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Outline

•Motivation

• “Normal” self-consistent Green’s functions

•Nambu-Covariant Green’s functions

Many-body method

r

Hamiltonianam

!"!"

!"!#

!"!$

!"!%

!"!&

!"!'

"##

#$"

!"
#$
%&
'(
)*
+
$%
,-
+
.

12
03

45
#6

"#

!"## !$## # $## "##

#$#

%&'()*+,-./&0)* *'*.(12 + 34*56
!"##

#$7#

%"&" '()

%"*# '()

%*## '()

!"!"

!"!#

!"!$

!"!%

!"!&

!"!'
#$"

!"
#$
%&
'(
)*
+
$%
,-
+
./

!
0
12
03

1
45
#6

"#

#$#

%&'()*+,-./&0)* *'*.(12 34*56

#$7#

%"&" '()

%"*# '()

%*## '()

!"!"

!"!#

!"!$

!"!%

!"!&

!"!'

!"## !$## # $## "##

#$"

!"
#$
%&
'(
)*
+
$%
,-
+
./

!
0
12
03

1
45
#6

"#

#$#

%&'()*+,-./&0)* *'*.(12 34*56

#$7#

%"&" '()

%"*# '()

%*## '()

!"!"

!"!#

!"!$

!"!%

!"!&

!"!'

!"
#$
%&
'(
)*
+
$%
,-
+
.

!
"
#
12
03

45
#6

$%

&'()*+, -.(/0
$""

53"" .(/, 5"6!2 78!%
!#
()
8#
+
#&
9
:
.;
<

!
"
#

45
#6
7

&'()*+, -.(/0

!"#$ %&'

!"() %&'

!"(* %&'

!"(+ %&'

!"(, %&'

!"(# %&'

!"($ %&'

!") %&'

!"* %&'

!"+ %&'

!", %&'

!"$ %&'

"

"6%

"6$

"62

"69

!

" "6%3 "63 "613 ! !6%3 !63 !613 %
5
-
<
#+
%*
<
=
,>
%&
,?
*
%,
-
+
.+
!

.:8(';<8, =>=(

16

1

123

1

ν

λ
′

λ
′

2

λ
′

3 λ
′

1

λ2

λ3 λ1

λ

µ

FIG. 3. Top: second-order labelled diagram contributing
to the propagator. The chosen orientations and strengths are
given explicitly. We recall that, by convention, the energy flows
positively when following the chosen orientation convention
(without taking into account the chosen intensities). Bottom:
the three spanning trees of internal lines are shown with bold
blue lines. Thin black lines are part of the corresponding
complementary diagrams.

at second order reads

(2) ) =

λλ

(0)

3!
(2)
λλ

(2)

(0) (0)

(0)

(0) (76)

The orientation of the energy flow is explicitly shown in
the top diagram of Fig. . The Matsubara sum is
defined by

(0) (0)

(0) (77)

Applying Gaudin’s summation rules as given in Sec. III D
and App. ) reads

) =

) +

(78)

Eq. 78 is obtained as the sum of the amplitudes associ-
ated to the three spanning trees (bold blue lines) shown
in the bottom of Fig. . Note that all three trees con-
tribute with the same denominator, which is why only
one factorised denominator appears in Eq. (78).

3. Third order perturbations

The simplifications obtained with NCPT become more
important as one considers higher perturbative orders.
To give a clear illustration, we derive the Feynman ampli-
tudes contributing to the contravariant one-body Green’s
function at third order. We start with the contribution
of the 2PI diagram of Fig. . The Feynman amplitude

(3) ) contributing to ) in this case reads

(3) ) =
(2!)

(0)

′′ ′′ ′′

(2) (2) (2)
′′ ′′ ′′ ′′

(0) ′′

(79)

where is the Matsubara sum associated to , as de-
fined in Eq. 65 . The Matsubara sum is computed using
Gaudin’s summation rules. There are eight spanning trees
within which are identified in Fig. . The associated



Neutron-star modelling
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Why are pairing gaps necessary?
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model I

•Glitches in period
• Pinning of neutron superfluid,  crustal physics 

• Proton superconductor?

