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: f 17 19
YSOX, enlarged model space, 0-3hw Negative states in 'C and 7C
compared with 0-1Thw in WBT... - — YSOX(1/27)

. . . . f — — YSO0X(3/2;
Cross-shell interaction is reconsidered : ot m((l//gf))
CXY, et al., PRC 85 (2012) 064324 ST %€ EXP(3/23)
——
sd component in >Be beyond N=8 .‘ . 3/27
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J. Chen, et al., PLB 781i20i8i412 J.W. Hwani, et al., PLB 769i2017i503
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° GlObal Optimization 2hw 4he 64w 2he 4hw 6hw 6hm 4he 2ho 6hw 4ho 2ho  +GCM

B(GT)"N,,—->"C
0.6 O\Q_Q—_—\\‘

0 —a— 2'—o— (x1/2for theoryv_(

CXY, CPC, 41(10), 104102, (2017) 504 ot o 2—o—
&

s 5

“‘ .’ 32 .‘ }’/—
0.0 |rpm——3 X 2.

s § V. A i
YSOX+ YSOX+ YSOX+ YSOX YSOX YSOX Expt WBP- WBP- WBP- WBP WBP WBP B--AMD AMD NCSM
2ho  4ho  6ho 2ho 4ho 6hn 6ho 4ho 2ho  6ho 4heo 2o +GCM




PHYSICAL REVIEW LETTERS 121, 262502 (2018)

S. Leblond,' F. M. Marqués,] J. Gibelin,' N. A. Orr,' Y. Kondo,” T. Nakamura,” J. Bonnard,> N. Michel,** N. L. Achouri,’

First Observation of 2°B and 2'B

T. Aumann.®’ H. Baba® F. Dclaunay,l Q. Dcshaycs,1 P. Doornenbal,® N. Fukuda,® J. W. Hwang,9 N. Inabe.® T. Isobe.
D. Kameda,® D. Kanno,” S. Kim,” N. Kobayashi,2 ! Kobayashi.‘0 T. Kubo.® J. Lee.® R. Minakata,” T. Motobayashi.8
D. Murai,'' T. Murakami,'? K. Muto,'® T. Nakashima,” N. Nakatsuka,'> A. Navin,"> S. Nishi,> S. Og_oshi,2 H. Otsu.®

H. Sato.® Y. Satou.” Y. Shimizu,® H. Suzuki,® K. Takahashi,'” H. Takeda,® S. Takeuchi,® R. Tanaka? Y. Togano,z'7
A.G. Tuff," M. Vandebrouck.” and K. Yoneda®

resonances which were detected through their decay into '?B and one or two neutrons. Two-proton removal
from >N populated a prominent resonancelike structure in *°B at around 2.5 MeV above the one-neutron
decay threshold, which is interpreted as arising from the closely spaced 17,2~ ground-state doublet

[predicted by the shell model] In the case of proton removal from 22C, the '°B plus one- and two-neutron

| —SM
| v AMEI2
5| A AME16

B Ref. [22]
® This work

14

16

N

18

(5.0 MeV). Given that the]| SM predicts |the first excited
state of 2'B to have a strength some 10 times less than the
ground state in proton removal from %%C, its nonobservation
here is not surprising.

We wish to extend our thanks to the accelerator staff of
the RIKEN Nishina Center for their efforts in delivering the
intense **Ca beam, and to C. Yuan for the matrix elements
of the YSOX interaction. N.L.A., ED., J.G., F M. M.,
and N. A. O. acknowledge partial support from the Franco-
[32] C. Yuan, T. Suzuki, T. Otsuka, F. Xu, and N. Tsunoda, Phys.

Rev. C 85, 064324 (2012).
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l 27/2- 51Mn
704 3 — Exper’lv/lent -

) T Mirror energy difference ~ 0.1MeV, isospin asymmetric
| - 25
i In weakly bound case, MED ~ 1MeV
P 6- Expt. USD USD* 41 Expt. usb usp*
3+— 3+— 3+ 5/2+ 5/2+
I 1 2+ 2+ e Jai0 =5/2+,3/2+)327—= T SI2+
4 G 2+ 312+ /2%, . &
el 17 0+= < 7/2+ =3/2+
— - < 41 0+— 2+ 4+ — = 0+ % 7R2+— — 9/2+ —7/2+
Y 2 |4+ o+ 4+ S22+ (32+5/2+ 112+
= = 9/2+
13 > 4+ B |12+ ="
2] 20— __2¢ - —2+ 2 — 12+
' B c —
I L = 2430+ 312+
. : o 02— =325, s+
! 041 0+— —0+ | 0+— — 0O+ 5/2+190 19 5/2+4 190 19y
| B 130 18Ne 180 1sNe a a
T b T 0 A CXY, C. Qi, F.R. Xu, T. Suzuki, T. Otsuka, PRC 89, 044327 (2014)
: CED (keV)
D. D. Warner, M. A. Bentley, and P. Van Isacker, Nat. Phys. 2, 311 (2006). IAS Of 22Al, Expt. 8829 (406) keV, USD* 9020 keV
1, The shift of single particle energies PLB766(2017)312

