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Main Ildea:

Obtain precision physics where it counts
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Melson, Janka et. al., ApJL (2015)




The Neutrinosphere

Neutrino decoupling region

Radice et al. Eur. Phys. J. (2020)




Neutrino Scattering & Structure Factors

Pethick & Iwamoto PRD (1982) , Horowitz & Schwenk PLB (2006)
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Pionless EFT:

Bedaque & van Kolck Annu. Rev. Nucl. Part. Sci. (2002)
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Lattice Methods

tr (e—B(H—MN))

Goal: tr((? p) , Where p =

Step 1: Discretize to finite cubic lattice

3 3 Vi ()| , 2
H = ;Am { oap T Co(¥'y) }




Lattice Methods

tr (e—B(H_HN))

Goal: tr((? p) , Where p =
Step 2: Discretize in “time”

. (e—B(H—,uN)) . (e—At(K—,uN)e—AtVme—At(K—,uN)e—AtV> + O(A2)

where 5 = AtV



Lattice Methods

tr (e—B(H—uN))

Goal: tr((? p) , Where p =
Step 3: Hubbard-Stratanovich

tr (e—At(K—,uN)e—AtV“.e—At(K—,uN)e—AtV> _ /H dAxte_ D s Azt Mgy Ay detD(A)
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Lattice Methods

tr (e—B(H—MN))

Goal: tr((? p) , Where p =

Step 4: Monte Carlo

tr(O]], e_AtVe—At(K—MN))
tr(Ht e—AtVe—At(K—,uN)) . /DA p(A)O(A)

e~ 2zt ActMay Ayt det D(A)

where p(A4) = [DA e Zat AecMay Ay det D(A)



Renormalization

Kaplan, Savage & Wise (1998), Bedaque & van Kolck (2002)
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Strategy

1. At — 0 first
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ldentical scaling demonstrated by Alhassid et. al., PRL (2020)



Strategy

2. Ax — (0 second
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Strategy

3.V — oo third
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Structure Factors

Berkowitz, NCW, et. al. PRL (2022)
NCW, et. al. PRC (2020)

OPE Prediction:

Braaten & Platter PRL (2008)

Sv(a) = () + gy + Ola™
S4(@) = ()~ -+ Olg™)

Fluctuations:
Sv (O) = T@n/@,u

S4(0) =T0s/0h



Symanzik Improvement
for the unitary gas
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Symanzik Improvement speeds-up convergence
K. Symanzik, NPB 226, 187 (1983)

——

Tuned to cancel leading order Ax dependence
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A solution: H — H + (5 Z n(x)n(x + dx;)

Reason:

CQ Z n\x CE + 5:(3‘7/
— CQACCZkZ

= (5 Z n(x) n(at) + Az*Vn(x) +
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Modification of Tan Contact

Tan Energy Relation: N

 da—1
Tan, Annals of Physics (2008) 7T dCL
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Braaten showed:;:

Braaten & Platter PRL (2008)
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Modification of Tan Contact

Contact in improved theory:

C OH OH 0Cy O0H 003
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Braaten operator
new operator
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Neutrino decoupling region
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Virial comparison



1S0 nn phase shifts




