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DeHOMEHOIOTMYEeCKUI MTOAXO0A K OIMC HHIO SJIePHBIX pe KLUl

B H CBILIEHHOM JeHTepHeM I JUl JUU U CUHTE3UPOB HHOU CTPYKType

B IUIOTHOM T 3€ JefiTepus IpU BO3IAECUCTBUU Y-KB HTOB

O6H pyxXeHHble B Npeapiayliux p 6ot x [1,2] addexTsl MO U3MEHEHUI0 XHMHYECKOIOo
COCT B M JUI JM$l, H CHIIIEHHOTO JeUTEepHUeM, U CUHTE3HUPOB HHOM CTPYKTYpBI ITO3BONSIOT BBE-
cTu (heHOMEHOJIOTHYECKHEe pe KILMH CIIMSHUS JIETKUX M JeeHus Goiee TSKEeNbIX sSaep 3 CueT
YIPYTOro U HEYNpYroro p ccesHusd (POTONMPOTOHOB U (POTOHEHTPOHOB, C OZHOW CTOPOHBHI, H -
IPEB IOUIMX OKPYX IOLUIMHA IUIOTHBIM I' 3 TOMOB M MOJIEKYN AEUTEpUsi, C JIPYroil CTOPOHBI,
y4 ctBylolXx B D-D pe KUuM4X CIUSHUA JIETKHX U A€NeHHd giep CpPeJHUX M CC IPOTOH MU
U JEUTPOH MU JOCT TOYHOH SHEPIUMH, T KXKE€ HEUTPOH MU p 3JIMYHBIX sHepruil. T xue 1e-
HOYEYHOINOZOOHBIE MPOLECCHl MOTYT CO3 Th 3H YMTEJbHOE YHMCIO H TPETHIX JEHTPOHOB U1
NpOTeK HUS HEOOXOOMMOIo KOJIHMYECTB SIEpHBIX pe KM JeleHHs U, CIefOB TelbHO, MO-
3BOJIUTH OOBSCHUTH H ONMIOA €Mble ®KCHEPUMEHT JIbHbIE PE3Y/IbT Thl 1O H KOIUICHHUIO JIETKHX
XMMHYECKHX 3JIEMEHTOB K K IPOIYKTOB SAEPHBIX pe Kuwii [1,2].

P 3BUTBEII moxgxon MoOXeT OBITH OCHOBOH JUIS CO3M HUS IEHTEpUPOB HHBIX SIIEPHBIX pe-

kropoB jenenus (ISIPII) H OCHOBe HEHTEPUPOB HHBIX MET JUIOB B IUIOTHOM T 3000p 3HOM
neiitepun. DTOT MOAXOM MOXET T KXe ObITh B XHBIM C TOYKH 3PEHHS] M3YYEHUS SIEPHBIX
pe KUuil B IUIOTHBIX TPUTHEBOM U JAEUTEPUEBOM I 3¢ U JEUTEepUPOB HHBIX M Tepu J X.
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Phenomenological Nuclear Reaction Description

in Deuterium-Saturated Palladium and Synthesized Structure

in Dense Deuterium Gas under y-Quanta Irradiation

The observed phenomena on changes of chemical compositions in previous reports [1, 2]
allowed us to develop a phenomenological nuclear fusion—fission model with taking into
consideration the elastic and inelastic scattering of photoprotons and photoneutrons, heating
of surrounding deuterium nuclei, following D-D fusion reactions and fission of middle-mass
nuclei by «hot» protons, deuterons and various-energy neutrons. Such chain processes could
produce the necessary number of neutrons, «hot» deuterons for explanation of observed
experimental results [1,2]. The developed approach can be a basis for creation of deuterated
nuclear fission reactors (DNFR) with high-density deuterium gas and so-called deuterated
metals. Also, the developed approach can be used for the study of nuclear reactions in
high-density deuterium or tritium gases and deuterated metals.

The investigation has been performed at the Flerov Laboratory of Nuclear Reactions,
JINR.
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INTRODUCTION

The results of surface studies and x-ray elemental analysis of Pd-rod and
synthesized novel structure (SNO) together with changes of SNO-brass substrate,
input beryllium bronze «window» and cut separating manganin sleeve at dense
deuterium gas after the action of 8.8-MeV ~ quanta were presented [1,2]. The
observed chemical composition strong changes in all components can be de-
scribed by photodisintegration of deuterons under  quanta, following «heating»
of deuterium atoms by photoneutrons and photoprotons, development of D-D
fusion and, as a result, creation of chain heating-fusion-fission reactions and,
as a result, strong multiplication of the protons and neutrons numbers. These
processes should be under realizing with accompanying middle-mass nuclei fis-
sion and release of energy from nuclear fission process. The efficiency of this
process schould be higher than unit (n > 1).

1. DESCRIPTION AND CALCULATIONS
OF SOME EXPERIMENTAL VALUES [1,2]

As is known, the cross section of deuteron photodisintegration producing
neutrons and protons is rather well studied, while the corresponding cross sections
of D(+y, n)p reactions were measured experimentally [3, 4]. At the maximal energy
the cross section of deuteron photodisintegration reaches the value o, ,(E, =
4.4 MeV) = 2.4 mb.

Below, an alternative approach is considered for the use of deuterium pho-
todisintegration reactions produced in dense and superdense molecular deuterium
gas under the action of v quanta. In each act of deuteron photodisintegration a
neutron and a proton are generated with energies defined by the reaction kine-
matics and energy-momentum conservation law. The energy dependence of the
deuteron photodisintegration cross section from the reaction

V(Ey > AW) +d —n+p (1)

can be quite well described by the Bethe—Peierls formula [3, 4]:

81 e3h (E, — AW)3/2
OD(y,m)p = 3 Mg AW — 3 J
3

2

where eg, co and M are the elementary charge, velocity of light, nucleon mass,
respectively, and AW = 2.22 MeV is the deuteron bond energy. In this case,



reaction (1) yields a neutron and a proton with approximately equal energies,
ie., E, = E, = 0.5(E, — AW), since the momentum of 7 quanta is small.
As is seen, the maximal cross section of the d(y,n)p reaction is reached at

E, =2AW = 4.4 MeV and makes up o57* ) = 2.4 mb.

Energetic spectra of v quanta N.,(E.,,) were calculated using the expressions
presented in [5, 6] just with own approximations of experimental values using the
expression

N(E,) = (co+ e1B)(By [ER™)00 P (1 B [E™™)P. (3)

Two sets of coefficients were obtained with the use of the least square method:
co = —5.824-1073, ¢; = 7.1865- 1072, ap = —1.2690, a3 = 0.36355, 8 =
1.7773 for E, < 8.789 MeV (with x? = 7.618) and ¢y = —5.824- 1073, ¢; =
0.18477, ap = —1.2690, oy = 3.2489 - 1072, 3 = 2.0282 for £, < 23.0 MeV
(with x? = 2.226).