R. G. Thomas, Phys Rev. C 88, 1109 (1952). J. B. Ehrman, Phys Rev. C 81, 412 (1951).
2, The modification of the residual interaction.
K. Ogawa, H. Nakada, S. Hino, and R. Motegi, Phys. Lett. B464, 157 (1999).
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PHYSICAL REVIEW C 99, 064312 (2019)

B-decay spectroscopy of *’S

(RIBLL Collaboration)
E'kkeV) F I (%) E*'(keV) J Is(%)
| ——T=5/2 12693(18)  5/2* 12677 52 1.8 |
8286(18) (7729  0.4(2) 8405 72 0.5
7992(18)  (3/2)  0.5(2) 7990 72+ 0.1
7444(16) (529  0.5(2) 7825 32 02
7379(15) (3129  0.4Q2) 7582 572 0.3
7068(16) (329  0.8(3) 7496 72° 0.2
6864(18) (7.2  0.4(2) 7476 3/2* 0.2
6714(15) (529  1.1(4) 7290 32" 1.4
6654(15) (512  12(3) 7273 72" 0.5
6623(16) (512  1.0(3 ot g
(1) G2)  1.03) 6916 52 0.6
6554(15) (729 0.4(1) &3] = o
6546(16) (729  1.1(4) e115 75 05
6401(14) (729  2.0(5) 6566 72 09
6324(15) (329  0.4Q2) 6205 72 11
6169(14)  (772)  13(4) 5993 32° 12
5857(13)  (5/2%)  5.7(8) 5978 72+ 1.7
5842(15)  (7/2%)  1.4(4) 5679 3/2+ 0.5
5721(14) (329 1.0(2) 5580 52 2.0
5544(15) (5129  0.8(2) 7 5334 52 38
5269(13)  (312)  0.6Q2) —————5255 3/2* 02
5021(15) (729 1.6(4) 5226 72 2.0
4875(13 529 112 4756 572 2.4
(13) (/279 @ —/————— 4616 72 12
4506(13) (7129 15Q3) ———_2370 s> 10
4464(16) (52 03(2) 3775 32+ 18
2+2786 / 3524(14)  3/2¢  0.6(2) 3647 72° 1.9
989 3267 72* 0.6
2°1797
2786 2060 52° 0.2
1861(13)  5/2¢  1.8(3) )
1797 p_m 1569(12) 53+ 8.9(10) 1715 572 7.6
. 2p—T— 1125(2) 312 54.2(88) 1193 3/2* 566
26Q 4 S,=807(9) keV 14 I1=31.1(86)%
Sitp r=1 > P allED) -

A(*Si) = —7141.0(1) keV

27p T=3/2
AC’P) = —659(9) keV

27P




PHYSICAL REVIEW LETTERS 127, 262502 (2021) )
. 7 s A 18Mg —_—
Editors' Suggestion Featured in Physics

17Na|'®Nal'®Na

First Observation of the Four-Proton Unbound Nucleus Mg i5F | 14 | o | o

Y. Jin®,"" C.Y. Niu,”" K. W. Brown,>>" Z. H. Li,"* H. Hua,"® A. K. Anthony,** J. Barney,”* R.J. Charity,’

J. Crosby,™* D. Dell’Aquila,” J. M. Elson,’ J. Estee,”* M. Ghazali,”* G. Jhang,” J. G. Li,"®” W.G. Lynch,”** 35— - - - -
N. Michel,("7 L.G: Sobotka,s’8 S. Sweany,z‘4 F.C.E. Teh,z‘4 A. Thomas,5 C.Y. Tsang,z’4 M. B. Tsang,z’4 (a)
S.M. Wang,”'"" H. Y. Wu,! C.X. Yuan,'" and K. Zhu**
'School of Physics and State Key Laboratory of Nuclear Physics and Technology, Peking University, Beijing 100871, Chir @ Z2=12
*National Superconducting Cyclotron Laboratory, Michigan State University, East Lansing, Michigan 48824, USA
2 Department of Chemistry, Michigan State University, East Lansing, Michigan 48824, USA
4Department of Physics and Astronomy, Michigan State University, East Lansing, Michigan 48824, USA
5Department of Chemistry, Washington University, St. Louis, Missouri 63130, USA
®Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China
"School of Nuclear Science and Technology, University of Chinese Academy of Sciences, Beijing 100049, China
8Deé)artment of Physics, Washington University, St. Louis, Missouri 63130, USA

