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Abstract

In thisarticle, we determine the cross section of different fusion reactions : D(d,p)T,
D(d,y)*He, T(d,n)*He and D(p)°*He considering the lattice effect in internal conversion of solid state in
palladium environment which is a metal with face cubic-centered structure. Fusionable particles are
solved as sublattice,theseparticlescontribute in fusion reaction in palladium environment. Fusion reaction
is generated by flux of incoming fusionableparticles. The Bloch function for the initial and final state of
three- body system from this fusion cross section can be estimated for above reactions. Thus lattice effect
is calculated for mentionedreactions. The three- body system consists of the host lattice, sublattice and
incident particles. Then it is compared with those of an ordinary fusion reaction. Finally, the internal
conversion coefficient is obtained with regarding the lattice effect. The authors strongly discuss that the
lattice effect in solid state internal conversion must be considered until the experimental data of fusion
cross section have a good justification with theoretical hypothesis.
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1. Introduction

Nowadays using nuclear energy is very imporgant clean source of energy. There are two
kinds of nuclear reactions, fusion and fission.c8ifusion reaction has less radioactive radiation
and the fusion fuels required for these reactiaiesnaore sufficiently available in the nature,
therefore fusion reactions are important to study.

The ability of palladium to absorb hydrogemasamecognized as early as the nineteenth
century by Thomas Graham [1]. In 1989, observatminStanley Pons and Martin Fleischmann
about fusion in room temperature gained a lot wfraion [2]. After that, the wordcbld fusion”
was used for Low-Energy Nuclear ReactionEKR) [3]. Allhypotheses about cold fusion failed
until 1992 [4-7]. In 1995, many years after Ponsd aFleischmang separation Fleischmann
continued his researches and published many a&{i@]eAlthough many groups had studied this
subject, cold fusion was not accepted officiallpeTcross section of fusion reactions in metallic
environments indicated significant enhancement isdeason have notbeenproved yet [9].
Meanwhile, one of the controversial hypotheses elastron screening for host particles [10]. In
2007, after many researches, finally cold fusiors wmacepted officially [11]. Now one of the
most controversial issues is cold fusion in metaltiystalline environments [12-14].



In 2002, Peter Kalman and Thomas Keszth&ilydlied this problem on different metals.
They investigated many different factors to expléie enhancement of fusioncross section. For
example, the electron screening was checked ford@%terated metals and 5 deuterated
insulators/semiconductors from Periodic Tables. Agithem, metals were most convenient. A
few factors that are investigated on fusion crasgisen are: stopping power, thermal motion,
channeling, diffusion, conductivity, and crystatusture and electron configuration. None of
them could explain and analyses the observed eehent crosssection [15-19]. In 2004, these
scientists found a reason to explain it, which walled solid state internal conversion [9].
Finally, in 2009, these authors mentioned a meit its lattice structure and entered the lattice
shape of the solid in their internal conversioncahdtions [20]. Their calculations were
performed just for D ()°He reaction.

The aim of this workismodificationofPeter Kalmandafhomas Keszthelyi studies to the other
fusion reactions such as D(d,p)T , DjdHe , T(d,nfHeof fusion cross section with regarding
the lattice effect in solid state internal convens(LEISSIC). In order to reach into this goal,this
article is divided into five general steps.In tivstfstep, we explain how deuteriums were solved
in palladium lattice as a sublattice. In the secstap, the cross section of ordinary state for
particular reactions is computed. In the thirdgtepcross section for three selected reactions in
addition to D(py)®He : D(d,p)T, D(dy)*He, T(d,nfHe are calculated. In the fourth step our
obtained results of second and third steps are amedpIn the five steps,the solid state internal
conversion coefficient will be calculated in theepence of lattice effect.Finally, our obtained
results are summarized.

2. Method oflocatingdeuterium inside Palladium when deuterium inserted
into palladium crystal

Pons and Fleischmannused cathodes includingrhatkrials (like plates, rods, wires) in their
experiments, but here we use ‘atomic cluster’ amaparticles. Here, there is a Double Structure
cathode (“DS"-cathode) (figure 1.) [21], DS cathaslenade by two parts which is divided into
internal cathode (black pd) and external cathode ffate). Palladium is a transition metal
andblack palladium is a very fine powder in themfoof nanoparticles which is called atomic
cluster and it is kept in a vacuum cavity insidégaum plate. In comparison to bulk cathode, DS
cathode provides the following applications:

(a) More than 100 percent of deuterium (means eaclosipalladium unit cell is possessed
by more than one deuterium) immediately are absbiéternal volume of all black Pd
particles because of “diffusion effect” and “atorolaster effect”.

(b) The purity degree of deuterium in DS cathode ishigh due to “filtering effect” of
palladium rod.

(c) Because of the enhancement pressure ofdeuterinenpatiadium rod obeys fromSieverts
law.

