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Abstract 

The processes of laser-assisted synthesis of Tritium nuclei and their laser-induced decay in cold 

plasma in the vicinity of solid targets (Au, Ti, Se, etc.) immersed into heavy water are 

experimentally realized at peak laser intensity of 10
10

-10
13

 W/cm
2
. Initial stages of Tritium 

synthesis and their laser-induced beta-decay are interpreted on the basis of non-elastic interaction 

of plasma electrons having kinetic energy of 5-10 eV with nuclei of Deuterium and Tritium, 

respectively.  

PACS: 42.62.–b; 61.46.+w; 78.66.–w 

Recent theoretical work shows the capability of laser radiation to directly excite nuclear levels of 

energy [1]. However, exciting a nuclear transition would require an X-ray or gamma-ray lasers with an 

intensity greater than 10
20

 Watts/cm
2
. At the same time, laser generated photons can indirectly influence the

nuclear levels and alter or induce nuclear reactions. Laser beams at intensity level of 10
18

 W/cm
2
 are capable

of inducing nuclear transformations under laser exposure of solid targets in vacuum. This can be achieved at 

pico- and femtosecond laser pulse durations [2-4]. The yield of 10
3
 alpha particles per pulse has been

detected at peak laser intensity on the target of 2  10
18 

W/cm
2
 [5]. In accordance with [5], the mechanism of

initiation of a neutron-less fusion reaction is due to the acceleration of electrons and protons in the plasma 

separated by strong laser field. 

New possibilities of laser initiation of nuclear reactions have been demonstrated at peak laser 

intensity levels of 10
10

-10
13

 W/cm
2
 [6-9]. The crucial role in laser-induced acceleration of nuclear decays

belongs to nanoparticles (NPs) and nanostructures (NS) on the target immersed into liquid that interact with 

laser beam in presence of unstable isotopes. In fact, the possibility of initiation of nuclear transformations in 

cold laser-induced plasma with electron temperature of 5-10 eV has been shown. Relatively low laser 

intensity of 10
12

-10
13

 W/cm
2
 can be enhanced both on NPs and NS by a factor of 10

6
-10

8
 due to plasmon

resonance of charge carriers in the nano-entities presented in the solution. In this way the electric field of 

laser radiation becomes comparable to intra-atomic field and may cause the distortion of electronic shells.    
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demonstrate for the first time the nuclear synthesis and decay of Tritium under laser exposure of various 

targets in D2O [15].  

Different targets were used for exposure of bulk metal targets in a heavy water with some tritium 

content (D2O + ξDOT), where ξ stands for molar fraction of D2O with T. The content of T was measured 

according to its beta-activity with the use of a Perkin-Elmer beta-spectrometer Tri-Carb 3110TR Liquid 

Scintillation Analyzer with fluorescent dye ULTIMA GOLD
TM

 cocktail. The accuracy of measurements was

1%.  Deuterium content was 98.8 %. Two laser sources were used for exposure of various targets in heavy 

water. The first source was a Cu vapor laser, pulse duration of 15 ns, wavelength of 510.6 nm, and repetition 

rate of 15 kHz. The estimated peak power on the target was 10
10

 W/cm
2
.  The second laser source was a

Nd:YAG laser Duetto
TM

, Timebandwidth, with pulse duration of 10 ps and repetition rate of 50 kHz. Three

harmonics of this laser, first at 1064 nm, second at 532 nm, and third at 355 nm were used for target 

exposure. The estimated peak power on the target was 10
13

 W/cm
2
, 510

11
 W/cm

2
, and 210

11
 W/cm

2 
at

1064, 532, and 355 nm, respectively.  

Laser exposure of various targets placed into a glass cell with liquid was carried out by focusing laser 

beam on the target with spherical lens of 5 cm focal distance.  Laser beam was focused on the target from 

bottom through a window made of fused silica to a spot on the target of 50 m in diameter. The targets had 

the shape of rods with diameter about 1 mm. The sides of the targets were electrically isolated from the 

solution. Typically, 2 ml of heavy water was placed inside a glass cell cooled by flowing water. The inner 

diameter of the glass cell was 1 cm. In another set of experiments the metallic target was cathodically biased 

with respect to another electrode made of Platinum wire 0.5 mm in diameter. The applied voltage was 25 V 

DC. To ensure the conductivity of the solution, 15 mg of metallic Na were added to 5 ml of D2O thus 

producing conducting solution of NaOD.  

