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Motivation
Challenge: N=28 "island of inversion"

Many key interactions inaccessible
Need 𝜋(𝑠1/2)𝜈(𝑝3/1𝑝1/2 𝑓5/2) elements
In a perfect world, 43P(d,p) transfer
Instead, exploit exotic structure of 47K𝑔.𝑠.

Add neutron, probe interesting interactions!
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Radioactive Isotope Beam

⁴⁸Ca Beam

⁴⁷K Beam
Cocktail BeamTo VAMOS++

C01

C02

CSS1CSS2CIME

FEBIAD
ECRIS

◦ 47K RIB @ 7.7 MeV/u. ◦ Avg. 5x105 pps ◦ 10−4 mass res. → pure beam

Exotic cross-shell interactions at N = 28 C. J. Paxman (GANIL) International Nuclear Physics Conference, 2025 2



Motivation & Experiment Results Shell model comparison

Experimental Setup

CATS
Target
VAMOS++
MUGAST
AGATA
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Beam monitoring
Timing signal (trigger)
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Experimental Setup

CATS
Target

0.31(2) mg/cm2 CD2

6% CH2 contamination
VAMOS++
MUGAST
AGATA
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Experimental Setup

CATS
Target
VAMOS++

Heavy recoil detection
Zero degree arrangement;
receiving full beam
MWPPAC only
Recoil timing & reject
reactions on carbon

MUGAST
AGATA
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Experimental Setup

CATS
Target
VAMOS++
MUGAST

Light ejectile detection
6 x GRIT trapez. DSSD
1 x MUST2 DSSD
4 x MUST2 DSSD+CsI
FWHM = 330 keV in 48K
FWHM = 420 keV in 46K

AGATA
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Experimental Setup

CATS
Target
VAMOS++
MUGAST
AGATA

Prompt 𝛾-ray emissions
36 crystals @ 18 cm
PSA & add-back online,
DC with light ejectile
FWHM = 7 keV @
1.8 MeV; 𝛽 = 0.16
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Experimental Setup

CATS
Target
VAMOS++
MUGAST
AGATA

Triple-coincidence critical!
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Cross-shell interaction at N=28

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

MUST2 GRIT
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Cross-shell interaction at N=28

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

MUST2 GRIT

Pure SPIRAL1+ beam & VAMOS++ gating
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Cross-shell interaction at N=28

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

MUST2 GRIT

Elastics: Normalisation of beam intensity and target thickness
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Cross-shell interaction at N=28

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

MUST2 GRIT

47K(d,t): Simultaneous data set, neutron orbital occupation
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Cross-shell interaction at N=28

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

MUST2 GRIT

47K(d,p): Experimental focus, neutron orbital vacancies
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Motivation & Experiment Results Shell model comparison

Unbound strength

Improved resolution

Separate states

p-𝛾

Strength is in 2D analysis

Determine 𝐸𝑥 to keV precision
Isolation of unresolved states
Clear unbound strength!
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Motivation & Experiment Results Shell model comparison

Angular Distributions
Theoretical DCS from twofnr

Johns.-Tandy & Kon.-Delar.

Unambiguous p-wave or f-wave

Angular resolution of GRIT
Efficiency from realistic simul.
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48K Exp. Results
Nine novel states "complete"

+ high-E bound (3 states)
High-quality diff. cross sec.
Distinct regions of p-/f-wave
One mixed state in between
Adding this to the picture...
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SF-weight. energy of 𝜈, 𝐽𝜋

Shell models diverge!

𝜈(𝑝) degenerate in MU...
... separate in U

Our interaction adjustments,
even closer...
Implications for IoI!

Increased collectivity?

Next: 45Cl(d,p)? 43P(d,p)?
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Motivation & Experiment Results Shell model comparison

Summary

First experimental measurement of exotic 𝜋𝑠 −1
1/2 ⊗ 𝜈 𝑓 𝑝 interaction

47K(d,p) & 47K(d,t) using MUGAST-AGATA-VAMOS@GANIL
Range of p-wave and f -wave states identified, with 𝐽𝜋 & S.F.
Comparison with shell model reveals key markers:

Relative energies of 1− states in 48K → increased degeneracy in 44P?
Neither accounts for mixed state → anchor for 𝝂f5/2?
Small spectroscopic factor tied to proton mixing?

Next step down odd-Z, 𝑁 = 28 → 45Cl(d,p)?

C. J. Paxman et al., Phys. Rev. Lett. 134, 162504 (2025)
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Shell model ‘accuracy’
Taking only simple states...
An (unexpected) relationship?
Poor understanding of 𝜋 mixing?
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T𝑡𝑎𝑟𝑔𝑒𝑡 during kinematic recon-
struction of (d,p) data.

◦ Affects the accuracy of energy
and peak width of excitation
peaks.

◦ Minimisation, with restricted T
from analytical method.
X = -4.15 mm Y = 0.47 mm
Z = +0.22 mm T = 3.25𝜇m
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