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Introduction

The N=40 Island of Inversion 7
» Sign for a weak sub-shell closure at N=40 in %¥Ni
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* Very collective %Fe and %*Cr ground-states
* N=40 Island of Inversion (Iol) around ®4Cr ©)
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The Cr isotopes:
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(1) M. Mougeot et al., PRL 120, 232501 (2018) (2) A. Gade et al., Nature Physics 21, 37-42 (2025) (3) S. Lenzi et al., PRC 82, 054301 (2010)
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- Location and nature of the transition into the Iol ? 7

20 48Ca 49Ca SOCa 51Ca 529a 5393 5498 559a SSCa 57Ca SSCa 59Ca 6OCa

—> Structure and shape of ground state ? N =28 N=32 N=34 N =40

Goals of the experiment:

» First measurement of electromagnetic g.s. properties of neutron rich Cr outside stability
» Better understand the structure of the odd-4 Cr ground states

» Investigate the structural changes along the chain and the formation of the N=40 Iol

(1) M. Mougeot et al., PRL 120, 232501 (2018) (2) A. Gade et al., Nature Physics 21, 37-42 (2025) (3) S. Lenzi et al., PRC 82, 054301 (2010)
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Hyperfine Structure (HFS) :
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1Cr as a Doorway to the N=40 Island Of Inversion

I { — I=1/2,A.,y2= 4380
I1=1/2, A, y2=10.2

1=3/2,A., y2=18.9

1=512,A.,y2=218

Spin !Cr found to be 1/2 , disagrees with 5/2 assignment from literature :
» Spin-parity assignment of first two ¢!Cr excited state from multipol.()
» Over estimation beta feeding in ¢'Mn @
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(2) H. L. Crawford et al., PRC 79, 054320 (2009).



1Cr as a Doorway to the N=40 Island Of Inversion
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* Spin %'Cr found to be 1/2 , disagrees with 5/2 assignment from literature :
» Spin-parity assignment of first two ¢!Cr excited state from multipol.()

» Over estimation beta feeding in 6'Mn (2)

* Moment shows a neutron p,,, config
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(2) H. L. Crawford et al., PRC 79, 054320 (2009).
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1Cr as a Doorway to the N=40 Island Of Inversion
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Charge radi1 of Cr 1sotopes
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F and M determined from King plot using model independent

absolute radii values @ (muonic+te- scat.)
(a) J. W. Lightbody et al., PRC 27, 1 (1983)

Strong kink at N=28, in good agreement with literature

Mi + Fi 5(7-2)AA'

Steep increase of the Cr charge radii between N=28 and N=34

—> Interpreted in K and Ca from filling of neutron p halo orbits (b)
(b) J. Bonnard et al., PRL 116, 212501 (2016)

Clear jump at N=36



Charge radi1 of Cr 1sotopes
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» Recent ab-initio (1,3) and DFT (1,2) calculations do not
reproduce the evolution of Cr radii approaching the Iol

(1) M. Kortelainen, Z. Sun, G. Hagen, W. Nazarewicz, T. Papenbrock,
and P.G. Reinhard , Phys. Rev. C 105, L021303 (2022)

(2) U. C. Perera, A. V. Afanasjev, and P. Ring, PRC 104, 064313 (2021)

(3) V. Soma, C. Barbieri, T. Duget & P. Navratil, EPJA 57, 135 (2021)
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4+ Strong kink at N=28, in good agreement with literature

Mi + Fi 6(7‘2)AA'

* Steep increase of the Cr charge radii between N=28 and N=34

—> Interpreted in K and Ca from filling of neutron p halo orbits (b)
(b) J. Bonnard et al., PRL 116, 212501 (2016)
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Charge radi1 of Cr 1sotopes

DZ: pse=p +D, D=\S_S,+un0.0,.
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Phenomenological macroscopic formula from :

J. Duflo, A.P. Zucker, Phys. Rev. C 66 (2002) 051304(R)
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Charge radi1 of Cr 1sotopes
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Charge radi1 of Cr 1sotopes
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Phenomenological macroscopic formula from : |
J. Duflo, A.P. Zucker, Phys. Rev. C 66 (2002) 051304(R)

SM =DZ + A [ occ,(A4) - occ,(28) ] where : A= (rfz) — (rpz

—> Add one parameter to DZ, proportional to the proton p orbits
occupancies, reproduces exp. data very well

= Deviation from DZ at N > 36, where deformation arise

Interpretation :

» stronger deformation = stronger quadrupole correlation
-> stronger mixing between Al = 2 protons f'and p orbits.

e If true: radii jump shouldn’t be present in Ni
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Charge radi1 of Cr 1sotopes
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Phenomenological macroscopic formula from : |
J. Duflo, A.P. Zucker, Phys. Rev. C 66 (2002) 051304(R)
SM =DZ + A [ occ,(A4) - occ,(28) ]

()

—> Add one parameter to DZ, proportional to the proton p orbits

where : A= (rfz) —

occupancies, reproduces exp. data very well o5

= Deviation from DZ at N > 36, where deformation arise

Interpretation :

» stronger deformation = stronger quadrupole correlation
-> stronger mixing between Al = 2 protons f'and p orbits.

e If true: radii jump shouldn’t be present in Ni

Small mixing difference due to deformation are seen in the
charge radii thanks to the halo character of the p orbits
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Conclusion

p y
 30-62Cr studied by laser spectroscopy with m at I 5 " L“

* First firm spin assignment of neutron rich odd-A Cr isotopes: ul
- 3739Cr literature values confirmed
—> 61Cr spin found to be 1/2, large impact on decay data
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« 6ICr as a doorway to the N=40 Island Of Inversion: Reltive fsqency ]
—> ¢ICr dominated by 2p-2h intruder structure and triaxial shape
- Quantum Phase transition at the entrance of the N=40 Iol

* First measurement of changes in rms charge radii of neutron rich Cr outside stability:
—> Signature of rising deformation entering the N=40 Island of Inversion
—> Microscopic interpretation of radii within Iol with SM calculations
—> Sign for halo proton p orbits
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