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Introduction

I will discuss two different many-body methods that treat both bound and scattering
states consistently

1 No-core shell model with continuum (NCSMC) - ab initio
2 Dispersive optical model (DOM) - phenomenological

I will present different reaction calculations that benefit from their simultaneous
bound/scattering states

Results of these calculations warrant futher investigation of the nuclear force
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3He(α, γ)7Be important for solar-model predictions
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Reaction rates too low at solar energies in the lab

Current evaluations depend on both theory and experiment

Ideally, theory will accurately predict S34(E )

σ(E ) =
S34(E )

E
exp

{
−2πZ1Z2e

2

ℏ
√
2E/m

}
0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6

0.1 1

0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6

0.1 1

S
3
4
(E

)
[b
·k

eV
]

Ec.m. [MeV]

S
3
4
(E

)
[b
·k

eV
]

Ec.m. [MeV]

Weizmann
LUNA
Seattle
ERNA

Madrid
Notre Dame

ATOMKI
Takács

Adelberger et al., Rev Mod Phys 83 195 (2011)



3He(α, γ)7Be important for solar-model predictions

atkinson27@llnl.gov Mack C. Atkinson LLNL 3

Reaction rates too low at solar energies in the lab

Current evaluations depend on both theory and experiment

Ideally, theory will accurately predict S34(E )

σ(E ) =
S34(E )

E
exp

{
−2πZ1Z2e

2

ℏ
√
2E/m

}
0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6

0.1 1

0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6

0.1 1

S
3
4
(E

)
[b
·k

eV
]

Ec.m. [MeV]

S
3
4
(E

)
[b
·k

eV
]

Ec.m. [MeV]

Weizmann
LUNA
Seattle
ERNA

Madrid
Notre Dame

ATOMKI
Takács

Adelberger et al., Rev Mod Phys 83 195 (2011)



3He(α, γ)7Be important for solar-model predictions

atkinson27@llnl.gov Mack C. Atkinson LLNL 3

Reaction rates too low at solar energies in the lab

Current evaluations depend on both theory and experiment

Ideally, theory will accurately predict S34(E )

σ(E ) =
S34(E )

E
exp

{
−2πZ1Z2e

2

ℏ
√
2E/m

}
0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6

0.1 1

0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6

0.1 1

S
3
4
(E

)
[b
·k

eV
]

Ec.m. [MeV]

S
3
4
(E

)
[b
·k

eV
]

Ec.m. [MeV]

Weizmann
LUNA
Seattle
ERNA

Madrid
Notre Dame

ATOMKI
Takács

Adelberger et al., Rev Mod Phys 83 195 (2011)



3He(α, γ)7Be important for solar-model predictions

atkinson27@llnl.gov Mack C. Atkinson LLNL 3

Reaction rates too low at solar energies in the lab

Current evaluations depend on both theory and experiment

Ideally, theory will accurately predict S34(E )

σ(E ) =
S34(E )

E
exp

{
−2πZ1Z2e

2

ℏ
√
2E/m

}
0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6

0.1 1

0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6

0.1 1

S
3
4
(E

)
[b
·k

eV
]

Ec.m. [MeV]

S
3
4
(E

)
[b
·k

eV
]

Ec.m. [MeV]

Weizmann
LUNA
Seattle
ERNA

Madrid
Notre Dame

ATOMKI
Takács

Adelberger et al., Rev Mod Phys 83 195 (2011)



The ab initio method: from NCSM to NCSMC
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Ĥ = T̂ + V̂NN + V̂NNN

Ĥ |ΨA⟩ = E |ΨA⟩

NCSM

NCSMC

|7Be⟩ |α⟩ ⊗ |3He⟩

〈
Ψbs

(
7Be

) ∣∣∣M̂EM

∣∣∣Ψsc

(
3He+ α

)〉
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Ĥ |ΨA⟩ = E |ΨA⟩

NCSM

NCSMC

|7Be⟩ |α⟩ ⊗ |3He⟩

〈
Ψbs

(
7Be

) ∣∣∣M̂EM

∣∣∣Ψsc

(
3He+ α

)〉



The ab initio method: from NCSM to NCSMC

atkinson27@llnl.gov Mack C. Atkinson LLNL 4
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Capture rate accurate only if
Expt. levels reproduced