•Neutron star cooling
• Neutrino rates through pair-breaking

•Astereoseismology
• Superfluid modes affected

• Potential observable signal in GW in BNS

Kantor et al. Phys. Rev. Lett. 125 151101 (2020), 
Rau & Wasserman, MNRAS 481, 4427-4444 (2018)



Nuclear uncertainty quantification
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Cooling curve of neutron stars

Vela

• Observational data available for a handful of NS
• Sensitive to interior physics (mostly pairing)

Yakovlev & Pethick, ARAA 42 169 (2004)
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Cooling: Cas A

13

Ho, et al., PRC 91 015806 (2015)

Page, et al., PRL 106 081101 (2011)

Ingredients
(a) Mass of pulsar
(b) EoS (determines radius)
(c) Internal composition
(d) Pairing gaps (1S0 & 3PF2 channels)
(e) Atmosphere composition
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•Motivation

•“Normal” self-consistent Green’s functions

•Nambu-Covariant Green’s functions
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FIG. 3. Top: second-order labelled diagram contributing
to the propagator. The chosen orientations and strengths are
given explicitly. We recall that, by convention, the energy flows
positively when following the chosen orientation convention
(without taking into account the chosen intensities). Bottom:
the three spanning trees of internal lines are shown with bold
blue lines. Thin black lines are part of the corresponding
complementary diagrams.

at second order reads
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The orientation of the energy flow is explicitly shown in
the top diagram of Fig. . The Matsubara sum is
defined by

(0) (0)

(0) (77)

Applying Gaudin’s summation rules as given in Sec. III D
and App. ) reads

) =

) +

(78)

Eq. 78 is obtained as the sum of the amplitudes associ-
ated to the three spanning trees (bold blue lines) shown
in the bottom of Fig. . Note that all three trees con-
tribute with the same denominator, which is why only
one factorised denominator appears in Eq. (78).

3. Third order perturbations

The simplifications obtained with NCPT become more
important as one considers higher perturbative orders.
To give a clear illustration, we derive the Feynman ampli-
tudes contributing to the contravariant one-body Green’s
function at third order. We start with the contribution
of the 2PI diagram of Fig. . The Feynman amplitude

(3) ) contributing to ) in this case reads

(3) ) =
(2!)

(0)

′′ ′′ ′′

(2) (2) (2)
′′ ′′ ′′ ′′

(0) ′′

(79)

where is the Matsubara sum associated to , as de-
fined in Eq. 65 . The Matsubara sum is computed using
Gaudin’s summation rules. There are eight spanning trees
within which are identified in Fig. . The associated
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• Off-shell ✔
• Matsubara formalism ✔
• Φ-derivable ✔
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Isospin-asymmetric spectral functions
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Momentum distribution
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Momentum distribution
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EoS at finite temperature
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•Relevant & necessary for binary NS simulations
• Parameter-free first principles calculation
• Reproduces virial at low density



Zero temperature extrapolation
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Self-Consistent Green’s Functions

Rios, Frontiers Physics fphy.2020.00387 (2020) 
[arXiv:2006.10610]
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SCGF can treat:
•Explicitly asymmetric matter ✔ 

•Finite temperature ✔
•Systematic expansion ✔

•3 nucleon forces ✔
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•Numerically intensive
•Pairing?



ADC(3) for matter

F. Marino et al.  



BCS+HF gaps in neutron matter

Drischler, Kruger, Hebeler, Schwenk, PRC 95 024302 (2017) [arXiv:1610.05213]

Singlet gaps with 3NF

• Error estimates from nuclear force (chiral expansion) ✓
• Many-body uncertainty? ✗

εk =
k2

2m
+ U(k)− µ

+
BCS

Hamiltonianam Triplet gaps with 3NF



Triplet channel: limits of EFT
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Triplet pairing: symmetric matter

Muether & Dickhoff, PRC 72 054313 (2005)

3SD1 nuclear matter BCS gaps SRC-depleted 3SD1 gaps

Maurizio, Holt & Finelli, PRC 90, 044003 (2014)
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• Massive gaps 3SD1 channel but…

• No evidence of strong np nuclear pairing

• Short-range correlations deplete gap

• 3BF effect? Short-range effects? Deformation?

Gezerli’s talk



Triplet pairing: Gogny?

a) we neglect it
b) will be there in nuclei!
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Beyond-BCS: SRCs

+

BCS+SRC gap equation
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Beyond-BCS: SRCs
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BCS+SRC gap equation
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Beyond-BCS: LRCs
?

