
2022.10.18 Group meeting

Reading Phys. Rev. Lett. 129, 152501 (2022)  

Junzhe Liu

Quenching of Single-Particle 
Strength in A=15 Nuclei



Three questions

What is the quenching?

What is the new discovery of this 
paper?

How can we factorize the theoretical 
s.p. cross section?



What is quenching?

: Experimental cross sectionσexp

R =
σexp

σth
< 1

: Theoretical prediction σth

σth = C2Sσsp

sp:  single particle state

9Be/12C

this  work
(e,e’p) (p,2p)
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Theoretical prediction
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Spectroscopic factor

ψ l,j
AB(r) = ∫ dξ Ψ*B(ξ, r)ΨA(ξ)

∫ d3r |ψ l,j
AB(r) |2 = Sl,j

AB

ψ l,j
AB(r) ≈ Sl,j

ABψ l,j
sp(r)

Need for DWBA calculation Calculated with shell model Calculated with mean field(e.g. W-S)

Overlap integration

Approximation
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dσ(θ)
dΩ

= gC2Si
dσ(θ)
dΩ

sp

Statistical factor Isospin coefficient s.p. cross sectionSF 

g =
 when adding2j + 1

     when removing1



Sum rule

For adding and removing data

nvac + nocc = 2j + 1

(2j + 1)Nj = ∑ (2j + 1)C2S+
j + ∑ C2S−

j

For only adding/removing data

Nj =
1

2j + 1 ∑ (2j + 1)gC2Sj

Total degeneracy
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Some results

compared with independent-particle shell-model
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Q-value spectrum

14N(d, p)15N 14C(d, p)15C Total

(a)(b)(c)



Fitting for different state

15C l = 0

15C l = 2

The 0 d 5/2 and 1 s 1/2  
are approximately  
fully unoccupied.  



Fitting for different state



Fitting for different state



Questions about the fitting

dσ
dΩ

= g0S0
dσ
dΩ

l=0

+ g2S2
dσ
dΩ

l=2
?

R =
SFexp

SFSM

Quenching factor

How to fit?

S0ψ l=0
sp (r)

Are there any overlap between these two states when doing numerical calculation?

Another way？

Consider coupled channel (CC) calculation? 

S2ψ l=2
sp (r)couple and with CG


