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The Long Slow Death
of the HBT Puzzle
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All the theory you need to know
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Lifetimes

Rout ~ Rside F 'UJ_AT

More explosive --> Smaller Riong, Rout/Rside
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HBT Puzzle

1-d ideal hydro

1st order phase fransition
(L=1.6 GeV/fm?3)

To=1.0 fm/c
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k, (MeV/c)

3-d ideal hydro from Bass+Nonaka Wickizen State Unisorsty
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Early Acceleration

... related to HBT
@ Sinyukov (From God)
@ Krakow (Free-Streaming)
@ Li & Bleicher
(Pre-hadron potentials)

B e Yoot




Flow from Classical Fields

Flux Tubes:
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A Gallery of Models
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Universal Flow during first fm/c

Ignoring longitudinal flow,
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Including longitudinal flow, Universal Flow
1 during first fm/c
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During change to new phase,

naTag =N

To; & Topo survive transformation into hydro




Universal Radial
Flow

after thermalization
before thermalization

Wictigan State University



Seott Pratt

_ hydro
| incoherent fields k = 1/2
__coherent fields

Universal Elliptic
Flow
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Last Unviersal Flow Slide

Flow for first =1 fm/c is "universal” if:
@ Boost-invariant (Bjorken) flow

@ Traceless stress-energy tensor

@ K is function of T only (not x or y)

Initial flow for hydro depends only on initial profile,
microscopic structure irrelavant




Add Early
Acceleration
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irst order_

FONISION A=A

Fix Eq. of State
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Also see Romatschke 2007

Add Viscosity
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Shear in QGP phase
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Bulk viscosity
(near T.)
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100 200 300 400 500
k, (MeV/c)

Also see Broniowski et al, PRL 2008

Initial Profile
Wounded nucleon

C“ Drescher etal PRC 2007

Collisional Scaling
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Improve Coulomb
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k, (MeV/c)
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€0 (GeV/fm3)
width of soft region in EoS
Other Observables = 150
L=800 MeV* 114.5
L=1.6 GeV 104.5
ME m pT (MeV) stiffness of sc(;ft: rggion in EoS =
S
255 [ B | pomps | Z = 0.1% 114.5
STAR | 422 +22 | 719+ 74 | 1100 £+ 110 c? = 0.2 124.5
PHENIX | 453 £33 | 674 £ 78 | 954 + 85 T e T s
L=0 528 897 1310 47n/s=0 289
L=800 MeV /fm® 433 714 1027 amn/s=2% 114.5
L=1.6 GeV/fm® | 403 652 931 " 106.5
20§ =8 e 6B Sdb initially isotropic init. cond. 148

2 =0.1 433 714 1027 , — ,

c% — 0.2 163 7o 1116 max. bulk viscosity in soft region
4nn/s=0 | 408 664 957 4nB/s=0 1
dnn/s=2 | 433 714 1027 4w B /s=2% 114.5
dmn/s=4 | 449 743 1081 AmB/s=4 109

Initially isotropic initial density profile
47 (C/8)max = 0 | 462.4 763.1 1107 CGC IC 136
47 (C/5) max = 2 433 714 1027 Wounded Nucleon* 114.5
A7 (C/S)max =4 | 418.0 679 983 Collision Scaling 180
CGC IC 447 741 1062
Wounded Nucleon 433 714 1027
Collision Scaling 482 806 1173
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0

100 200 300 400 500
k, (MeV/c)

What Matters:
Significant

@ Acceleration <1 fm/c

@ Shear

©® Equation of State

@ Initial Energy Profile

@ Bulk Viscosity

@ Correct Coulomb

@ Pion Fields (Cramer/Miller)

Solution to HBT Puzzle:
conspiracy
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Blast wave neglects:
@ positive x-t correlation -> underpredict AT
@ anisotropic Tjj -> underpredict (1)

@ For T<m, source size -> constant
@ proton-pions lose kinetic equilibrium i IO
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