✔

�pair=

ph recoupled 

G-matrix Effective Landau 

parameters

ΛST (q) =
Λ
0

ST
(q)

1− Λ0

ST
(q)× FST

〈11̄|V|11̄〉 =
1

4

∑

2,2′
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S,T

(−)S(2S + 1)〈12|Gph
ST |1

′2′〉A〈2
′1̄|Gph

ST |21̄
′〉AΛ(22

′)

• Bare NN potential only is not the only possible interaction

• Diagram (a): nuclear interaction

• Diagram (b): in-medium interaction, density and spin fluctuations 

• Diagram (c):  included by Landau parameters

Cao, Lombardo & Schuck, PRC 74 064301 (2006)
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Beyond-BCS in neutron matter: SRC
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Beyond-BCS in neutron matter: SRC

!"!

!"#

$"!

$"#

%"!

%"#

&"!

!"! !"# $"! $"#

!
!
"

'() **

!
"#
$#
%
&
&
"'
(

)*
+,
-

!"#$

%&'& ()*

%&+, ()*

%+,, ()*

-./011

23'4

!"!

!"#

$"!

$"#

%"!

%"#

&"!

!"! !"# $"! $"#

!"#

!"! !"# $"! $"#

!
!
"

'() **+***

!"#$5!!!

!"! !"# $"! $"#

!$#

!"! !"# $"! $"#

!
!
"

'()+
!
+

!

!"#$5!!!

-./011

23'4

!"! !"# $"! $"#

!%#

!"! !"# $"! $"#

!
!
"

),(

!"#$5!!!

-./011

23'4

!"! !"# $"! $"#

!&#

$!
"#

$!
"$

$!
%

$"! $"# %"!

#
"#
$

!
"#
$#
%
&
&
"'
(

)*
+,
-

-./01 020.34506 7
&
890

"$
:

$!
"#

$!
"$

$!
%

$"! $"# %"!

!'#

$"! $"# %"!

#
"#
$

-./01 020.34506 7
&
890

"$
:

$"! $"# %"!

!(#

$"! $"# %"!

#
"#
$

-./01 020.34506 7
&
890

"$
:

$"! $"# %"!

!)#

$"! $"# %"!

#
"#
$

-./01 020.34506 7
&
890

"$
:

$"! $"# %"!

!*#

Rios, Dickhoff, Polls, JLTP 189, 234 (2017) [arXiv:1707.04140]
Rios, Dickhoff, Polls, et al PRC 94, 025802 (2016 [arxiv:1601.01600]

Normal 

state
Superfluid 
∆(kkkkkkFFFF)

?

Many-body method

r



Role of 3NFs
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• Singlet gap: 3NF reduce closure
•Triplet gap: 3NF increase gap
•Model dependence to be explored
•Use SRG for systematics (Michael!)
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II

⇒spectrum

⇒NN forces
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Finite Temperature BCS

BCS prediction
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Finite Temperature beyond-BCS
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Ho do we go consistently beyond BCS?
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๏Existing frameworks difficult to generalise

๏Nambu-covariant SCGF technique
•Symmetry breaking ✔
•Finite temperature ✔
•Systematic expansion w diagrams ✔
•3 nucleon forces ✔

Barbieri, Drissi



What was the issue before?

Drissi, Rios & Barbieri, Paper 1, Ann. Phys. 469, 169729 (2024) + arxiv:2107.09759



Nambu-Covariant Perturbation Theory

H
e

1
≡ H1 × H

†
1

Double dimension H space

B
e

≡ B ∪ B̄

Basis
|b〉

〈b̄|

(

|Ψ1〉
〈Ψ′

1
|

)

Elements

Product & metric tensor

g

((

|Ψ1〉
〈Ψ′

1
|

)

,

(

|Ψ2〉
〈Ψ′

2
|

))

≡ 〈Ψ′

2
|Ψ1〉+ 〈Ψ′

1
|Ψ2〉

µ = (b, l)
µ̄ ≡ (b, l̄)

|b, 1〉 ≡

(

|b〉
0

)

|b, 2〉 ≡

(

0

〈̄b|

)

gµν ≡ g (|µ〉 , |ν〉) = δµν̄

.̄ : 1 !→ 1̄ = 2

2 !→ 2̄ = 1
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Nambu fields

A
(b,1)

≡ ab ,

A
(b,2)

≡ āb ,

Ā(b,1) ≡ āb ,

Ā(b,2) ≡ ab .

