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® Motivation: Bertsch problem and Unitary limit
® EFT: Implicit vs Explicit Renormalization
® Pions vs Contacts

E. Ruiz Arriola (UGR)  S. Szpigel (UPM)

® Neutron matter .

® Final Remarks




Motivation

What is the ground state energy of a many-fermion system with
zero range interactions and infinitely large scattering length ?

T. Papenbrock, G. F. Bertsch, Phys. Rev. C 59, 2052 (1999).
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Journal of Physics: Conference Series 630 (2015) 012036
G. Wlazlowski, P. Magierski and J. E. Drut, Phys. Rev. Lett. 109, 020406 (2012)



Neutron matter & Cold Atoms

Monte Carlo simulations
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J. Carlson, S. Gandolfi and A. Gezerlis, Prog. Theor. Exp. Phys., 01A209 (2012).

"We report quantum Monte Carlo calculations of superfluid Fermi gases
with short-range two-body attractive interactions with infinite scattering
length. The energy of such gases is estimated to be (0.44 = 0.01) times
that of the noninteracting gas, and their pairing gap is approximately
twice the energy per particle.”

J. Carlson, S. Y. Chang, V. R. Pandharipande and K. E. Schmidt, Phys. Rev. Lett. 91, 050401 (2003)



Unitary limit
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IMPLICIT RENORMALIZATION

Contact theory in the continuum, requlated by a sharp cutoff
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EXPLICIT RENORMALIZATION - 1S0O & 3S1

see works from Ohio group for a review on the SRG
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Szpigel, Ruiz Arriola, VST, Annals of Physics 353 (2015) 129-149



Implicit x Explicit - 1SO & 3S1

V/l,A(p, p') = C() + 62 (p2 + p'z) T
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Chiral Forces with pions & nucleons as fundamental d.o.f.

see works from Machleidt et al. and Epelbaum et al.
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N4LO force (1SO channel)
configuration space




Neutron matter with only contact interactions
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Constraining LECs to unitarity condition

V(p,p') =Co+ Co (p° +9?)+Cy (p* +p'*) + C} p°p”*

LO NLO NNLO

Compute two-body T-matrix with V(p,p’)
Match to Effective Range Expansion

Impose unitarity condition -1/a =0 and r = 0
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Neutron Matter: Implicit Renormalization

0.5
NLO
NNLO - v, =0,C4 =0
0.45 T T — e T ]
LO —
NNLO - v, =0, C4 = 3C4710 - local _ .q- = =~ TN
W04 et -
EXP Poeschl-Teller
Cold Atoms Monte Carlo
0.35
Monte Carlo
0.3 ' '
-2 -1.5 -1 -0.5 0 0.5 1 1.5 2



Exact solution with separable potential

F. Tabakin, Phys. Rev. 177 (1969) 1443.

Vo(p',p) = £5(p")g(p)
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Al Vee (K1) = -2 —E) e -1
V/AZ — p? \kE — k% VK — K




Neutron Matter: Explicit Renormalization
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SRG evolution - Chiral N3LO - 1S0

for a review on applications of SRG fo nuclear physics see
Furnstahl & Hebeler, Rept Prog Phys 76 (2013) 126301




Finite Nuclei: Explicit Renormalization
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Quantifying offshellness

The Frobenius norm:
b= |IVall = /Tr V2
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The on-shell

Frobenius norm

g Similarity susceptibility
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Final Remarks

® Equivalence between Implicit and Explicit renormalization

® S-wave completely dominated by most "unknown" part of the
nuclear force

® Neutron matter in the wunitary limit can be reasonably
described by contact interactions

® N2LO results are close but indicate that N3LO terms are
required

® Unitary transformations provide a range for £ and matches
the universal value at A\: =09 kp = A,



