Exotic cross-shell interactions at N = 28:
Single-neutron transfer on 4’K

* X %
*

*
* *
* *

* 4 %

AGATA

ADVANCED GAMMA
TRACKING ARRAY

Charlie J. Paxman (GANIL)
6" European Nuclear Physics Conference — 22/09/25 — Caen, France

o

T GANIL %



Motivation & Experiment Shell model comparison

[ Jelele]

/ Motivation \

e Challenge: N=28 "island of inversion" Spherical Z

20

Shape Coex.

.: Prolate
e

ell interactions at N C.J. Paxman (GANIL) European Nuclear Phy onference, 2025



Motivation & Experiment esults Shell model comparison

[ Jelele]

/ Motivation \

e Challenge: N=28 "island of inversion" Z=20
e Many key interactions inaccessible o=
I *Ar)
E E fsi2
1 4G, P2
) Paz
43
N (=)
g f
N\ / / ;
Y E “‘Mge —S— Sz

11 interactions at N = 28 C.J. Paxman (GANIL) European Nuclear Ph Conference, 2025



Motivation & Experiment Results Shell model comparison

[ Jelele]

/ Motivation \

e Challenge: N=28 "island of inversion" Z=20
e Many key interactions inaccessible |
e Need n(s12)v(p3/1p1/2f5/2) elements ‘A"i
-
N\ / / ;

11 interactions at N = 28 C.J. Paxman (GANIL) European Nuclear Ph Conference, 2025



Motivation & Experiment Results Shell model comparison

[ Jelele]

, \
e Challenge: N=28 "island of inversion" B Z=20
e Many key interactions inaccessible
I *Ar)
e Need 7(s1/2)v(p3/1p1/2/5/2) elements o
e In a perfect world, 43P(d,p) transfer S populate ;j’fz
: : f Par2
o
\ / v E:
Y: ,‘ v
1 *Mg; s

11 interactions at N = 28 C.J. Paxman (GANIL) European Nuclear Ph Conference, 2025



Motivation & Experiment Result Shell model comparison

[ Jelele]

, \
e Challenge: N=28 "island of inversion" B Z=20
e Many key interactions inaccessible

AL

e Need 7(s1/2)v(p3/1p1/2/5/2) elements o
e In a perfect world, ¥*P(d,p) transfer S ;j'fz

e Instead, exploit exotic structure of *’K ;. L 4p Pz Q

: 35.amsi 185ms fwz

\ /
Y: I‘ *—o—0—o d312
: 'IVI g: —S— Sz

1 interactions at N = 28 C.J. Paxman (GANIL) European Nuclear P! Conference, 2025



Motivation & Experiment Shell model comparison
[ Jelele] O [e]e]

e SDPF-U = SDPF-MU A ZBM2*

w

Proton occupancy
N

Potassium isotope, A

Adapted from J. Papuga et al. Phys. Rev. C 90, 034321 (2014)

ell interactions at N C.J. Paxman (GANIL) European Nuclear Phy onference, 2025



Motivation & Experiment 1 model comparison
[ Jelele]

e SDPF-U = SDPF-MU

w

Proton occupancy
N

Potassium isotope, A

Adapted from J. Papuga et al. Phys. Rev. C 90, 034321 (2014)

ell interactions at N = 28 C.J. Paxman (GANIL) European Nuclear Physics Conference, 2025



Motivation & Experiment Result Shell model comparison

[ Jelele]

, \
e Challenge: N=28 "island of inversion" B Z=20
e Many key interactions inaccessible

AL

e Need 7(s1/2)v(p3/1p1/2/5/2) elements o
e In a perfect world, ¥*P(d,p) transfer S ;j'fz

e Instead, exploit exotic structure of *’K ;. L 4p Pz Q

: 35.amsi 185ms fwz

\ /
Y: I‘ *—o—0—o d312
: 'IVI g: —S— Sz

1 interactions at N = 28 C.J. Paxman (GANIL) European Nuclear P! Conference, 2025



