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Bound multineutron: no way?
2n is allready resonant in 1S0 state
n-n AV18 INOY Reid93 Exp

ann (fm) -18.49 -18.60 -17.54 -18.5(4)

r0 (fm) 2.84 2.82 2.84 2.80(11)

r(Vmin) 0.874 0.930 -

γs 1.080 1.102 1.087 -

*Enhancement factor γs∼1.09 (Vγ=γVnn) is enough to 
bind 2n in 1S0 state

Needs gravity to be bound in n-stars..

3He-3He Aziz

a(Å) -7.61

r0 (Å) 13.5

r(Vmin) 2.97

γs 1.299
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(3He)A is bound for A>34
R. Guardiola, J. Navarro, Phys. Rev. Lett. 84 (2001) 1144

at 1mK
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Bound light multineutron: no way!
.. apart from some unsound speculations

Th. Faestermann et al., Phys. Lett. B 824, 136799 (2022)

• No any significant experimental evidence
• Theory (in unison): no way for 3n-8n!

S. Pieper,  PRL 90, 252501 (2003)

C. Bertulani & V. Zelevinsky, J. Phys. G 29 2431 (2003)

N.K. Timofeyuk, arXiv:nucl-th/0203003

R.L., PhD thesis Université Joseph Fourrier (2003)

...

• Simplistic NN interactions
• Realistic NN interactions

https://arxiv.org/abs/nucl-th/0203003
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Resonant multineutron: how we define it?

• Experiment : some rapid variation (preferentially rise) of cross section in a 
process related with An production… OK, BUT not every hill is a mountain
 Signal from X+An - resonance from X, An or +?
 Rapid cross section variations are also produced in repulsive systems!
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------------------
E1=24.5-i*4.2
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E3=99.4-i*29.4

Exact relation for resonance positions:
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Resonant multineutron: experimental results
As searching for Lochness monster

As in most experiments of this sort, however, a 
negative  result cannot be regarded as 
conclusive and further  experiments are needed 
to give additional weight to our result. 
P. Schiffer and R. Vandenbosch,``Search for a 
Particle-Stable TetraNeutron,'' Phys. Lett.5 292 
(1963)

• 4He(γ, 2π+)4n
• 4He(π-, π+)4n 
T. P. Gorringe et al., Phys. Rev. C 40, 2390 (1989)
• 7Li(π-, 3He)4n
Y.A.Batusov et al., Sov.J.Nucl.Phys. 26, 129 (1977)
• 7Li(7Li, 10C)4n
D.V.Aleksandrov, Yad.Fiz. 47, 3 (1988)
• 7Li(9Be, 12N)4n
• 7Li(11B, 14O)4n 
• 9Be(9Be, 14O)4n
Belozyorov et al., Nucl .Phys. A 477 (1988) 131

 

• 14Be→10Be+4n: 6 events
F.M. Marqués et al: Phys. Rev. C 65
(2002) 044006 et arxiv:nucl-
ex/0504009
• 4He(8He, 8Be)4 n: 4 events
K. Kisamori, S. Shimoura et al., 
Phys. Rev. Lett. 116 (2016) 052501
• 8He(p,p 4He)4 n
M.Duer,.., S. Shimoura et al. Nature 
606 (2022) 678
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Resonant multineutron: how we define it?

• Theory: pole of the scattering amplitude in the vicinity of the An physical region… not 
much better, if not even worse… 

• Mathematical object in 2D-manifold, verified by physical observable in 1D 
 Possibility to manipulate poles - create false ones 
 Rapid variations of cross section without poles in the 
scattering amplitude (Calucci G., GhirardiI C, Phys. Rev. 169 (1968) 1339)

 Poles, which has no link (evolve) to bound states 
(see repulsive square well example)

kRe

kimg

Bound state

in nuclear physics resonances are associated with ‘almost’ 
bound structures?!
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Resonant Multineutron: theoretical results
Non-rigorous continuum:

Observable  3n & 4n resonant states:
S. Gandolfi et al., Phys. Rev. Lett. 118, 232501 (2017)
J. G. Li, Phys. Rev. C 100, 054313 (2019)

Observable  4n resonant states:
S. Pieper, Phys. Rev. Lett.  90(2003), 252501

M. Shirokov et al., Phys. Rev. Lett. 117, 182502 (2016)

• Simplistic NN interactions
• Realistic NN interactions

Rigorous treatment of the continuum:

No observable  3n resonant states:
A. Csótó et al., Phys. Rev. C 53, 1589 (1996)
H. Witala et al., Phys. Rev. C 60, 024002 (1999)
A. Hemmdan et al., Phys. Rev. C 66, 054001 (2002)