In order to carry onthe electrolysis in the eldgt of D,O/H,0, this ultra-vacuum cavity inside
the Pd rod could easily accommodate highly pus#ipgas at over 1000 atom, which is due to
following Sievert law [22, 23]
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Figurel: The concept of DS cathode (double structure cathode). (A) High pressure of D, gas happens easily inside
DS cathode because of Severt law. (B) The purity of deuteriumin a DS cathode is too high because a palladium rod
acts like a filter. (C) Because of the diffusion effect, deuterium immediately distributes on the surface of all black
palladium particles uniformly and with a very high density. (D) Nano scale black palladium absorbs many deuteriums
with more than 100 percent volume owing to atomic cluster effect[21].

FCC structure of solid palladium and octahedraicitre which is sites of deuteriumsassublattice
are respectively shown in Figs 2 and 3. Each paihadunit cell has four palladium atoms
distinctively. Thus, each palladium atom in thenaws belongs to eight different unit cells in its
neighborhood. Since, we have eight atoms in tmeers; therefore, each unit cell receives one
palladium atom. Every atom is placed on each sidesube which is contributed between two
neighboring unit cells and because there are sixnston the sides then each unit cell
containsthree atoms. One of the palladium unisdedls twenty one sites for deuteriums that are
located in thesublattice. These twenty one sitesredluded octahedral, tetrahedral containers and
can occupy by twelve deuteriums[22].

(a)

Figure 2: A face-centered cubic palladium unit cell (a). Open structure (b) space filling structure (c) actual portions
of atoms belonging to one palladium unit cell.
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Figure 3: the schematic of deuterium atom as asublattice in palladium unit cell, where big ball and Small ball show
palladium site in FCC lattice and deuterium atom in octahedral site in the sublattice, respectively(Image courtesy:
J. Dash, J. Freeman, B. Zimmerman) [29].

Among thesetwenty onesites,eight of themare tetir@heontainers and the rest are octahedral
containers. In each tetrahedral container only a@ewgerium can exist which is not stable while
every octahedral container can accommodate froodldeuteriums. As a result, one unit cell of
palladium includes high density of deuterium. Ta&uterium slice in the palladium unit cell is
calledpycnodeuterium (Figure 4), “pycno” means huagmsity. Because of high density of
deuterium in every palladium unit cell, each uretl gs known as a small cold fusion reactor
[23].

Figure 4. the schematic of the pycnodeuterium dlice formed in palladium unit cell. ' Octahedral container

.rahedral container [23].
3. The scrutiny on the fusion cross section of ordinary state

Whenever the expression “Ordinary State” is appkaneans that in determination of cross
section, LEISSIC is not considered.Usingthe extiapm, the fusion cross sectiom(E) of an
induced-charged—particle nuclear reaction in thepBysical energies is given by[15],

o(E) = S(E)E " exp(-2/m(E)) 1)



Wheren(E) andS(E) arethe Summerfield parametardhe astrophysical Sactor, respectively

It is assumed that the Coulomb potential of thgenucleus and projectile is the result of bare
nuclei.

The numerical values of S(0) were calculated cotaplen the ref [24]. Here,our investigation
are performed on the low energy (5-30 eV), the emlaf S(0) for each reaction is assumed to
beconstantwhich are listed in table 1 for differerision reactions.

Table 1: the numerical values of astrophysical S-factor for different fusion reactionsin ordinary state in low energy

Reactions
D(py)°He | D(d,p)T | D(dy)*He | T(d,n}'He
Astrophysical
factor
S(0) 0.2x 107® | 0.056 0.054 10
MeV barn

The cross section for ordinary state in terms obming particle energy are represented in Fig.5
using Eq.1.
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Figure 5: The two dimensional variation of fusion cross section in terms of incoming energy for selected reactions
in ordinary state.Each color shows one kind of reaction. Green , dark blue, light blue, and red represent T(d,n)*He,
D(d,p)T, D(d,y)*He and D(p,y)®He respectively. From this figure we observed that by increasing E, fusion cross
section of ordinary state (Z,,ginary) iNCreases too.

4. Deter mination of fusion cross section with LEISSIC
The electron clouds surrounding the interactinglidas act as a screening potential and
withreducing Coulomb barrierwhichisessential forfpening fusion reaction. This mechanism
which discussed in section 3 increases the crosgosein comparison with the previous
state(Ordinary cross section) Eq.1 [15]. The irdkonversion(IC) might take place in solid
environment between fusionable nuclides and eaalgel particle in the crystal. IC can involve
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a transition between internal layers of atoms. pasicle that transit can be different. In solid
state internal conversion (SSIC) there are botbtrele and deuterium transition [9]. Therefore,
enhancement of cross section in the crystal carb&dC in extra channels (such as electron and
deuterium channels).

