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Equation of state: What we know
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The method of Taylor expansions
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Initial conditions in heavy-ion collisions

Fix mu, and mu, from initial conditions:
N, = 0 (no valence strange quarks),
« r=NJ/(N +N,) = const. (fixed Z-to-A ratio).
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Susceptibilities: Constrained case
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* We will use r = 0.40 throughout,
which is the value for Pb-Pb

collisions.

« Constrained case qualitatively

similar to mu,

= mu,= 0 case, but

values about 30-40% smaller.




First derivatives

Just as for the pressure, we can Taylor-expand the energy density,
and entropy density as well.
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First derivatives

=0,ng=0.4
Ns=%MNa=5M8 5y mowm N=6

€o [N

3s,/2 [
| Ng = 0, Ng = 0.4F'IB

TM
| | IT[MEVI:| | | | | | | | | | | | [ ev}l

150 160 170 180 190 200 210 220 140 150 160 170 180 190 200 210 220

T—-T., p?
S.Ejiri et al. Phys. Rev. D73, 054506 (2006). 7 T
C c

2.5

2.0
1.5
1.0
0.5
0.0
-0.5

-1.0

-1.5




Putting everything together - |
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~10% corrections around the
transition region uptomu_/ T =
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Additional resonances and the Quark Model

WEeE i

g

i - i g [Gel]

Mass [MeV]

g

w  wwwnew.hiskp.uni-bonn.de/ch/

Jr || 3ns] sps ] e L ons nipd13n+ 1524 | 12- | 32| 5R2-|| 7/2-|| 9f2- || 11/24| 13/2- | 15/2-

Lﬂ‘,"J: FSI PJS F!.‘l F!T | Hsﬁ I-E!II K!li_K!H. sSI D!! D!! G!T G!& ]3|:I ’Shi

A.Bazavov et al. [HotQCD], PRL 113, 072001 Padmanath et al. arXiv:1410.8791 [hep-lat]

(2014). D.Ebert, R.Faustov & V.Galkin, Phys. Rew.

- Flustono e s D79, 114029 (2010).

EI cont. est. [

026 o omaRe Possibility of additional light and

0.20 QM-SR_S_:(;ﬁi/gm-bO'ls - strange resonances beyond those
. ‘g | listed in the PDG,; see talk by C.

0.15 N =8: filled symbols _

TMevl - Schmidt.
160 170 180 190




Putting everything together - Il
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Range of extrapolation
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Different orders start to differ above mu_/T ~ 2.0.




Specific heat and softest point
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Equation of state at fixed s/n

s/n,=constant gives mu, for
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Freeze-out curve
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Freeze-out equation of state

NT=8

Ns =0, Na=04ne ‘ Fourth-order expansion valid down to
beam energies ~ 20 GeV.
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Conclusions

Need robust QCD inputs to extract physics from heavy-ion
collisions.

Lattice QCD has provided such inputs in the past and can
continue to do so in the future.

Equation of state is a key input in hydrodynamic modelling.
u=0 useful at LHC and RHIC 200 GeV runs, whereas py>0
useful for the Beam Energy Scan programs.

Fourth-order Taylor expansion can provide an equation of
state valid upto Vs ~ 20 GeV. With higher orders we should
be able to push this to even lower CoM energies (unless
the expansion breaks down).
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