NN-N3LO+3Nlnl

ℏΩ = 20 MeV

λSRG = 2.0 fm−1

ENCSM
λ → ENCSM

λ + ϵ

7Be NCSM NCSMC Expt.
E3/2− 0.261 -1.05 -1.587
E1/2− 0.563 -0.874 -1.16
C3/2− - 3.46 -
C1/2− - 3.44 -
rch 2.44 2.70 2.647(17)

7Be NCSM NCSMC NCSMCpheno Expt.
E3/2− 0.261 -1.05 -1.587 -1.587
E1/2− 0.563 -0.874 -1.16 -1.16
C3/2− - 3.46 4.20 -
C1/2− - 3.44 3.79 -
rch 2.44 2.70 2.63 2.647(17)
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Now, what about the scattering wave function?

Compare to SONIK elastic scattering results to further probe ψsc

Experiment done at TRIUMF in 2022 → lowest E measured to date

102

103

104

0 30 60 90 120 150

Ec.m. = 0.487 MeV(a)

101

102

103

104

0 30 60 90 120 150

Ec.m. = 1.21 MeV(b)

101

102

103

0 30 60 90 120 150

Ec.m. = 2.05 MeV(c)

d
σ
/
d
Ω

c
.m

.

θc.m. [deg] θc.m. [deg] θc.m. [deg]

What is the source of discrepancy at large angles?

atkinson27@llnl.gov Mack C. Atkinson LLNL 6

Paneru et al., arXiv:2211.14641 (2022)

M.C. Atkinson et al., arXiv:2409.09515 (In Press PLB)



Now, what about the scattering wave function?

Compare to SONIK elastic scattering results to further probe ψsc

Experiment done at TRIUMF in 2022 → lowest E measured to date

102

103

104

0 30 60 90 120 150

Ec.m. = 0.487 MeV(a)

101

102

103

104

0 30 60 90 120 150

Ec.m. = 1.21 MeV(b)

101

102

103

0 30 60 90 120 150

Ec.m. = 2.05 MeV(c)

d
σ
/
d
Ω

c
.m

.

θc.m. [deg] θc.m. [deg] θc.m. [deg]

What is the source of discrepancy at large angles?

atkinson27@llnl.gov Mack C. Atkinson LLNL 6

Paneru et al., arXiv:2211.14641 (2022)

M.C. Atkinson et al., arXiv:2409.09515 (In Press PLB)



Now, what about the scattering wave function?

Compare to SONIK elastic scattering results to further probe ψsc

Experiment done at TRIUMF in 2022 → lowest E measured to date

102

103

104

0 30 60 90 120 150

Ec.m. = 0.487 MeV(a)

101

102

103

104

0 30 60 90 120 150

Ec.m. = 1.21 MeV(b)

101

102

103

0 30 60 90 120 150

Ec.m. = 2.05 MeV(c)

d
σ
/
d
Ω

c
.m

.

θc.m. [deg] θc.m. [deg] θc.m. [deg]

What is the source of discrepancy at large angles?

atkinson27@llnl.gov Mack C. Atkinson LLNL 6

Paneru et al., arXiv:2211.14641 (2022)

M.C. Atkinson et al., arXiv:2409.09515 (In Press PLB)



Now, what about the scattering wave function?

Compare to SONIK elastic scattering results to further probe ψsc

Experiment done at TRIUMF in 2022 → lowest E measured to date

102

103

104

0 30 60 90 120 150

Ec.m. = 0.487 MeV(a)

101

102

103

104

0 30 60 90 120 150

Ec.m. = 1.21 MeV(b)

101

102

103

0 30 60 90 120 150

Ec.m. = 2.05 MeV(c)

d
σ
/
d
Ω

c
.m

.

