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3-hole line “epics”

Total EoS
3-hole line

Song, Baldo, G
iansiracusa, Lom

bardo,  
Phys. Rev. Lett. 81 1584 (1998) 
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Beyond-BCS pairing: overview
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W
hy are pairing gaps necessary?

• Characterisation of superfluidity 
• N

eutron superfluid, proton superconductor 

• Phase transitions 

• N
eutron star cooling 
• N

eutrino rates through pair-breaking 

• r-m
ode coupling 

• Superfluidity &
 viscosity
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Cooling curve of neutron stars

Vela

•
O

bservational data available for a handful of N
S 

•
Sensitive to interior physics (m

ostly pairing)
Yakovlev &

 Pethick, ARAA 42 169 (2004)
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W
hat w

as the issue before?D
rissi, Rios &

 Barbieri, Paper I, arxiv:2107.09759
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N
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bu fields
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Ā
(b,1

) ⌘
ā
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ā
b
=

a
†b̄
6=

a
†b

N
am

bu fields

<latexit sha1_base64="UapJ1Lvq1Jg0lRKBDuLcSNzXSFI="></latexit>Ā
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,Ā

⌫

 
=

g
µ
⌫
,

�
Ā
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•Co(contra-)variance under Bogoliubov transform
s 

provide invariant expressions in any basis 
•Potential to optim

ise the extended basis 
•Tensor-netw

ork structure becom
es transparent 

•Leads 
to 

diagram
m

atic 
expansion 

(à 
la 

de 
D

om
inicis-M

artin or H
aussm

ann) 
•O

ther form
alism

s through specific basis or m
etric

W
hy Bogoliubov tensor algebra?

Tensor product: 
  

Tensor contraction: 

r μ1ν1 μ2 μ3
=

s μ1ν1 t μ2 μ3

r μν
=

∑α
s μα

t αν
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Perturbative expansion
H

am
iltonian partitioning  

Ω
=

Ω
0 +

Ω
1

Ω
0 =

12 ∑μν
U

μν A
μA

ν

Ω
1 =

n∑k=1

1(2k)!
∑μ1 …

μ
2k v (k)

μ1 …
μ

2k A
μ1…

A
μ

2k

G
reen’s functions 

๏
Contravariant k-body G

reen’s function 

  

w
ith 

and 
 

๏
U

nperturbed case:    

(−1) k-
μ1 …

μ2k(τ1 ,…
,τ2k )

≡
⟨ T[ A

μ1(τ1 )
…

A
μ2k(τ2k )]⟩

⟨. ⟩=
Tr( .ρ)

ρ
≡

e −βΩ

Tr( e −βΩ)
Ω

⟷
Ω

0

Covariant k-body vertices

Propagators 

Fully antisym
m

etric vertex 
๏

D
efinition 

 

๏
Antisym

m
etrisation defines a new

 (0,2k)-
tensor  
๏

N
ot the case in a m

ixed representation

v (k)
[μ1

μ2 …
μ2k−1

μ2k ]
≡

1(2k)! ∑σ∈
S2k ϵ(σ)v (k)

μσ(1) μσ(2) …
μσ(2k−1) μσ(2k)
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W
hy antisym

m
etric vertices?

+
+

+
…
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Self-consistent G
reen’s function resum
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ation
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yson equation 

๏
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T-m
atrix: ladders
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