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A-body intrinsic Hamiltonian
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How to optimize 3NF LECs ¢, and c,

using 3H energy and “He radius, but still many discussions remain.

For many-body calculations, normal-ordered approximation by neglecting residual 3NF

2B 1. At A
=Eo+ Z tpg + Z(VPNEII‘ Wqur)] Apfq -

NN 2B AT A A
T2 Z(qurs + Witrs) t Gpliglist -
pqrs 5



3NF D S

S Y (0:-q)(0;-q) o,
Van = 270 8 £2 Z 2 2N 2 2 Fr’jka J
( ﬂ-) .fﬂ' !‘ijik (Q; + Mn’)(qj + Mn’)

plr — I gacp Z gj-qg,
O8N S g+ M

i# J#k

X 1 Cg
VE;?\;H Ptk
- 6 4 J
(270 2f3A, Zj# £

(7i - )0 - q))

. deym> 2c¢
af _ capr L 3 .
Fr'jk =0 [ f2 + f2 q, qJ']
+ Cq afy Y

ﬁg 7,01 1qi X q;l,

JIT



E (MeV)

Calculating the properties of light nuclei using chiral 2N and 3N forces
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NCSM calculation

by P. Navratil et al.
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M. Wang, Y.H. Zhang,..., FRX,... PRL 130, 192501 (2023)

PHYSICAL REVIEW LETTERS 130, 192501 (2023)
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We find that 3NF enhances the pn pairing

interaction which is strong in odd-odd nuclei.



3NF importance to explaining the isomerism in A=52 chain

1970 first proton decay from an isomer - in 3Co
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VS-IMSRG with chiral 2NF plus 3NF named EM1.8/2.0

Q. Yuan, B.S. Hu, X.Y. Xu, J.G. Li, FRX, and P.M. Walker, PRC 111, 034309 (2025) :



E (MeV)

. Yuan, B.S. Hu, X.Y. Xu, J.G. L1, FRX, and P.M. Walker, PRC 111, 034309 (2025)
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FIG. 4. Two-body interaction matrix elements between two 07,
holes coupled to different angular momenta, with the interactions
2NF N3LO [45] and 3NF-included EM1.8/2.0 [33,34]. A filled ball
indicates a particle in the 0f7,; shell (red for proton and blue for 8
neutron), while a hollow faded ball indicates a 07, hole.



TABLE II. Fermi (F) and Gamow-Teller (GT) strengths of the g decays from **"Co (19/27) to *"Fe (19/27) or to >*Fe (17/27), and the
total B-decay half-life, calculated using EM1.8/2.0 [33,34], N3LO + 3N, [43], and N*LO + 3N,,; [44] interactions.

Interactions B(F) B(GT) 15 (B) (5)

19/2- — 19/2- 19/2- — 19/2- 19/2- — 17/2- Cal. Expt. [5]
EM1.8/2.0 0.997 0.169 0.104 0.327 0.251(12)
NLO + 3N, 1.001 0.144 0.076 0.340 0.251(12)
N*LO + 3N, 1.000 0.142 0.087 0.331 0.251(12)

Q. Yuan, B.S. Hu, X.Y. Xu, J.G. L1, FRX, and P.M. Walker, PRC 111, 034309 (2025)
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Therefore, 3NF Is an important in calculations of both energy and radius
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Element production

S Process
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1. The continuum effect
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Gamow-Berggren ensemble provides a good basis for many-body calculations of nuclei as

OQS T. Berggren, Nucl. Phys. A109 (1968) 265

Y(r, t)=e Et/hp () (Stationary or quasi-stationary)
scattering continuum

[~ 72 +V]gg (1) =Egy (1)

But E can be EOMPIEX, and
the IRAEMPROGNEE: | - ()¢ (1)=1 (not the complex conjugate)

E Is a negative real number: a bound state

E Is a positive real number: a continuum (scattering) state

h2k?
2m
W(r, t)=e Et/ g (r)=e Ert/hp (e~ Th/2  Typ=hin2/T
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T
E = =E, — lEZ a resonant state



Complex-momentum space:
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J. Aguilar and J. M. Combes, Comm. Math. Phys. 22, 269 (1971);
E. Balslev and J. M. Combes, Comm. Math. Phys. 22, 280 (1971)
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5He halo and 2* resonance

calculated by GSM with “He core

r (fm)

p(r,0) = (P[6(rn —7r)6(r; —71)8(012 — 6)|V)

180°
160°] l0.24
140° 0.21
120° | 10.18
100° 10.15
i~ 10.12
60° 10.09
40° -0.06
20° 5+ I0.03
0° 0.00
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The continuum coupling is important in descriptions of carbon spectra, giving correct orders of levels
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Y. F. Geng, J. G. Li, Y. Z. Ma, B. S. Hu, Q. Wu, Z. H. Sun, S. Zhang, and FRX, PRC 106, 024304 (2022)
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I11. Combined effects of 3NF and the coupling to the continuum

GSM with %0 core: N3LO(NN) + N2LO(NNN)
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Both continuum
effect and 3NF
are important to
make the
observed TES

Thomas-Ehrman shift (TES) in mirror pair
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1 — Continuum effect

If no 3NF, calculation
cannot give the correct

order of the levels.

(w/o Coulomb)

CIB: charge independence breaking, a violation of rotation invariance in isospin space.

T=1 NN interaction: Tz=+1 (pp), 0 (np) and -1 (nn)

The main reasons: m #m,, n°, n* mass splitting

CIB is more significant than CSB

CSB: charge symmetry breaking, a violation of rotation invariance by 180°

Only for pp and nn

S. Zhang, Y.Z. Ma, J.G. Li, B.S. Hu, Q. Yuan, Z.H. Cheng, F.R. Xu, PLB 827, 136958 (2022)




J. Lee et al. PRL12S, GT transitions at driplines

192503 (2020)
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17 0721 1042 1012 075041) 0863 195 192503 (2020)
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7.C. Xu, S. Zhang, J.G. Li, S.L.Jin, Q. Yuan, Z.H. Cheng, N. Michel, and FRX, PRC 108, L.L031301 (2023)
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V. Conclusions

Ab initio nuclear many-body calculations show:

Both 3NF and continuum effect plays important roles in describing nuclei around driplines

wmesse {1 XK

Complex-energy resonance with continuum effect

scattering continuum
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