āb = a
†

b̄
!= a

†
b

Nambu fields

Āµ =

∑

ν

gµν A
ν

,

Āµ =

∑

ν

gµ
ν

Āν ,

A
µ
=

∑

ν

g
µν

Āν ,

A
µ
=

∑

ν

g
µ

ν
A

ν

.

{Aµ
,A

ν } = g
µν

,
{

A
µ
, Āν

}

= g
µ

ν
,

{

Āµ,A
ν

}

= gµ
ν

,
{

Āµ, Āν

}

= gµν

Commutator relations
(On extended indices!)

Co- or contravariant

A
µ
≡ A

(b,g)
=

(

ab

a
†

b̄

)

Āµ ≡ Ā(b,g) = (a†
b̄

ab)
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Perturbative construction
Hamiltonian partitioning

 

Ω = Ω0 + Ω1

Ω0 =
1

2 ∑
μν

UμνA
μAν

Ω1 =

n

∑
k=1

1

(2k)! ∑
μ1…μ2k

v(k)
μ1…μ2k

Aμ1…Aμ2k

Green’s functions
๏Contravariant k-body Green’s function 

 

with and 

๏Unperturbed case:    

(−1)k )μ1…μ2k(τ1, …, τ2k) ≡ ⟨T [Aμ1(τ1) … Aμ2k(τ2k)]⟩

⟨ . ⟩ = Tr ( . ρ) ρ ≡
e−βΩ

Tr (e−βΩ)
Ω ⟷ Ω0

Covariant k-body vertices

Propagators

Fully antisymmetric vertex
๏Definition

 

๏Antisymmetrisation defines a new (0,2k)-tensor 

๏Not the case in a mixed 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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Perturbative construction
Hamiltonian partitioning
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2 ∑
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Ω1 =
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∑
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(2k)! ∑
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v(k)
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Aμ1…Aμ2k

Green’s functions
๏Contravariant k-body Green’s function 

 

with and 

๏Unperturbed case:    

(−1)k )μ1…μ2k(τ1, …, τ2k) ≡ ⟨T [Aμ1(τ1) … Aμ2k(τ2k)]⟩

⟨ . ⟩ = Tr ( . ρ) ρ ≡
e−βΩ

Tr (e−βΩ)
Ω ⟷ Ω0

Covariant k-body vertices

Propagators

Fully antisymmetric vertex
๏Definition

 

๏Antisymmetrisation defines a new (0,2k)-tensor 

๏Not the case in a mixed 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)

Covariant k-body vertices
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Un-symmetrised 
vertex

Why antisymmetric vertices?

+ + +…
v
(k)
µ1µ2...µ2k−1µ2k

=

µ1

µ2

µ3

µ2k µ2k−1

µ4

µ1 µ2

µ3µ4

µ1 µ2

µ3µ4

µ1 µ2

µ3µ4

µ1 µ2

Antisymmetrized 
vertex

µ1

µ2

µ2k µ2k−1

v
(k)
[µ1µ2...µ2k−1µ2k]

=

Diagram factorisation
๏Derivations rely on

‣Wick theorem  sum over pairing
‣Sum over single-particle and Nambu indices

➡ Extends Hugenholtz antisymmetrisation

๏Antisym is a one-off pre-computing cost

⇒
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Perturbative expansion
Order n graphical rules 

๏Draw all topologically distinct connected unlabelled 

diagrams 
๏with 2k external legs 
๏with n vertices (for order n contributions)

Feynman rules 
1. Label vertices from 1 to n 

‣S is the number of vertex labels permutations leaving 

the diagram invariant 

2. For each line multiply by  

3. For each k-body vertex multiply by   

4. Sum over each internal  index and each independent  

frequency 

5. Multiply by 

−()(0))
μν

(ωe)

v(k)

[μ1 μ2 … μ2k−1 μ2k]

μ ωe

(−1)n+L

S × 2T ∏
lmax
l=2

(l!)m

Gaudin rules 
๏ These simplify Matsubara sums 

๏ Require spanning trees

v(k)

[μ1… ·μx…
·μy…μ2k]

≡
2pp!