Motivation & Experiment [\L U|I Shell model comparison

[ Jelele]

/ Motivation \

e Challenge: N=28 "island of inversion" B Z=20
e Many key interactions inaccessible - X
I *Ar)
e Need 7(s1/2)v(p3/1p1/2/5/2) elements o
e In a perfect world, 43P(d,p) transfer . populate ;j’fz
. . 1 00ms ! A 3 ————————
o Instead, exploit exotic structure of 47Kg, 5. E:; NE:;EE P O
o Add neutron, probe interesting interactions! i
\ / L =1
Y E "‘Mge —0— Sz

48K

1 interactions at N = 28 C.J. Paxman (GANIL) European Nuclear Physics Conference, 2025



Motivation & Experiment Re: Shell model comparison

[ Jelele]

, \

e Challenge: N=28 "island of inversion" B Z=20

e Many key interactions inaccessible - X

e Need n(s12)v(p3/1p1/2f5/2) elements ‘A"i

e In a perfect world, ¥*P(d,p) transfer . popuess iz

e Instead, exploit exotic structure of *’K ;. é:} “p A o T
\o Add neutron, probe interesting interactions! ) :

Y i "‘Mgé Suz

First measurement of exotic
71'(81_/12) ® v(f5/2p) interactions a8

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



Motivation & Experiment

Results Shell model comparison
0000 000000 00

/ Radioactive Isotope Beam \
A 4Ca Beam
- To VAMOS++ <¢— Cocktail Beam

FEBIAD % <«— 4K Beam C02
ECRIS - r ¢ ~ N

-
g, 11
cIME — CSS2 Css1

CO1

o “’K RIB @ 7.7 MeV/u. o Avg. 5x10° pps o 10™* mass res. — pure beam
\

Exotic cross-shell interactions at N = 28 C.J. Paxman (GANIL)

European Nuclear Physics Conference, 2025



Motivation & Experiment

[e]e] le]

Experimental Setup

CATS
Target
VAMOS++
MUGAST
AGATA

MUGAST

(GRIT + MUST?2)
DSSD array

MWPPAC

7K

Beam-like

VAMOS++

Magnetic spectrometer

AGATA

HPGe array

Exotic cross-shell interactions at N = 28

C.J. Paxman (GANIL)

European Nuclear Physics Conference, 2025



Motivation & Experiment

[e]e] le]

Experimental Setup

CATS

e Beam monitoring

e Timing signal (trigger)
Target
VAMOS++

MUGAST
AGATA

Exotic cross-shell interactions at N = 28

MUGAST

(GRIT + MUST?2)
DSSD array

MWPPAC

7K

Beam-like

VAMOS++

Magnetic spectrometer

AGATA

HPGe array

European Nuclear Physics Conference, 2025

C.J. Paxman (GANIL)



Motivation & Experiment

[e]e] le]

Experimental Setup

CATS
Target

e 0.31(2) mg/cm? CD,
® 6% CH; contamination

VAMOS++
MUGAST

AGATA
\

MUGAST

(GRIT + MUST?2)
DSSD array

MWPPAC

7K

Beam-like

VAMOS++

Magnetic spectrometer

AGATA

HPGe array

Exotic cross-shell interactions at N = 28

C.J. Paxman (GANIL)

European Nuclear Physics Conference, 2025



Motivation & Experiment
[e]e] e}

Shell model comparison

Experimental Setup

CATS
Target
VAMOS++

e Heavy recoil detection

® Zero degree arrangement;

receiving full beam
MWPPAC only

Recoil timing & reject
reactions on carbon

MUGAST

AGATA
\

MUGAST

(GRIT + MUST?2)
DSSD array

MWPPAC

7K

Beam-like

VAMOS++

Magnetic spectrometer

AGATA

HPGe array

I interactions at N = 28

xman (GANIL)

European Nuclear P!