In the first set of experiments the ablation of targets was carried out in 99.9% pure D2O (supplied by 

Euriso-top) without Tritium content. In this case the content of DOT molecules in D2O was at the 

background level of the beta-spectrometer, which corresponds to ξ = 3.54∙10
 – 14

. In one set of experiments

the voltage was not applied to the target, in the second set of experiments the ablation was carried out 

simultaneously with electrolysis. Application of voltage to electrodes is accompanied by reduction of 

Deuterium (and Tritium) on the target as bubbles. Isolation of the sides of target from the solution confined 

the emission of reduced gas to ablated area. 

Tritium is another unstable isotope with half-life of 12.2 years. It would be interesting to induce its 

beta-decay by exposure to laser radiation, as it was done previously for other nuclides. In this work we 
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Table 1. Laser exposure of targets in pure D2O with addition of NaOD (ξ = 3.54∙10
 – 14

).

№ Material Wavelength 

of laser 

beam, nm 

Intensity of 

laser radiation, 

W/cm
2 

and pulse 

width 

Time of 

irradiatio

n, min 

Electr

olysis 

Activity, Ci/l Change 

with 

respect 

to initial 

level 

1 

Initial 

D2O 
- - - - 8.6410

-8 

ξ=3.54∙10
–14

- 

2 Au 532 710
11 

10 ps 

60 + 4.0610
-4 

ξ=1.66∙10
–10

Increase 

4.7×10
3

3 Au 1064 10
13 

10 ps 

32 - 1.6210
-6 

ξ=6.63∙10
–13

Increase 

by factor 

18.8 

4 Ti 532 710
11 62 + 4.7410

-4 

ξ=1.94∙10
–10

Increase 

5.5×10
3

5 Ti 1064 10
13

90 - 1.5710
-6 

ξ=6.42∙10
–13

Increase 

by factor 

18.2 

6 Ti 355 210
11 61 + 9.6210

-8 

ξ=3.9410
–14

Increase 

by factor 

1.11 

7 Pd 355 210
11 75 + 2.4610

-6

ξ=10
–12

Increase 

by factor 

28.2 

8 Pd 1064 10
13

62 + 2.3110
-6

ξ=9.4710
-13

Increase 

by factor 

26.7 

Typical exposure time of the targets was 1 hour. The target material is dispersed into surrounding 

liquid in the shape of nanoparticles. A deep crater is formed in the target surface after laser exposure. The 

inner surface of the crater and the target surface around it are decorated with dense array (4 10
9
 cm

-2
) of

nanostructures with average lateral size of 100 nm (Fig. 1). Nanoparticles ablated from the target form a 

colloidal solution. Their presence in the beam path hinders the exposure of the target especially at the 

wavelength of the third harmonics (355 nm) due to strong absorption of laser radiation.   
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The following set of experiments was carried out in heavy water with initial Tritium content. Laser 

ablation of bulk targets for 40-60 min leads to generation of nanoparticles (NPs). In case of Au and Se 

targets these NPs are made of Au and Se, respectively [16, 17]. Both these colloids absorb in the visible 

range of spectrum and are reddish in appearance. The solution without NPs (or with small remaining 

fraction of NPs) was tested for Tritium content about one week after laser exposure. Tritium content in the 

initial D2O was also measured in the same set of samples. Then in another set of experiments the generated 

colloids were exposed to laser radiation in absence of the target. Tritium content increases by a factor of 1.9 

after ablation of a bulk Se target with 10 ps pulses of the second harmonics of a Nd:YAG laser. Further laser 

exposure of Se NPs solution does not alter this increased level of Tritium activity. Again, exposure of the 

colloidal solution to radiation of a Cu vapor laser leads to decrease of T activity by a factor of 6.7. 

