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Heavy Ion Experiments

QCD Thermodynamics

QCD Lattice Gauge Theory

Equation of state at finite baryon density

Critical conditions
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Relation to the QCD

The quark mass dependence is parameterized through the relation

(mHa)2 = (mHa)2phys + b(mπa)2

LGT 3-flavor critical curves
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Exact formula
Taylor expansion

Rolf Hagedorn

”A fireball consists of fireballs, which in turn consist of fireballs,
and so on. . . .”

Bootstrap equation

ρ(m,V0) =δ(m−m0)

+
∑
N

1
N!

[
V0

(2π)3

]N−1∫ N∏
i=1

[dmi ρ(mi ) d3pi ] δ
4(Σipi − p)
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Exact formula
Taylor expansion

The bootstrap input function

τ0(p
2, b, s) = δ(p2 −m21)θ(p0) + δ(p2 −m22)θ(p0)

The bootstrap equation is given (in a simplified form) as

τ(p2, b, s) =δ(p2 −m21)θ(p0) + δ(p2 −m22)θ(p0)

+
∞∑
n=2

1
n!

∫
δ4(p −

n∑
pl)

n∑
{bj}{si}

δ(b −
∑

bj)δ(s −
∑

si )

×
n∏

i=1

τ(p2i , bi , si ) d
4pi
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Exact formula
Taylor expansion

With

ϕnπ ,nN (µ,T ) =

∫
d4p

(
nπδ(p2 −m2π) + nNδ(p2 −m2N)

)
exp(−βµpµ)

= 2πT
[
nπmπK1

(
mπ

T

)
+ nNmNK1

(
mN

T

)
cosh

(
µ

T

)]
,

and
Φ(T , µ) =

∑
b

e−β b
∫
d4p e−βµp

µ
τ(p2, b)

Bootstrap equation has a form

2Φ = ϕ+ eΦ − 1 ,

meaningful only for
ϕ ¬ ln 4− 1 .
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Exact formula
Taylor expansion

The critical curve

The critical curve Tc(µ) is given on the µB − T plane by the
condition

ϕnπ ,nN (µ,T ) = ln 4− 1 .

The bootstrap input function

ϕnπ ,nN (µ,T ) = H

∫
d4p

(
nπδ(p2 −m2π) + nNδ(p2 −m2N)

)
exp(−βµpµ)

= 2HπT
[
nπmπK1

(
mπ

T

)
+ nNmNK1

(
mN

T

)
cosh

(
µ

T

)]
,
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Exact formula
Taylor expansion

The statistical bootstrap model
used on the QCD lattice system
has its basis components such as
they appear in lattice QCD
simulation. It means, nucleon
mass expressed by pion mass (all
in GeV) as

mN(mπ) = 0.94 +
m2π
0.94

The transition temperature Tc , as a function of baryonic chemical
potential for 2-flavor lattice, bootstrap system
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Exact formula
Taylor expansion

Critical curves Tc(µq) from the QCD lattice calculations were
obtained up to O((µq/Tc)2) term.

cosh[
(µB
T

)
] replaced by the

corresponding Taylor expansion
truncated to the first two terms

The critical temperature 2-flavor lattice bootstrap system,
compared with result of corresponding lattice simulation, both
considered in power law approximation
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Real Hadrons

Statistical Bootstrap

QCD Lattice Gauge Theory

Similar critical behavior
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