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Does η/s extracted from the data depend
on the EoS used in the calculations?
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Lattice EoS at 2009

Bazavov et al. [hotQCD collaboration] arXiv:0903.4379 [hep-lat]
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• Good at large T, not at low T
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• HRG below T ≈ 170–190 MeV
• lattice above T = 250 MeV
• interpolate between
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Budapest-Wuppertal trace anomaly

Borsanyi et al., arXiv:1007.2580
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Effect on distributions

• ideal fluid
• Au+Au collision at RHIC,

√
s = 200 GeV, b=7 fm

• Tdec = 124 MeV; all EoSs!
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Effect on η/s

• Alba et al., arXiv:1711.05207

– s95p: η/s = 0.025
– B-W: η/s = 0.047

• Schenke et al., arXiv:1901.04378

– s95p: η/s = 0.095
– B-W: η/s = 0.12
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Lattice EoS at 2018
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• s95p: PDG 2005, hotQCD 2008 • s87r: PDG 2005, latest hotQCD
data
• s88s: PDG 2017, latest hotQCD data
• s95p: PDG 2005, hotQCD 2008
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New EoS parametrisations

 0

 1

 2

 3

 4

 5

 6

 100  200  300  400  500  600

(ε
-3

P
)/

T
4

T [MeV]

hotQCD, Nt = 12

hotQCD, Nt = 10

hotQCD, Nt = 8

s87r

s95p

• s87r: PDG 2005, latest hotQCD data
• s95p: PDG 2005, hotQCD 2008
• s83z: PDG 2017, latest B-W data
• s88s: PDG 2017, latest hotQCD data

P. Huovinen @ ITP, Dec 12, 2019 8/35



New EoS parametrisations
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• s83z: PDG 2017, latest B-W data
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New EoS parametrisations
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New EoS parametrisations
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Effect on η/s

• Alba et al., arXiv:1711.05207

– s95p: η/s = 0.025
– B-W: η/s = 0.047

• Schenke et al., arXiv:1901.04378

– s95p: η/s = 0.095
– B-W: η/s = 0.12
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Modeling problem
Model parameters (input): ~x = (x1, ..., xn)

(τ0, εinit, η/s, Tdec, Tchem,. . . )
⇓

Model output ~y = (y1, ..., ym) ⇔ Experimental values ~y exp

(dN/dy, 〈pT 〉, vn,. . . )

• Which values of input parameters ~x give the best reproduction of
experimental output ~yexp?

• What is the level of uncertainty of these values?
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Bayesian analysis
Model parameters (input): ~x = (x1, ..., xn)

(τ0, εinit, η/s, Tdec, Tchem,. . . )
⇓

Model output ~y = (y1, ..., ym) ⇔ Experimental values ~y exp

(dN/dy, 〈pT 〉, vn,. . . )

Bayes’ theorem:

Posterior probability ∝ Likelihood · Prior knowledge
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Bayesian analysis
Model parameters (input): ~x = (x1, ..., xn)

(τ0, εinit, η/s, Tdec, Tchem,. . . )
⇓

Model output ~y = (y1, ..., ym) ⇔ Experimental values ~y exp

(dN/dy, 〈pT 〉, vn,. . . )

Bayes’ theorem:

Posterior probability ∝ Likelihood · Prior knowledge

• Prior knowledge: Range of parameter values
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Bayesian analysis
Model parameters (input): ~x = (x1, ..., xn)

(τ0, εinit, η/s, Tdec, Tchem,. . . )
⇓

Model output ~y = (y1, ..., ym) ⇔ Experimental values ~y exp

(dN/dy, 〈pT 〉, vn,. . . )

Bayes’ theorem:

Posterior probability ∝ Likelihood · Prior knowledge

• Likelihood: L(~x) ∝ exp
(
−1

2(~y(~x)− ~y exp)Σ−1(~y(~x)− ~y exp)T
)
,

where Σ is the covariance matrix
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Bayesian analysis
Model parameters (input): ~x = (x1, ..., xn)

(τ0, εinit, η/s, Tdec, Tchem,. . . )
⇓

Model output ~y = (y1, ..., ym) ⇔ Experimental values ~y exp

(dN/dy, 〈pT 〉, vn,. . . )

Bayes’ theorem:

Posterior probability ∝ Likelihood · Prior knowledge

• Likelihood: L(~x) ∝ exp
(
−1

2(~y(~x)− ~y exp)Σ−1(~y(~x)− ~y exp)T
)
,

where Σ is the covariance matrix

• evaluation of the likelihood function O(108) runs. . .

• use Gaussian emulator instead
= stochastic, non-parametric interpolation of the model
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Bayesian analysis
Model parameters (input): ~x = (x1, ..., xn)

(τ0, εinit, η/s, Tdec, Tchem,. . . )
⇓

Model output ~y = (y1, ..., ym) ⇔ Experimental values ~y exp

(dN/dy, 〈pT 〉, vn,. . . )

Bayes’ theorem:

Posterior probability ∝ Likelihood · Prior knowledge

• Likelihood: L(~x) ∝ exp
(
−1

2(~y(~x)− ~y exp)Σ−1(~y(~x)− ~y exp)T
)
,

where Σ is the covariance matrix

• evaluation of the likelihood function O(108) runs. . .

