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Global Variables and Correlations QM

OUTLINE 12

« our first feelings about Quark Matter 2012 : great !
= stunning developments from both theory and phenomenology sides

= wealth of fresh top-quality measurements;
= stimulating discussions triggered by interesting new ideas;

Current understanding of initial state conditions and fluctuations;
Experimental constraints from azimuthal anisotropy: v2 and higher harmonics;
More details on elliptic flow using data from BES up to LHC energy;

Event shape Engineering (ESE);

Chemical freeze-out and hadrochemistry (baryons, mesons, strangeness);
Radial flow and kinetic freeze-out: spectra, freeze-out parameters, BES, LHC;
Annihilation + Nuclei and Hypernuclei + Exotic search (after HBT);
HBT/Femtoscopy: in pp, BES then RHIC and LHC

Net protons (higher moments), Net charge fluctuations

Chiral Magnetic Effect
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INITIAL CONDITIONS AND FLUCTUATIONS... 12

» cross roads: state-of-the-art modeling of initial conditions meets
extremely precise experimental measurements of fluctuations !

Initial energy density (arb. units)  Spectacularly good level of agreement:

IP-Sat. Glasma = I » Talk of B.Schenke: 3A
I - ] ‘real QM time” matching of EbyE P(vn=2.4) VS. Vh=2.4 by ATLAS
. 7 Talk of J.Jia: 4A
6 4 5 -2
2 o 2 y[fm]
x[fm] < 4 . % 6
MC-KLN

xfm] 4
6 6
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B.Schenke, P.Tribedy and R Venugopalan,
Phys. Rev. Lett.108, 252301 (2012)
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INITIAL CONDITIONS AND FLUCTUATIONS...

» cross roads: state-of-the-art modeling of initial conditions meets
extremely precise experimental measurements of fluctuations !
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» cross roads: state-of-the-art modeling of initial conditions meets
extremely precise experimental measurements of fluctuations !

N

Initial energy density (arb. units)  Spectacularly good level of agreement:
IP-Sat. Glasma ~ t = Talk of B.Schenke: 3A

_ “real QM time” matching of EbyE P(vn=2-4) VS. Vn=2-4 by ATLAS
. 78 Talk of J.Jia: 4A
6, M A 2
i ‘
2 . .
o, , 2 vim n/s=0.2 (using MUSIC hydro and matching ATLAS & ALICE vn)
x[fm] 4 6
-6
88 0.25 : : 0.14 : . . :
v2 o | ATLAS 20-30%, EP 0.12 ||V2 = | ALICE data v,{2}, pr>0.2 GeV
MC-KLN 0.2 Fv3 Tqiteh = 0-2 f/c ] ' xi ~ | s=02
01}
8 S 008t
-6 oq
. 4 > 006}
6 -2
* 0.04 |
ylfm] R
x[fm] 0.02 :*‘-“'E‘ 8 = —u
1 : L 0 —— L . L
0 0.5 1 1.5 2 0 10 20 30 40 50
MC-Glauber pr [GeV] centrality percentile
-8
5
8 -4
6 -2
4 2
yifm]

xm 2 4 R 6
° g
B.Schenke, P.Tribedy and R.Venugopalan,

Phys. Rev. Lett.108, 252301 (2012)



Global Variables and Correlations Q
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» cross roads: state-of-the-art modeling of initial conditions meets
extremely precise experimental measurements of fluctuations !
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... MORE EXPERIMENTAL CONSTRAINTS...

« excitation function of nuclear stopping power;

« charge particle pseudorapidity density;

« transverse energy pseudorapidity density and excitation function;

Talk of H.Wohrmann: 3D

CMS PRELIMINARY

Central events A+A
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Longitudinal constraints even if final state measurements...
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... MORE EXPERIMENTAL CONSTRAINTS... 1

N

« excitation function of nuclear stopping power;
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« transverse energy pseudorapidity density and excitation function;
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... ON FLUID-DYNAMICS: AZIMUTHAL ANISOTROPY
« starting from the Beam Energy Scan at RHIC

M
Q]

Talk of Y.Pandit: 1A

10-20%: Au+Au
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vs (pT) from the BES systematically lower than 200 GeV values.

Quark Matter 2012 | Washington D.C. | Saturday August the 18" | B. Hippolyte and D. Rischke
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... ON FLUID-DYNAMICS: AZIMUTHAL ANISOTROPY
 to higher order harmonics at top RHIC energy ...

Models by: (n=1) Retinskya et al., PRL 108, 252302 (2012),
(n=2,3) Schenke et al., PRL 106, 042301 (2011),

(n=2-5) Gardim et al., arXiv: 1293.2882.

