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In this document we work out the equations needed to evaluate any operator in the ground state described
by the exp(S) method. We assume the ground state is written as

|0̃〉 = exp(S†)|0〉 (1)

We define {C†n} the complete set of 1p1h, 2p2h, ...,ApAh excitations. Thus we can write the identity as

1 = |0 >< 0|+
∑

n

C†n|0 >< 0|Cn (2)

The normalized expectation value ā of any operator A can be worked out as

ā =
〈0|exp(S)Aexp(S†)|0〉

〈0̃|0̃〉 =
〈0|exp(S)Aexp(−S)exp(S)exp(S†)|0〉

〈0̃|0̃〉 (3)

Inserting a complete basis we obtain

ā = 〈0|exp(S)Aexp(−S)|0〉+
∑

n

〈0|exp(S)Aexp(−S)C†n|0〉
〈0|exp(S)Cnexp(S†)|0〉

〈0̃|0̃〉 (4)

The expectation value on the right is by definition c̄n. Thus we can define the operator

S̃† =
∑

n

c̄nC†n (5)

With this, the expectation value for any operator can be expressed as

ā = 〈0|exp(S)Aexp(−S)(1 + S̃†)|0〉 (6)

An alternate way is obtained by inserting the complete set at a different point. We write

ā =
〈0|exp(S)exp(S†)exp(−S†)Aexp(S†)|0〉

〈0̃|0̃〉

=〈0|exp(−S†)Aexp(S†)|0〉+
∑

n

〈0|Cnexp(S†)Aexp(−S†)|0〉 〈0|exp(S)C†nexp(S†)|0〉
〈0̃|0̃〉

=〈0|(1 + S̃)exp(−S†)Aexp(S†)|0〉

(7)

It is obvious that this is just the adjoint expression of equation 5. in particular we get

c̄∗n = 〈0|exp(S)C†nexp(−S)(1 + S̃†)|0〉 (8)

The operators S̃† can be obtained by solving equation (5) and (8) in an iterative fashion.
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Forms (6) or (7) are equivalent and it depends on the operator as to which form is simpler. If the

operator can be expressed in terms of the operators C†n the form (7) is preferable, whereas if the operator
is given in terms of Cn the form (6) is preferable.

In lowest order one obtains:
S̃†n = S†n

Higher order corrections will be worked out below.
Equations determining the S-amplitudes:
The operator S1 is given in m-representation independent of m in terms of the spectroscopic amplitudes
S̃ph. We calculate the spectroscopic amplitudes as

S̃ph = < 0|[Z2,C
†
ph

]
S̃†1 |0 >

− 1
ε3p3h

< 0|
[
Vtni,C†ph

]
S̃†2 |0 >

− 1
ε3p3h

< 0|
[[

Z2,H01

]
,C†ph

]
S̃†2 |0 >

− 1
2

1
ε3p3h

< 0|
[
Z2,

[
Z2,C

†
ph

]] [
H10,Z

†
2

]|0 >

− 1
2

1
ε3p3h

< 0|
[
Z2,

[
Z2,C

†
ph

]]
Vtni †|0 >

We use the expansion for the evaluation of S̃†2 :

S̃p1h1,p2h2 = < 0|[Z2,C
†
p1h1,p2h2

]|0 >

− < 0|
[[

Z2,H01

]
,C†p1h1,p2h2

]
S̃†1 |0 > /(ε3p3h)

− < 0|[Vtni,C†p1h1,p2h2

]
S̃†1 |0 > /(ε3p3h)

+
1
2

< 0|
[
Z2,

[
Z2,C

†
p1h1,p2h2

]]
S̃†2 |0 >

+....

We approximate S̃†3 by:

S̃3p3h = < 0|[Z3,C
†
3p3h

]|0 >

+
1
2

< 0|
[
Z2,

[
Z2,C

†
3p3h

]]
S̃†1 |0 >

+....

and S̃†4 by:

S4p4h = < 0|[Z4,C
†
4p4h

]|0 >

+
1
2

< 0|
[
Z2,

[
Z2,C

†
4p4h

]]
S̃†2 |0 >

+....

