@ SERERREY Y —

Center for Computational Sciences

Valence-space in-medium similarity renormalization group
description of calcium isotopes

@ #%
¢ | ) |
) H|V) = E|W)
K

Takayuki Miyagi (University of Tsukuba, Japan)

B

Ab initio many-body calculations: where has the nuclear pairing gone?

@ CEA, Saclay, France, May 14, 2025
1



d rad

IeS an

= Ground-state energies are fundamental

Energ

properties of nuclei

.s.(ZZJPV-__ 2)

E,s(Z,N) — Eg4

Son(Z,N)

= The magic signature can be found!

(ASI) Y@

40 60 80 100 120

20



°hr 0 0 i ]

e SSSS||||____[__[um_m_——_—_—_——[———_—_——, B . - —
: " R P
Energies and radii Saf b e -
= = I I I
RFEL : -
T : -
= Radii are also fundamental properties of nuclei ) E 2! 8 EZOE 2% 550. .582 | 126 i
6(1a"”)(Z N) — 7 N)— (Z N—Q) 0.4 | — T 1 T T T

2n ) TCh( ) Tch ) : : : : : :Uncertaintyisnotplotted:

r 1 r r T | | |
O (Z,N) = 165, (2, N) =65, (Z,N +2)] o eaplt 11 : -
RN i
& oo H M 1y P G RO N

= Some shell closures, such as near 32Sn and i i TII' i :"""'*:{' v -E
208ph, can be detected. O I N | . .:
0.04 | : : : I : I I: Uncertain!cy is not plottled : 7

N : :
- Computing Egs’ and radii would be a good test of %% [1 I A1 1 ' \ N
. E I | |4 /\ bogetur
a theoretical model. = ooon bl UM ,’%f 1l \e el
S oo f i 1V : i :], -

1 1 | | | | |

I 1 | | | | |
—004H 1 | | | | | =

11 1 | 1 | 11l 1 11

0 20 40 60 80 100 120

|. Angeli and K. P. Marinova 2013



Ca radii puzzle

= Charge radii of Ca isotopes
= 48 to 52
= 40 to 48
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1p32
- Shell-model calculation o
Explicit inclusion of excitations across the N=2=20 gap 0d3r2
seems essential.
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Ca radii puzzle

= DFT results
Fayans functional
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P.-G. Reinhard and W. Nazarewicz, Phys. Rev. C 95, 064328 (2017).
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20<=N<=48 and N<20 cannot be explained simultaneoulsly.
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Nuclear ab initio calculations
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Quarks & gluons
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Nuclear many-body problem

+ Green'’s function Monte Carlo

+ No-core shell model

+ Nuclear lattice effective field theory

+ Self-consistent Green’s function

+ Coupled-cluster

+ In-medium similarity renormalization group

+ Many-body perturbation theory
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Weinberg, van Kolck, Kaiser, Epelbaum, Glockle, Meil3ner, Entem, Machleidt, ...

. Lagrangian Construction Two-nucleon force Three-nucleon force Four-nucleon force
+ Chiral symmetry Lo (@) >< H — —
+ Power counting ,
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= Systematic expansion

+ Unknown LECs NLO (@) H
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Figure is from E. Epelbaum, arXiv: 1510.07036

The 1.8/2.0 (EM) interaction will be used 8
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= The charge radius is measure through EM probes.

= Chiral EFT allows us a systematic expansion for charge and current operators.
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Outside Valence Core
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Similarity transformation
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H. Hergert, S. K. Bogner, T. D. Morris, A. Schwenk, and K. Tsukiyama, Phys. Rep. 621, 165 (2016). 10
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Some radii results

Ni and Sn isotopes

Isotope shifts are well

reproduced with the
1.8/2.0 (EM) interaction
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Ca radii with one major-shell valence space S SRS b S 5 —
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= The computed radii are significantly smaller than the * Taoe] L -
experiments due to the 1.8/2.0 (EM) interaction. 397 - T ="
;’_é‘ 3.45 - -
5 3.40
= 40 < A <=48 behavior is totally off from the data. 335
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= The enhancements in A>48 can be observed, but not < 0.5
enough. = 04
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- Explicit excitations across Z=N=20 gap? i 0.1
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50?6?) A=0MeV psd-shell decoupling —
Oﬁ-ft‘:____ p+sd
—50F~—1\s :
0 5 10 15 20

S

Multishell valence space decoupling sometimes fails...

It looks like the failure begins with the drop of some
SPEs outside of the valence space.

Single-particle energy (MeV)
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Multishell valence-space decoupling S

() A =0 MeV
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Moller-Plesset denominator

< can be negative
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Multishell valence-space decoupling

Moller-Plesset denominator
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Island of inversion @ N=20
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Island of inversion @ N=20
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= The oxygen radii trend is also non-trivial. -
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= The computed radii are not fully B-independent _160L
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Pontentially related issues

Nsd-pf, proton
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Sciences

S. W. Bai et al., Phys. Rev. Lett. 134, 182501 (2025).

Maybe Isomer shifts as well
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= Nuclear charge radius is a fundamental observable and provides us with an insight into the nuclear
structure.

= The Ca radii behavior in 40 <= A <=48 is a long standing issue.

= With VS-IMSRG, we have included explicit excitations across Z=N=20 gap.
+ The results are almost the same as the pf-shell calculation results

= Other many-body calculaitons with deformation also fail to reproduce the trend.
= Hamiltonian dependence not seems to explain it.

= What is the missing physics?

27
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