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S-matrix formulation of thermodynamics
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empirical phase shifts δ(
√
s) −→ thermal pressure P (T )

PWA X S-matrix

1.) S-matrix approach

∆ lnZ = V ×
∫
d
√
s
d3P

(2π)3
e−β

√
P 2+s ∂

∂
√
s

tr
(
δ(
√
s)
)
.

2.) Coupled-channel analysis x S-matrix approach

δ(
√
s) −→ Q(

√
s) =

1

2
Im(tr lnS) =

1

2
Im(ln detS).

3.) 2-channel model

S =

(
η e2iQa i

√
1− η2 ei(Qa+Qb)

i
√

1− η2 ei(Qa+Qb) η e2iQb

)
.

Q = Qa +Qb.
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(A) Spectral function
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Conclusions
S-matrix approach offers:

1.) an improved description of LQCD data over HRG.

2.) a theoretical framework to bring hadron physics into the
thermodynamics –

resonance widths, repulsive channels, inelasticities,
coupled-channel effects, . . .
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