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From stable to neutron-rich nuclel
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Indicator of Shell Closure: Systematics of E(2,")

Cross-shell excitation

Rearrangement of particles
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New subshell closures around A~50
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Unexpected large Charge radius at N = 32

&g A. Koszoruset al., Nature Physics 17, 439 (2021) Y. L. Sun et al, PLB 802, 135215(2020); K. Wimmer et al., PLB 827, 136953 (2022)
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Is N=34 a new sub-shell closure?

Data from NNDC . - E. Leistenschneider et al., PRL126, 042501 (2021)
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Excitation energy of the negaptive parity state in >>Sc
D.Steppenbeck et al., PRC 96(2017) 064310
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Non-closed N = 34 subshell closure for nuclei with Z > 20




A sizable N=34 subshell closure in 34Ca

D. Steppenbeck et al, Nature 502 (2013)
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S. Michimasa et al. Phys. Rev. Lett. 121, 022506 (2018)

S. Chen et al. Phys. Rev. Lett. 123, 142501 (2019)
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Robustness of the N=34 sub-shell for Z<20

Y. Utsuno et al, JPS Conf. Proc. 6, 010007 (2015).

Shell gaps predicted by SDPF-MU o N L L e
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Goal of this work:

Measure the excitation energy of
the low-lying states of >2Ar.

Level energy (MeV)

At present, >2Ar is the most
neutron-rich N=34 nucleus
accessible by experiment.

Ar D. S. etal., PRL 114, 252501 (2015)



Beyond >*Ca: first spectroscopy of >>Ar (Z=18)
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Energy level scheme of >>Ar

*Only list states lying below S, with C2S >0.01

Experiment Theory
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IM-SRG calculation with 1.8/2.0 EM interaction by J. Holt
Eikonal calculation by C. A. Bertulani

The peak at 1.7 MeV is assigned to be the transition 2, > 0, of Ar.
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Comparison with theoretical calculations
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E(2,7) 1s max. at N=34, greater than that at N=32 and N=28.
=> A significant N=34 subshell closure was observed in >?Ar (Z<20).
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Shell evolution beyond N = 34

D(q) = (-1)7[2BE(q) — BE(g +1) — BE(g — 1)] M.L. Cortés et al., PLB 800 (2020) 135071.
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Theoretical predictions for >*Ca

Energy [MeV]

Exp.: F. Browne et al., PRL 126(2021); Unpublished data from SEASTAR3;
Theory: MBPT: J. D. Holt et al., PRC, 90 (2014); CC.: G. Hagen et al., PRL109 (2012)
GXPFI1Br: Y. Utsuno (2020); LNPS-U: A. Poves and F. Nowacki (2020)

v" Predicted E(0,") in 3*Ca diverges significantly
v" Provide information on the gds-orbital correlations
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Approved exp. @ RIBF to evidence the 0," state in >*Ca via °Ti(p,3p)

54Ca(p,3p)52Ar o, 0.048(6) mb mp  Gxpripr 0.018mb  0.011mb  0.008mb  0.015mb
2Ca(p,3p)*°Ar oy 0.11(1) mb KB3G 0.021mb  0.023mb  0.006 mb -

In-beam gamma & missing-mass & invariant-mass spectroscopy

SAMURAI MAGNET




Summary

C ENTER

We performed 3K (p,2p)>2Ar reactions to populate the excited states of >2Ar
at the RIBF.

The first 2* state in >2Ar was found at 1656(18) keV, the highest among the
Ar isotopes with N>20. Shell model calculations with phenomenological and
chiral-effecitive-field-theory interactions both provide an overall good
agreement with the data and support a robust N=34 subshell closure in >2Ar.

H.N. Liu et al., PRL 122, 072502 (2019).

As a next step, we will search for the 0," state in °*Ca via the *°Ti(p,3p)**Ca
reaction at the RIBF with the STRASSE+CATANAPLUS setup to study the
shell evolution beyond N = 34.

15



Collaborators

L. Achouri, O. Aktas, T. Aumann, H. Baba, F. Brown, D. Calvet, F. Chateau, S. Chen, N. Chiga,
L. Chung, M. L. Cortés, A. Delbart, P. Doornenbal, F. Flavigny, S. Franchoo, |. Gaspari¢,

R.-B. Gerst, J.-M. Gheller, J. Gibelin, A. Gillibert, K. Hahn, C. Hilaire, D. Kim, T. Kobayashi,
T. Koiwai, Y. Kondo, P. Koseglou, Y. Kubota, V. Lapoux, J. Lee, B.D. Linh, H. Liu, T. Lokotko,
M. MacCormick, K. Moschner, I. Murray, A. Obertelli, H. Otsu, V. Panin, S.-Y. Park,

N. Paul, W. Rodriguez, E. Sahin, M. Sasano, P-A. Séderstrom, D. Sohler, D. Steppenbeck,

L. Stuhl, Y. Sun, S. Takeuchi, Y. Togano, H. Tornqvist, V. Vaquero, S. Wang, V. Werner,

K. Wimmer, H. Yamada, D. Yan, Z. Yang, M. Yasuda and L. Zanetti

TECHNISCHE

\, NIVERSITAT g 51.
il ’ 0 DARMSTADT
—
THE UNVERSITY OF Tokyo 2 S Og
o

V' mc%l/:,%
A

o L TRIUMF

Theory: C.A. Bertulani, G. Hagen, J.D. Holt,
G.R. Jansen, T.D. Morris, A. Schwenk, R. Stroberg

16



Backup slides



Swelling core in spherical nuclei

PHYSICAL REVIEW C 101, 061301(R) (2020)
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Mass Number
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First excited O* states in doubly-
magic nuclei

o Low-lying O* states are a feature of closed shell nuclei.
o ltis key to understand their structure: configuration mixing and shape coexistence

o They often decay via pair production, with a(n inconvenient) lifetime of few ns

2+_ .
' —
6049 keV E—
\ O+—
3353 KoV / 4283 keV "
2 0* /" 1770 keV
160 40Ca 48Ca 68N
Ty/2=67 ps 2.17 ns 223 ps 270 ns

Experimental data from NNDC
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