These expectation values need be evaluated and are subject to possibly further truncations. Explicitly we
use:
Terms contributing to S2

Further, we define the density matrix here as:

d(hn, hm) = +
1
2

2` + 1
2jhn + 1

∑

p2h2,p1

Z`
p1hn,p2h2

S`
p1hm,p2h2
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and

d(pn, pm) = +
1
2

2` + 1
2jpn + 1

∑

p2h2,h1

Z`
pnh1,p2h2

S`
pmh1,p2h2

Term C: 1
2 < 0|

[
Z2,

[
Z2,C

†
p1h1,p2h2

]]
S̃†2 |0 >:

Term C,1

∆Spihi,pjhj = −1
2
Zp1h1,pjh2Zpihi,p4hj Sp1h1,p4h2

∆Sλ
pihi,pjhj

= −d(pj , p4)Zλ
pihi,p4hj

Term C,2

∆Spihi,pjhj
= −1

2
Zp1hi,p2h2Zpih3,pjhj

Sp1h3,p2h2

∆Sλ
pihi,pjhj

= −d(hi, h3)Zλ
pih3,pjhj

Term C,3

∆Spihi,pjhj = −1
2
Zp1hj ,p2h2Zpihi,pjh3Sp1h3,p2h2

∆Sλ
pihi,pjhj

= −d(hj , h3)Zλ
pihi,pjh3

Term C,4

∆Spihi,pjhj = −1
2
Zp1h1,pih2Zp4hi,pjhj Sp1h1,p4h2

∆Sλ
pihi,pjhj

= −d(pi, p4)Zλ
p4hi,pjhj

Term C,5

∆Sλ
pihi,pjhj

= Zλ
p1h1,pjhj

Zλ
pihi,p2h2

Sλ
p1h1,p2h2

Term C,6

∆Sλ
pihi,pjhj

=
∑

`

(−)(`+λ)(2` + 1)
{

pj hj λ
pi hi `

}
Z`

pjhi,p1h2
Z`

pihj ,p2h1
S`

p1h2,p2h1

Term C,7

∆Sλ
pihi,pjhj

=
1
4

∑

K

(−)(K+1)(2K + 1)
{

pj hj λ
hi pi K

}
ZK

p1h1,hihj
ZK

pipj ,h1h2
SK

p1p2,h1h2

Term B: − < 0|[Vtni,C†p1h1,p2h2

]
S̃†1 |0 > /(ε3p3h):

Term B,1

∆Sλ
pihi,pjhj

= −S̃ph

(
V tni,λ

h,h1,h2;p,p1,p2
− V tni,λ

h,h1,h2;p,p2,p1

)
/(εph + εp1h1 + εp2h2)
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Contributions to S1

