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Identified particle pT spectra at LHC

D
at

a/
M

od
el

]
-2 )c

) 
[(

G
eV

/
yd

T
p

/(
d

N
2

) 
d

T
pπ

 1
/(

2
ev

N
1/

)c (GeV/
T

p

)c (GeV/
T

p
0 1 2 3 4 5

-310

-110

10

310

510

610

0-5% Central collisions

 100)× (-π + +π

 10)× (- + K +K

 1)× (pp + 

 = 2.76 TeV
NN

sALICE, Pb-Pb 

 = 200 GeV
NN

sSTAR, Au-Au 

 = 200 GeV
NN

sPHENIX, Au-Au 

VISH2+1

HKM

woKrak

EPOS

0 1 2 3 4 5

1

1.5 -π + +π

0 1 2 3 4 5

1

1.5 - + K+K

0 1 2 3 4 5

1

1.5 pp + 

P. Huovinen @ UlrichFest, July 19, 2016 3/27



Pion pT spectrum at LHC
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• need more resonances

• yield proportional to Boltzmann factor

N ∝ exp
(
−m
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)
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• need more resonances

• yield proportional to Boltzmann factor

N ∝ exp
(
−m
T

)
• resonance mass?

• usually no width, i.e. resonances have their pole mass
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Dashen-Ma-Bernstein:

If interactions mediated by narrow resonances, properties of interacting
hadron gas are those of noninteracting hadron-resonance gas

⇒ Hadron resonance gas model
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Dashen-Ma-Bernstein:

If interactions mediated by narrow resonances, properties of interacting
hadron gas are those of noninteracting hadron-resonance gas

⇒ Hadron resonance gas model

Dashen-Ma-Berstein: S-matrix formulation of statistical mechanics:

⇒ Second virial coefficient can be evaluated in terms of scattering phase
shift (as far as interaction is manifested in elastic scattering)

⇒ relativistic Beth-Uhlenbeck form
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Beth-Uhlenbeck
• effects of interactions expressed in terms of scattering phase shifts
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• ππ scattering, P-wave, i.e. ρ resonance
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ρ-density
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Pions from ρ decays
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Thermal pions + pions from ρ decays
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Thermal pions + pions from ρ decays
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blast-wave parametrisation
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Pions from blast wave
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• τ = 13.7 fm
•R = 10 fm
• vmax = 0.78

• all resonances up to 2 GeV
• Beth-Uhlenbeck for rhos
• zero width for everything else
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Pions from blast wave
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caveats

• so far only rho mesons
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caveats

• so far only rho mesons

• Beth-Uhlenbeck applicable to elastic scatterings only!

• how about σ a.k.a. f0(500)?
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S-wave ππ scattering
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S-wave ππ scattering
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S-wave ππ scattering
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S-wave ππ scattering
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as advocated by
• Broniowski, Giacosa & Begun, PRC92, 034905 (2015)
• Prakash & Venugopalan, NPA546, 718 (1992)
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S-wave ππ scattering
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• f0(980) nicely described

• data also for ∆(1232), K∗(892), K∗
0(1430)
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Pions from blast wave
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• τ = 13.7 fm
•R = 10 fm
• vmax = 0.78

• all resonances up to 2 GeV
• Beth-Uhlenbeck for ρ, ∆, f0(980), K∗(892), K∗

0(1430)
• zero width for everything else
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Pions from blast wave
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• So is there anomaly. . . ?

– Probably not
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Pions from blast wave
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• How to treat all the other resonances?

– K-matrix approach?
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Effect of resonance decays on v2(pT )

Hirano and Tsuda, PRC66, 054905 (2002)
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• yield changed at very low pT

• relative contributions change at moderate pT . . .
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The QGP shear viscosity –
elusive goal or just around the corner?∗

Chun Shen & Ulrich Heinz
Department of Physics
The Ohio State University
191 West Woodruff Avenue
Columbus, OH 43210

presented at

QUARK MATTER 2011, Annecy, May 22-28, 2011
——————————————————–

In collaboration with

S.A. Bass, T. Hirano, P. Huovinen, Zhi Qiu, and H. Song

See also posters #4 (C. Shen) and #52 (H. Song) (Tuesday)

∗Supported by the U.S. Department of Energy (DOE)
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The QGP shear viscosity –
elusive goal just around the corner
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Congratulations

Ulrich!
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