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QGP formed in A-A

collisions
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3+1D hydrodynamics
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Event anisotropy
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Event planes correlations
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» initial correlations
Z.Qiu, U.Heinz arXiv:1208.1200

» nonlinearities of viscous
hydrodynamics
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Hydrodynamic flow in p-p?

P Humanic-nucl-th /0612098 (pythia, cascade) 0.16 T T i T
i 0.14 | P*P 7 TeV: p+Pb 5.02 TeV:
P Romatschke, Luzum-arXiv:0901.4588 (overlap) . IP-Glasman=2 ¥  IP-Glasma n=2 -
P Prasad, Roy, Chattopadhyay, Chaudhuri -arXiv: 012 1 p.Glasman=3 x MC-Glauber 1 n=2 o~
0910.4844 (overlap) N 0.1 r IP-Glasma n=3 sl
> Bozek-arXiv: 0911.2393 (flux-tubes) I o008t : MC-Glauber 1 n=3 +4~
=
P Yan, Dong, Zhou, Li, Ma, Sa- arXiv: 0912.3342 0.06 - ¢ °
(transport) 004 | v .
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arXiv: 1010.0400 (EPOS) X
0 . . . .
P Deng, Xu, Greiner-arXiv: 1112.0470 (hot-spots, 0 5 10 15 20
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P Shuryak, Zahed-arXiv:1301.4470 (symmetric)

P Bzdak, Schenke, Tribedy, Venugopalan-arXiv:
1304.3403 (IP-Glasma)
Bzdak et al. arXiv: 1304.3403

-Is hydrodynamics valid?
-What is the initial eccentricity?
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High multiplicity events in pp
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Ridge in pp
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Fireball shape in pp
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protonix-leadulus collision

p-Pb at 5.02TeV
small dense fireball formed !
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Fireball in p-Pb
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Collective elliptic flow in

» Large enough density? yes ves (high mult.)
» Large enough eccentricity yes? ()
» Large enough size? (7) (?77)

but should and can be tested

» Small enough gradients? no no!
- beyond viscous hydro
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d-Pb Glauber Monte-Carlo
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large elliptic flow

PB, arXiv:1112.0912
...it seems very interesting to look for collective effects in

d-Au collisions at /5y = 200GeV in RHIC experiments . ..

Piotr Bozek Flow in pPb
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prediction 12.2011
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V, In pPD and PbPD

Dash-dot line: peripheral subtracted
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v, shows similar shape in pPb and PbPb, but is smaller in pPb
v,{4} is only 20% smaller than v,{2} below 2 GeV/c

“Peripheral subtraction” has small effect at high multiplicity

mS @
Gunther Roland RBRC Workshop, Apr 15-17, 2013 'y e
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V5 In pPb and PbPD

Dash-dot line: peripheral subtracted

multiplicity —
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v; has similar shape in pPb and PbPb; magnitude comparable

“Peripheral subtraction” makes essentially no difference

Hydro prediction: Bozek, v4{PP}, not including fluctuations
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Charge balancing

STAR data

local charge conservation
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Ridge in p-Pb
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Piotr Bozek Flow in pPb



Extracting the flow correlations
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Elliptic and triangular flow
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v» from late stage

p-Pb 5.02TeV  ALICE Data 0-20% | v,

p-Pb 5.02TeV  ALICE Data 0-20% |

°T XA

) s
-';/L/{ +

A S N R R

O T

':_(KHHLHHLHH|‘: 0
0.5 1 15 2

P, [GeVic]

0.5 1 15
P, [GeVic]

T = 140MeV
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vz - small mass splitting

01F T T T ] 01F T T L
v I p-Pb 5.02TeV  0-20% | v L p-Pb 5.02Tev  0-20% |
3 3+1D Hydro ¢ | Hydro+CF  Hydro+CF ]
1 + Decays
| i ——a TT ]
] | — *-—ep T
0.05 -
] of F 1
1 | L ./ L L Il 1 i
2 0 0.5 1 15 2
P, [GeVic] P, [GeVic]
limited mass splitting resonance decays spoil mass ordering
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Glauber+NB

fluctuations from subnuclear dynamics
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Additional fluctuations of density (compared to Glauber)
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large source (standard)
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dependence on model details
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HBT systematics
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small system corrections!- Sinyukov, Shapoval - arXiv:1209.1747
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Spectra - < p; >
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Spectra - < p; >
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n

Asymmetric emission

(Biatas, Czyz, Acta Phys.Polon.B36, 905 (2005)

fa)=F G+ ()
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l L
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Directed flow- tilted source
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Asymmetric distributions
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341D visc. hydro
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dependence on initial model, v, small for IP-Glasma i.c.