Qualitatively similar results are obtained for NPs of Au (Table 2).One can see that activity of Tritium (its 

content) is higher by a factor of 1.8 than in the initial D2O right after laser generation of Au NPs with 

picosecond laser pulses. Further laser exposure of the colloidal solution alone does not alter much the 

activity of T. On the contrary, small decrease of T activity is observed in case of exposure of Se colloidal 

solution with 15 ns pulses of a Cu vapor laser. 

The exposure of different targets (Au, Ag, Be) to radiation of a 15 ns laser pulses has small effect on 

the activity of Tritium. The exception is exposure of Se target to this radiation that markedly reduces T 

content in the exposed solution (see Table 2). 

Laser exposure of targets that are cathodically biased in D2O with relatively high DOT content leads 

to some decrease of Tritium activity. These results are presented in Table 2.  

samples were exposed under cathodic bias. Laser ablation of targets without electrolysis leads to the increase 

of Tritium activity to the level which is about 20 times above the background (10
-7

 Curie/l). The synthesis of 

Tritium is even more pronounced if the ablated target is cathodically shifted. Ablation of either Ti or Au 

targets with electrolysis results in synthesis of Tritium to the level, which is 10
3
 times above the background. 

The largest change of activity is observed at laser wavelength of 1064 nm. The optical density of the 

solution at the wavelength of the third harmonics of a Nd:YAG laser (355 nm) is high, especially after 

generation of some amount of nanoparticles, so the intensity of the laser beam on the target is much lower 

than at 1064 nm. 

It was found that laser exposure of various targets in D2O leads to formation of Tritium, and its 

content depends on several experimental parameters. The results are presented in Table 1. Highlighted 
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7 Ti Li3C6H5O7+ 

DOT 

1064 10
13

54 6.3510
-4

The final value of activity after laser exposure is around 10
-3

 Ci/l. The variation of activity caused by laser

ablation is well pronounced even at high level of initial Tritium activity. As it follows from data presented in 

Table 1, at low initial Tritium content the increase of Tritium content after laser exposure is observed. One 

may suggest that this result is the competition between laser-induced decay of Tritium and its formation.  

The efficiency of nuclear processes occurring in the course of heavy water electrolysis can depend on 

the character of roughness of the electrode surfaces on a nanometer scale, the “spikiness” parameters [18, 

19] in particular. Indeed, it is precisely in the regions of the sharpest surface relief alterations that high

electric field strengths making for the acceleration of electrons and high mechanical stresses depressing the 

activation barriers for electrochemical processes can both get realized. This parameter is out of control in 

most experiments with electrolysis of heavy water. On the contrary, laser ablation of metallic targets by sub-

nanosecond laser pulses leads to formation of self-organized nanostructures (NS) on the target. The average 

size and density of NS depends on laser fluence on the target and target material. Therefore, laser ablation 

technique used in the present work provides guaranteed “spikiness” of the target that may generate high 

electric fields in the vicinity of the ablated target. Local electric field near the tips of NS under cathodic bias 

can amount to 10
9
 V/m, and they may serve as efficient emitters of high energy electrons.

Table 2. Decay of Tritium activity during laser exposure of different targets with electrolysis. 

No Materia

l 

Kind of liquid Wavelengt

h of laser 

beam, nm 

Intensity of 

laser 

radiation, 

W/cm
2 

Time of 

irradiation, 

min 

Activity, Ci/l 

1 Initial 

D2O+ 

DOT 
D2O+ DOT - - - 

1.2210
-3

(ξ = 0.5∙10
 – 9

 )

2 Au NaOD+DOT 532 710
11 60 1.1210

-3

3 Au NaOD+DOT 1064 10
13

30 9.0310
-4

4 Ti NaOD+DOT 532 710
11 60 1.1110

-3

5 Ti NaOD+DOT 1064 10
13

90 3.3510
-4

6 Pd NaOD+DOT 1064 10
13

90 1.2210
-3
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~nde isu

2

he   , (1) 

