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[ﬂE F Motivation £

ALICE
&  Mass ordering observed at low pr at ®  Number of constituent quark (NCQ)
RHIC energies sRCI_a”Igg holding with good accuracy at
%  expected by hydrodynamic
cal%ulationsy d d %  quarks coalesce forming hadrons?
8  New calculations expect the mass *x NCS Sca”j‘gfwast Colnsédered o
ordering to be violated ffeve' dirr‘ﬁe of partonic degrees o

P L VISHNU
== q)

== ¢hydro T, =165McV
— ¢ hydro T, =100 McV

OA+A mOQ+Q°

py/ng (GeV/c)

f J. Adams et al., (STAR Collaboration) Nucl.Phys. A757 (2005) 102
¢ K. Adcox et al., (PHENIX Collaboration), Nucl. Phys. A757, (2005) 184

: H. Song, S. Bass and U. Heinz arXiv:1311.0157 [nucl-th] ‘g‘
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Analysis details %%

ALICE

&  Analysis of the 2010 Pb-Pb sample (~15M events analysed)

&  Elliptic flow with the Scalar Product (SP) method with |An| > 0.9 (reduction of non-
flow contribution)
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Identifying particles %%

ALICE

Pb-Pb \s,, =2.76 TeV 3.6< p.< 3.8 GeV/c

&  Combination of TPC and TOF information
8  number of standard deviations in a pr dependent way

®  Purity > 95% for all pr bins

< -
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Measuring vz for decays
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ALICE
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pr differential v2 grouped by particle species

ALICE
Pb-Pb |\ s\, =2.76 TeV

Centrality intervals
-*-0-5% 5-10%
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pr differential v2 grouped by centrality %

ALICE

ALICE

Pb-Pb \ s\ =2.76 TeV
ml <0.8
and |y| < 0.5
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pr differential v2 grouped by centrality %

ALICE

ALICE 10-20% Pb-Pb | 5, = 2.76 TeV
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pr differential v2 grouped by centrality

ALICE 10-20% Pb-Pb | 5, = 2.76 TeV
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pr differential v2 grouped by centrality

ALICE 10-20% Pb-Pb | s, = 2.76 TeV
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A careful look at the ¢-meson... %

ALICE

€  Important test of:
%  mass ordering at low pr

% the particle type grouping at intermediate pr
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A careful look at the ¢-meson... %

ALICE

v,{SP,|An| > 0.9}

€  Important test of:
%  mass ordering at low pr

% the particle type grouping at intermediate pr

ALICE 10-20% Pb-Pb \ 5, = 2.76 TeV ALICE 40-50% Pb-Pb \ 5,,, = 2.76 TeV

v,{SP,|An| > 0.9}

At;|O-W pt (pT < 3;G-eV/C){: mass-oArder‘ing -> eIIiptic/radiéI flow interp]éy ]

%  First bins could hint to a different ordering? Still inconclusive...

Intermediate pt (3 < pt < 6 GeV/c) the p-meson follows

% the baryon band for central events

the meson band for peripheral events
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A careful look at the ¢-meson... %

ALICE

S |mportant test of: Mass eﬁeCt also at the
iIntermediate pr range!

Challenges the coalescence
the particle type grouping at intermediate pr picture

%  mass ordering at low pr
*

ALICE 10-20% Pb-Pb \ 5, = 2.76 TeV ALICE 40-50% Pb-Pb \ 5,,, = 2.76 TeV

v,{SP,|An| > 0.9}
v,{SP,|An| > 0.9}

At low pt (pT < 3 GeV/c): rhass ordering =¥ elliptic/radial flow interplay ]
%  First bins could hint to a different ordering? Still inconclusive...

Intermediate pt (3 < pt < 6 GeV/c) the p-meson follows

% the baryon band for central events

% the meson band for peripheral events
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ALICE

ALICE

Pb-Pb \ s\ =2.76 TeV
ml <0.8
and |y| < 0.5

Particle species
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COmparlson with

hyd rodynamic calculations

In theory.
’hQOry :)l‘ld
Moctice gre the
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Comparison with VISHNU

[ ALICE VISHNU 10-20%

40-50%

ALICE VISHNU
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Looking at the details...:

VISHNU 40-50%
Pb-Pb \ s, =2.76 TeV

VISHNU 10-20%
Pb-Pb \ s =2.76 TeV

_Tci' _Tci

=+ p+p

v,{SP,An| > 0.9}
v,{SP,|Aq| > 0.9}

= T
y— L=
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©
> >
£ £
Al
>N >
~ =~
Al
>N >

