0 e £ F FTEBEREHERE

8 PEKING UNIVERSITY

AD Initio resonance and continuum Gamow
shell model: applied to calcium Isotopes up to
beyond dripline

Jianguo Li (Z=f@& )
Advisor : Prof. Furong Xu (B 2 #3%)

Peking University



Tgo® ’ PEKING UNIVERSITY

Weakly bound and unbound nuclel

Closed quantum system

well bound

HO basis

Im (k)
o

T
a]els puno

i

Open quantum system

scattering continuum

Berggren basis

Berggren complex-k space transfers a
time-dependent problem to a time-

independent problem !
T. Berggren, Nucl. Phys. A109 (1968) 265

L™ contour
& nE(b d)

decaying states 2



BT Gamow shell model for weakly bound or unbound nuclei
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ez XY Gamow shell model based on realistic nuclear force
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Realistic nuclear force-Gamow shell model calculations (GSM)

To remove hard core,
but still keep good
descriptions of NN

scattering phase shifts
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PRL.110.242701(2018) PRL 117, 272501 (2016)

N=4010I N =501I0I

Spectra constructed 5
. “Ca) T 51Ca. >Ca 54(3% RN SRS E® °Ca - 2Ca - - 2Ca

Mass measured

_—> !

?7? Halo or
Efimov nuclei

Steppenbeck et al.,Nature 502,207 (2013) S. Michimasa et al. PRL. 121, 022506 (2018) O. B. Tarasov et al. PRL. 121, 022501(2018) PRL.120.052502(2018)
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DAtz ) ¥ The frontier : calcium isotopes
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Je g X ¥ Mean-field calculations of calcium isotopes
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Dripline Prediction 60C5 7
Erler et al. Nature 2012
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ez X F Ab-initio calculations of calcium isotopes
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N AT A 4 Binding energies and single-neutron separation energies
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Core : *8Ca
—8— AME2016 Interactions : CD-Bonn V., A =2.6fm"
SE —— GSM . .
Model space : {1p3/,,1p;,,0f5/,,08/,+i8g/5+1d5 ), +id5 ), }
Calcium isotopes : 4-%9Ca (produced up to ®°Ca, mass >’Ca)

« Our GSM calculations provide good agreement with data.
1  The last odd nucleus against neutron emission is predicted as
I ] 5/Ca in our GSM calculations.
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Excitation Energy (MeV)

Excitation Energy (MeV)
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« For the low-lying bound states in °1°3Ca, RSM

and GSM provide very close results.

For the higher excited states in °1:53Ca, the
calculations shows that the order of 5/2* and 9/2*
level inverts. And the excitation energies of 5/2*
and 9/2* level in GSM is smaller than RSM

calculations. (continuum effects)

.
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5/2f| 7.304 1226 | 527 0.996 | 2316 0.580 | 1.62  0.484
9/2f| 7.592  0.041 | 559  0.008 | 2.601 0.00 | 118  0.00
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AR ¥ Predictions of the low-lying states of >>°Ca
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ez X% Neutron shell evolution in the calcium chain 1/2
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effective single particle energies(ESPE)

00 1 99Cais bound, and calculations also suggest that
— 0Ca is also bound.

2 F S -

1d5/2

[ PHYSICAL REVIEW LETTERS 121, 022501 (2018)
Op——-—-"—-""-"""""——"=—"=— "4 &“# -« = = = = = ) “ o B o
O f Discovery of °’Ca and Implications For the Stability of "“Ca
5/2 0.B. Tarasov,"™* D.S. Ahn,> D. Bazin,' N. Fukuda,” A. Gade,"* M. Hausmann,’ N. Inabe,” S. Ishikawa,’
i N. Iwasa,® K. Kawata,” T. Komatsubara,” T. Kubo,” K. Kusaka,” D.J. Morrissey,"* M. Ohtake,” H. Otsu,’

M. Portillo,” T. Sakakibara,” H. Sakurai,” H. Sato,” B. M. Sherrill,"* Y. Shimizu,> A. Stolz,' T. Sumikama,’
H. Suzuki,” H. Takeda,” M. Thoennessen,"* H. Ueno,” Y. Yanagisawa,” and K. Yoshida®
'National Superconducting Cyclotron Laboratory, Michigan State University, East Lansing, Michigan 48824, USA

. 2RIKEN Nishina Center, RIKEN, 2-1 Hirosawa, Wako, Saitama 351-0198, Japan
“Flerov Laboratory of Nuclear Reactions, JINR, 141980 Dubna, Moscow Region, Russian Federation
"D('!mrlmenl of Physics and Astronomy, Michigan State University, East Lansing, Michigan 48824, USA
“Facility for Rare Isotope Beams, Michigan State University, East Lansing, Michigan 48824, USA

|
\)

||
1

ESPE(MeV)

3 L ('[)e[mrmwnl of Physics, Tohoku University, 6-3 Aramaki-aza-aoba, Aoba, Sendai 980-8578, Japan
"Center for Nuclear Study, University of Tokyo, 2-1 Hirosawa, Wako, Saitama 351-0198, Japan
1p1/2 8Department of Chemistry, Michigan State University, East Lansing, Michigan 48824, USA
® (Received 7 May 2018; revised manuscript received 11 June 2018; published 11 July 2018)

|
S

T
L

) The N = 32,34 is shown in our GSM calculations, which
Xl e 1 consistent with experimental data.

Prediction of the N = 40 subshell disappears in the Ca

28 30 32 34 36 38 40 chain.
Neutron Number
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Neutron shell evolution in the calcium chain 2/2

The two-neutron separation energies
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The existence of the N = 32 and 34 sub-shell and the disappearance of the N = 40 sub-shell in the calcium chain.
The calculations of the nuclei near N = 32,34 is agree with experiment data. Nature 502,207 (2013),Nature 498,346 (2013) PRL. 121 022506 (2018)
The disappearance of the N = 40 sub-shell also happens in the Ti, Cr and Fe i1SOtOpes. PRL.110.242701(2013) PRL.110.242701(2018)

See Prof. X.F Yang and Prof. M Wang’s talks about the N =32 shell evolution in K and Sc isotopes, respectively. 14
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1. Calculations of binding energies of the calcium isotopes.

Calculations provide the stability of the ¢°Ca.
Results predict that the one- and two-neutron dripline locate *Ca and °Ca, respectively.

2. Excited states in °1:°3°557Ca s calculated.
Continuum effects are indicated in the high excited states of 9/2* and 5/2* .

3. Low-lying states of >>-°8Ca are predicted.
The intruder configurations are shown in the ground state of >8Ca.

4. Shell evolution of the N = 32,34,40 are discussed via the calculations of
ESPEs, E(2,%) and S,,.

The calculations of around the N = 32,34 are in line with experimental data.
Results also suggest the disappearance of the N = 40 sub-shell in the calcium chain.
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GSM results
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