Figure 1 shows the cross section of the deuteron photodisintegration oy, n)p
and energy spectra of ~y quanta at the electron beam current J = 1 pA (6.25 x
10'? s7!) and E, < 8.8 MeV and E, < 23.0 MeV energies.
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Fig. 1. Energetic dependences cross section of deuteron photodisintegration o (-, ), (mb)
and spectra of v quanta Ny(E,) (MeV~'-sr™') for two maximum energies EX*** =
9.0 MeV and EJ*** = 23.0 MeV

It should also be noted that during the irradiation with v quanta the DHPC
was cooled by a flux of compressed air at the temperature ~ 20°C; nevertheless,
the temperature of the DHPC external surface significantly exceeded 100°C even
though temperature measurements were not undertaken. Let us calculate the
maximum absorbed energy of v quanta per 1 pA. The experimentally measured
absorbed energy for MT-25 versus distance between braking W-target accelerator
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Fig. 2. Experimental measured dose of energy versus the distance between irradiated target
and W braking target

is presented in Fig.2. The relation between radiation energy electron loss and

ionization energy loss can be described by the expression
Swaa(Ey, Z)  E,Z
Sioniz(E'y,Z) N 800 '

)

here E, is measured in MeV. Let us estimate maximum energies absorbed by
targets: the energy of our experiment EX'** = 8.8 MeV and the other energy
EZ** =23.0 MeV. For that it is necessary to calculate integrals using

Emax
dN(FE
Eabs.dose(Earynax) = ,61 / Ery %d‘E’Y (5)
0

Parameter 3 is equal to § ~ 0.02 [1,2], but for heating of the whole DHPC it
is possible to multiply this value by a factor of 10, i.e., 51 ~ $(10 — 20). Then
absorbed power of y-quanta flux on DHPC after integration of Eq. (5) should be

Eabs.dose(EY™ = 8.9 MeV) = (10 — 20) - 4.8-107% J/(s - pA).

And at electron current I, = 7 p1A, one can obtain W = 3.36—6.72 W. Analogous
value for the other energy can be presented as

Eabs.dose(BF™ = 23 MeV) = (10 — 20) - 2.07- 107" J/s/uA.



Srad(Er, Z 8.9-29
One can obtain using expression (4) that Sioni( (lgy, Z)) = 300
And the electron beam power at I = 7 pA and energy £ = 7 MeV should be

about W =~ 50 W,

The time of HPC exposure to v quanta 7 = 2.22-10* s at the average
current of the electron beam on the braking W target I,- ~ 7 pA (ie., the
average number of electrons N, = 4.375- 1013 s~ 1).

~ 0.32.

Table 1. Total y-quanta yield (MeV ' - sr—') versus threshold (v, ) reactions for two
used energetic intervals for electron current of about 1 ©A

Maximum energy E,>00 | E,>167 | E,>222 | E,>6.19
of v quanta MeV MeV MeV MeV

EP® =8.789 MeV | 7.45-10'% | 3.05-10" | 2.36-10'% | 2.46 - 10"

EP®™ =23.0MeV | 424-10" | 1.85-10" | 1.39-10" | 2.77-10"

The total y-quanta fluxes are presented in Table 1 for: a) total yield at
E. > 0.0 MeV; b) yield with energy higher than the threshold energy of “Be(y,n)
8Be reaction E, > 1.67 MeV; ¢) yield with energies higher than the bond
energy of deuteron, ie., £, > AW = 2.22 MeV, and also yield with minimal
threshold energy for W braking target £, > 6.190 MeV, reaction ®3W7 (v, n)
182W74  Other reactions have the following energies: 82W7(vy,n) BIW™
E, > 8.062 MeV, ¥1WT™ (v, n) 18W™ — E_ > 7.411 MeV and 8W™ (v, n)
185w — F., > 7.199 MeV.

The values of defect mass values for calculations of energetic yields and
other needed parameters were taken from Handbook [7].
Let us consider the neutron yield from some materials involved in MT-
25 constructions. It is clear that it should be extracted from W braking tar-
get, because the energy threshold of (v,n) reactions is changed from 6.19 to
8.062 MeV (see above), and from beryllium bronze Cug ggsBeg p2. It is neces-
sary to note that the yield from W target shou21d be not significant, because the
ON 24610 Mev—1.sr!

~ 0E0Q
at 6.19 MeV < E, < 8.789 MeV. Let us e stimate the neutron yield of *Be?

nuclei from beryllium bronze from the reaction v + ?Be* — n+%Be* — n +
“He? + “He? for threshold energy F, = 1.67 MeV, and the cross section
of the reaction is about o, ~ 0.2 mb. So the total numbers of neutrons
from this reaction are equal to np. ~ BoP$,Np.N,(E, > 1.67 MeV)
2-10% s7t. pATL

We now calculate the number of neutrons and protons produced at the passage
of v quanta with the maximal energy E, < 8.789 MeV (generated by electrons
with the maximal energy £ = 9.3 MeV at the electron current beam J =1 pA)

total flux of v quanta is about N(E,)



T T T T T T T T T
s s
5 107: ad I NpN,=9.1-10"n, p 4
g = -2 ]
> + -
@or s NN =17-107np
s [ - . _
o) N
3106__ -=_. 0<Ey<23MeV i
S E NN, = 147100, p = ;
s F v i.:
S I
< [ adh T 4 -1_.
2 da 1
2 10k i -
ek -4 |
= C '..
z f ia 0<E <878 MeV o]
1 L 1 L 1 L 1 L 1
0 5 10 15 20

Energy intervals for (E, + Ej), MeV

Fig. 3. Histograms with the number of neutrons and protons in seven energy ranges (at
ET** = 9.3 MeV) and twenty one energy ranges (at E1'** = 23 MeV), respectively

using the expression

Eitl
i=Imax i=Imax v

Y(E,;™) = Z Yi= Z 8 Np / Ta(ymyp(Ey) Ny(Ey) dE,,  (6)
i I i I .
min min £

where E,gmi" = AW, E,imax = B = 9.22 MeV, while Efy = (i—-1)AE,+AW,
where ¢ =1,2,...,8, Inax = (9.22 — AW)/AE =7 at AE = 1 MeV. Figure 3
shows histograms with the number of neutrons and protons in 7 (at EJ*** =
9.3 MeV) and 21 energy ranges (EJ*** = 23 MeV) from reaction (1), using (2)
and (3), at the electron current on the braking target J = 1 pA. Neutron and proton
yields N,,(E,) and N,(E,), respectively, are also presented for two energies of
electron beams of 1 pA.