Vn=1-5

I
Q]Z

Talk of Y.Pandit: 1A
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Low viscosity (n/s~0.16) is always favoured
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... ON FLUID-DYNAMICS: AZIMUTHAL ANISOTROPY 12
 and even adding PID... Vh=2-5

~— Talk of Y.Gu: 2A
Au+Au |s,,=200 GeV PHENIX Preliminary = PH. ENIX
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03F viA®) 0-10% 1 1020%  |= 20-30% |- 30-50%
0.25p @ 3 :p. correlated sys. of == |5 S e & 3 go¥" &
3 T 2 i =
0015 ] ; spx » 062 :) s [ S’Qﬁ“. t o | 3&’i8"'.
0.1f iSi g © 128° "L ‘3}
o.og : ‘8%8'%"", """ .'"".'TT"g;'. """ A P N ;-.;.;?_ """ A A ; ";'$ """"""" A "
0.3F vioix2,  0-10% 3 1020%  [= 20:30% 5 |- 30-50%
0b252> 3 . b @ @4;'}#0 3 ote @
2F & E
c %03 gesiiied 338*’?% Py antites] giliies i
5E LS
g Y Al T A | I o— | I — T
0.3F vd®)x18,  010% - 10-20% j | 2030% | |- 30-50%
0.25F tE e T %ﬁ/ +
XL e 4}’;‘;} i 3 oﬂé;i i
S| R Y L RY SRR SN |
T e | B caitamad _
0.3F v{0)x50, 0-10% - 10-20% |- 20-30% |- 30-50%
0.25} 3 3 i b AR
- Y Sl B
A5 3 2 2 25
SRS 1 S Y ST
o5} mﬁ - gaattiint 22 - i
N A, -+ i XN | A e e Prrararer L p— | e 1 n
0 1 2 3 40 1 2 3 40 _ 1 40 1 2 3 4
p [GeV/cQ]



Global Variables and Correlations

. ON FLUID-DYNAMICS: AZIMUTHAL ANISOTROPY

* then constralnlng further with LHC measurements

2
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Talk of J.Jia: 4A

Poster of H.Niemi et al.: 248
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... ON FLUID-DYNAMICS: AZIMUTHAL ANISOTROPY

* up to Ultra Central Collisions (2%o) from CMS  vn=2.7{2}  Talk of S.Tuo: 7D
Poster of W.Li: 242

Calculation by U.Heinz et al. Calculation by M.Luzum et al.
| T | T T T

i CMS Preliminary i i CMS Preliminary ]
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C | ] ] ! | ! ] ] | ] ] 1L C | ] ] ] | ! | ! | ! ] -
2 4 6 2 4 6
n n

Would be interesting if IP-Glasma can also here reconcile vz and vn with a single n/s...
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... ON FLUID-DYNAMICS: AZIMUTHAL ANISOTROPY

* higher cumulants

Vi4}

Ratio

0.2
0.15
0.1
0.05

(a1) 10-20%

= Fit to 200 GeV d

-]
.|
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| @200 GeV ¢ 19.6 GeV
m62.4 GeV A 115 GeV
039 GeV s A 7.7 GeV
T I R B
_' (c2) Ratio to fit function ]

I
Q]Z

Higher cumulants

| Isolating non-flow and
1 fluctuation contributions

Talk of S.Shi: 6B

Note: Careful (w.r.t. radial flow) when drawing a comparison up to LHC energies...
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* higher harmonics with higher cumulants Higher harmonics with
higher cumulants
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AN I I T I BT I IR B !%EA L [ N B
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centrality percentile P, (GeV/c)

Talk of A.Bilandzic: 7D

Experimental fact: non-negligible 3 moment when compared to 1st or 2nd

Strong centrality dependence of v2{4} but weak centrality dependence of v3{4}
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. ON FLUID-DYNAMICS: AZIMUTHAL ANISOTROPY 12
« excellent agreement t}egween experlmental results
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...with sometimes unexpected trends...



Global Variables and Correlations QM

... ON FLUID-DYNAMICS: AZIMUTHAL ANISOTROPY

« Vv2+PID ! probing hadron mass and constituent quark dependence

e e . . . at RHIC
0.1 7.7 GeV +

| Au+Au, 0-80% |
[ 1-sub EP

v,/n,

Talk of S.Shi: 6B

Particles

................................................................

O o5 1 15 20 05 1 15 20 05 1 15 2
(m_-mg)/n_ (GeV/c?)

¢ (20)! ncq scaling appears to work none !