(2k)! ∑
σ∈S2k /Sp

2
×Sp

ϵ(σ) v(k)

μσ(1)…
·μx…

·μy…μσ(2k)

HFB partitioning 3rd order 

Iµν =
∑

µ2...µ2k−1

(−1)k

2k−1(k − 1)!
v
(k=2)
[µ µ̇2 µ̇3 ν]

×

1

β

∑

ωe

−G
µ2µ3(ωe)e

−iωeηp

Tadpoles are exceptional 

๏Partially antisymmetrized vertices needed: 

๏p internal lines are fixed 
๏k-body generalisation works



Advantages vs Gorkov
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FIG. 3. Top: second-order labelled diagram contributing
to the propagator. The chosen orientations and strengths are
given explicitly. We recall that, by convention, the energy flows
positively when following the chosen orientation convention
(without taking into account the chosen intensities). Bottom:
the three spanning trees of internal lines are shown with bold
blue lines. Thin black lines are part of the corresponding
complementary diagrams.

at second order reads

(2) ) =

λλ

(0)

3!
(2)
λλ

(2)

(0) (0)

(0)

(0) (76)

The orientation of the energy flow is explicitly shown in
the top diagram of Fig. . The Matsubara sum is
defined by

(0) (0)

(0) (77)

Applying Gaudin’s summation rules as given in Sec. III D
and App. ) reads

) =

) +

(78)

Eq. 78 is obtained as the sum of the amplitudes associ-
ated to the three spanning trees (bold blue lines) shown
in the bottom of Fig. . Note that all three trees con-
tribute with the same denominator, which is why only
one factorised denominator appears in Eq. (78).

3. Third order perturbations

The simplifications obtained with NCPT become more
important as one considers higher perturbative orders.
To give a clear illustration, we derive the Feynman ampli-
tudes contributing to the contravariant one-body Green’s
function at third order. We start with the contribution
of the 2PI diagram of Fig. . The Feynman amplitude

(3) ) contributing to ) in this case reads

(3) ) =
(2!)

(0)

′′ ′′ ′′

(2) (2) (2)
′′ ′′ ′′ ′′

(0) ′′

(79)

where is the Matsubara sum associated to , as de-
fined in Eq. 65 . The Matsubara sum is computed using
Gaudin’s summation rules. There are eight spanning trees
within which are identified in Fig. . The associated

Gorkov GF NCGF
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(a) (b) (c) (d)

5. Third-order skeleton diagrams corresponding to 11 ) with a particle-particle (pp) type intermediate interaction. The contri-
butions to the other Nambu components of the self-energy with pp intermediate interactions originate from four analogous diagrams each
obtained by inverting one or both of the incoming and outgoing lines.

self-energy, i.e., to the first or second term on the right-hand
side of Eqs. (29), respectively,

Ia

123 456
pp

for forward poles

123 456
hh

for backward poles,

(44)

where

pp

αβγ δ

αβ γ δ (45)

hh

αβγ δ

αβ γ δ (46)

The corresponding hh (pp) interaction contributions to the
forward-going (backward-going) self-energies arise from the
four diagrams in Fig. . They are analogous to the diagrams
of Fig. except for inverting the orientation of all lines en-
tering and leaving the intermediate interaction vertex. These
diagrams lead to the following corrections to the coupling
amplitudes:

123

νλ

αλ,µ (47a)

123

νλ

αλ,µ (47b)

123

νλ

αλ (47c)

123

νλ

αλ (47d)

whereas the corresponding first-order corrections to the en-
ergy matrix are

Ib

123 456
hh

for forward poles

123 456
pp

for backward poles.

(48)

The equivalence between the and denominators in
29) is restored only after adding Eqs. (44) and (48

together. Hence, it is mandatory that diagrams in Figs. and
are all computed together on the same footing. The topolog-
ical relation between the two classes of diagrams, i.e., the
inversion of lines in the intermediate interaction, is reflected
into the fact that Eqs. (43) and (47) transform into each other

(a) (b) (c) (d)

6. Third-order skeleton diagrams contributing to 11 ) with a hole-hole (hh) type intermediate interaction. Similarly to Fig. , the
contributions to the other Nambu components of the self-energy with hh intermediate interactions originate from four analogous diagrams each
obtained by inverting one or both of the incoming and outgoing lines.
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(a) (b) (c)

(d) (e) (f)

7. Third-order skeleton diagrams contributing to 11 ) with a particle-hole (ph) type intermediate interaction. Similarly to Figs.

and , the contributions to the other Nambu components of the self-energy with ph intermediate interactions originate from nine analogous

diagrams each, obtained by inverting one or both of the incoming and outgoing lines.

under the exchange . Inserting all contributions

29) implies self-energy terms including mixed prod-

ucts of Eqs. (43) and (47). These are rightful time orderings

arising from fourth- and higher-order diagrams and therefore

not depicted in Figs.