The total yields of neutrons N,, and protons N, and the numbers of N, and
N with energies E + E; > (3.39+ 3.24) MeV (see below) are presented: N,
N, =1.47-10° n,p/1 pA for E, < 8.789 MeV and N,,, N, = 9.1-107 n, p/uA
and Ny (E,, > Ei2esh) = 1.7.107 n/pA for reactions (18) and (19) which
are presented below.

2. PHENOMENOLOGICAL NUCLEAR REACTION DESCRIPTION

The following processes occur during the irradiation of targets with vy quanta
and the scenario of so-called multiplication of the number of participating particles
as «avalanche» of particles is as follows:



1. Dissociation processes of molecular deuterium into atomic atoms and deu-
terium ions:
D+ D,
AR e "

This process is very important because the absorption deuterium atom rate of
most materials strongly depends on its atomization. Dissociation of D molecules
to D atoms can be a very effective process only at the surface of so-called Pd
black surface [8]. In view of the heavy flux of quanta of small energies (see
below), such processes can be effective.

2. Deuteron photodisintegration process (1) will be discussed below. The
energy of photoprotons and photoneutrons must satisfy the energy conservation
law: E, + E, = E, — AW, where AW = 2.22 MeV is the deuteron binding
energy. Thus, the momentum of + quanta is small, p, = E. /co, where ¢y is the
velocity of light, then

E,~ E, =05 (E, — AW). (8)

3. Moderation of neutrons from the photodisintegration energies up to ther-
mal ones at the expense of deuteron elastic scattering, bound (in deuterides of
palladium and other metals) and free (in deuterium gas). As is known, when fast
neutrons of energy FE,, > 0.1 MeV are elastically scattered on deuterium, they
become moderated. The efficiency criterion of neutron moderation is the average
number of neutron collisions with the moderator nuclei at the moderation from
the energy E° up to E, (see [8], P.62):

In[E°/E,
(BB o
£
where £ is the mean logarithmic loss of neutron energy per one collision, which
A-1 A—
can be represented as £ = 1+ ( 94 ) In AT where A is the moderator atomic

mass unit (amu); for deuterium the parameter £ = 0.725. Then the number of
collisions at the moderation from 1 MeV up to 0.025 eV is n = 24, while from
7 MeV up to 0.025 eV it amounts to 7 = 27 collisions. And the average energy
transferred to deuterons should be about E,, ~ 3.4 MeV /26 ~ 130 keV.

4. Elastic scattering of protons and neutrons from photodisintegration of
deuterons with transfer energy to molecular and atomic deuterium:

p+Da—p' +D;5 n+Dy—n'+D5, (10)
p+D—p +D*, n+D-—n+D*



The maximal energy transferred by protons and neutrons imparted to deuteron
molecules and atoms in one collision is

AM,, , Mp, 16

ER® = n==—FEpn,
D2 (M, + Mp,)2 " 25 P
M, M, (
4 D 8
prax — P D @ — 2R
D (M, + Mp)2 P 9P

It is important to note that scattering of charge particles can also depend on
structure and aggregate state of targets.

5. Processes of thermonuclear fusion of «hot» deuterons produced in reac-
tions (10), (11) with «cold» deuterons at rest in gas and in palladium (metal)
saturated with deuterium:

t(1.01 MeV) + p (3.02 MeV),
d +d— (12)
3He?(0.87 MeV) + n (2.45 MeV).

6. *He? nuclei, tritons, protons and neutrons produced in reactions (12) can
also take part in further reactions, both elastic and inelastic ones:

t+d — *He?(3.5 MeV) + n (14.06 MeV), (13)
as well as in the reactions of deuterium heating as d + D, p + D, n + D and
3He? + d — “He?(3.67 MeV) + p (14.68 MeV), (14)

however, with a decreasing number of participating particles and decreasing cross
sections in a series of reactions.

7. Processes of thermal neutron capture by atomic nuclei ANZ(n, )4+t N%
with y-quanta emission.

8. Photoemission of neutrons and protons from nuclei in giant resonance
branch under y-quanta absorption A N4 (y,n)A"*NZ and ANZ(,p)ANZ~1.

9. Fission processes of atomic nuclei of middle masses induced by neu-
trons, protons and deuterons: ANZ(n, At N%1)A2 NZ2 ANZ(p A1t NZ1)Az N 22,
ANZ(d, A1 N%1)42 NZ2 with the conservation of isotopic spin, energy and mo-
mentum laws.

10. Elastic scattering of fission fragments on deuterium atoms with transfer
to deuterium atoms energy using reactions like (10) into dense deuterium gas and
saturated metals atoms and with electronic excitations.

11. Of course consideration should be given to a Coulomb barrier which is
equal to

Z1Z263
(VA1 + VA2) Ry

where R = 1 fermi = 10~!% cm.

Eq MeV, (15)



The calculated values of Coulomb barriers Eg (MeV) for Cu, Zn and Pd
nuclei are presented in Table 2.

Table 2. Coulomb barriers for Cu, Zn and Pd nuclei

. Eq, MeV
Reaction
102,104,105,106,108,110Pd46 63’65Cu29 64,66,67,68,7021130
p+ AN? ~ 8.1 ~ 5.8 ~ 6.0
d+4N? ~ 75 ~ 5.5 ~5.7

12. In order to estimate cross section and proton reaction yields, one can
introduce the wavelength for a proton of energy E, [4]:

4.553-1073
= C

A=—22""  om, (16)
E? (MeV)

as well as the effective cross section 7 - X° (barn) [4]:

0.6512

P

, barn. (17)

Ooff = T2 =

13. Apart from this, in order to ensure interpretation of the obtained results,
we have considered here additional deuteron fission reactions induced by protons
with sufficient energy (reaction d(p, n)2p) [9-11]:

p(E, > B +d —n+p' +p. (18)

Paper [12] provides experimental results which are still being referred to and
give such values for the energy threshold of reaction (4) as E},hre“h = (3.340 +
0.015) MeV and for the energy yield of the reaction as Q = (2.227+0.010) MeV.
The cross section of reaction (18) at the proton energy near the threshold (£, =
3.4 MeV) is estimated as ~ 1 pb (10730 cm?) [9], but in earlier study [10]
for protons of energy F, = 5.1 MeV the cross section of reaction (18) was
evaluated as ~ 0.014 b (1.4 - 10725 cm?). Figure 4 shows the cross section of
reaction (18) near the reaction threshold. It is apparent that the energy of particles
from reaction (18) must obey the expression E, + E s + E, = E, — Eftesh,

14. The reaction d(n,2n)p with the cross section given in Fig.5 can be
realized likewise [13]:

n(E), > 334 MeV)+d—n—+n'+p, (19)
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with the energies of all particles after decay described by the expression E,, +
E . + E, = E/, — Ehresh where Ehresh = 3.34 MeV.