A.Bzdak, B.Schenke, P.Tribedy, R.Venugopalan - arXiv: 1304.3403
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3+1D hydro
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G-Y.Qin, B. Miiller arXiv: 1306.3439
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excellent description of spectra

K. Werner, M. Bleicher, B. Guiot, lu. Karpenko, T. Pierog - arXiv:1307.4379
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d-Au 200GeV

- large eccentricity
- large vo
- small v3

0.2} d-Au200GeV 0-5%

v, [ —v2{2} n/s=0.08 ro=0.6fm/c
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Piotr Bozek

O ATLAS, 5.02 TeV, p+Pb, 0-2%, Anje [2,5]
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* LHCv,{2}is also relatively insensitive to multiplicity.
* LHCv,{4}is independent of multiplicity except peripheral. Nonflow or flow?
e Hydrodynamic flow: In peripheral? No increase with multiplicity?

* CGC: No increase with multiplicity?

9/9/2013 Fugiang Wang -- International Conference in High-Energy Nuclear Collisions (IS-2013) 21
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pressure anisotropy
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PB, |. Wyskiel - arXiv:1009.0701
- early pressure anisotropy irrelevant!
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FSI scenarios

fields+thermalization

color fields

local thermalization — hadronization
P14

hydrodynamics

hydrodynamic expansion

7oz %

hadronization, statistical emission
P1 g4+

Give similar flow

Piotr Bozek
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Can we reduce uncertainties?
go back to very peripheral A-A
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STAR-arXiv:1004.2377

e
T

MC-Glauber initialization MC-KLN initialization

200 A GeV Au+Au|charged hadrons

00 04 08 12 16

p; (GeV)

Song, Bass, Heinz, Hirano, Shen-arXiv:1101.4638

also jet modification, dijet asymmetry, PID flow, HBT

0 =m
o e
A A
V.
(oI 4
4 <
> »

VISHNU PHENIX v, {E

(0-5%)+

(5-10%)

(10-20

(20-30%

(30-407

(40-50%

(50-60

Piotr Bozek Flow in pPb



Flow without jet quenching?

LR R R R
ALICE, charged particles

[ e p-Pb \Syy = 502 TeV, NSD, | ncms\ <0.3
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No final-state effects

Eskola, Paukkunen, Salgado, arXiv:1308.6733

0.45 3
we = 70 GV, wyy = 0.5 GeV’ 04l VE=502TeV CT10
0 GeV, wy & 0 GeV — CT10xEPS09
12 IS data (preliminary)  ® 035 CT10xDSSZ
ALICE data (preliminary)  m -~ CT10xHKNO7
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Q3 10f
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e < EPS09 uncert.
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Naijer = (M + 1) /2
® Excellent situation to extract initial-state effects

also see H. Paukkunen’s and J. Qiu’s talks yesterday

K. Tywoniuk (UB) S .,.......,.g..m-..r.m
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» Ev-by-Ev hydro for pPb
» Collectivity in pPb@LHC explains v», v3, ridge, < p; >

» Observations consistent with collective flow
many exp. results; several calculations

» HBT radii in p-Pb?
» Limits of hydro!

» Why hydrodynamics would work?
» Effective theory for transverse expansion

» We need observables for longitudinal pressure

Piotr Bozek Flow in pPb



energy-momentum tensor

» shear viscosity

2not¥ — v 1 nT Tru®
A“O‘Ayﬂ VO = —————— v
u 87 aff 5 2 5 8 < n >

> bulk viscosity

O~ 1_CT, [mu®
o= At T Snsly,
u'Oy o 2 e o7

> viscosity corrections from velocity gradients
» initial stress tensor - pressure anisotropy
> equation of state
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fireball asymmetry - flow asymmetry
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- Ev-by-Ev hydro response to geometry valid
- response strength depends on details
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