) [MeV]
o
%
N
[}
N

E(2:

Institute of Modern Physics, Fudan University, Shanghai 200433, China 1 6 8 1I0 1I2 1I4
'FRIB Laboratory, Michigan State University, East Lansing, Michigan 48824, USA

e, . . ! 4 : ? ) Neutron number
Sino-French Institute of Nuclear Engineering and Technology, Sun Yat-Sen University, Zhuhai 519082, China

3.5 T T T T r
® (Received 30 August 2021; revised 18 October 2021; accepted 16 November 2021; published 22 December 2021) (b) O ~O--N=10
3r s -
18Mg was observed, for the first time, by the invariant-mass reconstruction of 'O + 4p events. The . i " --®--N=12
ground-state decay energy and width are E; = 4.865(34) MeV and I = 115(100) keV, respectively. The 2 25} /'l -O--N=14
observed momentum correlations between the five particles are consistent with two sequential steps of =3 ¥ \\‘
prompt 2p decay passing through the ground state of '*Ne. The invariant-mass spectrum also provides g' 2t & szl ‘<>~_
evidence for an excited state at an excitation energy of 1.84(14) MeV, which is likely the first excited 2+ W gf;:;".‘\\ \“‘(}-"--;,G
state. As this energy exceeds that for the 2* state in 2Mg, this observation provides an argument for the 15} \D\\ ,’,’—,"
demise of the N = 8 shell closure in nuclei far from stability. However, in open systems this classical \‘.—-":"'ﬁ'
argument for shell strength is compromised by Thomas-Ehrman shifts. 1

DOI: 10.1103/PhysRevLett.127.262502 Proton number
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Nuclei Ji = J¥ E; AFE B(E2)¢n TE2 B(E2)Eaxpt Configuration I —
sn 67T — 4T 1.267 0.149 41.72 0.266 35(6) v(1f7/2)%(96.3%)
N 21/27 — 17/2~ 2.288 0.147 93.96 0.127 v(1f7/2)*(0hg/2)(96.7%)
13680 67 — 4t 1.388  0.222 15.43 0.098 24(4) v(1f7/2)*(75.5%)
138Gn 6t — 47 1.544 0.183 12.80 0.311 19(4) v(1f7/2)%(53.13%)
19210 S 0.067  0.067 1.75 345.693 1(0gg /2) " v(1f7/2)(99.0%)
1331 17/2~ — 13/2~ 0.972 0.257 48.36 0.015 1(0gg 2) " v (1 f7/2)%(93.9%)
1341 5= 77 0.074 0.074 27.69 13.282 1(0go o) " v (1£7/2)*(72.5%)
139Cd 8t - 67 2193 0.106 59.07 1.032 66(13)/50(10) 1(0gg 2)~2(100.0%)
13104 19/2~ — 15/2~ 1.789 0.139 100.03 0.157 1(0ga 2) "2 (1 f72)(99.7%)
- e 0.072 0.072 18.06 23.350 1(0ga 12) "2V (1f72) (74.1%)
128pd gt a6t 2.198 0.100 13.43 6.076 8.43(0.25) 1(0ga /2)~*(69.3%)
129p4 19/27 — 15/2~ 1.913 0.146 13.70 0.898 1(0ga s2) "V (1f7/2)(72.7%)
0pd 6t — 4t 1.328 0.211 184.24 0.011 1(0gos2) (1 f7/2)%(53.5%)
Isomerism in the|“south-east” of 32Sn| and a predicted ° 134]n Y
neutron-decaying isomer in '29Pd &
Cenxi Yuan®*, Zhong Liu"*, Furong Xu 9, PM. Walker ¢, Zs. Podolydk®, C. Xu', ZZ. Ren’, > e
B. Ding®, M.L. Liu®, X.Y. Liu®, H.S. Xu®, Y.H. Zhang®, X.H. Zhou®, W. Zuo® = g: =g; [
BS] 4N\ 4
Fi o . . . ‘ ’ 132g,.. h - 5 =g: ~N— (6-)
irst spectroscopic information from even-even nuclei in the region [‘southeast” of ““Sn: (5-)
Neutron-excitation dominance of the 2} state in '**Cd
7 —7 —(7)