With account of deuterium reactions induced by protons and neutrons from
reactions (18) and (19) with relatively high energies, proton and neutron yields
from electron beams with the current 1 pA and energy E, = 25 MeV are
calculated to be Nj; (Ey, > Efresh) = 1.7.107 uA~" (see Fig.3). Fission
reactions (18) and (19) take place with multiplication of neutrons and protons,
i.e., these are the so-called chain reactions.



15. Let us consider the subbarrier fusion reactions. We turn our attention
now to the calculation of the cross section of nonresonance exothermic reactions
between charged particles, which yields the following result:

o1 S Eo (E)) - S (fE), o

M
where Eg = 7(27re(2)Z1Z2/h)2 is the Gamow energy, while C' and S are

the parameters weakly dependent on the energy E. Clearly, the multiplier in
braces from (20) describes the probability of a charged particle passing through
the Coulomb energy barrier and is referred to as barrier permeability. The multi-
plier C'/v/E can be represented in the first approximation as a product of geomet-
ric cross section of collision, proportional to 7wR?, by the probability of nuclear
reaction where colliding particles are within the limit of the action of nuclear
forces, i.e., at the distances 7 < R. This probability is proportional to the particle
residence time in the region r < R, i.e., to the value R/v ~ 1/\/E of decay
probability of a compound nucleus by the required decay channel weakly depen-
dent on E. The cross section d—d reaction at small energies can be presented in

the form [15, 16]
S(E) 314
= —— -—— 21
Od—d E exp ( \/E) y ( )
with S(F) and F measured in keV -b and keV, respectively.
The cross section calculated using the data presented [15] is given in Table 3.

Table 3. Cross section of d—d reaction for small energy

Energy, keV | S-factor, keV-b | Cross section, mb
4 140 5.26-107°
8 72 1.4-107"
14 64 1.0
21 56 2.8

Figure 6 shows energy dependences of cross sections of d—d and d—t fusion
reactions [14].

As is seen, in spite of S-factor growth, d—d cross section decreases strongly
with decreasing energy, but begins to grow quickly if energy is more than about
10 keV (see also Fig.5).

16. Let us consider the reactions of deuterons with nuclei, which were ex-
plained by Oppenheimer and Fillips [18] using orientation deuteron effect for
reaction:

d+ANZ—>p+A+1NZ (22)

10
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in deuteron energy interval of about 0.5-2.0 MeV. The cross section of the
reaction was obtained in the form

1 4ze2 [ M \Y*"_ [ Fun
o~ ——exp| — e°< ) F(k) (23)

V2 h AW AW

Ekin

AW

As well known [17], thermal vibrations of lattice atoms should increase the
effective cross section of elastic and inelastic scattering of charge particle into
solid and gas targets mainly at low-energy scattering, because vibrations should
more effectively increase transverse cross section with increasing of interaction
time. This cross-section scattering dependence o(F,T') should more important

function F' ) is presented in Fig.7 [18].
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Fig. 7. Cross section versus energy Fuin/AW for reaction (22) [18]
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when the temperature of solid target is close to melting temperature. Temperature
dependences of energy transfer from heated electrons under passage of charge
particles through the solids to lattice also depend on thermal vibrations.

Also it is necessary to note the change of scattering situation for crystalline
and amorphous solids [17]. Chaotic arrangements of lattice atoms do not cre-
ate periodic potential in lattice, excluding low energy loss processes of particle
scattering, such as channeling and so on. The difference for single crystal and
amorphous targets is due to collision cross section o. In the absence of periodic
potential (amorphous target) gaseous cross section equal to square Debye—Hiickel
length Gamorph = md? ~ 0.5- 10716 cm? = 5-107 b! In single crystal this
value is necessary to multiply by factor « = ©/MS?, where ©, M and S are
temperature of lattice (= 2000°C), mass of lattice atoms and velocity of sound,
respectively [17]. The velocity of sound is about 3 - 10 m/s. The « factor is
about o = 0.017 for Pd atoms. Taking into consideration single crystal structures
of main solids, this factor should be from 0.017 < « < 1.0. So the cross section
for single crystal becomes ocrys = amd? ~ 8.5-10° b.
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Fig. 8. Lateral distributions of p (energy is 3.3 MeV) and D (energy is 3.0 MeV) in 3 kbar
dense deuterium gas (b1, b2) and Pdo.57Do.43 (al and a2), respectively
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The lateral projected ranges for protons (3.3 MeV) and for deuterium atoms
(3.0 MeV) in 3 kbar deuterium dense gas and in Pdg 57Dg 43 solid target are
presented in Fig. 8. It is seen that at deuterated palladium protons and deuterons
with these energies have relatively small projected ranges and also a lot of small
projected ranges, and it means that the particle lost large part of its energy at
collisions. It means that probabilities of direct heating of «cold» deuterium atoms
by protons and hot deuterium atoms too are not small ones.

Let us calculate projected ranges of all particles which should be taken into
consideration in dense deuterium gas (atomic np = 5.19 - 1022 D/cm® and mass
density pp = 0.1713 g/cm?®) and palladium saturated by deuterium. The swelling
of Pd rod was limited by DHPC walls from 3.8 to 4 mm, so we will take densities
of Pd as np = 6.8-10%2 D/cm?® and ppq ~ 12.02 g/cm3. In Table 4 the calculated
projected ranges of all particles with their maximum energies which should be
created in reactions 'p(3.4 MeV), 2d(3.02 MeV), °°Ti%2(5 MeV), 3T(1.02 MeV)
and 3He(0.84 MeV) and also the fission fragment (see point 9) °°Ti?? (energy
is about 5 MeV) with the numbers of D atoms along depth for each particle for
interest only are presented. The average distance between D-D atoms is equal to
rp-p = 1/¢/Ap = 2.68 A.