θc.m. [deg] θc.m. [deg] θc.m. [deg]

What is the source of discrepancy at large angles?

atkinson27@llnl.gov Mack C. Atkinson LLNL 6

Paneru et al., arXiv:2211.14641 (2022)

M.C. Atkinson et al., arXiv:2409.09515 (In Press PLB)



The 1/2+ channel is responsible for this constant shift

atkinson27@llnl.gov Mack C. Atkinson LLNL 7

−60

−50

−40

−30

−20

−10

0

0.5 1 1.5 2 2.5 3 3.5 4

1/2+

δ(
E
)

[d
eg

]

Ecm [MeV]

NCSMCpheno

−60

−50

−40

−30

−20

−10

0

0.5 1 1.5 2 2.5 3 3.5 4

1/2+

δ(
E
)

[d
eg

]

Ecm [MeV]

NCSMCpheno

NCSMCpheno (13)
NCSMCpheno (23)
NCSMCpheno (33)

More repulsion is needed in the 1/2+ channel

Explicitly add repulsion

H1/2+

νν′
(r , r ′) → H1/2+

νν′
(r , r ′) + V (r , r ′)

V (r , r ′) =
V0

1 + e(R−r0)/a0
× e(r−r ′)2/a20

102

1.5 2 2.5 3

θc.m. = 104◦

Barnard

101

102

103

0 20 40 60 80 100 120 140 160

Ec.m. = 2.048 MeV

SONIK

d
σ
/
d
Ω

c
.m

.

Ecm [MeV]

d
σ
/d

Ω
c
.m

.

θc.m. [deg]
0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6

0.1 1

NCSMC

NCSMC∗
pheno

NCSMCpheno

0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6

0.1 1

NCSMC

NCSMC∗
pheno

NCSMCpheno

0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6

0.1 1

NCSMC

NCSMC∗
pheno

NCSMCpheno

S
3
4
(E

)
[b
·k

eV
]

Ec.m. [MeV]

S
3
4
(E

)
[b
·k

eV
]

Ec.m. [MeV]

Weizmann

LUNA

Seattle

ERNA

S
3
4
(E

)
[b
·k

eV
]

Ec.m. [MeV]

Madrid

Notre Dame

ATOMKI

Takács et al.

M.C. Atkinson et al., arXiv:2409.09515 (In Press PLB)



The 1/2+ channel is responsible for this constant shift

atkinson27@llnl.gov Mack C. Atkinson LLNL 7

−60

−50

−40

−30

−20

−10

0

0.5 1 1.5 2 2.5 3 3.5 4

1/2+

δ(
E
)

[d
eg

]

Ecm [MeV]

NCSMCpheno

−60

−50

−40

−30

−20

−10

0

0.5 1 1.5 2 2.5 3 3.5 4

1/2+

δ(
E
)

[d
eg

]

Ecm [MeV]

NCSMCpheno

NCSMCpheno (13)
NCSMCpheno (23)
NCSMCpheno (33)

More repulsion is needed in the 1/2+ channel

Explicitly add repulsion

H1/2+

νν′
(r , r ′) → H1/2+

νν′
(r , r ′) + V (r , r ′)

V (r , r ′) =
V0

1 + e(R−r0)/a0
× e(r−r ′)2/a20

102

1.5 2 2.5 3

θc.m. = 104◦

Barnard

101

102

103

0 20 40 60 80 100 120 140 160

Ec.m. = 2.048 MeV

SONIK

d
σ
/
d
Ω

c
.m

.

Ecm [MeV]

d
σ
/d

Ω
c
.m

.

θc.m. [deg]
0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6

0.1 1

NCSMC

NCSMC∗
pheno

NCSMCpheno

0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6

0.1 1

NCSMC

NCSMC∗
pheno

NCSMCpheno

0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6

0.1 1

NCSMC

NCSMC∗
pheno

NCSMCpheno

S
3
4
(E

)
[b
·k

eV
]

Ec.m. [MeV]

S
3
4
(E

)
[b
·k

eV
]

Ec.m. [MeV]

Weizmann

LUNA

Seattle

ERNA

S
3
4
(E

)
[b
·k

eV
]

Ec.m. [MeV]

Madrid

Notre Dame

ATOMKI

Takács et al.