Pion v2 systematically underestimated for central events (for peripheral events the agreement is improved)

P

Proton v2 underestimated (i.e. extra push expected in hydro) for both centralities

events

N\ vz overestimated (i.e. less push expected in hydro) for central

Lz & . B _ 3 _ B - P ac _ . -
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Looking at the details...: K, ¢, =

VISHNU 10-20%
Pb-Pb \ SnN = 2.76 TeV

VISHNU 40-50%
Pb-Pb \ Syn = 276 TeV

V,{SP,|An| > 0.9}
V,{SP,|An| > 0.9}

= =
Y= Y
(@) (@]
} - S
© ©
> >
e c
(aV] [qV}
> >
\ \
(aV] A
> >

Kaon vz described well for central collisions
= vo overestimated (i.e. less push in hydro) for both centralities
$ @ vz overestimated for both centralities: not enough hadronic interactions?
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VISHNU in more detail %

ALICE

Centrality: 10-20% Centrality: 40-50%
VISHNU

== =p(P)

Mass ordering not preserved!!!
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ALICE

Couples VISH2+1 to UrQMD
MC-KLN density profiles
n/s =0.16

To = 0.9 fm/c

H. Song, S. A. Bass, U. Heinz, T. Hirano and
C. Shen, Phys. Rev. Lett. 106 (2011) 192301

[Erratum-ibid. 109 (2012) 139904] [arXiv:
1011.2783 [nucl-th]].

H. Song, S. A. Bass, U. Heinz, T. Hirano and
C. Shen, Phys. Rev. C 83 (2011) 054910
[Erratum-ibid. C 86 (2012) 059903] [arXiv:
1101.4638 [nucl-th]].

H. Song, S. Bass and U. W. Heinz, arXiv:
1311.0157 [nucl-th].

2+1 hydro without hadronic cascade ;’»
Glauber density profiles
n/s = 0.08

To = 0.6 fm/c

279

H. Song and U. W. Heinz, Phys. Lett. B 658
[arXiv:0709.0742 [nucl-th]].

H. Song and U. W. Heinz, Phys. Rev. C 77 (2008) 064901
[arXiv:0712.3715 [nucl-th]].

-(2605)

H. Song and U. W. Heinz, Phys. Rev. C 78 (2008) 024902
[arXiv:0805.1756 [nucl-th]].
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VISHNU vs VISH2+1

Centrality: 10-20% Centrality: 40-50%
VISHNU [ VISH2+1

m=n:  =p(p) srs sp(P
=A(A) =K*

Not a clear trend: 1T, K similar for both centralities, ¢ similar for central events but different for
peripheral, some baryons (e.g. p, \) “pushed” to higher pt, while others (e.g. =) to lower pr
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VISH2+1 in more detail

Centrality: 10-20% Centrality: 40-50%
[ VISH2+1

& *

T

—li:II“““
I

0

Mass ordering preserved
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Number of constituent quark (NCQ) scaling in pt/nq %

ALICE

ALICE

Pb-Pb |\ s\, =2.76 TeV
ml <0.8
and |y| < 0.5

10-20% Particle species

ot

= D+p

p_/n, (GeVle)
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O
S
=,
0?
o
A
=
<
o
2
=
>

pT/ ny (GeV/c)

v,{SP,|An| > 0.9}/n,

Relevant range: pt/nq > | GeV/c

1

pT/ n, (GeV/c)
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ALICE

V,{SP,|An| > 0.9}/n,

pT/ ny (GeV/c)

v,{SP,|An| > 0.9}/n,

Scaling only approximate

pT/ n, (GeV/c)
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NCQ scaling in pt/nq (double ratio)

ALICE

pIng (GeVie)

ALICE

Pb-Pb | s, = 2.76 TeV
ml < 0.8
and |y| < 0.5

Particle species
<t K

= D4p 0
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NCQ scaling in pt/nq (double ratio)

ALICE 40-50% Pb-Pb \ 5, = 2.76 TeV

K =p+p

p /nq (GeVie) p /nq (GeVic)

Scaling at the level of no better than *+ 20%
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g 10-20% 20-40% 40-60%

=

. ALICE  PHENIX

e

pT/ n, (GeVic)

Qualitative similar deviations between LHC and RHIC,
but the trend is different for different particle species
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NCQ scaling in (mt - mo)/nq