Table 4. Projected ranges of p(3.3 MeV), d(3.0 MeV), °Ti*?(5 MeV), T(1.02 MeV) and
3He(0.84 MeV) with numbers of D atoms along the particle paths using TRIM-2007
computer code

Target state p(3.3 MeV) |d(3.0 MeV) | Ti(5 MeV) | T(1.02 MeV) |He(0.84 MeV)
D2 dense gas, pm 872 408 23.7 54.8 27.1

R,/mp-D 3.25-10% | 1.52-10° | 8.84-10* | 2.04-10° 1.01 - 10°
Pdo.57Do.43, pum 37.8 21.7 1.1 3.97 1.12

Rp/rp-p 1.41-10* | 81-10* |4.10-10° | 1.48-10* 4.18-10°

It is seen from Table 4 that the total lengths of deuterium atoms lines with
a distance between D-D of about 2.68 A are very long. And as well known,
the diameter of H or D atoms is 1.058 A. The relations between D-D distance
(2.68 A) and diameter of atoms (1.058 A) are very close.

So one can conclude all the reactions written above which take place with
different probabilities should be taken into consideration. The following sce-
nario of process can be presented: (a) deuterium disintegration reactions taking
place under the action of 8.8-MeV v quanta (1) (b) with production of rela-
tively large energy protons and neutrons (E,,E, C 3.3 MeV), (¢) which in
their turn initiated following heating of deuterium atoms (deuterons) with pro-
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duction of «hot» deuterons (10), (d) which can cause a d—d fusion reaction
of deuterons (12) and following thermonuclear reactions (13) and (14), (e) the
parallel reactions of «hot» deuterons with nuclei with transfer of neutrons to
them, (f) which allow the process of fission of the compound nucleus to fission
fragments and again with the formation of high-energy protons, (g) heating of
deuterium atoms (deuterons) by energetic large-charge fission fragments and by
again created «hot» protons.

3. NUCLEAR FISSION REACTIONS
FOR DESCRIPTION OF MEASURED COMPOSITIONS OF DHPC

All reactions as A NZ (y,n)A"INZ, ANZ (y,p)A"INZ—1 ANZ (n, y)A+HINZ,
ANZ(n, p)ATINZ=1 ANZ(n,2n)A" N2, ANZ(n,a)? 3 NZ%~2 are very well
measured and their cross sections are very well known. Concerning fission nu-
clear reactions of middle mass nuclei on light fission fragments, such reactions

eitheir have low probabilities as competi-
tion mode of nucleon decays or are im-
possible or unknown.

0.3

The results of chemical compositions
of all measured components DHPC [1, 2]
allow one to conclude about strong chem-
ical changes.

<
)

And we will discuss only possible
scenario of nuclear decays inside the
chamber under v quanta and products
of photodisintegration. The probable nu-

clear fission reactions, of course, are re-
0.0_;)'.2 o o6 o8 1o quired taking into consideration the en-
Mass asymmetry & ergy barriers of fission (see [21,22]).

o
=

Saddle-point energy, units of Ef))

Actually, the nature of the decay of
highly excited compound nuclei is only

d . qualitatively correct, since fission de-
rop sphere) as a function of mass asym-

metry « and fissility z. o is the differ- €4YS of any mass asymmetry are ener-
ence of the masses of the two nascent &efically allowed [23]. Let us present
fragments divided by the total mass. The conditional-saddle-point energies (in units
fissility = is one-half the ratio of the of the surface energy of a liquid-drop
Coulomb energy of a sphere of uniform sphere) as a function of mass asymme-
charge density to its surface energy try in Fig. 9 [22].

Fig. 9. Conditional-saddle-point energies
(in units of the surface energy of a liquid-
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3.1. Reactions in Brass (on Cu and Zn). The (v, n) reaction energies for
all Cu and Zn isotopes were calculated and are presented in Table 5 using data
of [7].

Let us introduce also the characteristics of (n,~y) reactions with Cu and Zn
of thermal neutrons, which are presented in Table 6.

Let us try to find any reactions in which light elements, which were measured
at synthesized novel object (SNO), such as Al, Si and Ti, can be produced.
All neutron (F, < 3.4 MeV) induced fission reactions with Cu and Zn are
impossible () < 0). Calculations showed that all subbarrier fusion reactions of
energetic protons with Cu and Zn with production of v, and light fission fragments
are impossible too, because all reactions are endothermal ones.

Subbarrier reactions of Cu and Zn nuclei with deuterons (22) are possible,
see, for example:

d+53%5Cu? - p 4 46Cu?[Q = 5.691;4.844 MeV] — 4667030 (24)

Table 5. Parameters of “ Cu®*(v,n)*~'Cu**" and “Zn®*’(v,n)*'Zn*"" reactions

Element | Cross section, b Ab;;l(;;l]lce’ stablzlrlllljileon Energli//IZi]e 4@,
63Cu?® | Giant resonance 69.17 52Ni%® (3.59%) —10.854
55Cu?® | Giant resonance 30.87 54Ni%8 (0.91%) —9.910
647n3 | Giant resonance 48.6 63Cu?® (69.17%) —11.862
667n3° | Giant resonance 27.9 55Cu?® (30.87%) —11.703
677n3° | Giant resonance 4.1 667130 (27.9%) —7.053
687030 Giant resonance 18.8 577n3° (4.1%) —10.824
707130 Giant resonance 0.6 59Ga! (60.1%) —9.857

Table 6. Parameters of “Cu?’(n, v)**'Cu®*" and “Zn®*"(n,v)**'Zn>" reactions

Element Cross section o, ~, | Abundance, Final Energy yield @,
b [19,20] % [7] stable nucleon MeV
63Cy?? 4.50 69.17 51Ni?® (0.91%) +7.916
65Cy?? 2.17 30.87 667n3% (27.6%) +7.066
647030 0.76 48.6 55Cu? (69.17%) +7.980
667030 0.85 27.9 577n3° (4.1%) +7.053
677n° 6.8 4.1 587030 (18.8%) +10.198
687030 0.072 18.8 59Ga3! (60.1%) +6.482
707130 0.083 0.62 "1Ga®! (39.9%) +5.836
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d + 64,66,67,68,7077,,30 _
— p + 0567686971730y — 5.755; 4.828; 7.974; 4.258; 3.611 MeV]. (25)

And accompanying chemical element should be 971 Ga3!. The proton energy
should be E, > &Q = 5.6 MeV for the first reaction in (24). So,
Moy + Mp
such subbarrier reactions can produce energetic protons and, in principle, fission
fragments (for more detail, see [22-24]).

One can conclude that some of the reactions can produce observed chemical
elements in SNO and other chemical elements were not observed!

3.2. Reactions in Pd Rod. Tables 7 and 8 present characteristic parameters
of APd*0(~, n)A~1Pd*®" and Pd*6(n,~)At1Pd*¢" reactions.