R.L et al., Phys. Rev. C 71, 044004 (2005)
A. Deltuva, Phys. Rev. C 97, 034001 (2018) 
S. Ishikawa, Phys. Rev.C 102, 034002 (2020) 

No observable  4n resonant states:
S. A. Sofianos et al., J. Phys. G 23, 1619 (1997)

K. Arai,  Phys. Rev. C 68, 034303 (2003)
R.L et al., Phys. Rev. C 72, 034003 (2005);  

E. Hiyama et al., Phys. Rev. C93, 044004 (2016); 
PTEP 2017, 073D03 (2017)

A. Deltuva et al., Phys. Lett. B 782, 238-241 
(2018); Phys. Rev. C 100, 044002 (2019)
K. Fossez et al.,Phys. Rev. Lett. 119, 032501
M.D. Higgins et al., Phys. Rev. Lett. 125.5, 
052501 (2020).
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• The most favorable state to form tetraneutron is 0+

• For trineutrons 3/2- state is found to be the most favorable. 

• All the studies agree on:
 the dominance of Vnn(1S0) in multineutron systems.  
 Minor role of Vnn P-waves : moreover 3PF2 is attractive, 3P1 is 

repulsive, 3P0 is moderate
 Negligible contribution of 3nF (3n never gets close to each other)

Rigorous treatment of the continuum:
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Theory is ruthless for 3n & 4n
2n is allready resonant in 1S0 state

n-n AV18 INOY Reid93 Exp

ann (fm) -18.49 -18.60 -17.54 -18.5(4)

r0 (fm) 2.84 2.82 2.84 2.80(11)

r(Vmin) 0.874 0.930 -

γs 1.080 1.102 1.087 -

*Enhancement factor γs∼1.09 (Vγ=γVnn) is enough to 

bind 2n in 1S0 state

• Special case of physics treated by Effective field theory (EFT) : since ann >>r0, at low 
energies this system is insensitive to the details of the interaction and depends solely 
on ann

• Now let promote multineutron by making its interaction in 1S0 wave slightly moe
attractive, just to bind dineutron with B=-E=+ε (ann= +∞), for this case we get 
universal prediction of EFT:
aff→+∞: aff,ff=0.5986(5) aff (J=0+)

af,ff=1.18 aff (J=1/2+)
a3

f,ff=-0.952 a3
ff (J=1/2-,3/2-), …

D. S. Petrov, C. Salomon, and G. V. Shlyapnikov Phys. Rev. 
Lett. 93, 090404
A. Deltuva,  Phys. Rev. A 96 (2017) 022701
S. Endo et al., Few-body Syst. 51 (2011) 207
G.V. Skorniakov and K.A. Ter-Martirosian, Zh. Eksp.
Teor. Phys. 31 , 775 (1956) [Sov. Phys. JETP 4, 648 (1957)]
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Theory is ruthless for 3n & 4n
• Now let promote multineutron by making its interaction in 1S0 wave slightly more 

attractive, just to bind dineutron with B=-E=+ε (ann= +∞), for this case we get
universal prediction of EFT:

Case Jπ,l (an-nn/ann)2l+1 EFT (r0=0)

n-(nn)
1.19(1)INOY 1.18(1)AV18 1.18
-0.96(1) INOY -0.95(1) AV18 -0.952
-0.96(1) INOY -0.95(1) AV18 -0.952

(nn)-(nn) 0+,0 0.599CDBonn 0.5986(5)

A. Deltuva,  Phys. Rev. A 96 (2017) 022701

D. S. Petrov et al, Phys. Rev. Lett. 93, 090404, A. Deltuva, Phys. Rev. A 96 (2017) 022701, 
S. Endo et al., Few-body Syst. 51 (2011) 207



RL, J. Carbonell, E. Hiyama

Theory is ruthless for 3n & 4n

Bound state exists a>0

Repulsion a>0

Moderate attraction 
a<0

Presence of 3n & 4n resonant states is not compatible with QM! 
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Results of Duer et. al.

Right peak is succesfully described using 
COSMA model of: 
V. Grigorenko et al., Eur. Phys. J. A 19 (2004) 187

How to explain the left peak?

?

HO 
corresponding 
8He radius

Non-
interacting
4n 
distribution
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Drawbacks of COSMA

V. Grigorenko et al., Eur. Phys. J. A 19 
(2004) 187

• Why consider free 4n distribution in the final state? 
n’s are strongly correlated.

• There is no consistency between the final and the initial 
states of 4n

• 8He wave function is very complex, since valence neutrons 
are strongly correlated. Lowest HO shell largely fails to 
account for the complexity of 8He.

