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Motivation

Shell Evolution

Far from stability, magic numbers 
change due to relative shifting of 
orbital energies [1].

[1] T. Otsuka et al. Rev. Mod. Phys. 92, 015002 
(2020)
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Shell Evolution

Far from stability, magic numbers 
change due to relative shifting of 
orbital energies.

Predicted that N = 28 gap weakens, 
N = 32, 34 gaps emerge.

 Deformation at N = 28, Z<20.

 Doubly-magic 52,54Ca from E(21
+) 

[4].

[4] D. Steppenbeck et al. Nature 502, 207 (2013)
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Removing protons

ν(f5/2) moves outside of ν(p) shell
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Removing protons

ν(f5/2) moves outside of ν(p) shell

What if we continue to remove protons?
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Selective (d,p) reaction
First experimental measurement of exotic 

π(s1/2)⊗ν(fp) interaction 
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SPIRAL1+
    47K RIB @ 7.7MeV/u.   
    5×105 pps, 10˗4 mass res. → pure beam

TARGET
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Cross-shell interaction at N=28

(d,t) (p,p) & (d,d) (d,p)

MUST2 GRIT

Unambiguous kinematic selection of reaction channel
(d,d) elastic scattering provides internally consistent normalisation.

(d,tγ) transfer allows for neutron hole investigation.
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Precise 
determination of 
state energies.

Construction of level 
scheme.

Clear isolation of 
specific states.

p-γ Coinc.
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Angular Distributions

 Discriminate between p-wave (L=1) and f-
wave (L=3) transfer by differential cross 
section

 Comparison to data provides unambiguous 
L-transfer assignment

 Scaling factor between exp. and theory 
represents strength of population
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states and f-wave states.
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γ-ray transitions + L-transfers + spectroscopic factors (vs. theory) = state spin (Jπ) + structure
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Collected simultaneous data for adding and removing a neutron.
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ɣ-rays in coincidence with downstream triton 

Reconstructed excitation 
47K(d,t)46K

More well-known nucleus than 48K.
First time studied through (d,t).
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Shell model is limited 
by small phase space:
● No deep ν(d5/2)
● No high ν(p1/2)

No reduction in (d,t) 
spectroscopic factor, 
as observed in (d,p).

Small occupation of 
ν(p3/2) ground state 
suggests no blocking 
of (d,p) transfer.

Obs. (d,t)

Why are (d,p) spectroscopic 
factors small?
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 Range of p-wave and f-wave states identified, each with spin-parity 
assignments and spectroscopic factors.

 Preliminary comparison with shell models; qualitative observations 
suggest overestimation of N=34 gap.

 Small (d,p) spectroscopic factors, exploring possible interpretations.

 Complementary 47K(d,tγ)46K results obtained; no evidence to suggest 
transfer is “blocked”.
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 First experimental measurement of 
exotic π(s1/2)⊗ν(fp) interaction.

 Range of p-wave and f-wave states 
identified.

 Overestimation of N=34 gap by 
shell model.

 Small (d,p) spectroscopic factors.

 No evidence to suggest transfer is 
“blocked”.
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J. Papuga et al. PRC 90, 
034321 (2014)

Laser spec. at COLLAPS

47K structure: π(s1/2)1 π(d3/2)4



  



  

Small spectroscopic factors are not believed to be quenching:
 - Papers below find no quenching in transfer reactions.
 - 48K not far from stability, so optical potentials are well known



  



  



  


