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Background

Y. Jin et al., PRL127, 262502 (2021)
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Y. Kondo et al., Nature 620 965 (2023)
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A. A. Ogloblin et al., Treatise on Heavy-Ion Science:
Nuclei Far From Stability, ed. by D. A. Bromley, Plenum 
Press, New York (1989) and references therein
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Background

F. M. Marques, et al., PRC65, 044006 (2002)
14 10 4Be Be+ n®

S. C. Pieper, PRL90, 252501 (2003)
R. Lazauskas et al., PRC72, 034003 (2005); 
PRC71, 044004 (2005)

M. D. Higgins, et al., PRL125, 052501 (2020); PRC103, 024004 (2021)

Enhanced density of state
No theoretical signal for resonance

M. Duer et al., Nature 606, 678 (2022)

( )8 4He , Hep p

K. Kisamori et al., PRL116, 052501 (2016)

( )4 8 8He He, Be

ER=0.83±0.65±1.25 MeV 
Γ<2.6 MeV

R. Lazauskas, et al, PRL130, 102501 (2023)

4n weakly bound by the core

Final-state interaction 
between dineutron-dineutron
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Background
Calculations on multineutron systems:

(1) introduce 3BF
(2) enhance attractive part of NN interaction 
(3) introduce external trapped well

1. Directly search resonant state: Faddeev+CSM et al.
2. Extrapolate from artificial bound state to resonant region

K. Fossez et al., PRL 119, 032501 (2017)E. Hiyama et al., PRC 93, 044004 (2016) S. Gandolfi et al., PRL 118, 232501 (2017)

A. M. Shirokov et al., PRL 117, 182502 (2016)
E. Hiyama et al., PRC 93, 044004 (2016)
S. Gandolfi et al., PRL 118, 232501 (2017)
K. Fossez et al., PRL 119, 032501 (2017)
A. Deltuva, PLB 782 238 (2018)
J. G. Li et al., PRC 100, 054313 (2019)
M. D. Higgins et al., PR125, 052501 (2020)
S.Ishikawa, PRC 102, 034002 (2020)

Motivation: correlations among 4n and extrapolation method

quadratic fitting

5/16J. G. Li et al., PRC 100, 054313 (2019)



Methods

Ø Hamiltonian of multineutron systems: realistic AV8’ NN interaction

Ø Tensor-optimized antisymmetrized molecular dynamics (TOAMD)
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efficient correlation functions

Extrapolate from artificial bound state to resonant region

𝜈: Gaussian range parameter
𝐷: centroid position of single nucleon

S. C. Pieper, PRL90, 252501 (2003)
S. Gandolfi, et al, PRL118, 232501 (2017)
J. G. Li, et al, PRC100, 054313 (2019)

T. Myo, et al, PTEP2015, 073D02 (2015)
T. Myo, et al, PLB769, 213 (2017)
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One-body WS/GS external well

𝑉BA 𝑟 = −𝜆𝑒9C<! , 𝑎 = 1/𝑅D
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Methods

Ø Inverse analytical continuation in the coupling constant method (IACCC)

Bound state: 𝐸 𝜆 < 0!imaginary 𝑘 and real 𝜅 ⟶ [𝑎!, 𝑏"]

𝜆 𝜅 =
𝑃E(𝜅)
𝑄F(𝜅)

=
𝑎3 + 𝑎#𝜅 +JJJ +𝑎E𝜅E

1 + 𝑏#𝜅 +JJJ +𝑏F𝜅F
IACCC: Padé approximant: 

𝐸 𝜆 = ℏ!H!

D'
，𝑘 = 𝑖𝜅

𝐸 =
ℏD𝑘D

2𝑚
= 𝐸I −
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Γ

Resonant state: 𝜆 = 0 ⟶ 𝑃# 𝜅 = 0

𝜅 𝜆 = 𝜅 𝜆 − 𝜆3 =
𝑃E( 𝜆 − 𝜆3)
𝑄F( 𝜆 − 𝜆3)

ACCC: 

V. I. Kukulin et al., Theory of resonances: Principles and Applications. 
Kluwer Academic Publishers, Dordrecht/Boston/London 1988.
J. Horacek et al., Commun. Comput. Phys. 21, 1154 (2017)

𝑘 = 𝑖𝜅

Extrapolate from artificial bound state to resonant region
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Results: direct calculations and enhancement of interaction
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Results: find bound states with WS/GS wells

Black points: optimized ν
parameter for each strength λ

with bound state
IACCC for resonance region above threshold
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Results: resonance pole trajectories with WS/GS wells
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M. Duer et al., Nature (London) 606, 678 (2022)

J. G. Li, et al, PRC100, 054313 (2019)
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Results: potential range R dependence

Dependence on the potential range R of external well 𝑉!" 𝑟 = −𝜆𝑒#$%& , 𝑎 = 1/𝑅&

additional compression from narrow potential range
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Results: potential range R dependence

Dependence on the potential range R of external well 

Specific confinement from external 
attraction for pure neutron systems

8He
Reaction model and response function

R. Lazauskas, et al, PRL130, 102501 (2023)
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Results: potential range R dependence

Dependence on the potential range R of external well 

Can this tendency be measured?

Isotopes? Different cores?

Reaction model and response function
R. Lazauskas, et al, PRL130, 102501 (2023)

8He 7H
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α

6H

H
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E. Hiyama, PLB 833, 137367 (2022)

GEM+ stabilization method

Existence limit for Hydrogen isotopes

H. H. Li,  et al., PRC 104, L061306 (2021)

GSM

7H

H

6H

H
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Summary

Ø Under WS/GS external potential wells, bound states are optimized and resonance pole 
trajectories are obtained

Ø Theoretical resonances of both 3n and 4n are obtained, and the results are consistent
with previous predictions and experimental data

Ø Dependence of the resultant resonances on the potential range of external well are 
obtained

Ø Nonexistence of resonances for 3n and 4n are supported by present TOAMD+IACCC 
using realistic AV8’ NN interaction

Ø Possibility for measurements on resonances with different nuclear cores

Ø Existence limit for hydrogen isotopes 15/16



Thanks for your attention
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