Conference, 2025



Motivation & Experiment

[e]e] le]

Experimental Setup

CATS
Target
VAMOS++
MUGAST
e Light ejectile detection

e 6 x GRIT trapez. DSSD
1 x MUST2 DSSD
4 x MUST2 DSSD+Csl

e FWHM = 330 keV in K
e FWHM = 420 keV in %K

AGATA
\

Shell model comparison

MUGAST

(GRIT + MUST?2)
DSSD array

MWPPAC

7K

Beam-like

VAMOS++

Magnetic spectrometer

HPGe array

Exotic cross-shell interactions at N = 28

C.J. Paxman (GANIL)

European Nuclear Physics Conference, 2025



Motivation & Experiment

[e]e] le]

Experimental Setup

CATS

Target

VAMOS++

MUGAST

AGATA
e Prompt y-ray emissions
® 36 crystals @ 18 cm
e PSA & add-back online,

DC with light ejectile

e FWHM =7 keV @
1.8 MeV; 8 =0.16

Exotic cross-shell interactions at N = 28

(GRIT + MUST2)

a "\

Shell model comy

MUGAST

MWPPAC

DSSD array

7K

|
.’kd,m @

CATS

MWPC

AGATA

HPGe array

C.J. Paxman (GANIL)

Beam-like

VAMOS++

Magnetic spectrometer

European Nuclear Physics Conference, 2025



Motivation & Experiment

[e]e] le]

Experimental Setup

CATS
Target
VAMOS++
MUGAST

AGATA

Triple-coincidence critical!

MUGAST

(GRIT + MUST?2)
DSSD array

MWPPAC

7K

Beam-like

VAMOS++

Magnetic spectrometer

AGATA

HPGe array

Exotic cross-shell interactions at N = 28

xman (GANIL)

European Nuclear Physics Conference, 2025



III|IIII|Ih

60780
645 [deg]

nan (GANIL)



60780
645 [deg]

Exotic cross-shell interactions at N = C.J. Paxman (GANIL) ropea clea ysics Conference, 2025



Motivation & Experiment
[e]e]e] )

0
9
8
7
6
5
4
3
2

2

—_

e TTTITTTTTTTITTTTTT T I T TTT T T TTTTTT T

o

60 R I T T RT.
(p,p) & (d,d) 8, [deg]

Elastics: Normalisation of beam intensity and target thickness

shell interactions at N = 28 C.J. Paxman (GANIL) European Nuclear Physics Conference, 2025



'1§o'd' 7 T T
(d,p) 8., [deg]

30
(p,p) & (d,d)

47K(d,t): Simultaneous data set, neutron orbital occupation

-shell interactions at N C.J. Paxman (GANIL) European Nuclear Physics Conference, 2025



& Experiment

0
9
8
7
6
5
4
3
2

—_

o

e TTTITTTTTTTITTTTTT T I T T T T T TTTTTT T

30 60780
(p,p) & (d,d) 8., [deg]

47K(d,p): Experimental focus, neutron orbital vacancies

-shell interactions at N C.J. Paxman (GANIL) European Nuclear Physics Conference, 2025



ation & Experiment Results Shell model comparison

000000
E, [MeV]
-05 00 05 10 15 20 25 30 35 40 45 50 55 60 65 7.0

1200 I
1S, - 4.644 MeV

—_
(=
(=]
S

all new states

800
600
400
200

Counts / 0.025 MeV

-
LN R

80

60

40

20

Counts / 0.001 MeV

—05 00 05 10 15 20 25 30 35 40 45 50 55 60 65 7.0
E, [MeV]

11 interactions at N = 28 C.J. Paxman (GANIL) European Nuclear Physics Conference, 2025



ation & Experiment Results Shell model comparison

000000
E, [MeV]
-05 00 05 10 15 20 25 30 35 40 45 50 55 60 65 7.0

1200 !
1S, - 4.644 MeV

—_
(=
(=]
S

all new states

800
600
400
200

Counts / 0.025 MeV

-
LN R

80

-—— Decay to ground state

60

40

Counts / 0.001 MeV

20

—05 00 05 10 15 20 25 30 35 40 45 50 55 60 65 7.0
E, [MeV]