H. Wang,"" N. Aoi,? S. Takeuchi,'! M. Matsushita,® T. Motobayashi,! D. Steppenbeck,! K. Yoneda,'! H. Baba,! Zs. Dombradi,*
K. Kobayashi,’ Y. Kondo.® J. Lee.""" H. Liu,""” R. Minakata.’ D. Nishimura.® H. Otsu,! H. Sakurai." D. Sohler.* Y. Sun.’ SM-1 SM-1I Expt.
Z. Tian,” R. Tanaka,® Zs. Vajta,* Z. Yang,”*¥ T. Yamamoto,? Y. Ye,” and R. Yokoyama®
Phong et al., PRC

2" state of 132Cd: Our 708 keVi observed 618i8i keV 100, 011302(R) (2019)



o X B hiEETIESHAER

Mass number
93 97 101 105 109 113 117 121 125 129

ettt Tt T e— ) x L]
Gy ___0
123Pd 22174
~ —
0.6 7=40 se0.s 18528
— =4V gap L Jis07.1
> 1647.6
é" 041 robust = 8162 0514267 (T Taas3 ¥10m
= 3001 | 6110 | 10366 g ssa | 00 712
+ 963.6 (9/27”/2*)| g 1077.0 1320 e
L§ 02 ] 526.0 1009.2 (13/2)'1049'6 o 410 ** WR=
Ts040 | 172)° 657.1 ‘
. 9--‘0 o B M Wy wnoff 0 B 1A
& 0.0F o el sl . e 595 B : -
= T Teio o NIl S W
02k eroded | BAg B\ M
11/2°) X
[P TN SN SN RN RN RPN B B T s
_04 1 1 1 1 1 1 1 1 1 1 SPd - 2039.6
46 50 54 58 62 66 70 74 18 82 — | 312618904
Nentron nimher — L 15017 47435) ns
army 1479.1
921.1 7779 130)° 13985
625.4 ; 1037 -
i:‘ﬁsz 764.8 728.6 [ gg’;
6842 3 gy —— LN
; N | 575.6 606431118,5512‘2 (13/2): 2‘733 9/2 ]
= (2,527 —_§532 sz 12 70,0 el
E @232 361.1 415.1 7143 I gg_//:n/z*/—
i e =
9/2*
8“) 1 I | 125Ag B SM
[8a]
=
9
o . [
£ Such simple nuclear force give both
O'_ - = ] . 0
== | | | | | | | nice description on levels, ESPE, and
8t - the mechanism of shell evolution
4 i
. - - ! ! | I | 7Z.Q Chen, et al., PRL, 122, 212502 (2019
O—8s—0 72 74 76 78 80 %2 Q ’ ’ A ( )

Neutron number



11/2+ 1076

13/2+ 921
BT —
92+ ————0

Shell model

Jr E, (keV)
29/24+ ————— 3613
2712+ 3447
25/2+ 3387
2712+ 3082
25/2+ 2800
25/2- 2357
27/2- 2242
23/2- 2198
21/2+ 1967
23/2+ 1840
19/2+ 1690
13/2- 1091
15/2- 990
712+ 658
11/2« — 0
3/2+ =190

Shell model

Jr E.(keV)
67.5(9) ms
(27/12+) —— +14
212) 15030 [ %IT = 8.8) 1792 \%B- 91.2(8)
262.1
(17/2- 56.3 70.4 1530
15/2+ >, ~ 1474
{17/2+ 1460
787.1 772.9
(13/2+) | 687
686.7 =
I Ag 80
(9/2+)
Experiment
Jr E.(keV) I;(%) logft
(29/24) ~__7944 3559  9.5(20) 5.08(11)
S i o
6(12) 5.57(1
Q £aid /— 3186  1.8(11) 5.9(3)
(27/2+) ¥ L3172 29(5) 4.69(9)
I \- 3157  52(17) 5.44(15
779.4 3119 6.3(17) 5.36(13
| 2888  8.8(19) 5.27(11
(25/2+) | 2765  13(4)  5.13(14)
1648.0 | 1063.8 1077.6
1355.4
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Type 1I shell evolution
H. Watanabe, CXY, et al., PLB, 823, 136766 (2021)
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Neutron-deficient, odd In isotopes
single proton-hole excitation induced considerable neutron s.p. changes
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Xu et al., PRC 100, 051303(R) (2019)
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Ground state spin parity of 223Np
compared with alpha decay results
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Z =92 subshell closure. The spin and parity of 22>Np are proposed
to be 9/2~ by combining the reduced w-decay width and large-
scale shell-model calculations in truncated model space, negating

