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A few points

This paper: a N = 34 subshell gap → the variations of the magic
numbers across the nuclear chart
Quasifree one-neutron knockout reactions from a 54Ca beam striking
on a liquid hydrogen target
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Experimental details & information

The experiment was carried out at the Radioactive Isotope Beam
Factory (RIBF), operated by the RIKEN Nishina Center and the
Center for Nuclear Study, the University of Tokyo.
To get 54Ca: A 70Zn primary beam was impinged on a 10-mm-thick
9Be target
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Experimental details

Figure: Principle scheme of the MINOS device, where the 54Ca beam bombarded
the liquid hydrogen target .
Reference: MINOS: A vertex tracker coupled to a thick liquid-hydrogen target for in-beam spectroscopy of exotic nuclei. DOI
10.1140/epja/i2014-14008-y
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Image

Figure: 53Ca’s shell model picture: the ground state of 53Ca and the 2 excited
states of 53Ca

Figure: The attractive interaction between the proton πf7/2 and neutron νf5/2
single-particle orbitals for N = 34 isotones. The interaction decreases with the
number of protons decreasing.
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Experimental results

Figure: (a) Doppler-corrected γ-ray spectrum in coincidence with the
54Ca(p, pn)53Ca channel. (b) Same Doppler-corrected γ-ray spectrum, but in
coincidence with a detected neutron.
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Results & simulation

Figure: Inclusive and exclusive cross sections for the 54Ca(p, pn)53Ca reaction
compared with theoretical values from the DWIA framework and some other
frameworks.

The f wave component is far less than the p wave component.
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DWIA model
Distorted Wave Impluse Approximation model

Tµ1µ2µBµ0µA =
〈
ϕK1

(R0) η
(1)
1/2,µ1

ζ
(1)
1/2,v1ϕk2 B (R2) η

(2)
1/2,µ2

ζ
(2)
1/2,v2ΦIBµB,tBνB (ϵB, ξB)

× |Vβ | Ω̂(+)ϕK0
(R0) η

(0)
1/2,µ0

ζ
(0)
1/2,v0ΦIAµA,tBνB (ϵA, ξA)

〉
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DWIA model
Distorted Wave Impluse Approximation model

The distorted wave for particle 0:(
− h̄2
2M0 A

∇2
R0

+ U0 A − h̄2
2M0 A

K2
0

)
χ
(+)
0,K0,µ0

(R0) = 0

The spin direction of particle 0 may change

χ
(+)
0,K0,µ0

(R0) =
∑
µ′
0

χ
(+)
0,K0,µ′

0µ0
(R0) η

(0)
1/2,µ′

0
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DWIA model
Distorted Wave Impluse Approximation model

The resulting distorted wave

(TR0 + TR2 + U∗
1 B + U∗

2 B − Ef) Ξ
(−)
K1,K2,µ1,µ2

(R1,R2) = 0

where

TR0 + TR2 − Ef ≈ − h̄2
2M1 B

∇2
R1

− h̄2
2M1 B

K2
1 −

h̄2
2M2 B

∇2
R2

− h̄2
2M2 B

K2
2
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DWIA model
Distorted Wave Impluse Approximation model

the equation becomes separable

Ξ
(−)
K1,K2,µ1,µ2

(R1,R2) ≈ χ
(−)
1,K1,µ1

(R1)χ
(−)
2,K2,µ2

(R2)

The transition matrix:

Tµ1µ2µBµ0µA = ⟨χ(−)
1,K1,µ1

(R1) ζ
(1)
1/2,v1χ

(−)
2,K2,µ2

(R2) ζ
(2)
1/2,v2

∣∣∣tfree
∣∣∣χ(+)

0,K0,µ0
(R0)

ζ
(0)
1/2,v0ΨIBµBIAµA,tBνBtAvA (R2)⟩
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DWIA model
Distorted Wave Impluse Approximation model

where overlap function

ΨIBµBIAµA,tBνBtAvA (R2) ≡ ⟨ΦIBµB,tBvB (ϵB, ξB) | ΦIAµA,tAvA (ϵA, ξA)⟩ξB

So the transition matrix

Tµ1µ2µBµ0µA = ⟨χ(−)
1,K1,µ1

(R1) ζ
(1)
1/2,ν1

χ
(−)
2,K2,µ2

(R2) ζ
(2)
1/2,ν2

∣∣∣tfree
∣∣∣χ(+)

0,K0,µ0
(R0)

ζ
(0)
1/2,v0 ×

∑
ljµj

S1/2
nljvN

(jµjIBµB | IAµA)φnlj (R2) ζ
(N)
1/2,vN

[
Yl

(
R̂2

)
⊗ η

(N)
1/2

]
jµj
⟩
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DWIA model
Distorted Wave Impluse Approximation model

where the spectroscopic amplitude

S1/2
nljvN

≡
(

tBvB
1

2
vN | tAvA

)
ϑnljvNIBtBvB;IAtAvA

approximation to the distorted waves

χ
(−)
1,K1,µ′

1µ1
(R1) = χ

(−)
1,K1,µ′

1µ1
(R + s/2) ≈ χ

(−)
1,K1,µ′

1µ1
(R)eiK1·s/2,

χ
(−)
2,K2,µ′

2µ2
(R2) = χ

(−)
2,K2,µ′

2µ2
(R − s/2) ≈ χ

(−)
2,K2,µ′

2µ2
(R)e−iK2·s/2,

χ
(+)
0,K0,µ′

0µ0
(R0) = χ

(+)
0,K0,µ′

0µ0
(R − αRR + αss/2)

≈ χ
(+)
0,K0,µ′

0µ0
(R)e−iαRK0·ReiαsK0·s/2
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DWIA model
Distorted Wave Impluse Approximation model

T matrix becomes

Tµ1µ2µ0µj =S1/2
nljvN

∑
µ′
1µ

′
2µ

′
0µN

t̃free
κ′µ′

1µ
′
2ν1v2,κ̄µ′

0µNv0vN

×
∫

dRχ(−)∗
1,K1,µ′

1µ1
(R)χ

(−)∗
2,K2,µ′

2µ2
(R)χ

(+)
0,K0,µ′

0µ0
(R)e−iαRK0·R

×
∑

m

(
lm 1

2
µN | jµj

)
ψnljm(R).

with

t̃free
κ′µ′

1µ
′
2v1v2,κµ′

0µNv0vN
≡ ⟨eiκ′·sη(1)

1/2,µ′
1
ζ
(1)
1/2,v1η

(2)
1/2,µ′

2
ζ
(2)
1/2,ν2

∣∣∣tfree
∣∣∣

eiκ·sη(0)
1/2,µ′

0
ζ
(0)
1/2,ν0

η
(N)
1/2,µN

ζ
(N)
1/2,vN

⟩
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Summary

1 The measured cross section to the p3/2 state of 53Ca is far larger than
the one to the f5/2 state.

2 Such little f wave component → the N = 34 subshell closure.
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Thank you for your listening.
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