Term 3.a

∆Sph =
{ ∑

`

(−1
2
)(2` + 1)Z`

p1h1,p2h2

S`
p3h1,p2h2

εp1h1 + εp2h2 + εph

}〈ph|V λ=0|p3p1〉 (−)kp

√
2kp

(−)kp2√
2kp2

Term 3.e

∆Sph =
{ ∑

`

(+
1
2
)(2` + 1)Z`

p1h1,p2h2

S`
p1h3,p2h2

εp1h1 + εp2h2 + εph

}〈ph|V λ=0|h3h1〉 (−)kp

√
2kp

(−)kh1√
2kh1

Term 3.b

∆Sph =
{ ∑

`

(−1
2
)(2` + 1)〈p1h1|V `|p3p2〉

S`
p1h1,p2h2

εp1h1 + εp2h2 + εph

}
Zλ=0

p3h2,ph

(−)kp

√
2kp

(−)kp3√
2kp3

Term 3.f

∆Sph =
{ ∑

`

(+
1
2
)(2` + 1)〈p1h1|V `|h2h3〉

S`
p1h1,p2h2

εp1h1 + εp2h2 + εph

}
Zλ=0

p2h3,ph

(−)kp

√
2kp

(−)kp2√
2kp2

Term 3.c

∆Sph =
{ ∑

`

(−)(2` + 1)
S`

p1h1,p2h2

εp1h1 + εp2h2 + εph
Z`

p2h2,p3h〈p1h1|V `|p3p〉
}

Term 3.g

∆Sph =
{ ∑

`

(+)(2` + 1)
S`

p1h1,p2h2

εp1h1 + εp2h2 + εph
Z`

p2h2,ph3
〈p1h1|V `|hh3〉

}

Term 3.d

∆Sph =
{ ∑

K

(+
1
4
)(2K + 1)

SK
p1p2,h1h2

εp1h1 + εp2h2 + εph
ZK

p3p,h1h2
〈p1p2|V K |p3h〉

}

Term 3.h

∆Sph =
{ ∑

K

(−1
4
)(2K + 1)

SK
p1p2,h1h2

εp1h1 + εp2h2 + εph
ZK

p1p2,h3h〈h1h2|V K |h3p〉
}

Term 1.a

∆Sph = Z0
ph,p′h′Sp′h′

√
2jp′ + 1
2jp + 1

(−)(kp+kp′ )

Evaluation of one-body density
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Any one-body operator A can be written in the form

A =
∑

ab

Aaba†aab

We can break this up into four cases:

A =
∑

ph

Apha†pah +
∑

ph

Ahpa
†
hap

+
∑

h1h2

Ah1h2a
†
h1

ah2 +
∑
p1p2

Ap1p2a
†
p1

ap2

Thus the expectation 〈A〉 value of A can be written as

〈A〉 =
∑

ab

AabSab

where
Sab = 〈a†aab〉 = 〈a†baa〉∗

Thus we need to compute the three expectation values: Sh1,h2 , Sp1,p2 , and Sp,h, which we compute according
to

Sp1,p2 =+ <
[
S2,a†p1

ap2

]
S̃†2 > + <

[
S3,a†p1

ap2

]
S̃†3 >

Sh1,h2 =+ < a†h1
ah2 > + <

[
S2,a

†
h1

ah2

]
S̃†2 > + <

[
S3,a

†
h1

ah2

]
S̃†3 >

S∗p,h =+ < ã†hapS̃
†
1 >

Here we have made use of the fact that any double commutator with this one-body operator vanishes.

Term: 〈ρS
†
1 〉

∆ρ(r) =
∑

(2` + 1)2S̃
(1)
ph Rp(r)Rh(r)

We now discuss the angular momentum coupling for the density operator. Consistent with the definition
of matrix elements we introduce the ‘Ring’-phase in the density. Following Heisenberg and Blok we find
including this phase

ρλ
a,b(r) = (−)(λ+1)

√
(2ja + 1)(2jb + 1)

4π
〈ja 1/2 jb − 1/2|λ0〉Ra(r)Rb(r)

In particular for λ = 0 we find

ρ0
a,b(r) = (−)(ja+1/2)

√
2ja + 1

4π
Ra(r)Rb(r) = (−)(ja+1/2)

√
2ja + 1

4π
ρa,b(r)

where ρa,b(r) = Ra(r)Rb(r) is the radial density. To simplify the expressions we leave out the factor
√

1/4π
in all the terms.
Term 1: 〈ρ〉

ρ(r) =
∑

h

ρh,h(r) =
∑

h

(2jh + 1) R2
h(r) (1.a)

ρ(r) =
∑

h

(−)jh+1/2
√

2jh + 1ρ0
h,h(r)

Term 2: 〈[Z2, ρ]S†2 〉
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∆ρ(r) = +ρp1,p2(r)
1
2

∑

`

(2` + 1)Z`
p1h1,p3h3

S`
p2h1,p3h3

= ρp1,p2(r) (2jp1 + 1) d(p1, p2) (2.a)

∆ρ(r) = −ρh2,h1(r)
1
2

∑

`

(2` + 1)Z`
p1h1,p3h3

S`
p1h2,p3h3

= −ρh2,h1(r) (2jh1 + 1) d(h1, h2) (2.b)

Note: density matrix is not necessarily symmetric. However, since the trace of this density matrix vanishes,
the normalization of ρ is not changed.