M.D. Sun et al. PLB771(2017)303
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* Confidence: nice results on BE, level, EM, GT

* Confusion: different H, quality of predicted power

ji55pn (1)

spsdpf (5)

sd-shell (15)

p-shell (12)

ji56pn (3)

jia5pn (1)

ji67pn (1)

* Uncertainty MUST be included in shell model to evaluate predictions

* One effective force for all possible nuclei (RMS for BE, level, EM. GT)
26
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Theoretical model: y,,=1(x;, X3... P1sP2---)
Yi: unknown, f(): model, x;,X, : kKnown, p;,p,: parameters

Residue: yey -y

/\

Experimental Model Numerical
Uncertainty Uncertainty Uncertainty
Precise Statistical Systematic Analytical
Data Uncertainty Uncertainty Model
Neglected (Indefinite (Model Neglected
Parameters) Deficiency)
Difficult
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Cai, Chen, Xu, CXY, et al., PRC 101, 054304 (2020)

* Non-parametric Bootstrap Method | Nuk):%iﬁ( Nu,., BS, )
i=1
A2 1 < A2
O-total = ﬁ Z O-total (Nuk)
(a, b;, ¢)) kel

62 (Nu, )= Sd(r(Nuk,BSl. ))

(ays by i) R N-13¥ |
/ S O'ftaFN—M O-sztat(Nuk)

k=1

Combination M

. 1 <
Oy (Nuk) = ‘ﬁZr(Nuk,BSi)

— O

stat

Universal Decay Law (by Qi et al. in 2009): New Geiger-Nuttall Law (by Ren et al. in 2012):

U
logTy ), = aZ.Z,4 % + b\/chZd (A;l;/s + A1/3) +c log Ty, = aZ.Zy 5 + b JuZ Zy+c+S+PIl(L+1)
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& 200/ ] S
2 2 60} 2081 (Gs-Gs) - 0.3442 0.0503 0.3405
Z 150 3 % 6l (Gs-Gs)®  — 03444 0.0513 0.3406
'§ '§ 40} '§ (Gs-Gs)© - 0.3443 0.0506 0.3405
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2 - £ 2 15 N > 126¢ — 0.2454 0.0694 0.2354
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100 | [Eq. (12)]
™ o 0.5 Corrected  (Gs-Gs) 0.2657 0.0466 0.2616
J /) [Eq. (18)]
0 - . : : : - ob— - 0.0 :
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b c
Cai, Chen, Xu, CXY, et al., PRC 101, 054304 (2020)
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Core energy Single particle energy deviation
and Coulomb correction
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Configuration mixing

Semi magic T=1
C10+C11+LS+T
Uncertainty of C10 and C11

Vieen =

... The effective interaction between nucleons deduced from
Tu X EHE L clear spectra*

John P. Schiffer

Argonne National Laboratory, Argonne, Illinois 60439
and University of Chicago, Chicago, Illinois 60637

William W. True
University of California, Davis, California 95616

Two-body matrix elements of the residual nucleon-nucleon interaction are extracted from experimental
data throughout the periodic table and are used to determine the ranges and well depths of various
components of a local interaction. The T = 1 even and odd components of the central interaction both
definitely require two wells with different ranges; a shorter-range attractive well with a longer-range
repulsive one. The need for a tensor interaction and a two-body spin-orbit interaction is also explored and
their inclusion improves the fit slightly.

Ugo (#)PS0 + Ugy (v)PSE
+ Upo )P + U 1z (#)PTE

2

T B e RS PN E o
VLs = ULS(T)L'§ VTenwr= UTenso,(‘V) [3( g, Ili‘)((I2 ;) s (o'1 oz)]

TABLE XV. Typical errors in the interaction strengths in MeV with »; =1.415 fm and 7,
=2.0 fm for a 1% change in x2.

g'.:(;).A S. O.p Tr. E. 5 Tr. E.p Tens. E. LS. E.
3.7%x9 122 73 -56 2 —63 £20 -43+10 ~-0.4+2
=1 v

S.E.x S. E.p Tr. O., Tr. O.p Tens. O. LS. O.
—-13.56x1.2 —36+13 15.2+1.1 —171 12 —6.1+1.4 3.4+0.8

] - gzl
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* Summary and perspective
* Systematic study from light to heavy nuclei

* More data and more computational power! Uncertainty of shell
model from more than 1000 nuclei and more than 10000
spectroscopic properties, BE, levels, EM, GT and FF
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