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Isospin breaking contributions to the NN interaction.

LO
(Q/A)°

Order Contributions
NLO (v = 2) Pion-mass splitting in 1PE,
Static Coulomb potential.
PN .- NNL@ (v = 3) CSB contacts without derivatives,
: ' - : Charge dependence of the pion-nucleon coupling constant in 1PE (~ € mfr /Ai ).
NLO =T T N3L@ (v = 4) CIB contacts without derivatives,

Charge dependence of the pion-nucleon coupling constant in 1PE [~ e? /(47)?],

(OTRWE Pion-mass splitting in NLO 2PE,

T T Nucleon-mass splitting in NLO 2PE and LS equation,
- RN 7y exchange,
- - Relativistic corrections to the Coulomb potential (~ €2 Q2/M2),

TableF.2

? 2 % 2 ; Further electromagnetic corrections.

> .
Pd } Partial-wave LECs for two NLO fits by the Idaho group [68] using A4 = 500 and 600 MeV in the regulator function [(¢', p), Eq. (4.63). The G, of the zero
TR T . 2 order partial-wave counterterms given in Eq. (4.39) are in units of 10* GeV~?; the G Eq. (4.41), in 10* GeV~*: and the D, D;, Eq. (E.1}. in 10* GeV~°. The
:\ :\ I_, {) P - ~N last column lists the exponent it of the regulator function, which is applied to the correspending partial-wave counterterm.
( _J % 1 N # i Partial-wave LEC A =500 MeV A = 600 MeV n
ol by | o 0.145286 0.151165 3
o 0.146285 0.151467 3
cr 0.147167 0.151745 3
Funa Cig, 2380 2.200 2
Dig, 2545 4.890 2
D, 16.00 5.84 2
Cig, 1.487 1.548 2
K Dy, 0245 0.215 3
P I R Cip, 0656 0.790 2
3 v ve Dip, 525 440 2
. S A G, 0630 0.488 2
e oo Dy, 235 324 4
T4 - . -- -t q-- iy
N \L(] s . " Cig, 0.118972496 0.116210 3
'S - G, 0760 0775 2
[ TE MR e F Dss, 7.00 48004 2
© ' -1 1. -= == Dig, 655 10.8654 2
- Dy, 280 235 2
~a -t Cis,-20, 0.826 0.796 2
-4 1 +un. - L 225 285 2
Dsg, sp, 661 5.58 2
Dip, 1770 1.764 4
Dip, 1.46 127 2
Cip, 0538 0.548 2
D, 2295 2.554 2
Dip, s, 0.465 0,525 4
Dip, 5.66 6.26 2.3

N3LO @ ﬁ‘ ﬁ +N2LO é-. % ﬁ T p) = 0.5[expl—(p'fA)* ~ (p/A)*] + exp[—(p'/A)° ~ (p/A)°]} is applied.
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W Q-4 4842 € & B (VS-IMSRG)

B—RapEMTQOMNMR A E £ wP (Abinitio VS-IMSRG)
Ab initio Valence-Space In-Medium Similarity Renormalization Group
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1Sc oL AADAR Ded]uced] fron; ME of AME(I202(;) I I I_
i *_ Deduced from semi-classical coulomb energy
”ca 39, Wca F *\* .
7k | Pk | 2 -4 + ™ .
3Ar ar| Ar "y ar | =Ar — i b(AT)=ME(,T,.)—ME(,T,.) ]
=c1| a1 |l | »ci | el = °r iy ]
— *
Sﬂs 813 SZS Ms SGS us = _8 | i
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»si | 7si | 2°8Si | **Si i |2'Si | 28i [ **si | *si -10 | _
L *_*_
-12 T=1/2 .
o b o by o byow o by wa by a baw o Vww o bow v bypw o bys g a lyp gyl
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Fermi transition 0 oo @ “-i.!----i --------------
IAS ~-10
T ~20 1 1 1 1 1 ] | |
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AVZ3 o \

