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Abstract
The by now well-established scalar-isoscalar resonance f0(500) (the σ meson) seems potentially relevant for the 

evaluation of thermodynamic quantities of a hadronic gas, since its mass is low. In this poster, based on the recent 

work of Ref. [1], we show that its contribution to isospin-averaged observables is, to a surprising accuracy, 

canceled by the repulsion from the pion-pion scalar-isotensor channel. As a result, in practice one should not 

incorporate f0(500) in standard hadronic resonance-gas models for studies of isospin averaged quantities. In our 

analysis we use the formalism of the virial expansion, which allows one to calculate the thermal properties of an 

interacting hadron gas in terms of derivatives of the scattering phase shifts, hence in a model-independent way 

directly from experimentally accessible quantities. A similar cancellation mechanism occurs for the scalar kaonic 

interactions between I = 1/2 channel (containing the alleged light κ meson) and the I = 3/2 channel.

Short review of thermal models
The partition function for a gas of hadrons at temperature T is given 

by the following expressions [3,4].
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One can directly relate the function dk(M) to scattering data by 

using the following link to the phase shifts:

Finally, for hadrons (in particular, mesons) we have: 

Results

Conclusions
The f0(500) is not relevant in isospin-averaged thermal 

observables. This is due to the repulsion in the isotensor 

channel, which ‘de facto’ cancels the effect of f0(500) (which 

would be at the 5% level).

Summary for thermal-model builders: forget about the f0(500) (or 

σ) and also about the isotensor repulsion. Similar conclusion (but 

not that accurate, see also [6]) holds for K0*(800). 

However: when studying correlated π-π pair production, the 

cancellation does  not occur and an effect of the f0(500) is still 

present.

I = isopsin, J = total spin.

Introduction
The resonance f0(500) is the lightest scalar-isoscalar state listed 

in PDG. It corresponds to a well-known pole in the complex 

energy plane. PDG2012 has updated, as a result of various  

studies such as the one in Ref. [2], the position of the pole. The 

uncertainty is now much smaller. Then, a natural question 

arises: is this resonance  important for thermal models? At first 

sight yes, but a careful study gives rise to a different conclusion.

Experimental data on pion-pion phase shifts
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The solid red line is the attraction induced by the ρ meson.

The dashed blue line corresponds to the attraction due to f0(500). 

The dotted black line is a isotensor scalar repulsion.

Spectral function of the ρ-meson: 

it has a Breit-Wigner shape.

I=0 and I =2 distributions. They are 

very similar but with opposite sign! 

The red line is the sum.

Trace anomaly: the contribution

of f0(500) (dashed blue)  is 

cancelled by the I=2 repulsion.

The would-be contribution of 

f0(500) as evaluated using SHARE 

[5]. It would be at the 5% level.

Phase shifts for pion-kaon 

scattering.

Similar (but not that precise)

cancellation in the kaonic channel. 


