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Difficulties:

• Limited experimental constraints in the high-temperature limit

• Thermodynamic variables are not well-defined in a system out of equilibrium

In this presentation: We combine DIS and HIC 

data to constrain the extraction of the shear 
viscosity at high temperatures.
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Rezaeian, et al., PRD 87 (2013)



2. Cold Nuclear matter: Inclusive DIS cross-section
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Dipole amplitude from the 

GBW parametrization

Fundamental saturation scale of the proton:

Rezaeian, et al., PRD 87 (2013)

To account for fluctuations in the saturation scale:
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DIS
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Constrain the fundamental saturation of the proton
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Initial energy density profile from the saturation model

Multiplicative factor of order 1 to 

account for high-order corrections

Saturation scale of nucleus

Transverse energy:

Borghini, et al., PRC 107 (2023)

To account for fluctuations in pp and pA collisions
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Initial energy density profile from the saturation model

Transverse energy:



DIS
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Constrain the fundamental saturation of the proton

p+p / p+A collisions

Constrain the multiplicative K factor in the energy density
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The final multiplicity expressed in terms of the initial energy profile:
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3. Hot nuclear matter: Multiplicity in AA collisions
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The final multiplicity expressed in terms of the initial energy profile:

Giacalone, Mazeliauskas & Schlichting, PRL 123 (2019)

- Final multiplicity is determined directly from the 
estimator equation

- Hydrodynamic evolution is used only to calibrate the 
estimator

- This allows the estimator to be tested for different 
values of:

Shear viscosity

Initial hydrodynamic time 
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Only the first centrality bin (in red) is fitted to determine 

the viscosity
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DIS
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Constrain the fundamental saturation of the proton

p+p / p+A collisions

Constrain the multiplicative K factor in the energy density

A+A heavy-ion collisions

Constrain the shear viscosity

Temperature range?
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Estimate the temperature range in which the extracted shear viscosity is valid.

Effective equations are used to determine temperature and entropy from the initial energy density



4. Effective temperature extraction
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Estimate the temperature range in which the extracted shear viscosity is valid.

Effective equations are used to determine temperature and entropy from the initial energy density

The effective average temperature, weighted by entropy production, is calculated in K∅MP∅ST

The idea is to run the pre-equilibrium stage for 

different switching times and compute the 

average temperature over these intervals

Kurkela, et al. PRC 99 (2019)



4. Effective temperature extraction
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Average the 

temperatures from 

the different 

evolutions at the 
switching time
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Thank you for your attention!
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