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@ Neither SM accounts for mixed state

Results

e Challenge for shell model theorists
e Spectroscopic factors are small
e “7K(d,t): no unexpected population
e Suspect proton config. mixing
e Failure to predict known 1~ g.s.

e First observation of other 1~ states

e Specific matrix elements:
(P3/251/21Vine|P3/2d3)2) 1=2, =0
(P3/25121Vint|P3/2512)0=1,T=0

e Implications down N = 28 chain...
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y, Summary \

e First experimental measurement of exotic 7Z'S17; ® v fp interaction
47K (d,p) & 4’K(d,t) using MUGAST-AGATA-VAMOS @ GANIL
Range of p-wave and f-wave states identified, with J* & S.F.

Comparison with shell model reveals key markers:

o Relative energies of 1~ states in “*K — increased degeneracy in **P?
o Neither accounts for mixed state — anchor for vfs,,?

e Small spectroscopic factor tied to proton mixing?

e Next step down odd-Z, N = 28 — 4C1(d,p)?

N\

C.J. Paxman et al., Phys. Rev. Lett. 134, 162504 (2025)
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Ex Numb Core proton s1/2 Core proton hole d3/2
(EXP) er
Q
WCPp3/2 | SMp32 | EXP WCp32 [ SMp32 | EXP
p312 P32
0.000 1 0 0.40 0.24 1 0.44 *
1.409 2 1 0.35 0.24 0 0.22 *
WCpLZ | SMpLZ | EXP WCpI/Z [ SMpljz | EXP
pl2 p112
1.978 3 1 0.88 0.50 0 0.02 *
N 4 0 0.01 - 1 0.65 *

We can see that the experimental spectroscopic factors are low with respect to the shell
model predictions, comparing the two columns highlighted in blue. A simple way to
resolve this problem is to shift the excess in the spectroscopic factor for the shell model
across to the yellow column so that it becomes 0.60, 0.33 and 0.40. The ground state is
thus closer to the pure configuration with a proton(d3/2) core than the shell model
predicts, whereas the second state is less purely a proton(s1/2) core than predicted.

The mixing that involves the two lowest energy configurations is certainly not a simple
two-level mixing. A better approximation is to consider the four lowest levels as being a
mixture of a neutron in either p3/2 or pl/2 coupled to a proton hole in either d3/2 or s1/2.
Using the orbital codes of p3, pl, d3 and s1 respectively, the four basis states can then be
labelled as p3/d3, p3/s1, pl/s1 and pl/d3. With this basis, the matrices describing the
weak coupling states is:
100
010 0
001
000 1
and the shell model states and the experimental measurements are? :

[0.44 040 000 0.02)
022 035 001 021
000 000 0.88 002
|0.15 0.07 001 065]

24 i
u
loso o)

where it's only possible experimentally to access the two central columns because these
correspond to the proton hole in s1/2 that dominates the ground state of 47K.

Clearly there is plenty of scope for the “missing” strength represented by the
experimental numbers to be redistributed across the other configurations.
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