Atomic number

o Sequential 2p

daughter
2Z-3 4 2p —_—
Sa 2p
daughter

S5, y
A1z2 +p

Ip S,

' daughter i _ ¥

S =N Y.-H. Zhang et al, Phys. Rev. Lett. 109 (2012) 102501

Gamow-Teller
transitions

Large deviation for A=53, T=3/2 quartet.
; A non-zero d term is found.
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FE IR K= R(MED) mirror asymmetry parameter (9) :

EA

Proton Neutron
MED = E,(J, T, Ty = —T) — E,(J.T,T7 = T),
( Z ) ( Z ) ﬁ: 5 ft+ 5 >> O
= — =1 m—) - - .
: _ Isospin symmetry breaking
Thomas-Ehrman Shift " ft
d, 12
1&%97 hr\@® oo : PHYSICAL REVIEW LETTERS 125, 192503 (2020)
6 Llap Isospin Asymmetry in 22Si/2%0 Mirror Gamow-Teller Transitions Reveals
the Halo Structure of 22A1
dp
390_Hee120 22Gi — 2A1 Qpe = 13963 keV 20 - 2F Q,_ = 6490 keV
PP| |355 g 368 3 i— EC = e - b — e
3{ 352 10 g:;;z gE Experiment Calculations Experiment Calculations 8 (90)
D] |37 dp IT E, MeV) br% log(ftt) E. MeV) log(frt) E, MeV) br% log(fr~) E, MeV) log(fr~) Experiment Calculations
E;_ > da ll+ 0.905 53 (10) 5.09(9) 1.12 [1.69] 4.81 [4.52] 1.625 29 (4) 4.6 (1) 1.98 [1.56] 4.32 [4.56]C 209 (96) 212 [-7]
7 : ny 13’ 2.145 56.5 (51) 3.83 (5) 2.43 [2.55]3.71 [3.72] 2572 68 (6) 3.8 (1) 2.58 [2.51] 3.72 [3.68] 7 (28) —3.4[10]
A IR
fin ol |5
a /2 . . -
CNe oz s Comparing the mirror B decay of 22Si/??0, we found the largest value
Fio. 1. The energy levels of C* and N below 6 Mev. of mirror asymmetry (6 = 209(96) %) in low-lying states by far, in
Phys. Rev. 88,1109 (1952) the transition to the first 1*excited state.
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% A NN(bare)4aNN+3N(1.8/2.0)3. %% 4, 41 A VS-IMSRG#t % 4tk 4 %+ X %;&@h

PHYSICAL REVIEW C 107, 014302 (2023)

Investigation of isospin-symmetry breaking in mirror energy difference

ARt AE E LT R,

and nuclear mass with ab initio calculations 23 23 23 Al 23 23 Al 23N 1
L C _
H.H.Li,"? Q. Yuan. J. G. Li®,">" M. R. Xie®,' S. Zhang,’ Y. H. Zhang,"? X. X. Xu,'? 5 Al [ Ne i Ne '
i ER Xue and W.Zuo? T gy
'CAS Key Laboratory of High Precision Nuclear Sp('(‘;lrtm‘np_\'. Institute of Modern Physics, B 9 / 2+_ 7/ 2+ N —_— (3 5 7)+/ 2
Chinese Academy of Sciences, Lanzhou 730000, China _é +_1 1/ 2 (7/ 2 ) (3 /2)+
2School of Nuclear Science and Technology, University of Chinese Academy of Sciences, Beijing 100049, China 4 — - 7/2 — — 7/ 2+ _( 5/ 2) +
3School of Physics, and State Key Laboratory of Nuclear Physics and Technology, Peking University, Beijing 100871, China . 5/ 2+ 5/ 2+ _(7/ 2+ 5 / 2+) (3 5 7) / 2
L 7/2 ¥
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i thrrth®h % B A%  Comparison for Mirror Asymmetry