77 115 196 27 39 624 200 2760 GeV



Global Variables and Correlations QM
... ON FLUID-DYNAMICS: AZIMUTHAL ANISOTROPY 12
« Vv2+PID ! probing hadron mass and constituent quark dependence

VISH2+1, talk by H.Song Plenary ID at the LHC
N
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Talk of F.Noferini: 6D
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... ON FLUID-DYNAMICS: AZIMUTHAL ANISOTROPY

I
Q]Z

« Vv2+PID ! probing hadron mass and constituent quark dependence

VISH2+1, talk by H.Song Plenary ID
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Talk of F.Noferini: 6D

Precise measurements from m to

Q) leaving very little (no) room for
ncq scaling at the LHC...
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EVENT SHAPE ENGINEERING

« Selection of azimuthally anisotropic events: length of flow vector, g2

Talk of A.Dobrin:1C

2
- Pb-Pb s\ =2.76 TeV
i mi<0.8 30-40%

vz{EP}(SE)/vz{EP}(No q, selection)
— 5:
! T T ‘ T

I
o
L L

O 5%highq, (VZERO-A)
A 10%low g (VZERO-A)

OQ

2 4 6 8 10

expected effect on v2 and consequence on PID’ed transverse momentum spectra

12

14

16

P TR
18 20
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Talk of S.Voloshin: Plenary IC
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Global Variables and Correlations QM
STATE-OF-THE-ART SYSTEM EVOLUTION MODELING 12
« linking the wagons for a full description of the system evolution !

Talk of H.Petersen: Plenary VA
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* linking the wagons for a full description of the system evolution !
- state-of-the-art modeling of initial conditions;

Talk of H.Petersen: Plenary VA

initial fluctuations
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* linking the wagons for a full description of the system evolution !
- state-of-the-art modeling of initial conditions;
- state-of-the-art hydrodynamics (3+1)d viscous; Talk of H.Petersen: Plenary VA
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* linking the wagons for a full description of the system evolution !
- state-of-the-art modeling of initial conditions;
- state-of-the-art hydrodynamics (3+1)d viscous; Talk of H.Petersen: Plenary VA
- state-of-the-art freeze-out: hadronic afterburner;

hadronic afterburner
ViSCOus
(3+1)-d

initial fluctuations




Global Variables and Correlations QM =
STATE-OF-THE-ART SYSTEM EVOLUTION MODELING L

* linking the wagons for a full description of the system evolution !
- state-of-the-art modeling of initial conditions;
- state-of-the-art hydrodynamics (3+1)d viscous; Talk of H.Petersen: Plenary VA
- state-of-the-art freeze-out: hadronic afterburner;

hadronic afterburner Compilation by J.-Y. Ollitrault: Plenary IC
Vi S CO u S Huichao Song ID 1207.2396 v v
Teaney/Yan 1A 1206.1905 v
Chun Shen A 1202.6620 v
(3 + 1 )_d Sangyong Jeon 2A N Ng v N
Matt Luzum 2A v
H H Piotr Bozek 2C 1204.3580 N N v
initial fluctuations Bjorn Schenke W |nosews| v | v | v
Dusling/Schaefer 3A 1109.518I N
Chiho Nonaka 3A 1204.4795 Ng Ng v
Ryblewski/Florkowski 3D 1204.2624 N
Longgang Pang 4D 1205.5019 v v
Hannah Petersen VA 1201.188I N Ng N
Fernando Gardim 6D 1111.6538 v v
Zhi Qiu 29 1208.1200 v v
Gardim/Grassi 52 1203.2882 v N
Katya Retinskaya 57 1203.0931 v
Hirano/Murase 255 1204.5814 Ng Ng v
Holopainen/Huovinen 284 1207.7331 v
Asis Chaudhuri 11121166 v v
lurii Karpenko 1204.5351 Ng N
Yu-Liang Yan 1110.6704 Ng v
|osh Vredevoogd 1202.1509 v v
Ron Soltz 1208.0897 N v
Rafael Derradi de Souza 1110.5698 v v

Quark Matter 2012 | Washington D.C. | Saturday August the 18" | B. Hippolyte and D. Rischke 18



Global Variables and Correlations QM

STATE-OF-THE-ART SYSTEM EVOLUTION MODELING 12

* linking the wagons for a full description of the system evolution !
- state-of-the-art modeling of initial conditions;
- state-of-the-art hydrodynamics (3+1)d viscous; Talk of H.Petersen: Plenary VA
- state-of-the-art freeze-out: hadronic afterburner;