Evaluation of two-body density

In this part we evaluate the contributions to the two-body density in the nuclear ground state. We
assume that in m-representation the operator can be written as

ρop(~r1, ~r2) =
∑

ab,cd

ρabcd abd−1c−1 =
∑

ab,cd

〈ac−1|ρ|db−1〉 abd−1c−1 =
∑

ab,cd

ρac(~r1) ρdb(~r2) abd−1c−1

All angular momentum coupled quantities are expected to contain the ”Ring”-phase. We couple these
matrix elements identically to the ph-ph matrix element without the exchange term in order to be consistent
with the phase convention. For the angular momentum coupled density we get

〈(ab̄)λ|ρλµ|(cd̄)λ〉 =
∑

mambmcmd

(−)kb+mb+kd−md(−)ka+kc〈jamajb −mb|λµ〉〈jcmcjd −md|λµ〉〈ab̄|ρ|cd̄〉

We can factorize the matrix element as

〈ab̄|ρ|cd̄〉 =
(
Ra(r1)Rb(r1)Y ∗

l,m(r̂1)〈ja,ma|Yl,m|jbmb〉
)(

Rc(r2)Rd(r2)Yl,m(r̂2)〈jd,md|Y ∗
l,m|jcmc〉

)

Writing the matrix elements as reduced matrix elements

〈(ab̄)λ|ρλµ|(cd̄)λ〉 =
(
(−)kaRa(r1)Rb(r1)

1√
2λ + 1

〈ja‖Yλµ‖jb〉Y ∗
λµ(r̂1)

)

× (
(−)kcRc(r2)Rd(r2)

1√
2λ + 1

〈jc‖Yλµ‖jd〉Yλµ(r̂2)
)

For convenience we define the one-body multipole density as

1

λ̂
ρλ

ab(r) = (−)kaRa(r)Rb(r)
1

λ̂
〈ja‖Yλµ‖jb〉

= (−)λ+1 ĵaĵb

λ̂
〈ja1/2jb − 1/2|λ0〉Ra(r)Rb(r)

if `a + `b + λ is even. This density is zero otherwise.
For a spherically symmetric (spin=0) nucleus it is more relevant to calculate ρ(r1, r2, θ12) which we will

express in angular momentum coupling. In spherical nuclei this matrix element will always occur as a sum
over µ so that we can write

ρλ
ab,cd(r1, r2, θ12) =

∑
µ

ρλ,µ
ab,cd(~r1, ~r2) = ρλ

ab(r1)ρλ
cd(r2)

1
2λ + 1

∑
µ

Y ∗
λµ(r̂1)Yλµ(r̂2)
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with
ρλ

ab,cd(r1, r2, θ12) = ρλ
ab(r1)ρλ

cd(r2)Pλ(cosθ12)

Expectation values:
The expectation value of this operator can be written in the following series of expectation values in the
bare ground state in which we number the terms consecutively:

+ < ρ > + < ρS̃†1 > + < ρS̃†2 >

+ <
[
S2, ρ

]
>

+ <
[
S2, ρ

]
S̃†1 > + <

[
S2, ρ

]
S̃†2 > + <

[
S2, ρ

]
S̃†3 > + <

[
S2, ρ

]
S̃†4 >

+ <
[
S3, ρ

]
S̃†1 > + <

[
S3, ρ

]
S̃†2 > + <

[
S3, ρ

]
S̃†3 > + <

[
S3, ρ

]
S̃†4 >

+
1
2

<
[
S2,

[
S2, ρ

]]
S̃†2 > +

1
2

<
[
S2,

[
S2, ρ

]]
S̃†3 > +

1
2

<
[
S2,

[
S2, ρ

]]
S̃†4 >

We can simplify these terms using the symmetries for adjoint operators as stated in the write-up. Thus we
can restrict the density operator as

ρ = ρac(1)ρdb(2)
[
a†a=ha

†
b=had=hac=h + a†a=pa

†
b=pad=pac=p

+a†a=ha
†
b=pad=pac=h + a†a=pa

†
b=had=hac=p

+2a†a=ha
†
b=had=pac=h + 2a†a=pa

†
b=had=pac=h

+2a†a=ha
†
b=had=hac=p + 2a†a=ha

†
b=had=pac=p

+2a†a=ha
†
b=pad=pac=p + 2a†a=pa

†
b=had=pac=p

]

Using these symmetries we find that we can write the same series as

+ < ρ > + <
[
S2, ρ

]
S̃†2 > + <

[
S3, ρ

]
S̃†3 > +

1
2

<
[
S2,

[
S2, ρ

]]
S̃†4 >

+ < ρ̃S̃†1 > + <
[
S2, ρ̃

]
S̃†3 > + <

[
S3, ρ̃

]
S̃†4 >

+ < ρ̃S̃†2 >

where ρ̃ is the symmetrized density:

ρ̃ =
∑(

ρac(1)ρdb(2) + ρac(2)ρdb(1)
)
a†aa†badac

Contributions from bare hf-ground state:
Term 1a

ρh1h1,h2h2

In angular momentum coupling, sum over m’s:

ρ(r1, r2, θ12) =
∑

h1,h2

(−)(kh1+kh2 )ĵh1ρ
0
h1h1

(r1)ĵh2ρ
0
h2h2

(r2)P0(cosθ12)

=
∑

h1h2

(2jh1 + 1)R2
h1

(r1) (2jh2 + 1)R2
h2

(r2)

This term has the structure ρhf (1) ∗ ρhf (2). Here ρhf is the bare hartree-fock one-body density. We can
include all higher order one-body density terms by adding

∆ρ(r1, r2, θ12) = ∆ρ(r1)ρhf (r2) + ρhf (r1)∆ρ(r2)
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where ∆ρ is the difference between the full one-body density minus the bare hartree-fock one-body density.
In turn, in higher order terms we have to exclude those terms where in the operator ρabcd a connects with
c or b connects with d. However, we still have to consider the exchange terms where a connects with d and
b connects with c (see e.g. terms 8g-8j).
Term 1b

−ρh1h2,h1h2

In angular momentum coupling, sum over m’s:

∆ρ(r1, r2, θ12) = −
∑

h1,h2

∑

`

ρ`
h1h2

(r1)ρ`
h1h2

(r2)P`(cosθ12)

(No contribution in pn or np densities)
Contributions linear in Z or S:
For all following terms we imply a summation over all orbits appearing twice in any expression.
Term 2
In angular momentum coupling, sum over m’s (factor 2 is due to symmetry , see above):

∆ρ(r1, r2, θ12) =
∑

λ

Sλ
p1h1,p2h2

[
ρλ

h1p1
(r1)ρλ

p2h2
(r2) + ρλ

p1h1
(r1)ρλ

h2p2
(r2)

]
Pλ(cosθ12)

Contributions quadratic in Z or S:
Term 8a

1
2
Zp1p2h1h2Sp3p4h1h2ρp1p3(r1)ρp4p2(r2)

In angular momentum coupling, sum over m’s and all exchanges:

∆ρ(r1, r2, θ12) =
1
8

∑

K,`

(−)K+1(2K + 1)
{

p1 p3 `
p4 p2 K

}
SK

p3p4,h1h2
ZK

p1p2,h1h2

[
ρ`

p2p4
(r1)ρ`

p3p1
(r2) + ρ`

p1p3
(r1)ρ`

p4p2
(r2)

]
P`(cosθ12)

+
1
8

∑

K,`

(−)1(2K + 1)
{

p1 p4 `
p3 p2 K

}
SK

p3p4,h1h2
ZK

p1p2,h1h2

[
ρ`

p2p3
(r1)ρ`

p4p1
(r2) + ρ`

p1p4
(r1)ρ`

p3p2
(r2)

]
P`(cosθ12)

Term 8b
1
2
Zp1p2h1h2Sp1p2h3h4ρh3h1(r1)ρh2h4(r2)

In angular momentum coupling, sum over m’s:

∆ρ(r1, r2, θ12) =
1
8

∑

K,`

(−)K+1(2K + 1)
{

h1 h3 `
h4 h2 K

}
SK

p1p2,h3h4
ZK

p1p2,h1h2

[
ρ`

h2h4
(r1)ρ`

h3h1
(r2) + ρ`

h1h3
(r1)ρ`

h4h2
(r2)

]
P`(cosθ12)

+
1
8

∑

K,`

(−)1(2K + 1)
{

h1 h4 `
h3 h2 K

}
SK

p1p2,h3h4
ZK

p1p2,h1h2

[
ρ`

h2h3
(r1)ρ`

h4h1
(r2) + ρ`

h1h4
(r1)ρ`

h3h2
(r2)

]
P`(cosθ12)

Term 8d
Zp1p2h1h2Sp3p2h3h2ρp1h1(r1)ρp3h3(r2)

8



In angular momentum coupling, sum over m’s:

∆ρ(r1, r2, θ12) = Z`
p1h1,p2h2

S`
p3h3,p2h2

ρ`
p1h1

(r1)ρ`
p3h3

(r2)P`(cosθ12)

Term 8e
Zp1p2h1h2Sp3p2h3h2ρh3p3(r1)ρh1p1(r2)

In angular momentum coupling, sum over m’s:

∆ρ(r1, r2, θ12) = Z`
p1h1,p2h2

S`
p3h3,p2h2

ρ`
h3p3

(r1)ρ`
h1p1

(r2)P`(cosθ12)

Term 8c
−Zp1p2h1h2Sp3p2h3h2ρp1p3(r1)ρh1h3(r2)

In angular momentum coupling, sum over m’s:

∆ρ(r1, r2, θ12) = Zk
p1h1,p2h2

Sk
p3h3,p2h2

(−)`+k(2k + 1)
{

p1 p3 `
h3 h1 k

}
ρ`

p1p3
(r1)ρ`

h1h3
(r2)P`(cosθ12)

Term 8f
−Zp1p2h1h2Sp3p2h3h2ρh3h1(r1)ρp3p1(r2)

In angular momentum coupling, sum over m’s:

∆ρ(r1, r2, θ12) = Zk
p1h1,p2h2

Sk
p3h3,p2h2

(−)`+k(2k + 1)
{

p1 p3 `
h3 h1 k

}
ρ`

h3h1
(r1)ρ`

p3p1
(r2)P`(cosθ12)

Terms 8g-8j

∆ρ(r1, r2, θ12) =− d(p1, p3)
∑

`

ρ`
p1h1

(r1)ρ`
p3h1

(r2)P`(cosθ12)

− d(p1, p3)
∑

`

ρ`
p3h1

(r1)ρ`
p1h1

(r2)P`(cosθ12)

+ d(h1, h3)
∑

`

ρ`
h1h2

(r1)ρ`
h3h2

(r2)P`(cosθ12)

+ d(h1, h3)
∑

`

ρ`
h3h2

(r1)ρ`
h1h2

(r2)P`(cosθ12)