M.C. Atkinson et al., arXiv:2409.09515 (In Press PLB)



The 1/2+ channel is responsible for this constant shift

atkinson27@llnl.gov Mack C. Atkinson LLNL 7

−60

−50

−40

−30

−20

−10

0

0.5 1 1.5 2 2.5 3 3.5 4

1/2+

δ(
E
)

[d
eg

]

Ecm [MeV]

NCSMCpheno

−60

−50

−40

−30

−20

−10

0

0.5 1 1.5 2 2.5 3 3.5 4

1/2+

δ(
E
)

[d
eg

]

Ecm [MeV]

NCSMCpheno

NCSMCpheno (13)
NCSMCpheno (23)
NCSMCpheno (33)

More repulsion is needed in the 1/2+ channel

Explicitly add repulsion

H1/2+

νν′
(r , r ′) → H1/2+

νν′
(r , r ′) + V (r , r ′)

V (r , r ′) =
V0

1 + e(R−r0)/a0
× e(r−r ′)2/a20

102

1.5 2 2.5 3

θc.m. = 104◦

Barnard

101

102

103

0 20 40 60 80 100 120 140 160

Ec.m. = 2.048 MeV

SONIK

d
σ
/
d
Ω

c
.m

.

Ecm [MeV]

d
σ
/d

Ω
c
.m

.

θc.m. [deg]
0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6

0.1 1

NCSMC

NCSMC∗
pheno

NCSMCpheno

0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6

0.1 1

NCSMC

NCSMC∗
pheno

NCSMCpheno

0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6

0.1 1

NCSMC

NCSMC∗
pheno

NCSMCpheno

S
3
4
(E

)
[b
·k

eV
]

Ec.m. [MeV]

S
3
4
(E

)
[b
·k

eV
]

Ec.m. [MeV]

Weizmann

LUNA

Seattle

ERNA

S
3
4
(E

)
[b
·k

eV
]

Ec.m. [MeV]

Madrid

Notre Dame

ATOMKI

Takács et al.

M.C. Atkinson et al., arXiv:2409.09515 (In Press PLB)



The 1/2+ channel is responsible for this constant shift

atkinson27@llnl.gov Mack C. Atkinson LLNL 7

−60

−50

−40

−30

−20

−10

0

0.5 1 1.5 2 2.5 3 3.5 4

1/2+

δ(
E
)

[d
eg

]

Ecm [MeV]

NCSMCpheno

−60

−50

−40

−30

−20

−10

0

0.5 1 1.5 2 2.5 3 3.5 4

1/2+

δ(
E
)

[d
eg

]

Ecm [MeV]

NCSMCpheno

NCSMCpheno (13)
NCSMCpheno (23)
NCSMCpheno (33)

More repulsion is needed in the 1/2+ channel

Explicitly add repulsion

H1/2+

νν′
(r , r ′) → H1/2+

νν′
(r , r ′) + V (r , r ′)

V (r , r ′) =
V0

1 + e(R−r0)/a0
× e(r−r ′)2/a20

102

1.5 2 2.5 3

θc.m. = 104◦

Barnard

101

102

103

0 20 40 60 80 100 120 140 160

Ec.m. = 2.048 MeV

SONIK

d
σ
/
d
Ω

c
.m

.

Ecm [MeV]

d
σ
/d

Ω
c
.m

.

θc.m. [deg]
0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6

0.1 1

NCSMC

NCSMC∗
pheno

NCSMCpheno

0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6

0.1 1

NCSMC

NCSMC∗
pheno

NCSMCpheno

0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6

0.1 1

NCSMC

NCSMC∗
pheno

NCSMCpheno

S
3
4
(E

)
[b
·k

eV
]

Ec.m. [MeV]

S
3
4
(E

)
[b
·k

eV
]

Ec.m. [MeV]

Weizmann

LUNA

Seattle

ERNA

S
3
4
(E

)
[b
·k

eV
]

Ec.m. [MeV]

Madrid

Notre Dame

ATOMKI

Takács et al.