11 interactions at N = 28 C.J. Paxman (GANIL) European Nuclear Ph Conference, 2025



ation & Experiment Results Shell model comparison

000000
E, [MeV]
-05 00 05 10 15 20 25 30 35 40 45 50 55 60 65 7.0

1200 !
1S, - 4.644 MeV

—_
(=
(=]
S

all new states

800
600
400
200

Counts / 0.025 MeV

(i
LN R

80

-—— Decay to ground state
------- Decay to 1™ excited state

60

40

Counts / 0.001 MeV

20

—05 00 05 10 15 20 25 30 35 40 45 50 55 60 65 7.0
E, [MeV]

11 interactions at N = 28 C.J. Paxman (GANIL) European Nuclear Ph Conference, 2025



vation & Experiment Results Shell model comparison

000000
E, [MeV]
-05 00 05 10 15 20 25 3.0 35 40 45 50 55 60 65 7.0
1200:_...|....|....|....|....|....|....|....|....|....|....|.:...|....|....|....|....|...

> = 1S, - 4.644 MeV
s 1000:—
0 800 F all new states
g "V
S 600
£ 400
3 o
O 200
z soF ] a
= - | -—— Decay to ground state
= 60 S R Decay to 1% excited state
8 C 7 Decay to 2™ excited state
S wf
E C
é 20

ok

—05 00 05 10 15 20 25 30 35 40 45 50 55 60 65 7.0
E, [MeV]

ell interactions at N = 28 C.J. Paxman (GANIL) European Nuclear Physics Conference, 2025



Results
0O@0000

/ \

e Strength is in 2D analysis

E, [MeV]

-|I|IIII|II.II|III.I|IIII|II'I|IIII|III—

man (GANIL) European Nuclear Physics Conference,



ivation & Experiment Results Shell model comparison

0O@0000

/ \

e Strength is in 2D analysis

E, [MeV]

e Determine E, to keV precision

iy

-|I|IIII|II.II|III.I|IIII|III'I|IIII|III—

E, [MeV]

hell interactions at N 8 XMz 3/ ) European Nuclear Physi onference, 2025



Results Shell model comparison

0O@0000

/ \

e Strength is in 2D analysis

E, [MeV]

e Determine E, to keV precision

; Sl e Isolation of unresolved states

+ " i Separate states
* . N N :

N\ /

-|I|IIII|II.II|III.I|IIII|III'

E, [MeV]

Exotic cross-shell interactions at N = C.J. Paxman (GANIL) European Nuclear Phy onference, 2025



periment Results Shell model comparison

0O@0000

\

Strength is in 2D analysis

E, [MeV]

Determine E to keV precision
Isolation of unresolved states

Clear unbound strength!

-|I|IIII|II.II|III.I|IIII|IIII|IIII|III—

E, [MeV]

ell interactions at N C.J. Paxman (GANIL) European Nuclear Phy onference, 2025



Results
[e]e] lele]e]

<
¥
J100
100

586
5- 403
5+ 3 2.177
8
3- - 0.728 3- - 0.728
|E
2- £5.0279 2- 0.279
2- —(.143 2- 0.143
1- 0.000 | 0.000

This work W. Krolas (2011)




Results
[e]e] lele]e]

- 4.35
- 424
- 4.11
3.868
3.792 g
3.601 7+ == 3.586
5- =t 3.403
3.254
2.908
2.407 ;
5+ ~ 2.177
1.978
1.409
88— 0.967 ‘
3- - 0.728 3- — 0.728
e |
2- L=.0.279 2- 2=0.279
2- = 0.143 - 5 0.143
1- 0.000 1- 0.000
This work W. Krolas (2011)

ell interactions at 8 C.J. Paxman (GANIL) 2 lear Physics Conference,



Results
[e]e] lele]e]

