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THERMAL 
DECOMPOSITION

T H E R M A L  I N D E X :

𝚪𝑻𝒉 ≔ 𝟏 +
𝑷𝑻𝒉

𝜺𝑻𝒉

𝑃𝑇ℎ ≔ 𝑃 𝑇, 𝑛 , 𝑌𝑒 − 𝑃 0, 𝑛 , 𝑌𝑒
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𝚪𝐓𝐡 𝐢𝐧 𝐋𝐢𝐭𝐞𝐫𝐚𝐭𝐞𝐫𝐚𝐭𝐮𝐫𝐞
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NON-INTERACTING GAS



VIRIAL EXPANSION
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Pure Neutron Matter

• Little deflection from 
non-interacting limit 
(≲0.3%)

• Change of direction 

𝑇 ≥ 41 MeV
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Asymmetric Matter
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Leptons!

Baryons

• Leptons are always 
relativistic

• Full Γ𝑇ℎ is similar to 
sigmoid

Γ𝐹𝑢𝑙𝑙 = 1 +
𝑃𝑇ℎ
𝑛𝑢𝑐 + 𝑃𝑇ℎ

𝑙𝑒𝑝
+ 𝑃𝑇ℎ

𝛾

𝜀𝑇ℎ
𝑛𝑢𝑐 + 𝜀𝑇ℎ

𝑙𝑒𝑝
+ 𝜀𝑇ℎ

𝛾

• Interaction increases the 
effective Γ𝑇ℎ for baryons

Full
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𝜷-equilibrated Matter
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• Extremely accurate 
approximation (≲0.5%)

Γ =
4

3
+
1

3

𝑛𝑏
𝑛𝑏 + 𝑛𝑖𝑛𝑓

𝑛𝑖𝑛𝑓 = 1.5 × 10−4
𝑇

10 𝑀𝑒𝑉

3

• Suitable for BNS simulation
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Comparison
with EoSs

L e t ’ s  t a k e  a  

S t e p  b a c k !



Adjusting for Clusters

10

We focus on Baryons

• Low temperature 
means a 
relativistic gas?

• Clustering affect 
thermal properties

• LDM adjusted 
cluster are closer 
to non-relativistic 
limit
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Comparison at high T
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• Cluster adjusted 
EoS are 
consistently close 
to Virial approx 
and 5/3

• Almost negligible 
for the full thermal 
index
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Comparison at high T 
respect to average
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ΔΓTh =
Γ𝑉𝑖𝑟𝑖𝑎𝑙 − Γ𝐷𝑎𝑡𝑎

Γ𝐷𝑎𝑡𝑎
Γ𝐷𝑎𝑡𝑎 =

1

𝑁𝐸𝑜𝑆
෍

𝐸𝑜𝑆

Γ𝑇ℎ,𝐸𝑜𝑆



Conclusion

A l m o s t  c o f f e e  
b r e a k  t i m e ! !



Conclusion & 
Future Prospective
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• Viable in low density – high T regime
• Test in BNS simulations

• Interaction are increasing the thermal index Γ𝑇ℎ

• Model Independent approach at most is 5% off 
the average database EoS in  𝛽-equilibrated 
matter
• Model high density matter
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