hadronic afterburner Compilation by J.-Y. Ollitrault: Plenary IC
Vi S CO u S Huichao Song ID 1207.2396 v v
Teaney/Yan 1A 1206.1905 v
Chun Shen 1A 1202.6620 v
(3 + 1 )_d Sangyong Jeon 2A v v v v
Matt Luzum 2A v
H H Piotr Bozek 2C 1204.3580 N N v
initial fluctuations sjor Schenke o ses| v | v | v
Dusling/Schaefer 3A 1109.518I v
Chiho Nonaka P ——— TG '
Ryblewski/Florkowski - . -
Longgang Pang Gabriel Denicol 1A 1202.4551
Hannah Petersen Kapusta/Stephanov 6D 1112.6405
Fernando Gardim Andrej El 7E 1206.3465
é’“ ?ri:lG . Laszlo Csernai 23 1112.4287
ardim/Grassi .
Katya Retinskaya Amaresh Jaiswal 48 1204.3779
Hirano/Murase loannis Bouras 80 1208.1039
Holopainen/Huovinen Florchinger/Wiedemann 97 1108.5535
Asis Chaudhuri Harri Niemi 248
:;"“L_Ka":f"“ Mate Csanad 295 1205.5965
e an Gavin/Moschell 296/354 1205.1218
|losh Vredevoogd
Ron Soltz Jaki Noronha-Hostler 304
Rafael Derradi de Souza | Pilar Staig 365
more... Akihiro Monnai 388 1204.4713
Philipe Mota 615




Global Variables and Correlations QM

STATE-OF-THE-ART SYSTEM EVOLUTION MODELING

* linking the wagons for a full description of the system evolution !
- state-of-the-art modeling of initial conditions;
- state-of-the-art hydrodynamics (3+1)d viscous;
- state-of-the-art freeze-out: hadronic afterburner;

Compilation by J.-Y. Ollitrault: Plenary IC

Talk of H.Petersen: Plenary VA

hadronic afterburner

Vi S CO u S Huichao Song ID 1207.2396 v v
Teaney/Yan 1A 1206.1905 v
Chun Shen 1A 1202.6620 v
(3 + 1 )_d Sangyong Jeon 2A v v v v
: Matt Luzum 2A v
H H Piotr Bozek 2C 1204.3580 N N v
initial fluctuations ; Bjorn Schenke 3A 11096289 v vl v
. Dusling/Schaefer 3A 1109.518I v
e Chiho Nonaka —— =50 ’
° Ryblewski/Florkowski - . .
. : Longgang Pang Gabriel Denicol 1A 1202.4551
. . Hannah Petersen Kapusta/Stephanov 6D 1112.6405
* . Fernando Gardim Andrej El 7E 1206.3465
.. : Zhi Qiu Laszlo Csernai 23 1112.4287
s . Gardim/Grassi szlo ~-sernal '
o i . Katya Retinskaya Amaresh Jaiswal 48 1204.3779
P Hirano/Murase loannis Bouras 80 1208.1039
D . o Holopainen/Huovinen Florchinger/Wiedemann 97 1108.5535
'. : . Asis Chaudhuri Harri Niemi 248
.« o . :;‘"'L_Kaﬂ;e"b Mate Csanad 295 1205.5965
) oshVredernogd Gavin/Moschelli 296/354 1205.1218
: : : Ron Soltz Jaki Noronha-Hostler 304
. Rafael Derradi de Souza | Pilar Staig 365
And control each interface ! more... Achiro Monr | 1oaans
Philipe Mota 615
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INCLUDING QUANTUM FLUCTUATIONS 12

so far: matching of classical non-equilibrated Yang-Mills solutions
to viscous (i.e. close to equilibrium) fluid dynamics...

What remains to be done:

Equilibration of YM solutions including quantum fluctuations for
longitudinally expanding scalar field

K.Dusling, T.Epelbaum, F.Gelis, R.Venugopalan arXiv:1206.3336

10

Talk of K.Dusling: Plenary IC
Talk of R.Venugopalan: 4D




INCLUDING QUANTUM FLUCTUATIONS

« so far: matching of classical non-equilibrated Yang-Mills solutions
to viscous (i.e. close to equilibrium) fluid dynamics...

* What remains to be done;
« Equilibration of YM solutions including quantum fluctuations for
longitudinally expanding scalar field
K.Dusling, T.Epelbaum, F.Gelis, R.Venugopalan arXiv:1206.3336

10

Talk of K.Dusling: Plenary IC
Talk of R.Venugopalan: 4D

Matter equilibrates thermally much
earlier than mechanically

Intermediate stage: Anisotropic
hydrodynamics? 02 b

Talk of W.Florkowski: 3D
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CONVERGING ON THE EOS

 Tc= 155 MeV, Budapest-Wuppertal and HotQCD agree

* |nteraction measure:

'
61 Budapest-Wuppertal ¢
2stout
5 t @
co-ns O lﬁ’m
4 F
N—lO »—5—« $
N:; o§ 1 %m % i
3 | N=16 r—+| : {)
..‘ ¢ @ -
2+ o hotQCD results: ? 1
hisqg N=6 8~
R % [%. his N—8 s
J@' hisq t=lO e
. #°%$  HRGmodel = = ~ hisgN=12 re-
100 150 200 250 300
T [MeV]

Talk of C.Ratti: 5B
Talk of S.Borsanyi: VA

35

QCD critical point ?