23q: 23 23 23
Decay Scheme Si — Al F — *Ne
5 - QErc = 16820 keV Qg = 8440 keV 5(%) MED
QEC = 16820(73) keV .
Ty =41.9(8) ms g+ - Bg; J®™ Ep Br(%) log ftt E, Br(%) log ft— Exp VS-IMSRG Exp VS-IMSRG
16 F
7 - Ip(%) (3/2)1 1434 3.7(4) 5.78(5) 1822 10.9(11) 5.65(6) 34(24) 146 —388  —418
12 A HT(T) >26 (5/2)T 1746 1.1(3) 6.26(12) 2315 5.6(12) 5.78(10) 201(108) 416 —569  —564
I (3/2) 3086 6.1(9) 5.30(7) 3432 12.0(11) 5.05(5) 78(35) 47 —346  —460
~ 1 (5/2)1 3710 22.6(11) 4.631(25) 3831°22.4(33) «627) 2(17) 26 —121  —92
Z OT (7/2)% 4119 6.5(7) 5005 ‘a6 ¢ 497 471(5) 145(44) 114  —317  —265
?_, ‘ 5163(3)  2.2(6) — e e — — —
: 4860(11)  >08(3) 125145 2 220 — 22F
@ ' 4366(16) >2.3(7)
Y 4L 4119(5)  6.5(7)
5 E: 4 3710(1)  22.6(11) QEC = 13963 keV Q/{-}— = 6490 keV 5(%) MED
2! 3086(5)  6.1(9)
g: J" E. Br(%) log ftt E, Br(%) log ft— Exp VS-IMSRG Exp VS-IMSRG
2F 1746(8)  1.1(3) +
o > 1393 3 1 905 5.3(10) 5.09(9) 1625 29(4) 4.6(1) 209(96) 347 —720  —472
S = 140900 ke 1t 2145 56.5(51) 3.83(5) 2572 68(6) 3.8(1)  7(28) —24  —427  —396
Nat+2p  PMgtp Hao Jian. et al., to be submitted

2R EBBBHENCAIG At PAIRR BLEHBEBELARY
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2Si k0 ¥ 7 - o 4 -

50 'mug,, 1323n!:
ogii  wgl] il vy LA EVETES LE LA
- L 22240 5254Ca
ZT E;ENIQ_O ﬁu.zg m"i;} 78 : " v ‘ii @ﬁg ﬁ % *ﬁJ 1;. * ﬁ}i 5 é‘ 3
N .% BB D7
E I VRSEEASHE AR
PO = — B A A AR BRI &
s%u“ i X (Thomas-Ehrman shift).
E ¢ iz"c :'l:,:, ’

Fréjériﬂc Nowacki, Alexandre Obertelli, Alfredo Poves, PPNP 120,103866(2021)

Whether 22Si exhibits double-magic characters is an intriguing topic.
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N | Y N=14& &% %zAO Nede Mg 4 4 & 2.
= A ASIHTE AT,
2 F 7
s | Y EA*OXthatr A S, N=14@ 3
il - R ATELH
0 | | ] | |
10 12 14 16 18
N
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2SI MR H---Who &

- NN NN+3N Exp

MED (MeV)
&
(9]
|

12281220 0ds) sy, I 04l ,

Ls,,, [ o4,

24Si 24Ne 0dy;,

Occupation
L S I I VO
|

J.G. Li,* H. H. Li, S. Zhang, Y. M. Xing,* W. Zuo,* Phys. Lett. B 846(1):138197(2023)
J.G. Li g g y

[ 4
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## A ik &/ G s Bk
EHER S ‘i%%% ! %zwf QTM g V BB UL BRATEMABREEF S

6.4

T V A QEEXKLEGANR A REHNR
#

o
o

V BRAREUNDDIDIS I REFEARR
B @) 12 3.2 7k 42 AR HE
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(@) (@)}
N »
[
|

V G425t 3 L AR b A B B %A R A
£ 44

481

V REBREBRPPIDIS THARERNY

sali
N-Z
Y. Yu, Y. M. Xing, Y. H. Zhang, M. Wang, X. H. Zhou, J. G. Li, H. H. L1, et al., submitted to PRL
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- T, =2 Tt 1 N=Z
Py _ 32 4 X Ge
o3 3Zn) (*Zn]l @
= .
2 30 @/|® |Zn
g _DJepe
=1 28 o@ol~le® MN;
MO OO “Ni
) 26’ @@e {e[®] @& I
5 s loleDelele kel
<" 241 Y40000 Cr
1 oo {eee
22 o/ o9 Ti
' ® @
20 (@) Ca

