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Set up

EFT of contact operators
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Set up

EFT of contact operators

[ 2 1 _ S 4
L= Wl (Zat + W+MF> Vo — 59(1?;1%)2 g = =2 <0

BCS equations




Here consider EFT of contact operators at T=0
and consider the in-medium 4-point function:
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T(k,K'; Re[2E] +iA)] " = 0

Must get same answer as with BCS equations: Kohn-Luttinger-\WWard theorem




Power counting the BCS singularity

Expansion in logarithm of the gap
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(van Kolck)

Consider free-space 4-point function

(Kaplan,Savage,Wise)
EFT (1)
PSS
g g” I(k)
strong coupling: 4
H(k) ~ @ infrared g ~ U Q1
enhancement MN

T(k) =g+ g*I(k) +g°I(k)* +... = <— - I[(k)>—




(van Kolck)

Consider free-space 4-point function

(Kaplan,Savage,Wise)
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strong coupling: 4
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Consider in-medium 4-point function
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Have control only when g is “weak™ kra <1

BCS kinematical
singularity:
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Consider in-medium 4-point function
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Have control only when g is “weak™ kra <1

BCS kinematical
singularity:
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M T [FF
= —I(E) + 55 [7{) dl log (2ME —I?) — kplog(2ME — k)
. BCS singularity @
E = R@[E] | Z% the Fermi surface:

regulated by the gap

Evaluated @ the
Fermi surface

M,(E) = 1) + me) + ) + ...



Basic building blocks
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NLQO): recovering Gor’kov,Melik-Barkhudarov effect
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Self-energy corrections prph
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Advantages of the PDS scheme
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N3LO? Not crazy..
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6(k) (rad)
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Pairing from realistic potentials

Neutron-proton singlet s-wave phase shift
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EFT(7) = Effective range theory = rational S-matrix
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EFT(7) = Effective range theory = rational S-matrix

1<g1<g2<--<jg<n




T

EFT(7) = Effective range theory = rational S-matrix




EFT () UV/IR

Treat range corrections to all orders

4 1
V k, ]{7/ == —— 1 —|— 72
B8 = e e e
vy = 157.93 MeV |, v = —7.93 MeV (Farrell,SB)
(Peng,Lyu,KoOnig,Long)

(Timoteo,van Kolck)



EFT(4) UV/IR

Treat range corrections to all orders

1

4
V (k) = —Mﬂ}% + 2]

VAT + BT+ k2

vy = 157.93 MeV |, v = —7.93 MeV (Farrell,SB)
(Peng,Lyu,KoOnig,Long)

(Timoteo,van Kolck)

Expansion about point of exact symmetry

kL — %]:2 S = 5




EFT(4) UV/IR

Treat range corrections to all orders

1

4
V (k) = —Mﬂ}% + 2]

VAT + BT+ k2

vy = 157.93 MeV |, v = —7.93 MeV (Farrell,SB)
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Expansion about point of exact symmetry

k — %]:2 S = S5

Corrections? shape parameter

1
(v + k%) (3 + E2)/ (vF + K2 (3 + k?)

4
V(k,k’) = —Mw]717273+717274+717374+727374‘\/

v1 = 172.04 MeV , 2 = 486.66 MeV |, ~3 = —650.77 MeV , 4 = —7.93 MeV



Many-body physics with momentum-dependent interaction

g — V(kX) X —




Many-body physics with momentum-dependent interaction

g — V(kX) X —

! Mkr A4dma MErp
a = - >
o 47 M 4

V(kp, kr)




Many-body physics with momentum-dependent interaction
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= 212.19 MeV ,



= 212.19 MeV ,

phase equivalence!
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vi = 212,19 MeV |, v = 618.74 MeV , ~v3 = —7.93 MeV

phase equivalence!

k2 — k2
)\ (vF + K2) (75 + k72)

v1 = 37.04+425.891 MeV |, v = 37.04—-425.89: MeV , v3 = 168.76 MeV , v4 = —7.93 MeV
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NNLO in progress
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Summary

+ A systematic power counting for computing the superfluid gap
has been developed. This method applies to free-space
interactions that are weak in units of the Fermi momentum.

+ Corrections to the Gor’kov,Melik-Barkhudarov effect in the case
of a momentum-independent contact interaction have been
computed and are found to further suppress the gap.

+ The LO gap in the pionless effective field theory has been
computed. There is tension with QMC simulations. NLO is
coming soon.
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