M. Vorrabi et al., Phys. Rev. C 97, 034314 (2018),
//indico.ectstar.eu/event/1/contributions/48/attachments/36/42/Vorabbi.pdf
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Model
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Action of 4He mean field on valence n’s,
adjusted to 6He & 8He gs binding

Technology
• FY equations & CS method
Numerical solution: 
• PW expansion & Lagrange –mesh method
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Low energy peak is well reproduced without 
any 4n resonance

No forbidden states: With Pauli blocking of HO states:

R.L et al., Phys.Rev.Lett. 130 (2023) 10
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Independence of nn interaction
• Low energy response does not depend on the details of nn(n) interaction, only ann!
• Consistent with EFT arguments

R.L et al., Phys.Rev.Lett. 130 (2023) 10
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Importance of 2n+2n correlations

R.L et al., Phys.Rev.Lett. 130 (2023) 10
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Bound multineutron: no way?
2n is allready resonant in 1S0 state
n-n AV18 INOY Reid93 Exp

ann (fm) -18.49 -18.60 -17.54 -18.5(4)

r0 (fm) 2.84 2.82 2.84 2.80(11)

r(Vmin) 0.874 0.930 -

γs 1.080 1.102 1.087 -

*Enhancement factor γs∼1.09 (Vγ=γVnn) is enough to bind 2n in 1S0

state

Needs gravity to be bound in n-stars..

3He-3He Aziz

a(Å) -7.61

r0 (Å) 13.5

r(Vmin) 2.97

γs 1.299

(3He)A is bound for A>34
R. Guardiola, J. Navarro, Phys. Rev. Lett. 84 (2001) 1144
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H isotopes
n H E (MeV)
1 2H -2.22
2 3H -8.48
3 3H+n Broad 

resonant 
states

4-.. 5-H ?
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5H case

1S0

n

n

n
n
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5H case

1S0

n

n

n
n

p

3H

Cluster models, involvig approximations for 5-body dynamics
• 3H+n+n models: without n-antisymetrization between the core &valence

• 3H+n+n models: including n-antisymmetrization, however by freezing 3H core
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5H case

-1.0

-0.5

0.0
-0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0

Binding Energy input 
(0,300) MeV / 28 points

EIm(MeV)

E Re
(M

eV
)

P[3,3]
<dE>=0.12 MeV

P[2,2]
<dE>=0.14 MeV

P[1,1]
<dE>=4.3 MeV

E(5H)-E(3H)
INOY Potential

E(5H)-E(3H)=1.65(5)-i1.26(6)

SECSM: 1.8(1)-i1.2(1)

-1.0

-0.5

0.0
-0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0

E(5H)-E(3H)

Binding Energy input 
(0,300) MeV / 23 points

EIm(MeV)

E Re
(M

eV
)

P[3,3]
<dE>=0.13 MeV

P[2,2]
<dE>=0.19 MeV

P[1,1]
<dE>=4.0 MeV

E(5H)-E(3H)=1.8(1)-i1.15(15)

SECSM:   1.85(10)- i1.20(5)
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To compare with 4H resonances J=2-:

E(4H)-E(3H)=1.31(3)-2.08(2) E(4H)-E(3H)=1.17(3)-1.99(3)

R.L. et al., Phys.Lett.B 791 (2019) 335
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Technology
• Gaussian expansion method
Numerical solution: 
• Lagrange –mesh method & Stabilization 

techniqe

7H case

1S0

n

n

n
n

p

3H

1S0

n

n5-body cluster model 4n+3H:

• Pauli blocking between valence neutrons & ones 
within 3H core mimicked by projecting out forbidden HO states
• n-3H potential adjusted to n-3H scattering
• Gaussian expansion method to solve bound state problem & 

stabilization technique to estimate resonance position 

E. Hiyama et al., Phys.Lett.B 833 (2022) 137367

In conflict with:
H.H. Li et al., Phys.Rev.C 104 (2021) 6, L061306
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Conclusions
• Presence of 3n and 4n resonant states is not compatible with QM

• Very striking dynamical phenomena was observed by Duer et al.,
where sharp low-energy peak appears naturally without any
underlying 4n resonant state

• Presence of the peak is independent of nn/3n interaction and is
consequence of weakly bound 4n being in the initial state (halo
nucleus), enhancing 2n+2n structures

• Effect should manifest in similar atomic or nuclear systems: 4n
Halo nuclei are priviledged place to look for.

• We confirm existence of a pronounced resonant state in 5H.
However we do not expect to find narrow resonances in heavier
hydrogen isotopes.
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