20 22 24 26 28 30 32

017> 1p3/2, Ofs0 1Py

A. Fernandez, et al., PLB 823 136784(2021)
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Mirror Energy Ditference (keV)

Mirror Energy Difference (keV)

120

\.- -T=-= ’\ .I'/
— \\‘rl
e  Experiment d
| —®— Shell model with Vg(best fit)
—-4-- IMSRG(SRG =2.0)
B IMSRG(SRG = 2.2)
1 [ S E R B
5- 9= 13~ 17— 21— 25- 27~
e  Experiment IMn-29Cr
| —=— Shell model with Vg(best fit)
-4-- IMSRG(SRG =2.0)

IMSRG(SRG = 2.2)

57 77 97 11713715717719721723725727729° 31~

21~

J. G. Li,etal., in preparation
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A =4 (*H, “He and “Li ) T =1 state

£ v Comparing the calculated spectra of
é\\‘" the A = 4 systems , the ground states
-6 I G e | ALi (T=1), *H (T=1) (2- and 1-) with
S - §° To1 e ;_z‘?-ﬂb S the ground state of “He (T = 0) and
% 8L &/ T 7o POpancHpE 2- (T= 1) excited states.
~ I . . v" The isospin breaking is mainly
- Lo e et . . = caused by the Coulomb force.
i v ] v The energies and widths are both
o8 L g.s. (0%) i different due to the isospin breaking.
% N3LO-SRG20 v’ The splitting of the T =2 isobaric
20 i 3H 44 4He 4 i 3He ) triplet states.

J.G. Li, N. Michel, W. Zuo and FR. Xu*, Phys. Rev. C 104, 024319 (2021)
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AT E—NARIRMER Gt 7 2535 11 2

1. Bt i HERAEGS,EGE BASHE XMED (Thomas-Ehrmani
B)bizrd

2. ME2SIL MY A2V AR
3. BN GuREE RN, BRAESURAZESH YRR EH AN E-
4, $—NERAERARRID- LR SR QRANFR YR

5. A4 %Gamow i 48 B X 4245 F @b 2 4% 13 2R

A AL R A W
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-~ (
T T T T T T T T T
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CSB and CIB is not included in the present GSM calculation.
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T Density distributions of valence nucleons
o are almost same for the mirror state,
o2 b ] except for the 37 in 18Ne/180.
/ :
3 ] occupations/configuration of the mirror
=7 F tNe \ E states in 18Ne/!8O are close
— 0] -- 0] .
“‘S‘ oL — 02 L Ui 1: \ o 18Ne 180y
— 27 -- 2] N\ . . E msy/o wdgsy wds/o vsisg vdgsy vds)s
— 2 - NN NI N 0y 0.108 0.098 1.751  0.142 0.103 1.675
10°F — 37 -- 37 ‘\ \\\ E 27 0.370 0.070 1.537  0.388 0.079 1.481
— 4 -- & N 0 1.864 0.004 0.122  1.673 0.008 0.211
oo Ly N 35 0.999 0.000 1.000  0.997 0.001 0.999
2 4 6 8 10 12 14 16 47 0.000 0.088 1.905  0.000 0.102 1.888
r (fim) 2+ 0635 0.009 1.353  0.582 0.013 1.389

J. G. Li*, etal., in preparation
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Effective proton-neutron interaction in mirror nuclei

Y. M. Xing.* Y. F. Imo,»? K. H. Li.»? Y. H. Zhang»%*
J. G. Li,*T M. Wang,»2:* M. Zhang,»2 T. Liao,»2 and X. Zhou!
' Heavy lon Science and Technology Key Lab, Institute of Modern Physics,
Chinese Academy of Sciences, Lanzhou 730000, China

2School of Nuclear Science and Technology, Unwersity of Chinese Academy of Sciences, Beijing 100049, China
3 Institute of Particle and Nuclear Physics, Henan Normal University, Xinziang 453007, China
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Mg: Ne: 17F:
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