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Motivation
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Lepton-Nucleus Scattering
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Nuclear Response Functions
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Hamiltonian & currents

EFT inspired products:

Order-by-order expansion of SM

interactions in Hamiltonian and currents
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Many body problem

* Solve H|V) = E|V)
* Finite dimensional expansion in bound basis (harmonic oscillator)
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Many body problem

X ® W

Excitation Energy
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-2 Finite number of eigenvalues of H and “pseudo continuum

states” with bound state boundary conditions



Response in bound state approaches
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(but easy for our test case deuteron)
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Integral transforms

* Can avoid the final states and the discrete nature of the response

b (o) :/dwK(J,w)R(w)
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* Kernels are usually some representation of delta function



Integral transforms
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Inversion
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* We impose smoothness
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Expansion of the integral transform
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The Chebyshev approach
To(z) =1; Toi(z) =Ti(z) = x;
Thi1(x) =2xT,(x) =T, 1(x) .

h(n, A) = / dwR(q,w) f(w,n; A) i (n; A //dadwK (w, 03 N R(q,w) f(w,n; A)
W A= A) — QS < h(n,A) < hA(’f?; A+A)+ QS

Sobczyk and Roggero, Phys. Rev. E 105 (2022) 5, 055310
To minimize errors:

—>Keep things as local as possible: Kernel width O(10-100 keV)

—2>Need to establish a well motivated binning
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Binning Strategy
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* Each bin should contain a similar number of eigenvalues (>0)

* Bin edges should be in between eigenvalue clusters to minimize error
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Density of states estimation

We compute moments of the form (W] O'H*O W)

OWo) =) dn|¥,) H*O W) = " d, EF |w,,)

Draw O |W) randomly so each eigenstate contributes equally to

the moments

- Regularized estimate for the density of states
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Regularized density of states
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Results for E1
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Longitudinal response
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20

18



Longitudinal response
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Longitudinal response
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Summary

* Chebyshev expansion produces responses with errors

* Regularized density of states can be obtained in the same

framework

* Works well in the deuteron (test case) and should be extended to

relevant nuclei
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Questions for discussion

* How does rebinning work?

* Which BSM scenarios would be interesting to investigate? Which

nuclei?

* What is most useful to calculate? Responses, flux-folded cross

sections, ....
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