Talk of Y.Hidaka: 6B

No critical point outside a
pion-condensed phase

| Talk of R.Gavai: 6B

Te=0.96 Tc, me= 1.8 Te
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DETERMINING n/s AS A FUNCTION OF TEMPERATURE 12

Talk of P.Romatschke: 5D Talk of R.Pisarski: 5D
Scattering of sound waves _ _
creates effective viscosity Matrix model for semi-QGP
N ’,‘
- R S e - - 4—‘ ’V :— -
7 A, \s\\ O.lzj 77 I
: h / 000
- - - - - - - ‘'with quarks = ]
TT T T T "
0.14K1 =
\ fluid dynamics bound using WB data | S
\ —— e = fluid dyn:amics bound using hQCD data 0.06+
= KSS conjectured bound = =
_________________________ = 0.04 -
2008f-= = = = = = = 2 2 = s # 2 2 8+ 22wy -
= i i
0.06f - 0021
0.04f - ) —_—
o.mk J 100 TX/I\ 200 Td,]\ 300 400 T% 500
0- 1 1 1 " 1 " 1 1 ]
0.2 0.4 0.6 0.8 |

T [GeV]
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TURNING FLUID INTO PARTICLES 1

« 0 f corrections to the single-particle distribution function:

 Israel - Stewart: p%, E2, p E

« Dusling, Moore,Teaney: p'38 , PRC 81 (2010) 034907
* Molnar: polynomial in p (poster #370)

* Denicol: quadratic in p, polynomial in E (1A, Tue)

N

00 (¢) oo
5f1()) = fOp Z Z Hz'p ,OZ;L Mgpi,ul " Pipy, ngg) = T Z a%)npz(p K (EP)
/=0 n=0 " m=n
ot = (Bploop) o plplt) = ALl
_ . (2)
<' . '>5 — / dPZ ( ' ) 5fp arXiv:1202.4551[nucl-th]

Systematic derivation of transient fluid dynamics from the Boltzmann equation via:
» power-counting in Knudsen and inverse Reynolds number
« ordering of microscopic time scales

= transport coefficients converge to values of Chapman-Enskog expansion when
increasing n



Vo(pr)

Vvo(pT)

Global Variables and Correlations

FREEZE-OUT FOR MULTI-COMPONENT FLUIDS 12

0.15

0.10

0.05 |

0.00

0.15

0.10

0.05 |

0.00

0.0 1.0 20

democratic o e
non-democratic
non-democratic (NS) ~ ----- 5

Tgoc = 100 MeV

20-30 % /2

democratic ]  —
non-democratic

non-democratic (NS) ~ ------ ) Talk of G.Deni
30-40 % S N '

Tgoc = 100 MeV

RHIC 200 A GeV

democratic N
non-democratic
non-democratic (NS) ===

40-50 %
Tgoc = 100 MeV

_________
Y

0 1.0 2.0
pr [GeV]

Democratic Approach
(2)
. fo
5 (i) — e HY 7 1%
o 2@+ P2 Pl

Non-Democratic
f53

RHIC 200 A GeV

(a;h" + B, pi,

pr [GeV]

5r) —
fp 2(52+P2)T2

[2 | Washington D.C. | Saturday August the 18t | B. Hippolyte and D. Rischke
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CHEMICAL FREEZE-OUT FROM HADROCHEMISTRY 12

Yield relative to pions
o o
o o N o
(6] N ()] w
[ 1 T 7T [ 1 1 7T

o
—

1 11 17 11T 17T 1T 7J7T T 171717 T 1T 1 1
- I T 1!

©
X
w

0.05

between hydro and afterburners: Tch

particle+anti-particle

ALICE

PRELIMINARY

————

M \s,,=2.76 TeV (ALICE, 0-20%, preliminary)
\S\n=0.2 TeV (STAR)

\Sn=0.2 TeV (BRAHMS)

\Syn=0.2 TeV (PHENIX)

—— Model, T=164 MeV

----- Model, T=152 MeV

llllllllllllll’lllll

Ax4  Zx30 Qx200 ¢x20

K*°%x10

Talk of L.Milano: 5A

Some “tension” at the LHC for a statistical
thermal description relying on Tch only

Talk of P.Braun-Munzinger: 5A

Stressed the importance of corrections
for feed-down and secondaries from
interaction with material

