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Hypothesis on а bound dineutron existence
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Published in : M. Y. Colby and R. N. Little, Jr.
Possible Results of a New Reaction.  

Phys. Rev. 70, 437 (1946)



6th European Nuclear Physics Conference, Caen, France, September 22 –26, 2025

 Migdal’s paper: “Two interacting particles can form a bound state even though
their own interaction is insufficient for this to occur” (~66 keV for the dineutron)

Theoretical predictions
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Our experimental results to search for a bound  dineutron 
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 Steps of experimental search for a bound dineutron:
• to irradiate some specific nuclei with neutrons or protons;
• to keep the energy of impinging particles below the thresholds of the

corresponding (n, 2n) and (p, 3n) nuclear reactions;
• to identify nuclear reaction channels via the measurement of the induced

activity of the residual nucleus in the output channel;
• to make sure the results are statistically significant;
• to follow a complete analogy with (n, d) and (n, np) or similar nuclear

reactions kinematics as an example.
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Our experimental results to search for a bound  dineutron 
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 A bound dineutron was indirectly observed in the following nuclear reactions:
• 159Tb(n,2n)158Tb for En= 6.85 MeV   = 75 ± 30 mb
https://iopscience.iop.org/article/10.1209/0295-5075/114/42001/meta

• 197Au(n,2n)196Au for En= 6.19 MeV   = 0.18 ± 0.06 mb and for
En= 6.275 MeV   = 0.037 ± 0.008 mb

https://iopscience.iop.org/article/10.1209/0295-5075/131/52001/meta

• 175Lu(n,2n)174gLu for En= 5.76 MeV   = 33.5 ± 6.0 mb
https://www.sciencedirect.com/science/article/pii/S0370269324006580

• 127I(n,2n)126I for En= 7.2 MeV   = 0.25 ± 0.08 mb and for En= 8.78 MeV
  = 0.24 ± 0.07 mb

Poster (abstract ID161): poster session No.1 on September 23 at 19:40

 Cross-sections are ranged from dozens μb to dozens mb
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Our experimental results to search for a bound  dineutron 
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Our experimental results to search for a bound  dineutron 
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Expected properties of a bound dineutron
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 The dineutron is a bound nucleus in the singlet state ( 0+);
 The binding energy: 1.6 MeV < Bdn < 2.8 MeV (≲ 2.5 MeV);
 The decay mode:
 The superallowed transition for the decay into the deuteron in the triplet state;
 The end-point energy of  --spectrum: Emax-dn  0.56 MeV;
 The half-life estimates are for:

 the G-T transition with the deuteron in the triplet state: 1,215 s (twice as
many for a single neutron);

 the Fermi transition with the deuteron in the singlet state: 5,877 s;
 The radius estimate: rdn  4.1 fm (a "friable" structure!).

eedn ~2  
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 The nuclear reaction mechanism is assumed as follows:
• a pre-equilibrium escape of the two paired-up neutrons to form the dineutron

Expected properties of a bound dineutron
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Results of a literature search for a bound three-neutron
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 Paper of S.M.Qaim, M.Ejaz, J. Inorg. Nucl. Chem., 30 (1968), pp.2577-
2581:

• The neutron-activation technique, the nuclear reaction: 127I(n, 3n)125I, the
D-T neutron energy 14.7 MeV;

• The cross-section: σ = 40 ± 15 mb (Eth = 16.42 MeV);
• The most likely our explanation: a new nuclear reaction type and channel

is open:

127I(n, 2n+n) 125I       OR      127I(n, 3n) 125I 
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Results of a literature search for a bound three-neutron
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 Paper of F.Tárkányi, A.Hermanne, F.Ditrói, S.Takács, A.V.Ignatyuk,
Appl. Radiat. Isot., 127 (2017), pp.7-15:

• The stack-foil technique, the nuclear reaction: 159Tb (p, 3n) 157Dy, the
proton energy range in stack: 5.5 - 34 МеV for incident proton beam
energy 34 МеV;

• The cross-section: σ = 90 ± 10 µb for Ep=14.86 ± 0.85 MeV
(Eth = 17.14 MeV);

• The most likely our explanation: a new nuclear reaction type and channel
is open:

159Tb (p, 2n+n) 157Dy OR      159Tb (p, 3n) 157Dy
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Experiments to search for a bound three-neutron
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 Layout of the experiment to search for multineutron nuclei in a proton
induced nuclear reactions on 159Tb using the stack foil technique
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Results of the search for a bound three-neutron
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 Nuclear reaction cross section:               𝝈𝒓𝒆𝒂𝒄𝒕𝒊𝒐𝒏 ൌ 𝑨𝑬𝑶𝑩

𝒑𝒓𝒐𝒕𝒐𝒏 ∗𝑵𝒂𝒕𝒐𝒎𝒔∗𝑪𝒔𝒂𝒕

from the measured activity of an irradiated (activated) sample:

