling at the level of £20%

ALICE 10-20% Pb-Pb \s,, =2.76 TeV

ALICE 10-20% Pb-Pb s, = 2.76 TeV

L == % 04l
04Fom 4k S 041~ ALICE VISHNU  10-20%
K =psp =
i Pb-Pb =2.76 TeV
0.31-*0  *p4% o3 * & Fw :
2 s opip

.=t o —t
FE+E *Q+Q i
2

v,{SP,lIAnl > 0.9}
(v n)(v,y/ nq)an

1 2
P, (GeVlc) (my - my)ing (GeV/c?)
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v,{SP,IAnl > 0.9}

0.4

ALICE
Pb-Pb |5\, =2.76 TeV

Centrality intervals
-0-5% # 5-10%

10-20% - 20-30%
+30-40% £ 40-50%
~-50-60%

Thanks!

ALICE
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Back up
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v, from RHIC to LHC

ALICE

L o m* ALICE VE{SP,MW‘.}O.Q} 10-20%

o = PHENIX v{EP,lAnl > 1.0}

- e STAR v42}

K ALICE v,{SP,lAn| > 0.9}
O K* PHENIX v,{EP,lAn| > 1.0}

® K* STAR v.{2}

» p+P ALICE v,{SP,lAnl > 0.9}
O p+p PHENIX v,{EP,An| > 1.0}

o PSTAR v,{2}

.i_!!.! o g

onoO

++

| |

(o) N S

0 2 4 6

STAR: PRC 72, 014904 (2005)
PHENIX: PRC 85, 064914 (2012)

- Different methods used — comparison difficult

« v, for 1 and K measured at the LHC is above the RHIC results

- Vv, of p is slightly lower for p;<2.0-2.5 GeV/c, but higher for p;>2.5 GeV/c at LHC
than at RHIC
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