Poster of M.Petran: 319

Underlined the importance of the charm
contribution to strangeness production



Global Variables and Correlations

FURTHER CONSTRAINTS FROM HADROCHEMISTRY

* from BES at RHIC: Teh vs. UB talk of S.Das: 6B
L L L 1 _""l""l""l""l""l_
0.18 Grand Canonical Ensemble ] 0.18F Strangeness Canonical Ensemble _]
:200 Gev 39 GeV i [ £00 CoV 39GeV 11.5GeV ]
..... 11.5 GeV : .
0.16 dise T - 0.16 é..é’ -
. + .. 17GeV - S i ’
> i : | i -
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~— - ® 00-05% i ~— - ® 00-05% :
5 eEE I L
0128 S 2050% ~ 0128 8 20.30% -
- © 30-40% — Cleymans . - © 30-40% — Cleymans .
[ & 40-60% == Andronic N [ & 40-60% --* Andronic N
AL ® 60-80% i 0.1~ ® 60-80% )
[ STAR Prellmmary ] [ STAR Prellmlnary | | l:
1 PR T T N TR T N W W N W | 11 PR T | PR N T |
0 0 1 0 2 0.3 0.4 0.5 0 0 1 0 2 0.3 0.4 0.5
u, (GeV) u, (GeV)
8§ Au+Au 7.7 GeV
75— ® Grand Canonical fItS done Wlth THERMUS, SWheaton et al,
6F W Strangeness Canonical Comput. Phys. Commun.180:84-106, 2009
« %Fa  STARPreliminary
£ 4
X g . . .
£, . " Observation of a centrality dependence of the freeze-out
3 « ¥ temperature vs. baryo chemical potential (beam energy)
0 1
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0 50 100 150 200 250 300 350
(N_)

part




Global Variables and Correlations

COMPARISON WITH LQCD EXPECTATIONS

170
165
160
155
150
145
140

Handles on chemical freeze-out, Tch

T; [MeV]

:201* —

B 130 |62.4 + |
= 173
LGT: T(ug)
Cleymans: PRC 73, 034905 (2006)
== Andronic: PLB 673, 142 (2009)
i+ STAR: PRC 79, 034909 (2009)
@« Becattini: PRC 85, 044921 (2012) ug [MeV]
| |

0 25 50 75 100 125 150 175 200 225 250 275

Talk of V.Skokov: Plenary VA

Talk of S.Das: 6B

Talk of S.Mukherjee: 5B

Freeze-out is close to crossover line for energies from Vs=200 GeV to Vs=17.3 GeV



TPC ionization signal (a.u.)

Global Variables and Correlations Q

NUCLEI HYPERNUCLEI AND EXOTICA 12
 both at RHIC and at the LHC

-
o

- I e e 103_"' LI L N Y O B
<107 ' ' ' ' Fit parameter E ‘2 F ] I ! l l B
£ e, T(7.7) 313.8%3.1 MeV 3 2 f ® STAR Preliminary ]
S ot e, T(11.5) 329.8 + 3.4 MeV | o I STAR(Science 328 (2010) 58) |
%, e *"’__‘_ %;356) ggg-gfi-: I\M‘le:’ I i STAR 2010+2012 combined fit |
- B - 214, eV ] o< ifeti
g 10° ;.,L'r"_ J‘.—;«Fl‘o'hr T(39) 395.0 + 4.4 MeV % + STAR 2012 A lifetime fit |
= ., e T(200) 502.4+ 5.4 MeV ] 3 LT . _ _
- s, e E el E | ooten | (anti-)Hypertriton spectra at RHIC,
0 N i ® =11 excitation function and lifetime !
10°* . i o | |
i E o) IS Talk Y.Zhu: 5A
* Run10 7GeV mb *He(x3. 0)"'% B
10 E-* Runl0 11GeV mb *He(x2.0) ~ ~%-. 4 10— -
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900 PERFORMANCE S 1000/— 13.8 million events (0-80% central)
800E- July 4", 2012 i L data
3 £ wl ALICE - T lsysterrer anti-Alpha and (anti-)Hypertriton
700E 3 o .\ injected signal (m =2.21 GeV/c?) )
600E 8§ [ preuiMINgRY | syst. error (m =2.31 GeVic?) measured at the LHC... no signal
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500F- r Y 5 . syst, error (m =2.33 GeVic?) of H-dibaryon... yet !
- 15225335 4 - H
400 T, (GeV?ict) -
E z 400—
300F- r . )
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(p +P)/(n* + 1)

Global Variables and Correlations

INVESTIGATING THE RECOMBINATION SCENARIO

12

«  Using baryon vs. meson production and pr ratios at the LHC

® 0-5% Pb-Pb |5, = 2.76 TeV
® pp1s=2.76 TeV
1 -

llllll

0,5;— .; ¥ ——

|||||||||

o 5-10% Pb-Pb |S,, = 2.76 TeV
T ® ppi1s=2.76 TeV

|||||||||

® ppi1s=2.76 TeV

|||||||||

10-20% Pb-Pb |8, = 2.76 TeV

0.5

o 20-40% Pb-Pb |5, = 2.76 TeV
® ppis=2.76 TeV
1

|||||||||

|||||||||

lllllllll

o 40-60% Pb-Pb |5, = 2.76 TeV
® pp1s=2.76 TeV

|||||||||

|||||||||

o 60-80% Pb-Pb |, = 2.76 TeV
® pp1s=2.76 TeV

0

2 4 6 8 10 12 14 16 18

2 4 6 8 10 12 14 16 18
P, (GeV/c)

2 4 6 8 10 12 14 16 18

Several models using different hadronization

mechanisms are compared...