The remaining third-order skeleton diagrams involve a

particle-hole type intermediate interaction and are displayed

in Fig. . Performing the energy integral and making the an-

tisymmetrization with respect to all ISC quasiparticle indices

explicit through the use of the operator

i j

(49)

the nine diagrams of Fig. introduce three additional terms to

each coupling matrix

123

νλ

αλ,µ (50a)

123

νλ

αλ,µ (50b)

123

νλ

αλ,µ (50c)

123

νλ

αλ (50d)
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FIG. 4. The same as Fig. for the diagram . For this

diagram, there are eight distinct spanning trees.

numerators and denominators of each contribution read

][
(80a)

][
(80b)

][
(80c)

) ( ))

][
(80d)

) ( ))

][
(80e)

][
(80f)

) ( ))

][
(80g)

][
(80h)

The resulting total Matsubara sum reads,

) =
′′ ′′

′′

][

)]

) +

) +
]}

(81)

where denominators have been factorised as done in the
second-order case.

The second diagram contributing at third order is a
self-energy insertion (that is, of non-skeleton type) and it
to be considered two-particle reducible for the application
of Gaudin’s summation rules of Sec. III D. It is indicated
by in Fig. . The associated Feynman amplitude

Order 2

Order 3
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Self-consistent Green’s function resummation

Dyson equation 
๏Partitioning considered 

 

๏Dyson equation 

Ω =
1

2! ∑
μν

Uμν AμAν

Ω0

+
1

4! ∑
αβγδ

v(2)

αβγδ
AαAβAγAδ

Ω1

)μν(ωn) = )(0)μν
(ωn) + ∑

λ1λ2

)(0)μλ1(ωn) Σλ1λ2
(ωn) )λ2ν(ωn)

Diagrammatic expansion of 

 

๏with unperturbed propagators 

 

๏with self-consistent propagators 

Σμν(ωn)

Σμν(ωn) =
ℐμν(ωn) − ℐνμ(−ωn)

2

ℐμν(ωn) = ∑ 1PI$diagrams$with$)(0)

Σμν(ωn) =
4μν(ωn) − 4νμ(−ωn)

2

4μν(ωn) = ∑ 2PI$diagrams$with$) ( = ℐμν(ωn))

)[Σ] Σ[)]

SCGF cycleDiagrammatic  

representation
Self-energy expression

= + Σ
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T-matrix: ladders

Ladder approximation 

๏Analytic/Retarded/Advanced/Sp function  as usual 

๏T-matrix equation 

 

where 

⇒

TMN (Z) = V
(2)
MN

+
1

2

∑

LL′

V
(2)
ML

Π
LL

′

(Z) TL′N (Z)

V
(2)
MN ≡ v

(2)
[µ1µ2ν1ν2]

,M ≡ (µ1, µ2) & N ≡ (ν1, ν2)

Approximations on  

๏ Sum of all possible rungs

Γ(2)

2PFI

Solving the ladder 
๏Spectral representation 

 

๏Solution 

TMN (Z) ≡ V
(2)
MN

+

∫ +∞

−∞

dΩ

2π

TMN (Ω)

Z − Ω

T (Ω) = iV (2)

{

(

gg −
1

2
Π

R(Ω)V (2)

)

−1

−

(

gg −
1

2
Π

A(Ω)V (2)

)

−1
}

Γ(2)

!"#$ + + …=

T-matrix   in ladder 

approximation

≡ Γ(2)

T += T
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Nambu-Covariant Ladders

Initial 

guess 

Bubble  
  

 

Π T-matrix 

 

Self-energy Σ
Propagator )

($,T)

or

T += T

= + Σ Σ = + T
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Body Level One

• Body Level Two

- Body Level Three

– Body Level Four
» Body Level Five

First results

• From BCS to HFB
• 3SD1 channel
• N3LO EM
• T=0.2 MeV

- Bodyyyyy Level TTTTTThhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhreeee

» BBBBBBBBBBBBBBBBBoooddddddddddddddddddddddddddddddddddy Level Fivve

M Drissi

mJ = 0 mJ = +1mJ = −1

BCS

HFB

Preliminary!



1) Thermal & microscopic properties

Conclusions

2) Nuclear uncertainty quantification

3) New superfluid extensions

Next: 
Numerical implementation

Uncertainties in predictions?
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