M.C. Atkinson et al., arXiv:2409.09515 (In Press PLB)



The 1/2+ channel is responsible for this constant shift

atkinson27@llnl.gov Mack C. Atkinson LLNL 7

−60

−50

−40

−30

−20

−10

0

0.5 1 1.5 2 2.5 3 3.5 4

1/2+

δ(
E
)

[d
eg

]

Ecm [MeV]

NCSMCpheno

−60

−50

−40

−30

−20

−10

0

0.5 1 1.5 2 2.5 3 3.5 4

1/2+

δ(
E
)

[d
eg

]

Ecm [MeV]

NCSMCpheno

NCSMCpheno (13)
NCSMCpheno (23)
NCSMCpheno (33)

More repulsion is needed in the 1/2+ channel

Explicitly add repulsion

H1/2+

νν′
(r , r ′) → H1/2+

νν′
(r , r ′) + V (r , r ′)

V (r , r ′) =
V0

1 + e(R−r0)/a0
× e(r−r ′)2/a20

102

1.5 2 2.5 3

θc.m. = 104◦

Barnard

101

102

103

0 20 40 60 80 100 120 140 160

Ec.m. = 2.048 MeV

SONIK

d
σ
/
d
Ω

c
.m

.

Ecm [MeV]

d
σ
/d

Ω
c
.m

.

θc.m. [deg]

0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6

0.1 1

NCSMC

NCSMC∗
pheno

NCSMCpheno

0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6

0.1 1

NCSMC

NCSMC∗
pheno

NCSMCpheno

0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6

0.1 1

NCSMC

NCSMC∗
pheno

NCSMCpheno

S
3
4
(E

)
[b
·k

eV
]

Ec.m. [MeV]

S
3
4
(E

)
[b
·k

eV
]

Ec.m. [MeV]

Weizmann

LUNA

Seattle

ERNA

S
3
4
(E

)
[b
·k

eV
]

Ec.m. [MeV]

Madrid

Notre Dame

ATOMKI

Takács et al.

M.C. Atkinson et al., arXiv:2409.09515 (In Press PLB)



The 1/2+ channel is responsible for this constant shift

atkinson27@llnl.gov Mack C. Atkinson LLNL 7

−60

−50

−40

−30

−20

−10

0

0.5 1 1.5 2 2.5 3 3.5 4

1/2+

δ(
E
)

[d
eg

]

Ecm [MeV]

NCSMCpheno

−60

−50

−40

−30

−20

−10

0

0.5 1 1.5 2 2.5 3 3.5 4

1/2+

δ(
E
)

[d
eg

]

Ecm [MeV]

NCSMCpheno

NCSMCpheno (13)
NCSMCpheno (23)
NCSMCpheno (33)

More repulsion is needed in the 1/2+ channel

Explicitly add repulsion

H1/2+

νν′
(r , r ′) → H1/2+

νν′
(r , r ′) + V (r , r ′)

V (r , r ′) =
V0

1 + e(R−r0)/a0
× e(r−r ′)2/a20

102

1.5 2 2.5 3

θc.m. = 104◦

Barnard

101

102

103

0 20 40 60 80 100 120 140 160

Ec.m. = 2.048 MeV

SONIK

d
σ
/
d
Ω

c
.m

.

Ecm [MeV]

d
σ
/d

Ω
c
.m

.

θc.m. [deg]
0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6

0.1 1

NCSMC

NCSMC∗
pheno

NCSMCpheno

0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6

0.1 1

NCSMC

NCSMC∗
pheno

NCSMCpheno

0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6

0.1 1

NCSMC

NCSMC∗
pheno

NCSMCpheno

S
3
4
(E

)
[b
·k

eV
]

Ec.m. [MeV]

S
3
4
(E

)
[b
·k

eV
]

Ec.m. [MeV]

Weizmann

LUNA

Seattle

ERNA

S
3
4
(E

)
[b
·k

eV
]

Ec.m. [MeV]

Madrid

Notre Dame

ATOMKI

Takács et al.