(p +P)/(m*+1)

At intermediate pr, the
enhancement of the baryon/
meson ratio seen at RHIC is

still visible at the LHC

Talk of A.Ortiz: 5C

i R B I
12 0-5% Pb-Pb \s,, = 2.76 TeV_|
- d] e ALICE ]
B ¢ EPOS2.17 v3 -
1—93}1}55&\( O AMPT —
B O & —— Recombination 4
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Global Variables and Correlations

INVESTIGATING THE RECOMBINATION SCENARIO

I
!%2

. usmg strangeness productlon and the BES at RHIC
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w

0

Detailed mapping of the

hyperon excitation function
and compared to SPS results

2

0.1

Talk of X.Zhang: 5A

- A 200 GeV 0-12%

-— Hwa&Yang (total)

Hwa&Yang (thermal)

®39 GeV0-10%

W27 GeV0-10%
19.6 GeV 0-10%
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| 1 T 1
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1%

I 1 T T

| | 11 | | | 1

°°
-

AN

4 5 6
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| I L1 1 1 | Il 1

Incentive: identifying the possible onset of recombination via Q/¢
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CONSTRAINTS FROM HADROCHEMISTRY

. Radial flow and kinetic freeze-out temperatureT«in Talk of S.Das: 6B
0.2
.103E b
S Au+Au 11.5 GeV (0005% [ STAR Preliminary
L BW fits B
® 10§ )
e ¢ 0.15[
~ 1 -
s ¥
Q.'_10.1 QD B B T
§ R Iy N,
S102k _ 9 0.1 Au+Au i
£ . o °f  STARPreliminary c L
210°F 5K ; = I O 200 GeV
I ST TUTITE R | 0 62.4 GeV
0.2 04 0.6 0.8 1 1.2 14 1.6
p (Gevic - . oo
0.05[ W 7.7 GeV
fits done with blast wave -
OnChargedT[,Kandp I-lllllllllllllllllllIllllllllllllll
0 01 02 03 04 05 06 07

Radial flow increase from most peripheral collisions at Vsnn= 7.7 GeV
to most central Au-Au events at Vsnn = 200 GeV
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CONSTRAINTS FROM HADROCHEMISTRY

Radial flow and kinetic freeze-out temperatureT«in

T

1/Ng, 1/2xp_ o N/(dp_dy) (GeV/c)® e

Data/Model

10°
10°

10°

10

O = NDNO aw NO @a b

—%— STAR, Au-Au,|s,, = 200 GeV
Yo, —=— PHENIX, Au-Au,|'s, = 200 GeV]

4 s,

f,V|SH2+1 O 04 ;@3@@ p+p(x1)
= HKM = S
= Krakow 04

£2MUSIC + UrQMD

ALICE Collaboration, arxiv:1208.1974

o
12
Talk of L.Milano: 5A

Large radial flow: <Bt> = 0.65 = 0.02
(~10% higher w.r.t. RHIC)

Very good description of hydro(s)...

model comparison:

- VISH2+1 (Viscous hydro)

- HKM (Hydro+ UrQMD)

- Krakow (viscous corr., lower the effective Tcn)

- MUSIC (EbE 3+1D Hydro + UrQMD): 100 events

Any room for a ~30% drop of protons due
to hadronic rescattering and annihilation ?

Evolution as a function of centrality and for hyperons
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CONSTRAINTS FROM HADROCHEMISTRY

proton and lambda femtoscopy

C(k¥)

1.2

Al -

Pb-Pb \ s, = 2.76 TeV
( kT> =0.9 GeV/c

®  pp 10-30%

A pp 30-50% AL IC =

PRELIMINARY

=\ a2 2
Oi= \ Cslal * Gsyst

| |
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I
Q]Z

Talk of M. Szymanski: 1C

C(qinv)

0.8
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0.4

AR correlations in Pb-Pb | s, = 2.76 TeV

= 0-10% centrality
Ao 10-40% centrality

ALICE

e 40-60% centrality PRELIMINARY

| 1 L 1 | 1 L 1 | 1 1 L | L L I |
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a_ (GeV/c)

nv

Final state rescattering proposed as explanation for low proton yield
Reflected in BB femtoscopic correlations
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EVOLUTION WASHES OUT HIGHER HARMONIC ANISOTROPY‘2

