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The setup

 Focus on neutrino scattering from pure “neutron matter”.

 The neutrons are assumed to be hot and dilute -> use 
the virial expansion : we will concern ourselves with the 
second order. 

 Ignore electromagnetism while including strong 
interactions between neutrons. 

 Take the neutrinos to be massless. 



What we are trying to compute 
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A model independent result

 Integrate the dynamic structure factors over all energy ignoring 

kinematic constraints : Static structure factor.

 The cross section can then be expressed in terms of the static 

structure factor provided the response goes to zero outside the 

regime of kinematic constraints.

 In the long wavelength limit the static structure factors can be 

related to the equation of state; second virial coefficient at order   

𝑧2 to be specific : “ model independent result “.

.Not clear to what extent this is justified 

in the presence of strong interactions



Let’s calculate the dynamic 

structure factor.

 For now let us do a model calculation.

 Particle-hole loop brings a power of z with it, but particle-particle 
loops don’t. The particle-particle ladder diagrams need to be 

resumed at all orders. We cut corners for now and use a 

pseudopotential to model this infinite sum. 

 The neutron-neutron vertex looks like                                                 
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The pseudopotential

 The motivation behind using the pseudopotential is that it produces 
the required shift in energy levels to produce the Beth-Uhlenbeck for 
the density accurately at the second order in the virial expansion. 

 We use neutron-proton scattering phase-shift data for our 
calculation.

 Good feature : Get to use experimentally obtained phase-shifts as 
opposed to approximation to it. Static properties are reproduced 
exactly.

 Flip side : There might be issues with non-static quantities since it is 
not an EFT.



Approximations.

 Use s-wave singlet phase shift in the pseudo potential. Higher partial 

waves not included.

 Partial wave mixing is excluded.

 Contributions of the protons in the medium not included.

 Weak charged current interactions not included.



The relevant diagrams:  

Order ∼ 𝑧 Order∼ 𝑧2

Order∼ 𝑧2



Check the sum rules : 

 The pseudopotential is not an EFT and we need some sanity checks. 

 We check the following two sum rules that are arrived on general 
grounds. 

න𝑑𝑞0 𝑆𝑉 𝑞0, 𝒒 → 0 = 𝑇
𝑑𝑛

𝑑𝜇

න𝑑𝑞0 𝑞0𝑆𝑉 𝑞0, 𝒒 → 0 =
𝑞2

2𝑀
𝑛

Both are 

satisfied 

exactly



Some results : The dynamic 

structure factor

q = 10 MeV,  z =  ¼ , T =  5 MeV



The static structure factor

z =  ¼ , T =  5 MeV



The scattering cross section

z =  ¼ , T =  5 MeV



Outlook for future work :

 We plan to do an effective field theory calculation of the dynamic 

structure factor in future.

 Include higher partial waves.

 Consider partial wave mixing. 

 Include protons as well as weak charged currents.