• use Gaussian emulator instead
= stochastic, non-parametric interpolation of the model

• Sample the likelihood function using Markov chain Monte Carlo
= random walk in parameter space constrained to favour high likelihood

→ distribution of Markov chain steps ≡ probability distribution
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The model

• 2+1D viscous hydro with shear viscosity only

– event averaged EKRT initialisation, normalisation parameter Ksat

– τ0 = 0.2 fm fixed
– initial vr = 0 and πµν = 0

• Tdec and Tchem free parameters

• (η/s)(T ) of the form

(η/s)(T ) = SHG(Tmin − T ) + (η/s)min, T < Tmin

(η/s)(T ) = (η/s)min, Tmin < T < Tmin +W

(η/s)(T ) = SQGP(T − Tmin −W ) + (η/s)min, T > Tmin +W
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The model

• 2+1D viscous hydro with shear viscosity only

– event averaged EKRT initialisation, normalisation parameter Ksat

– τ0 = 0.2 fm fixed
– initial vr = 0 and πµν = 0

• Tdec and Tchem free parameters

• (η/s)(T ) of the form

(η/s)(T ) = SHG(Tmin − T ) + (η/s)min, T < Tmin

(η/s)(T ) = (η/s)min, Tmin < T < Tmin +W

(η/s)(T ) = SQGP(T − Tmin −W ) + (η/s)min, T > Tmin +W

• Free parameters Ksat, Tmin, (η/s)min, SHG, SQGP, W , Tdec, Tchem
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The data

• dNch
dη , dNπ

dy , dNK
dy and

dNp
dη
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The data

• dNch
dη , dNπ

dy , dNK
dy and

dNp
dη

• 〈pT 〉π, 〈pT 〉K and 〈pT 〉p

• vch2 {4}
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The data

• dNch
dη , dNπ

dy , dNK
dy and

dNp
dη

• 〈pT 〉π, 〈pT 〉K and 〈pT 〉p

• vch2 {4}

Au+Au Pb+Pb Pb+Pb√
sNN = 200 GeV

√
sNN = 2.76 TeV

√
sNN = 5.02 TeV

30-40%
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The data

• dNch
dη , dNπ

dy , dNK
dy and

dNp
dη

• 〈pT 〉π, 〈pT 〉K and 〈pT 〉p

• vch2 {4}

Au+Au Pb+Pb Pb+Pb√
sNN = 200 GeV

√
sNN = 2.76 TeV

√
sNN = 5.02 TeV

10-20% •••• •••• ••••
20-30% •••• •••• ••••
30-40% •••• •••• ••••
40-50% •••• •••• ••••
50-60% •••• •••• ••••

• RHIC data by STAR

• LHC data by ALICE
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(η/s)min
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• peak affected by EoS
• widths overlap
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• η/s = 0.18+0.05
−0.05 when 150 <∼ T/MeV <∼ 250
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• η/s = 0.18+0.05
−0.05 when 150 <∼ T/MeV <∼ 250

• Bernhard et al., PRD94, 024907 (2016):
η/s = 0.07+0.05

−0.04 at T = 154 MeV

P. Huovinen @ ITP, Dec 12, 2019 32/35



• η/s = 0.18+0.05
−0.05 when 150 <∼ T/MeV <∼ 250

• Bernhard et al., PRD94, 024907 (2016):
η/s = 0.07+0.05

−0.04 at T = 154 MeV

0.15 0.20 0.25 0.30
Temperature [GeV]

0.0

0.2

0.4

0.6

´=
s

KSS bound 1=4¼

Prior range
Posterior median
90% CR

P. Huovinen @ ITP, Dec 12, 2019 32/35



effect of (η/s)(T ) parametrisation
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effect of (η/s)(T ) parametrisation
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Does η/s depend on EoS?

• only very weakly, effect within the credibility limits

• η/s = 0.18+0.05
−0.05 when 150 <∼ T/MeV <∼ 250

• η/s badly constrained when T <∼ 150 MeV or T >∼ 250 MeV
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Does η/s depend on EoS?

• only very weakly, effect within the credibility limits

• η/s = 0.18+0.05
−0.05 when 150 <∼ T/MeV <∼ 250

• η/s badly constrained when T <∼ 160 MeV or T >∼ 250 MeV
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Does η/s depend on EoS?

• only very weakly, effect within the credibility limits

• η/s = 0.18+0.05
−0.05 when 150 <∼ T/MeV <∼ 250

• η/s badly constrained when T <∼ 160 MeV or T >∼ 250 MeV

• minimum value may depend on the parametrization
⇒ take credibility limits seriously!
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〈pT 〉,
√
sNN = 200 GeV
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