𝑨𝑬𝑶𝑩 ൌ 𝑨𝒔𝒂𝒕 ∗ 𝟏 െ 𝒆
ି𝒍𝒏𝟐∗

𝒕𝑺𝑻𝑶𝑷;𝒊𝒓𝒓ି𝒕𝑺𝑻𝑨𝑹𝑻;𝒊𝒓𝒓
𝑻𝟏 𝟐⁄ ൌ 𝑨𝒔𝒂𝒕 ∗ 𝑪𝒔𝒂𝒕

where the saturation factor is 𝑪𝒔𝒂𝒕 ൌ 𝟏 െ 𝒆
ି𝒍𝒏𝟐∗

𝒕𝑺𝑻𝑶𝑷;𝒊𝒓𝒓ష𝒕𝑺𝑻𝑨𝑹𝑻;𝒊𝒓𝒓
𝑻𝟏 𝟐⁄

 The time integrated proton flux: 𝒑𝒓𝒐𝒕𝒐𝒏 ൌ 𝑨𝑬𝑶𝑩;𝒎𝒐𝒏
𝝈𝒎𝒐𝒏 𝒓𝒆𝒂𝒄𝒕𝒊𝒐𝒏∗𝑵𝒂𝒕𝒐𝒎𝒔;𝒎𝒐𝒏∗𝑪𝒔𝒂𝒕;𝒎𝒐𝒏

where saturation factor for the monitor nuclear reaction is

𝑪𝒔𝒂𝒕;𝒎𝒐𝒏 ൌ 𝟏 െ 𝒆
ି𝒍𝒏𝟐∗

𝒕𝑺𝑻𝑶𝑷;𝒊𝒓𝒓ି𝒕𝑺𝑻𝑨𝑹𝑻;𝒊𝒓𝒓
𝑻𝟏 𝟐;𝒎𝒐𝒏⁄
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Results of the search for a bound three-neutron
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where:
<proton> - time averaged proton flux (protons/cm2/s);
Ntarget - number of the target atoms in the sample to be irradiated;
tSTART;irr - START date of the irradiation;
tSTOP;irr - STOP date of the irradiation;
T1/2 – the half-life of the product radioisotope;
AEOB – the end of bombardment activity;
Asat – the saturation activity;
AEOB;mon - the end of bombardment activity of the radioisotope produced via the proton induced
monitor reaction;
mon reaction – the cross-section of the monitor nuclear reaction at the Emean proton energy leading to the
activation of the monitor foil in the stack;
Emean – is calculated by the STACK-TS energy loss calculation code;
Natoms;mon – the number of the target atoms of the monitor nuclear reaction induced in the monitor foil
by bombarding protons;
T1/2;mon – the half-life of the radioisotope produced via the proton induced monitor reaction.
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Results of the search for a bound three-neutron
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 The foils Nos. 1 and 3 showed no presence of 157Dy with T1/2 = 8.14 h
 The foil No.2 demonstrated the presence of 326.3 keV gamma peak with its

area 2,154 ± 274 counts due to the decay of 157Dy, counted during 56,950 s
live time after proton irradiation with Ep = 16.23 ± 0.23 MeV

 The cross-section estimate is: 654 ± 150 nb
 Similar experiment with Ep = 13.87 ± 0.26 MeV (below the upper limit of the

binding energy of the dineutron: 3.01 MeV) also resulted in
326.3 keV gamma-peak with its area 188 ± 95 counts due to the decay of
157Dy in the instrumental spectrum counted during 3,838 s live time

 The cross-section estimate is: 581 ± 488 nb
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Expected properties of a bound three-neutron
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 The three-neutron is a bound nucleus with its spin: s = ½+ ;
 The binding energy interval estimate : 3.27 MeV < Btn < 9.77 MeV;

 The decay mode: 𝑛 → 𝐻ଷ ൅ 𝑒ି ൅ 𝜈௘෥ଷ ;
 The allowed transition;
 The end-point energy of  --spectrum: Emax-tn < 9.26 MeV;
 The half-life lower estimate is about: 0.0375 s;
 The radius estimate: 2.06 < rtn < 3.55 fm (quite compact structure!)
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Conclusions
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 Experimentally proved the possibility of dineutron existence in a bound state
to be hosted by the recoil nucleus in the outgoing channel of nuclear reactions
on 159Tb with protons and neutrons in the input channel;

 Statistically and systematically significant observed the dineutron in the
outgoing channel of the 197Au(n, 2n)196gAu and 175Lu (n, 2n)174gLu nuclear
reactions;

 The interval estimates are obtained for the binding energy, half-life and
radius of the dineutron as well as cross-sections to generate the dineutron;

 Based on our experimental evidence, a possible interaction can take place
between dineutron decay products and the heavy nucleus in the outgoing
channel to fostering its “faster decay” and low energy nuclear fusion reactions
under ambient conditions;
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 Results of this study support an idea about the existence of a bound dineutron in
neutron and proton induced nuclear reactions;

 The existence of a bound three-neutron was implicitly envisaged in the original
paper of A. Migdal;

 The formation of a bound three-neutron is evidenced in 159Tb (p, 3n)157Dy nuclear
reaction for the impinging protons of Ep = 13.87 ± 0.26 MeV and, very likely, for
Ep = 16.23 ± 0.23 MeV;

 The interval estimates are obtained for the binding energy, half-life and radius of
the three-neutron.

Conclusions
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Many thanks for your attention 
and any questions!
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