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a universal Energy Density Functional
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|𝑍⟩ = exp { ̂𝑍+} |0⟩
⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟

Thouless wave function
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𝜅𝜇𝜈 =
⟨𝑍|𝑎𝜈𝑎𝜇|𝑍⟩
⟨𝑍|𝑍⟩

⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟
Pairing tensor
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What can we learn
about INM

building up from
the wave functions?
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on which ways can we pair two nucleons?
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|1⟩ ≡ |↑𝑛⟩
|2⟩ ≡ |↓𝑛⟩
|3⟩ ≡ |↑𝑝⟩
|4⟩ ≡ |↓𝑝⟩
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|1⟩ ≡ |+k ↑𝑛⟩, |5⟩ ≡ |−k ↑𝑛⟩,
|2⟩ ≡ |+k ↓𝑛⟩, |6⟩ ≡ |−k ↓𝑛⟩,
|3⟩ ≡ |+k ↑𝑝⟩, |7⟩ ≡ |−k ↑𝑝⟩,
|4⟩ ≡ |+k ↓𝑝⟩, |8⟩ ≡ |−k ↓𝑝⟩
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̃𝑍+ = ( 0 𝑍+
−𝑍∗ 0 )
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⟨𝑍|𝑍⟩ = det(1 + 𝑍𝑍+)1/2
⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟

via Onishi theorem
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𝜅𝜇𝜈 =
𝜕

𝜕𝑍𝜇𝜈
log⟨𝑍|𝑍⟩
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Exclamation

this approach becomes
too complicated with
the most general

proton-neutron pairs
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switch to the 𝑆𝑇 basis,
look at pairs with zero 𝑧 projection
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|𝑆𝑆𝑧𝑇𝑇𝑧⟩

|0000⟩ = 1
2

( n p − p n + p n − n p )

|1000⟩ = 1
2

( n p − p n − p n + n p )

|0010⟩ = 1
2

( n p + p n − p n − n p )

|1010⟩ = 1
2

( n p + p n + p n + n p )
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𝑍+𝑧 = 𝑧
∗
00|0000⟩ + 𝑧

∗
10|1000⟩ + 𝑧

∗
01|0010⟩ + 𝑧

∗
11|1010⟩
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𝑍+𝑧 = (

0 0 0 𝑧∗+
0 0 𝑧∗− 0
0 𝑧̄∗− 0 0
𝑧̄∗+ 0 0 0

)

B.C. Backes 31



⟨𝑍|𝑍⟩ = (1 + |𝑧+|
2)(1 + |𝑧−|

2)(1 + |𝑧̄+|
2)(1 + |𝑧̄+|

2)
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𝜅rot𝜇𝜈 =
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Exclamation

much richer structure!

all pairing channels
are mixed
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an example: 𝑧∗11 = 0 (no |1010⟩ pairing)
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interaction-independent
analysis of pairing
in nuclear matter

derived properties
of the most general
paired wave function

Exclamation

pairing channels are
incredibly mixed in
nuclear matter

Exclamation

cannot infer a
structure for 𝜅

from the wave function
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(𝑍+rot)11 =
𝑧∗11
2
sin𝛽𝑇

−𝑖𝛼𝑇 sin𝛽𝑆
−𝑖𝛼𝑆

𝑧∗11 = 𝑧
∗
+ + 𝑧

∗
− + 𝑧̄

∗
+ + 𝑧̄

∗
−



𝜅rot11 = 𝐶(𝛼𝑆,𝑇, 𝛽𝑆,𝑇) [
𝑧∗+

1+|𝑧+|2
+ 𝑧̄∗+
1+|𝑧̄+|2

+ 𝑧∗−
1+|𝑧−|2

+ 𝑧̄∗−
1+|𝑧̄−|2

]