It is clear that only two photofission reactions should be with '°°Pd*6 and
10pg16 pecause E., > |Q)|.

It is important to note that the isotope composition of each chemical element
observed after v-quanta irradiation is the criterion of existence or absence of nu-
clear fission reactions. So it is necessary for us to carry out accurate isotope mass
separation analysis. And it should be the final proof of the developed approach.

Description of nuclear reactions for production of each chemical element
lighter than Pd*6, which were determined during experimental studies of chemical

Table 7. Parameters of “Pd*(y, n)*~'Pd*®" reactions

Element Abundance, Cross section, Final Energy yield @,
% (7] b [3,19] stable nucleon MeV
102p 446 1.02 Giant resonance | ‘“*Ru** (17.0%) —10.568
104p g6 11.14 Giant resonance | ‘**Rh*® (100%) —9.993
105p46 22.33 Giant resonance | '%‘Pd*® (11.14%) —7.093
106 p46 27.9 Giant resonance 105p46 (22.33%) —9.562
108 p46 26.46 Giant resonance 107Ag47 (51.839%) —9.190
110p 46 18.81 Giant resonance | 9Ag*7 (48.161%) —7.684

Table 8. Thermal neutron captures: “Pd*®(n, 7)A+1Pd46* reactions

Element Abundance, | Cross section, Final y-quantum
% 7] b [20,21] stable nucleon energy @, MeV
102pq46 1.02 34 103RW*5 (17.0%) 7.624
104p46 11.14 0.6 105pq46 (22.33%) 7.093
105p 46 22.33 20.0 104p446 (27.33%) 9.562
106p 46 27.9 0.296 107pg46 (6.5 - 10° ) 6.529
108p46 26.46 8.3 109Ag47 (48.161%) 6.154
110pq46 11.72 0.190 H1cg®® (12.80%) 5.765
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compositions [1,2] such as 1608, F?, Na'!, Mg!2, Al'3, Si'4, P15, S16 CI'7, K'9,
Ca?°, Sc?!, Ti%2, V2, Cr**, Mn?%, Fe?6, Cu??, Zn®0, Zr*®, Nb*', and heavier
ones Ru**, Rh*>, Ag*7 and also volatile elements Ne'® and Ar'®, is very easy to
write because we have quite enough experimental data.

But it is better to discuss only exact nuclear reactions which can be realized in
DHPC under y-quanta irradiations of deuterium saturated palladium (Pdg 57Dg 43)
and at the SNO.

The X-ray structural analysis allows us to conclude that SNO consists of
three phases: TiOy — titanium dioxide, Pd; 5D2 — deuteride palladium, and also
something like titanium quartz phase.

Production of titanium: it can be reactions with deuterons and neutrons:

. 24
n -t 102,104,105,106,108,110pq46 _, 46,47,48,49,50j22 | (3 (26)

with energy of reaction @ = 4.5 to 23.0 MeV and besides Ti?? in Pd rod should
also be accompanied by elements Cr?4, Mn2°, Fe?®, Co?7, Ni%®, Cu 2. It is very
important to note that most of these atoms accompanying titanium were observed
under SEM-microelement analysis [1,2].

Fe and Cr were mainly observed at relatively large quantities in Pd rod
irradiated with + quanta [1,2].

Also it can be reactions with deuterons (22), i.e.,

d+ 102’104’105’106’108’110Pd46 103’105’106’107’109’11113(146 (27)

—p+
with energy of reactions (Q = 5.3998; 4.8688; 7.3378; 4.3048; 3.9298;
3.5418 MeV, respectively, and it would be probably nuclear fission under di-
vision with neutrons (see above).

Aluminum production under neutron and deuteron processes in which there
can be produced chemical isotopes observed by SEM microelement analysis mea-
surements:

n + 102,104,105,106,108,110Pd46 N 27A113 + 76’78’79’82’84AS33 (28)

with energy of reactions @) = 3.09 to 10.564 MeV with accompanying elements
Se3* and Kr3S.

Silicon production under neutron division 28Si'4(92.23%), 2°Si'*(4.67%),
308i14(3.10%):

n  102,104,105,106,108,110p 46 _, 28314 | 75,77,78,79,81,83 (334 (29.1)
n 4 102,104,105,106,108,110p 46 _, 29g;14 | 74,76,77,78,80,82 (1634 (29.2)
n 4 102,104,105,106,108,110p 46 _, 30g;14 | 73,75,76,77,79,81 (1034 (29.3)

the energy of reactions @@ = 13.494; 11.377; 12.901; 9.220; 6.380; 7.018 MeV
for reactions (29.1), and @) = 15.462; 13.779; 12.757; 11.812; 9.971; 7.420 MeV
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for reactions (29.2), and @Q = 15.872; 14.959; 17.295; 13.804; 12.550;
10.508 MeV for reactions (29.3) with accompanying elements 737476Ge32,
T5AG33 T7.78,79,80,82G034 81B35 and volatile clement 52-83- 84K 36,

63Cu2° production under neutron division:

n + 102,104,105,106,108,110Pd46 N 630u29 +40,42,43,44,46,48 0117 (301)

with energy of reactions Q = 13.265; 8.670; 8.368; 6.877; 7.267; 8.455 MeV
with accompanying element 43:44:45:46:48C320 and volatile element 4%42Ar!8,
55Cu2° production under neutron division:

n + 102,104,105,106,108,110Pd46 N 6501129 + 38,40,41,42,44,460117 (302)

with energy of reactions (Q = 17.206; 13.473; 14.311; 9.840; 8.950; 10.138 MeV
with accompanying elements 4*K19, 4446Ca20 and volatile element 384042 Ar18,
64Zn3° production under neutron division:

n - 102,104,105,106,108,110p 446 _, 647,30 | 39,41,42,43,45,47g16 (31.1)

with energy of reactions () = 9.148; 2.773; <3.751; <2.260; <2.650;
<3.838 MeV with accompanying elements 41 K19, 42:43,46C520  45gc21  47T22
and volatile element 3°Ar!8.