Here we left out terms implicitly included by the corrections in term (1)
Contributions from third order terms:
Term 6a

∆ρ(r1, r2, θ12) = 2 Sph[ρhp(r1)ρhshs(r2) + ρph(r2)ρhshs(r1)]

This term is included through term 1, see note.
Term 6b

∆ρ(r1, r2, θ12) = −Sph

[
ρ`

hsp(r1)ρ`
hsh(r2) + ρ`

hhs
(r1)ρ`

phs
(r2)+

+ρ`
phs

(r1)ρ`
hhs

(r2) + ρ`
hsh(r1)ρ`

hsp(r2)
]
P`(cosθ12)

Term 9: Contributions from <
[
S2, ρ̃

]
S̃†3 >

Term 9a
∆ρ(r1, r2, θ12) = −〈pdh̄b|V `|p5p̄c〉einv(pa, p5, ω = εpchb

+ εpd
)(

ρ`
papc

(r1)ρ`
pdhb

(r2) + ρhbpd
(r1)ρpcpa(r2)

)
P`(cosθ12)

Term 9b
∆ρ(r1, r2, θ12) = −〈pdh̄b|V `|hah̄3〉einv(hc, h3, ω = εpchb

+ εpd
)(

ρ`
hahc

(r1)ρ`
pdhb

(r2) + ρhbpd
(r1)ρhcha(r2)

)
P`(cosθ12)
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Term 9c

∆ρ(r1, r2, θ12) = d(hc, p5, ω = εpdhb
+ εha)S̃p5ha,pdhb

(
ρhahc(r1)ρpdhb

(r2) + ρhbpd
(r1)ρhcha(r2)

)
P`(cosθ12)

Term 9d

∆ρ(r1, r2, θ12) = d(pa, h3, ω = εpdhb
+ εpc)S̃pch3,pdhb

(
ρpapc(r1)ρpdhb

(r2) + ρhbpd
(r1)ρpcpa(r2)

)
P`(cosθ12)

where we used the definitions

einv(pa, p5, ω) =
2` + 1

2jpa + 1
Z`

pah1,p2h2
S̃`

p5h1,p2h2

εp2h2 + εh1 + ω

einv(hc, h3, ω) =
2` + 1

2jhc
+ 1

Z`
p1hc,p2h2

S̃`
p1h3,p2h2

εp2h2 + εp1 + ω

d(hc, p5, ω) = − 2` + 1
2jhc

+ 1
Z`

p1hc,p2h2
〈p2h̄2|V `|p5p̄1〉

εp2h2 + εp1 + ω

d(pa, h3, ω) = − 2` + 1
2jpa

+ 1
Z`

pah1,p2h2
〈p2h̄2|V `|h1h̄3〉

εp2h2 + εh1 + ω

The dominant contribution from S̃4 is 〈
[
Z2,

[
Z2, ρ

]]
Z
†
2 Z
†
2 〉 giving rise to

Term 10
which is obtained making the replacements in term 8a and term 8b

ZK
p1p2,h1h2

→ ZK
p1p2,h1h2

− 1
2
dZZ(p1, p5)ZK

p5p2,h1h2
− 1

2
dZZ(p2, p5)ZK

p1p5,h1h2

SK
p3p4,h1h2

→ SK
p3p4,h1h2

− 1
2
dZZ(p3, p5)SK

p5p4,h1h2
− 1

2
dZZ(p4, p5)SK

p3p5,h1h2

ZK
p1p2,h1h2

→ ZK
p1p2,h1h2

− 1
2
dZZ(h1, h5)ZK

p1p2,h5h2
− 1

2
dZZ(h2, h5)ZK

p1p2,h1h5

SK
p1p2,h3h4

→ SK
p1p2,h3h4

− 1
2
dZZ(h3, h5)SK

p1p2,h5h4
− 1

2
dZZ(h4, h5)SK

p1p2,h3h5

10