2
=
3.586
3.403
aa
=&
S 2.407 .
S5S 5+ - 2.177
= 1.978
-aa
=— 1.409
S
- S——0.967
3- - —0.728 3- = 0.728
i § (=3 l =
2- X £5.0279 2- =2-0.279
2- —(.143 2- —0.143
1- 0.000 1- 0.000
This work W. Krolas (2011)

hell interactions at N 8 XMz 3/ ) European Nuclear Physics Conference, 2025



Results
[e]e] lele]e]

7+ =8 3586
o C- 5- = 3.403
O
S 5 —
A = CL 2.407 ‘v
o Q =2= 5+ z 2.177
— 3 - 1.978
O, ceg
05 *5; = 1.409
=
: - S=——0.967 ‘
3- - —0.728 3- — 0.728
z s, ls.
2- L 2 £5.0279 2- 2-0.279
2- —(.143 2- —(.143
1- 0.000 - 0.000
This work W. Krolas (2011)

ell interactions at 8 C.J. Paxman (GANIL) 2 lear Physics Conference,



ation & Experiment Results Shell model comparison

[e]e]e] le]e]

Angular Distributions E - -
e Theoretical DCS from TWOFNR % . b
o Johns.-Tandy & Kon.-Delar. E

e 107

"Q —

5 L p-wave

= - f-wave
|||I||||I||||I||||I||||I||||

\ / 110 120 130 140 150

0, [deg]

1 interactions at N = 28 .J. Paxman (GANIL) European Nuclear P! Conference, 2025



Motivation & Experiment Results Shell model comparison

[e]e]e] le]e]

= 0.143 MeV
e Theoretical DCS from TWOFNR % .
o Johns.-Tandy & Kon.-Delar. E
e Unambiguous p-wave or f-wave C 107
e Angular resolution of GRIT 3
e Efficiency from realistic simul. ..8 Ig—wave
— -wave
\ / R E e
0., [deg]

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



Motivation & Experiment Results Shell model comparison

[e]e]e] le]e]

- 0.143 MeV
Angular Distributions 7 . 5=0.417
e Theoretical DCS from TWOFNR % . S~ :
o Johns.-Tandy & Kon.-Delar. £ R
e Unambiguous p-wave or f-wave C 107 -
e Angular resolution of GRIT =
: S S p-wave
e Efficiency from realistic simul. =
. . — f-wave
. Scallng = SpeCtrOSCOplc faCtor! L1l I L1 11 I L1 11 I L1l I L1 11 I L1l
N\ / 110 120 130 140 150
0., [deg]

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



Results Shell model con

0000e0

TTT | TTT | TT1T TTT | TTT | TTT ~
1073=@) g iy o =10 T
: =
] Multip.
1074 E 3.868  (2)
3.792  (3)
g 48K Exp. Results T
= 3107 e Nine novel states "complete" o
£ ] 2908 2
£ ] 2407 0
] |1n-3
:\; ;10 1978 1-
1409 1
=107
] 0.967 0"
1 \ /
4107 0143 2
|||||||||||:||||||A||||-|f WOO' il
120 140 120 140 Experiment

Oy, [deg]

hell interactions at N 8 XMz 3/ ) European Nuclear Physi onference, 2025



tion & Experiment Results Shell model comparison

0000e0

TTT | TTT | LI TTT | TTT | TTT ~
1073 @) 5t 10°
‘ Multip -
107 5107 3868  (2)
3.792  3)
g 48K Exp. Results T
104 : " "
= 210 e Nine novel states "complete o
E ] . . :
2 : e + high-E bound (3 states) 2908 2
£ ] 2407 0
] |1n-3
:\; ;10 1978 1
g o 1409  1°
0967 0
1 \ /
<4107 0143 2.
i TR R i N N WOO' i
120 140 120 140 Experiment