§ ~ Au+Au 200GeV
c |
0.1} .
: ¢

}Talk of T. Niida: 1C

Excitation function of final eccentricity

shows a monotonic behaviour

Talk of N. Shah: 1C

Quark Matter 2012

Excitation function for freeze-out eccentricity, ¢, |

0.4

0.3

0.2

0.1

-

K, = 0.15-0.6 GeV/c

*Model centralities
correspond to data

== Hybrid[HG]+UrQMD
- 2D hydro EoS-Q
=== = 2D hydro EoS-H
= = 2D hydro EoS-l

E895 - PLB 496, 2004 (7.4-29.7%)
CERES - PRC 78, 2008 (10-25%)
STAR (-0.5<y<0.5, 10-30%)
STAR (-1<y<-0.5, 10-30%)

STAR (0.5<y<1, 10-30%)

URQMD

Hybrid[BM]+UrQMD

IIII|IIIIIIIII|IIII|I

I

STAR preliminary
1 1 1 1 1111 |

102 10°

Vo
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* STAR Au+Au, 0-5%, TPC+TOF
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- coo T T P
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g ."A /0————"
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* * ‘i:{fm Preliminary

L L L PR |
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F

0.002—

K/x * STARAu+Au, 0-5%, TPC+TOF
0.006{— —~— STAR UrQMD, Au+Au
---4--- STAR HSD, Au+Au

]
12

EXCITATION FUNCTION OF PARTICLE-RATIO FLUCTUATIONS

Talk of P. Tribedy: 2C

I\ o
j/S\IAH Preliminary

—— Poisson

(measurement at mid-rapidity |n|<1)

Monotonic trend in the range
of 7.7-200 GeV.

K/p and p/1t are dominated by correlation.
Data are below hadronic model predictions.

I\ -
WSTAR Preliminary
A

| |
UrQMD  Data

© 200
Y 624
A 39
wp 27
0196

Charge-to-neutral correlations shows anti-correlation, in contrast to models
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Pr-CORRELATIONS
«  Correlation scaled with <<pt>> Talk of P. Tribedy: 2C

—
N

* Most central data points show monotonic 3 1 + + r
decrease below 39 GeV. ‘k’ 08 ?
e UrQMD reproduces trend, lies below data. § - L

I\ o
 Difference with CERES, e.g. acceptance is JSTAR Preliminary

under investigation.

V<.°ApuApg>/<<
IS )
lIIIIIIIIIIIIllllllllllII
[l
|

Y 0-5%STARBES
‘ CERES
B vawmo
0.2 A ALICE preliminary
v STAR (published)
0|||I ] Lol ] P TR S ST ]

10 10°

10?
\/S,, (GeV)

Poster of J.Novak: 263
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LATTICE QCD IS MOVING CLOSER TOWARDS EXPERIMENT 12

R,
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Electric charge fluctuations
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Talks of C. Schmitt and S.Mukherjee: 5B
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Ces/C2 CORRELATION

Talk of V.Skokov: Plenary VA
Chiral model and negative C¢/C>

0.0 05

1.0
w/ T,

12

Talk of L.Chen: 2C

B LI I I I | | L L | ]
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I § & 3 o |
D | h —]
o - . i
o [ 4 l
D _
i Au + Au Collisions
i Net-proton i
i 0.4<pT<0.8 GeVlc, ly|<0.5 |
4 Q @ 0-40%
- ar 40-80% 1
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" STAR preliminary \(s_w (GeV)
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CHARGE FLUCTUATIONS, BALANCE FUNCTIONS
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Talk of M.Weber: 2C

Acceptance corrected
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CHIRAL MAGNETIC EFFECT
Talk of G.Wang: Plenary IVB

+

Events with charge asymmetry A, = exist

=)=
=|| =

+

+ —

T T T T T T
Au+ Au 200 GeV .. STAR Preliminary

30-40%
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CME should appear in these events
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CHIRAL MAGNETIC EFFECT 12
Talk of Y.Hori: 2C

yienp
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Models with local charge conservation can explain two-particle correlation function
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EFFECT OF CHARGE CONSERVATION
Talk of P.Bozek: 2C

Fall-off of near-side ridge:

(d) 30-40%, bal.

A
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MOVING TO THE FUTURE 12

* Very near future: scrutinize new measurements:
= check consistency of experimental results
= validity of models/descriptions from 7.7 GeV to 2.76 TeV

Event-by-event fluctuations

14

« Systematic studies for constraining initial conditions; I Mg A |

= higher order flow harmonics and plane angles |
= fluctuations in ultra-central events

correlation length from
Talk of J.Kapusta: 6B G(r) ecexp(—r/¢)

= relationship with transient fluid dynamics has to be clarified! I

critical point f\

* Hydrodynamics with dynamical chiral fields

Talk of M.Nahrgang: 7B
* Details of determining chemical and thermal freeze-out parameters
* Chiral MHD to clarify Chiral Magnetic Effect