M.C. Atkinson et al., arXiv:2409.09515 (In Press PLB)



Why does our calculation lack suitable repulsion in the 1/2+ channel?
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With NN + 3N interaction treated consistently, two possibilities:

1 Calculation could be missing channels

Including p+6Li channel could have strong
effect on phase shift

2 Chiral interaction

Phase shift shows some dependence on
interaction

Need to compare more interactions
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Comparison with other theories
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The exclusive (e, e ′p) reaction
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Excitation spectrum provides evidence of many-body correlations beyond mean-field

Momentum distribution is closely tied to the boundstate wavefunction

Spectroscopic factor (Quenching...)
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Dispersive Optical Model (DOM)

Perturbative expansion of G leads to the Dyson equation

Σ∗ corresponds to an optical potential

Σ∗(r , r ′;E ) is nonlocal

Use the same functional form as standard optical potentials for the self-energy

Σ∗(r , r ′;E ) → Vvol(r , r ′;E ) + Vsur (r , r ′;E ) + Vso(r , r ′;E )

Nonlocality is parametrized with β

Σ∗(r , r ′;E ) = Σ∗
(
r + r ′

2
;E

)
e

−(r−r′)2
β2 π−

3
2β−3

atkinson27@llnl.gov Mack C. Atkinson LLNL 11

= + Σ∗

p̂2

2µ
ψ(r) +

∫
dr ′Σ∗(r , r ′;E )ψ(r ′) = Eψ(r)

Can this also describe negative energy
observables?
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Dispersive Optical Model (DOM)

The DOM makes use of complex analysis to formulate a consistent self-energy

1 Calculation could be missing channels

ReΣℓj(r , r
′;E ) = ReΣℓj(r , r

′; ϵF )−
1

π
(ϵF − E )P

∫ ∞

ϵ+T

dE ′ImΣℓj(r , r
′;E ′)

[
1

E − E ′ −
1

ϵF − E ′

]

+
1

π
(ϵF − E )P

∫ ϵ−T

−∞
dE ′ImΣℓj(r , r

′;E ′)
[

1

E − E ′ −
1

ϵF − E ′

]

(subtracted) Dispersion relation constrains self-energy at all energies

This constraint ensures bound and scattering quantities are simultaneously described
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Fitting the Self-energy (40Ca)
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Parameters of self-energy varied to minimize χ2

Reproducing the data means self-energy is found
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Parameters of self-energy varied to minimize χ2

Reproducing the data means self-energy is found
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DOM calculation of 40Ca(e, e ′p)39K
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DWIA for exclusive reaction (C. Giusti’s DWEEPY code)

Jµ(q) =

∫
χ
(−)∗
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Want to study knockout in exotic nuclei too
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Experimental sketch for stable nuclei Experimental sketch for exotic nuclei (RIB)

Electron beam

Reaction mechanism well-understood



To get started, consider the stable 40Ca(p, 2p)39K reaction

atkinson27@llnl.gov Mack C. Atkinson LLNL 16

T ≈
∫

dR tNNχ
(−)∗
1 (R)χ

(−)∗
2 (R)χ

(+)
0 (R)e−iαRK0·Rϕnljm(R).

Same DOM ingredients used

Remember that SF comes directly from Σ∗
DOM

Main difference is the probe =⇒ problem is likely Vpp
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Nucleus-informed pp interaction: Vpp → Γpp
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Try varying VNN to see effect on SF

Dependence of SF on choice of VNN is another sign
the problem lies in VNN

Interactions need information about the nucleus

Gpp ≈
∫
GDOM × GDOM

Similar to G -matrix, except this is calculated in
finite nuclei

Good approximation for typical (p, 2p) energies
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Summary

1 Ab initio calculation of 3He(α, γ)7Be capture reaction using the NCSMC

Simultaneous analysis of elastic and capture data reveals mild tension
Lack of repulsion in 1/2+ channel could be due to VNN or the lack of p+6Li channel

2 The DOM accurately predicts 40Ca(e, e ′p)39K but not the very similar 40Ca(p, 2p)39K
reaction

Likely cause of discrepancy in these knockouts is the pp interaction used in the DWIA

In both examples of the NCSMC and the DOM, the ability to simultaneously describe
bound and scattering states helped isolate areas of improvement

Resolution of these issues will lead to improved nucleus-induced reaction calculations
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