ALICE
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10-20%

30-40%

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

ALICE

Pb-Pb | 5, = 2.76 TeV
ml < 0.8
and |y| < 0.5

Particle species

ot

= p+p
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NCQ scaling in (mt - mo)/nq %

ALICE

ALICE 10-20% Pb-Pb | 5, = 2.76 TeV ALICE 40-50% Pb-Pb \ 5, = 2.76 TeV

V,{SP,|An| > 0.9}/ n,

1 2

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

Introduced to extend the scaling to lower pr
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NCQ scaling in (mt - mo)/nq (double ratio)

ALICE

10-20%

20-30%

40-50%

0.5 1 1.5
(my - my)/ng (GeV/c?)

ALICE

Pb-Pb \s,, =2.76 TeV
ml <0.8
and |y| < 0.5

Particle species
© 7t K
=p+p  *0
* AR FEHE

FQ+Q

50-60%
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NCQ scaling in (mt - mo)/nq (double ratio) %

ALICE

ALICE 40-50% Pb-Pb \ 5, = 2.76 TeV

(m; - my)/ny (GeV/c?) (m; - my)/ng (GeV/c?)

For (mt - mo)/nq < 0.6 - 0.8 GeV/c?: scaling is broken at the LHC

For (mt - mo)/nq > 0.6 - 0.8 GeV/c?: scaling is only approximate at the level of £ 20%
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e

10-20% 20-40% | 40-60%

ALICE PHENIX
ort ot

K

o R,
SRRIRRARRERREE:

e e e e e A A
%

s e

(m-mg)/ny (GeV/c?)

Qualitative similar deviations between LHC and RHIC,
but the trend is different for different particle species
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Instead of a summary... %

ALICE

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

eni Ki
KS =p+p
*0 * A+A

—_ =t - —
FE4+E 7Q +Q

V,{SP,|An| > 0.9}
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Instead of a summary... %

ALICE

=2.76 TeV
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=
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N
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v,{SP,|An| > 0.9}

Instead of a summary...

v,{SP,JAn| > 0.9}

ALICE

VISHNU

10-20%
Pb-Pb \ Syn = 2-76 TeV
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=~
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Instead of a summary...

ALICE 10-20% Pb-Pb \ 5, = 2.76 TeV

oy
o
AN
=
asl
s
w
=~
N
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Instead of a summary...

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

- - ———- - -
- =. e =

— ot K* '- K ‘+5' a
KS  =p+p ATE+Z
—e0 * A+A

L=t o ==t
FE+E 7Q+Q

V,{SP,|An| > 0.9}

g 10-20% 20-40% 40-60%

ALICE PHENIX

o o
AK*

pT/nq (GeV/e)
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ALICE

Backup
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Reconstructing decays %

ALICE

045 0.5 0.55 1.1 112 114 1.16 1.05
m,, (GeV/c?) m,., (GeV/c?)

ALICE
Pb-Pb \ s, = 2.76 TeV

0
1.3 1.32 1.34 1.36 164 166 168 1.7 1.72
m,, (GeV/c?) m,, (GeV/c?)

Panos.Christakoglou@nikhef.nl 43



Comparison with

’ hydrodynamlc calculations
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Spectra: How good is VISHNU doing?

Pb+Pb 2.76 A TeV (LHC)
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H. Song et al., arXiv:1311.0157 [nucl-th]
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VISH2+1: comparison to spectra %

ALICE Collaboration: Phys. Rev. C 88, 044910 (2013)

10° "~ —&- ALICE, Pb-Pb |5, =2.76 TeV I__
“Bhte, —*—STAR Au- Auvs =200 GeV |
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Discussion ||

v2 comparison to RHIC
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Comparison with RHIC %

ALICE

o 7t ALICE v,{SP,An| > 0.9} 10-20% K ALICE v,{SP,JAn| > 0.9} = p+P ALICE v,{SP,)An| > 0.9}
o 7t PHENIX v,{EP,/An| > 1.0} O K* PHENIX v,{EP,)An| > 1.0} 0 p+P PHENIX v,{EP,JAn| > 1.0}

e 7* STAR v,{2} e K*STAR v,{2} ® PSTAR v,{2}

&  Atlow pr (ALICE vs STAR)

%  Hard to quantify the difference due to different non-flow treatment (STAR = v2{2})

&  Atintermediate pr (ALICE vs PHENIX)

%  All particles at the LHC are higher than the RHIC points
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