Oy, [deg]

ell interactions at 8 C.J. Paxman (GANIL) European Nuclear Physics Conference,



on & Experiment Results Shell model comparison

0000e0

I(a|||||||||||||||||||||

107 @) 32 107
. .
Multip.
107 5107 3868  (2)
3792 (3)
g 48K Exp. Results T
-4 ° " "
= 210 e Nine novel states "complete )
£ ] ) . :
2 / e + high-E bound (3 states) zzgj (2)
5 1., L 24070,
s 110 e High-quality diff. cross sec. Lo 1
;1073 1409 1
0967 0
g § /
<4107 0143 2.
|||||||||||”||||||A||||-|f mOO' il
120 140 120 140 Experiment

Oy, [deg]

axman (GANIL) European Nuclea:



vation & Experiment Results Shell model comparison

0000e0

1073 I(z/ll)il;l TTT i| !Iii; I77I TT | TTT TT I? 1073
= ® A
- 3 .
: ] Multip.
107% EST 2107 3868 (2)
3792 (3)
g 48K Exp. Results T
5[ j -l c " "
=10 210 e Nine novel states "complete )
g 1 . ; .
2 / e + high-E bound (3 states) zzgj (2)
S 1. oy o g e -
s ;10 e High-quality diff. cross sec. Lo o
3 e Distinct regions of p-/f-wave
1.409 1
107 =107
; 3 0967 0
g § /
107°E <4107 0.143 27
:|||||||||||:||||||A||||—|f mOO' il
120 140 120 140 Experiment

Oy, [deg]

ell interactions at N C.J. Paxman (GANIL) European Nuclear Phy onference, 2025



Results Shell model comparisor

0000e0

107.‘ T I)I | TT Iil;iili I77I TT | TTT | TT Ii 1073

. ~ o Eystpaiy =! -
s -t Multip.

107 =y =107 3868 (2)
3.792 3)
g 48K Exp. Results T

3l Siiat c " "
210 - e Nine novel states "complete o
g X : .
2 e + high-E bound (3 states) 2223 (2)
T ‘ e High-quality diff. cross sec. Lo 1

e Distinct regions of p-/f-wave
1.409 1

107 e One mixed state in between
0967 0

\ /

1073 i 3 0.143 2
St N ENE i R NN mOO' il
120 140 120 140 Experiment

Oy, [deg]

11 interactions at N = 28 C.J. Paxman (GANIL) European Nuclear Ph Conference, 2025



do/dQ [mb/msr]

103k

107

107(d)

L

120 140

120 140

Oy, [deg]

Results
0000e0

48K Exp. Results

e Nine novel states "complete"
e + high-E bound (3 states)

e High-quality diff. cross sec.
e Distinct regions of p-/f-wave
e One mixed state in between
e Adding this to the picture...

\ /

Shell model comparisor

|
Multip.
3.868  (2)
3.792 (3)
3.601 "2
3.250 (39
2.908 2"
2.407 0
1.978 1
1.409 L
0.967 0.
0.143 2.
0.000 17
Experiment

Conference, 2025

11 interactions at N = 28

C.J. Paxman (GANIL)

European Nuclear Ph



Results
[e]e]e]e]e] ]

y-ray transitions

S 3.601 7+ === 3.586
= 5- = 3.403
g 3.254
: 2.908
aa
g3
— 2.407 ‘
S5S 5+ — 2.177
T 1.978
SIS
Z58
1.409
8
- - S 0.967 i
3- - 18 0.728 3- — 0.728
2- H J,—, S.0.279 2- J. =2-.0.279
2- —(.143 2- —(.143
1- 0.000 - 0.000
This work W. Krolas (2011)

ell interactions at 8 C.J. Paxman (GANIL)



Results
[e]e]e]e]e] ]

y-ray transitions + £-wave

L=3 ARe .
=3 Feas : E
L=3 s 3601 7+ —= 3.586
= 5- 3.403
L=3 s 3.254
Mixed — 2.908
| aa
3
L=1 — 2.407 ‘
S5S 5+ — 2.177
-1 Sk 1978
SISO
00O
L=1 T 1.409
8
L=1 - S——0.967 ‘
3- - 0.728 3- — 0.728
IE l=
2- x 120279 2 22.0279
L=1 2- = 0.143 - = 0.143
L=1 1- 0.000 1- 0.000
This work W. Krolas (2011)

ell interactions at 8 C.J. Paxman (GANIL)