66Zn3° production under neutron division:

n + 102,104,105,106,108,110Pd46 N 66Zn30 + 37739740’41743’45816 (312)

with energy of reactions @ = 15.953; 10.570; 10.788; 4.157; <b5.547;
<6.735 MeV with accompanying elements 37CI'7, 4'K19, 43Ca?0, 45S¢2! and
volatile element 3940 Ar!8,

67Zn3° production under neutron division:

n + 102,104,105,106,108,110Pd46 N 67Zn30 + 36,38,39,40,42,44816 (313)

with energy of reactions ) = 18.692; 13.413; 10.529; 8.278; <4.528;

<5.716 MeV with accompanying element %%Ca?’ and volatile element
38,39,42 7 |18

68Zn3° production under neutron division:

n + 102’104’105’106’108’110Pd46 N 68Zn30 + 35’37’38’39’41’43816 (314)

with energy of reactions @ = 18.999; 15.586; 16.338; 11.165; 6.598;

<7.843 MeV with accompanying elements 3>37C1'7, 41'K'%and volatile element
38,39 A 118

70Zn3° production under neutron division:

n + 102’104’105’106’108’110Pd46 N 70Zn30 + 33’35’36’37’39’41816 (315)
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with energy of reactions @) = 16.292; 17.078; 19.875; 14.627; 11.108; 7.396 MeV

with accompanying elements 3336816 35.37C|17  41K19 and volatile element
38,39 A 18

So nuclear reactions of Cu?’ and Zn° production should be accompanied by
isotopes 3336816, 353717 19 4243444648 Cq20 Ti22 pyr isotopes FIK!9, YK
and *°Ca?° should be absent! It is an excellent proof of the approach!

Let us consider reactions which can produce significant quantities of such
elements as Rh*® and Ru**. These nuclei can be produced using reactions

n +12Pd*(1.02%) — a + PRu*(12.7%) [Q = 5.341 MeV],
n+94Pd*(11.14%) — o + M'Ru*(17.0%) [Q = 4.198 MeV],  (32)

n +19%Pda*%(22.33%) — a + '?Ru**(31.6%) [Q = 6.325 MeV],
and some chain reactions:

n + 0Pd*%(27.33%) — a + BRu™[Q = 2.995 MeV],

87,39.35 d
— > 193RW*P(100%),

103Ru44 N
0Ti22(5.4%) + »Ti*?[Q = +11.061 MeV] — 3Cr?*(9.501%),

n + 1%Pd*%(26.46%) — a + 'PRu*[Q = 2.061 MeV],

W05 R M, )~ 199Pd19(22.33%),
502 455 Ti22[Q = 4+10.824 MeV] — *Mn**(100%),

n + 1OPd*(11.72%) — a + Y"Ru™[Q = 2.061 MeV],

B”,B87,8"

X » — 5 107 Ag*7(51.839%),

O"Ru*[Q = 2.061 MeV] — { 5022 | TTi2[Q < +13.052 MeV] —

5TFe?6(2.2%).

Let us consider some fission reactions with protons and deuterons, taking

into consideration subbarrier fusion (see G. Gamov expressions (20) and (21)):

p +192Pa*t — 103 A64T o 4 P9RWP[Q = 5.559 MeV] — PRu**(12.7%),

p +104Pd*0 — 10544 o 4 10IRWIP(3.3 v)[Q = 3.416 MeV],

p 4+ 100Pa1® — 1007 o 4 102R1(2.9 v)[Q = 5.543 MeV].
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Let us consider some subbarrier exothermal reactions with deuterons:

d 4 102Pd46 N 104Ag47* 4+ IOSAg47[Q — +1939 MCV],
d 4 102pqis _ 10404477
p +1PA*[Q = +12.689 MeV] — Rh*(100%),
d 4 102pqis _, 1047417 _,
a + YORW[Q = +8.378 MeV] — °Ru’(12.6%),
d 4 102pgis _, 1047417 _,
1608 1 8Y3[Q = +14.246 MeV] — *85r°%(82.58%),
d 4+ 110pgis _, 11276477
1608 4 9Y39[Q = +7.968 MeV] — %97Zr*(> 3.56 - 10'7 y),
d + 102Pd46 N 104Ag47* N
507122 4 54Mn?[Q = +17.803 MeV] — *4Cr**(2.365%),
d 4 104pqis _, 10674477
50§22 4 56V [Q = 432.077 MeV] — 5Fe?0(91.72%),
d 4+ 105pgi6 _, 107 pg47"
50§22 4 5TV [Q = +33.629 MeV] — 5"Fe?0(2.2%),
d +106pgis _, 108 p\gd7" _,
507122 1 58Mn?°[Q = +30.865 MeV] — *8Fe?(0.28%).
It is necessary to note that also inside DHPC a very large concentration of oxygen
was observed and most part of SNO consists of rutile — TiOs [1,2]. As well
known, titanium is very oxidation resistant metal, and its oxidation should be
at large temperature and at dense oxygen atmosphere, but DHPC chamber was
filled by 98% of deurterium and 2% of hydrogen mixture. Besides that, let us
write some nuclear reactions with oxygen production during y-quanta irradiation.
These are some of such examples:
p 4 102pgit 103,477
87Ty39 L 1608(Q = +7.108 MeV] — 37Sr*8(7.0%),
p + 104Pd46(11.14%) _ 105Ag47* N
89Y39(100%) + 90%[Q = +10.321 MeV],
p +19Pd*®(22.33%) — 106 Ag4T"
0y39 L 1608(Q = 40.611 MeV] — Zr*°(51.45%),
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p + 106pq6(27.33%) — 107TAT

9y39 L 1608[Q = +8.463 MeV] — P°7Zr*(11.22%),
p + 108Pa6(26.46%) — AT

93y39 | 1608[Q) = 1+6.730 MeV] — *37Zr*0(1.53 - 10° y),
p + 10Pq6(26.46%) — MAgYT

9%5y39 4 1608[Q = +4.924 MeV] — *Mo*2(15.92%).

We now provide some reactions in which the measured chemical compositions can
be produced. Also, for us it is very important to note that, using the developed
scheme of nuclear chain reactions with multiplication of the number of «hot»
deuterons and deuterium atoms and mainly «hot» protons together with «hot»
fission fragments which can heat all components taking part in the process, it
is possible to find reactions in which all the measured compositions can be
described.

CONCLUSIONS

We have shown the production of chain reactions of deuterium photofission—
fusion reactions under y quanta with power multiplication of protons and neutrons
which stimulate fission of middle-mass nuclei into light fission fragments. It is
important to note that the investigation of fusion and fission processes in highly
dense deuterium under the action of various radiation sources, y-quanta irradiation
is mainly a new area of fundamental research.