~ednisu

2   . (2) 

In these expressions, the subscript “he” on the notation of the initial electron points to the initiative character 

of interaction between the electron and deuteron in the formation of the β-dineutron 
2
nisu in the in-shake-up

state (the latter being indicated by the subscript “isu”). Inasmuch as the threshold of such an “inelastic 

scattering” of the electron by the deuteron is solely determined by the doubled rest mass of the neutrino and 

amounts to less than 1 eV, the electron kinetic energies of Ee ~ 10 eV will apparently be adequate for one to 

observe such processes. This means that the mass of the β-dineutron practically coincides, as noted above, 

with the mass of the deuterium atom. The Triton in the experimental conditions of present work may be 

synthesized according to the following equation:  

)25.3(2 MeVQntnd isu  
. (3) 

In turn, Tritium nucleus formed in the cold laser plasma may also interact with electrons. According 

to [22, 23], decay of Tritium may be accelerated (“e-catalysis”) owing to this interaction and formation of an 

The observed phenomena of T synthesis cannot be ascribed to nuclear fusion in its classical sense. 

There should be a low-energy channel that may alter the interaction of deuterons. One may suggest the 

following scheme of reactions [22, 23]. If the original nucleus is stable (for the sake of definiteness, let it be a 

deuteron d
+
) and the kinetic energy Ee of the electron is too low for any nuclear process involving the 

breakdown of the original nucleus to take place, the electron-nucleus interaction can result in the emission of 

a neutrino  (an irreversible process!) and formation in the nucleus of an intermediate vector boson W
–
 as a 

virtual particle (the electron cannot directly interact with a quark). Thereafter there forms a d quark, as a 

result of interaction between the virtual vector boson W
–
 and one of the u quarks of a nuclear proton, and the 

latter converts into a virtual neutron. No actual neutron can form in the nucleus. True, if this were the case, 

the nucleus being formed would decay, because a two-neutron system is unstable [24]. But for such decay 

into two neutrons to take place, the mass of the nucleus being formed, which is equal to the sum of the 

masses of the deuteron and electron, is insufficient. (In the case under consideration, the energy deficit Q is 

(mp + me – 2mn)c
2
 ≈ –3.01 MeV, where c is the velocity of light in vacuum and mp, me, and mn are the masses 

of the proton, electron, and neutron, respectively.) The conclusions drawn in [24] that the existence of a 

nuclear stable dineutron is impossible does not relate to the nucleus being introduced here with its mass less 

than the total mass of two neutrons, despite its zero electric charge, baryon number equal to 2, and zero 

leptonic charge. We will refer to such a nucleus as β-dineutron and represent the sequence of the processes 

being discussed as follows:  
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3
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All experimental results presented above can be interpreted on the basis of the processes (1), (3), and (4). 

Indeed, processes (1)-(3) dominate at low initial Tritium content in D2O (10
-7

 Curie/l) and presence of

electrons having kinetic energy Ee ~ 5-10 eV in cold plasma. As a result, Tritium content increases by 3 

orders of magnitude. On the other hand, predominant -decay of Triton takes place under relatively high 

initial Tritium beta-activity ~ 10
-3

 Curie/l.

The laser-induced decay of Tritium is a competing process that determines the stationary level of 

Tritium during laser exposure. Note that significant decrease of Tritium content occurs during 1 hour laser 

exposure, which is many orders of magnitude shorter than life time of this nuclide.  

Thus, laser-assisted synthesis of Tritium from D2O has been realized. The synthesis proceeds under 

exposure of various solid targets with laser pulses. There is definite threshold of the intensity and duration of 

laser pulses, the synthesis takes place only with short (10 ps) laser pulses and peak intensities exceeding 10
11

W/cm
2
. Tritium is synthesized without any cathodic bias on the target though the application of this bias

largely increases the rate of its synthesis. The increase of Tritium content requires careful check. In 

particular, long-term measurements of fluorescence are required to confirm the decrease of generated 

Tritium with its characteristic half-life of 12.2 years. 
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