Results
[e]e]e]e]e] ]

y-ray transitions + £-wave + spectroscopic factors

435
itt
L=3 $=0.138 3.868
[=3 5=0.161 3792 S
L=3 $=0.243 3601 74 = S 3 586
5- - 3.403
L=3 $=0.037 Lo 3254 i
0.019 & 0.068 — 2.908
il aa
: =&
L=1 $=0.313 —_— 2.407 ‘
=%= 5+ — 2.177
L=1 $=0.491 : aez 1.978
% =9z
H 00O
L=1 $=0.238 ; = - 1.409
L=1 $=0.244 : 18— 0.967 ‘
3- : 18 0.728 3- — 0.728
2 M J, 18,0279 o i 22_0279
L=1 S=0.417 2- —==0.143 2- = 0.143
L=1 S=0.233 I- 0.000 1 0.000

This work W. Krolas (2011)

axman (GANIL) European Nuclea: Conference, 2!



vation & Experiment Results Shell model comparison

[e]e]e]e]e] ]

y-ray transitions + {-wave + spectroscopic factors = state spin (J™)

i
—ho0U0
—n

L=3 $=0.138 2- ‘__:w_maaa? 3.868
L=3 S=0.161 53-;-——-§§§§~ 3.792 8
L=3 $=0.243 (2- s 3601 7+ —= 3.586
- 5- - 3.403
L=3 $=0.037 (3-) s 3254
0.019 & 0.068 2- — 2.908
L=1 $=0.313 0- 4 B 2,407 ‘
: S52 5+ — 2.177
L=1 S=0.491 1I- ; me 1.978
L=1 S=0.238 1I- : —s 1.409
L=1 $=0.244 0- 18— 0.967 ‘
3- - 0.728 3- — 0.728
; J' 8 l S
2- x £2.0279 2 =2-0279
L=1 S=0.417 2- ——0.143 2- =—0.143
L=1 S=0.233 I- 0.000 |- 0.000
This work W. Krolas (2011)

axman (GANIL) European Nuclea:



Results Shell model comparison

[e]e]e]e]e] ]

(s ®V(f) L=3 $=0.138 2- F2FNamne :
(s @v(f) L=3 $=0.161 §3-;- 3792 S
(s ®@w(f) L=3 $=0.243 (2- 3601 7+ = 3.586
5 3.403
(s, ®v(f,) L=3 $=0.037 (3-) , 3254
V(p) +v(f) 0.019 & 0.068 2- ﬁ 2.908
A(s,)®Vv(p,) L=1 $=0.313 0- S5 2,407 ‘
=2= 5+ = 2.177
(s ®V(pr) L=1 $=0.491 1- : 1= 1.978
z2S
7(s,)®v(p.) L=1 $=0.238 1- : = 1.409
A(5,)®Vv(p) L=1 $=0.244 0- : 18— 0967 ‘
3- - - 0.728 3- — 0.728
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e Specific matrix elements:
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e Implications down N = 28 chain...
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Results
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e Next step down odd-Z, N = 28 — 43Cl(d,p)?

\

First experimental measurement of exotic ”S17é ® v f p interaction

YK (d,p) & 4K (d,t) using MUGAST-AGATA-VAMOS @ GANIL
Range of p-wave and f-wave states identified, with /™ & S.F.
Comparison with shell model reveals key markers:

o Relative energies of 1~ states in “*K — increased degeneracy in “P?

e Neither accounts for mixed state — anchor for vfs,,?
e Small spectroscopic factor tied to proton mixing?

Exotic cross-shell interactions at N = 28 C.J. Paxman (GANIL)

4TK(d,p): Phys. Rev. Lett. 134, 162504 (2025)
47K (d,t): Manuscript in preparation

European Nuclear Physics Conference, 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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