The reactions (v,n), (n, f), (p, f) with copper and zinc at the energy of
v quanta £, < 8.8 MeV are mainly absent. But reactions with multiplication
of «hot» protons ANZ(d,p)A*'NZ and maybe (d, f) are suitable. Here «f»
refers to a fission reaction. Only subbarrier reactions with d are suitable for
Cu and Zn: d + %Cu?® — 298i14436816[Q = 0.12 MeV] — 6Ar'®; 4 +
63cu29 — SOSi14 + 35sl6[Q — 084 MCV] N 35C118; d + 63Cu29 N 49Ti22 +
1608[Q = 0.85 MeV]; d + 5°Cu?® — 1608 +°1Ti%2[Q = 0.34 MeV] — 51VZ,;
d+647n30 — 308i14 1 37CIL7[Q = 3.33 MeV]; d +%4Zn30 — 1608 +50V23[Q =
1.09 MeV]; d + 6667730 — 1608 4 5253y23[Q > 0 MeV] — 5253Cr24,

The reactions with Pd and its isotopes with neutron production are as
follows: 105Pd*6(vy, n)04Pdi6[Q = —7.093 MeV], 110Pd40(y, n)lY9Pd%[Q =
—7.684 MeV] — 109747,

Let us consider reactions with Ti?? production. All the reactions with neu-
trons have the reaction yield ¢Q > 15 MeV and the final fission fragments should
be Cr?4, Mn??, Fe?5, Co?”, Ni%® [1,2]. The reactions of Cu? and Zn®® produc-

tion Pd*6 (n, Cu??)N'7 and Pd*5(n, Zn3°)N'® can produce the following isotopes:
33,36Q16 35,3717 350117 38,39,40,42 A 18 41119 42,43,44,46,48 (7,20
B6G16 35,3TCILT 35C[L7, 38:39.40,42 A 18 4119 '42,13,44,46,48420
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It is important to note that more abundant isotopes such as *° K19(93.2581%)
and 4°Ca”’(96.941%) are to be absent under the isotope composition analysis.
Also, the reactions of subbarrier fission with p, d and Pd isotopes can produce the
observed isotopes Rh*®, Ru#4, Nb*!, Zr%0, Fe?6, Cr?4, Ti?? and in large quantities
1608 [1,2].

Thus, it is possible to present the following scenario of process development:
7 quanta play the role of initiator of chain fusion—fission processes: 1) pro-
duce deuterium atoms with increasing of pressure inside the DHPC; 2) divide
deuterons to high-energy protons and neutrons; 3) these photoprotons and pho-
toneutrons can repeatedly transfer their energies in elastic scattering processes
to deuterium atoms; 4) «hot» deuterium atoms can interact with «cold» deu-
terium in fusion processes with production of fusion fragments (p,n,t and *He);
5) another branch of «hot» deuteron interactions is the interaction with Pd nuclei
using Oppenheimer’s process with creation of large-charge fission fragments and
again «hot» protons; 6) such products, in their turn, can heat deuterium atoms
and interact with each other with fusion processes between deuterium atoms. All
these steps result in strong multiplication of «hot» deuterium and hydrogen atoms
and «hot» deuterium atoms which can simultaneously divide middle-mass nuclei
into fission fragments.

We estimate the energy efficiency of the observed phenomena as nypc =
Esns + Epq + Etusion + Q
BAEMT 25
fission energies for Ti, Cu and Zn production in the Pd-rod surface, for fu-
sion reactions and for heating of all elements inside the DHPC up to very
high temperatures, respectively. The SNO volume in it is Vgns ~ (1.5—1.9) X
1073 cm3. Let us take the SNS atomic density as ngns ~ (5—8) x 10?2 at./cm®.
Then the total number of atoms in the SNS should be Ngns ~ (7.5—15.2) x
10'9 atoms. The minimal concentration of Ti atoms in the SNS can be es-
timated as C; =~ 0.0526 (see Ti atom concentrations at various points of
the SNS structure: on the top — 5.26 at.%, in the melt around the volcanic
crater — 2.47 at.% and on the crater floor about 50.65 at.%). As was eval-
uated above, in nuclear reactions producing titanium the energy yield per one
fission act of compound nucleus makes up AEr; ~ 10 MeV; therefore, the en-
ergy gained from generation of titanium nuclei in the SNS structure Fgng ~
CtiNsnsAET = (0.626 — 1.270) - 107 J. The energy for production of Cu
atoms with the concentration C¢, = 0.3 in the modified Pd-rod black layer
with the volume Vpq =~ 1.03 - 1073 cm? (the layer thickness is 82 um, the
diameter is 0.38 cm) is equal to Fpq = CcuNpaAEcy =~ (0.36 — 0.576) x
107 J. The energy production from fusion reactions (3)—(5) can be estimated as
FEtusion = [Ncou + Ni] - 0.5 - (3.32 + 4.03) MeV = (0.33 — 0.615) - 107 J.
Thus, the total energy extraction Fiot = Esns + Epd + Efusion ~ (1.2 —
2.3) x 107 J. The electrical power of the MT-25 accelerator is approximately

, where Esns, Fpd, Frusion and @ are the nuclear
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20 kW, which corresponds to the energy spent during the experiment in the time
T~222-10%s:

AEMT 25 ~ 20 kW -2.2-10* s =4.4-108 I.

So, the efficiency should be much higher: ngpc > 10.

The elaborated approach can be used as a fundamental basis for the novel type
of deuterated nuclear fission reactors (DNFR) with high efficiency. A deuterated
Pd metal simultaneously plays the role of a moderator and absorber of neutrons.
Such DNFR can be compact and inexpensive and may be replaced with fission
reactors based on enriched uranium. Non-enriched uranium itself can serve as a
«fuel» in a DNFR since uranium absorbs up to three deuterium atoms per one
uranium atom (UDg [1, 2, 8]). The studies into the fission of nuclei with middle
mass number, initiated and being actively developed by the authors, will be
continued towards increasing deuterium gas pressure, however, up to such values
at which saturation of used substance can be reached up to its stoichiometric
deuterium composition. For example, UD3, NbD,, TaD, VD5 and rare-earth
metals (Rem) forming trideuteride compounds such as RemDs3.

The final scenario of process can be presented: (a) deuterium disintegration
reactions taking place under the action of 8.8-MeV v quanta (1) (b) with pro-
duction of relatively large energy protons and neutrons (£, £, C 3.3 MeV), (¢)
which in their turn initiate following heating of deuterium atoms (deuterons) with
production of «hot» deuterons (10), d) which can cause a d—d fusion reaction
of deuterons (12) and following thermonuclear reactions (13) and (14), (e) the
parallel reactions of «hot» deuterons with nuclei with transfer of neutrons to them
and again production of more heated protons, (f) which allow the process of fis-
sion of the compound nucleus to fission fragments and again with the formation
of high-energy protons, (g) heating of deuterium atoms (deuterons) by energetic
large-charge fission fragments and by newly created «hot» protons.
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