4.1. Formulation and importingL EISSIC

Sinceparticles in the crystalare placedin spesities, we can estimate fusion cross section (FCS)
reactions using Block theorem for describing ihiaad final states of this system (palladium
environment). In all formulas subscripts 1, 2 ancar@ respectively pointed at incoming,
sublattice and host particles.Also, the state otigdas in the lattice is determined by Block
function [25]

1 ik it
(pks,i(r3) = ﬁle etkaitls as (T3 - ls —Us (ls))(z)

where,rs , ks, and @ are respectively introducdtwbst-particle coordinate, a wave vector of the firs
Brillouan zone of the reciprocal lattice, and tW&annier function.Here, Pd (palladium), d
(duetron) and e (electron) are considered as harsicles. Lattice site and the displacement of
the atom located at lattice site are symbols toesgntl;and u;(l). Here N is the number of
lattice point. The sublattice particle also is didsd by the Block function (Eqg. 3). Lattice
containsn,fusionable particles, for palladium system it isuased tha¥, = N.

1 iky il
<Pk2,l-(7”2) - \/T—ZZlS et 2i’s az(rz - ls — Uy (ls))(3)
Herea, and a; are Wannier functions for sublattice and hostipiag respectively that are determinated

by equation 4[20]

1 2
4 (x) = <—7;> e 2 (x=1,-1),j =23 4

In the above formul@; = ,/m;w;/h [26]. The initial stateW¥;for the three particles that
participate in solid state assisted fusion readsaescribed by,

Wi = @, (1)@, (r3) 91 (ry — 12)(5)

wheregp,(r; — ) is the Coulomb wave function corresponding to stee of a sublatticeand
incomingparticle. The Coulomb wave functionis [20],

iky-(ri—rp) L (R T1 — T2)
Nz

V is the volume of normalizationk, is the wave vectaris the coordinate of incoming
particleand f function is defined as the following:

(6)

p(n—m)=ce

fky,x) = e_m?/zr(l +in) 1F1(—in, 1; i[kx — kq - x])(7)
6



1F1is the confluent hyper geometric function [27f]is determined by using the Egs. 8 and 9
[24].

1

n = 0.1575 z,z, (%) /2

(8)

A= 2 (amu) €©))

wherez; and z, are the charge number of particles 1 and 2 and E isette¥gy of incoming
particle. AandA, are the mass of incident and sublattice partitiasare measured in amu unit.
The final state of this three - body system is,

W = lpf(rlrTz)(Pf(T3)FCb(Z3;le; V3,12) (10)

wherep; is a plane wave of wave vectioy that is corresponded to an outgoing particle 3.

( )_i ks T 11
(T3 _\/76 (11)

Y, stands for the outgoing fusion product leavingeateron lattice point vacancy that the
relative coordinate and the center of mass cootelinthe particles of the rest massesand
m, are given by: = r;, — ,andR = m,r; + m,r,/mrespectively then we have

Y, R) = Ze®fy(r)  (12)

where K andgy(r)are the wave vector of fusion product and a nuckawe function,
respectively.

AZ 3/4 .
x(r) = (;) e /2 (13)

The Coulomb interaction between host particle dved groduct of the incident and sublattice

reaction are represented as following by usindg-greni correction;

—n§
FCb =4/ 2ﬂfﬁ (14)

Here,& = z3zy,a5+/uc?/2Q and also; is known as the fine structure constants the reduced
mass;
(my + my)ms
H= my; +m, + m; (15)
The element of s-matrix that is used for deterngrohthe cross section of the different fusion
reaction is known as,

_2m « Z123€° 3 3 3
S = [ ¥f Y, d*r d3r,d®r386(E/h) (16)

[ry—73]
with a little simplification on this integral andging the Hartree-Fok approximation for Coulomb
interaction part of integral, we have

2 2
Zq1Zze“ _ Z1Zze d3 1 iq.(r1—12)
f— —e 1 2 17
|71 —73] 2m? f 1 q? (17)



Putting the Fourier transform of EQq.13 in Eqg.1@nd applying the approximation 17 and
comparingit with{(ov) formula , the cross section of fusion reactionneetn host and target
fusionable particles is obtained as the following ,

exp (—2mn)
0y = Co——p" (18)
E is the energy of incoming particle angli€ determined by,
3
Co = 1Fon Aol (£2) (R =x o (19)

withQ denoting the solid angle in the K spae= \/myw/h,A, = 128a}z7z5z,m; c*Vm,
Ko = 2uc?Q/(he), Q is the energy of the reaction, &pd= uc/h.The average of nuclear wave
function is defined by,

m 2 8m3/2 _ak?
(Hlkekgdag = |1 (S2K)| =572 (20)
m,, nucleons massy, angular frequency of binding energy are calculdtedeach reaction
separately

. My,

- (21)
myp=m; +my,,i=dort (22)
_ binding energhy of He(MeV) 23)

The numerical values of yjjm,,2and binding energy of He are calculated and ligte@lable.4.
Here, Gy is computed for one d or one Pd. In order to cam@with astrophysical factor (S(0)) in
ordinary state , the density of these particlestrhasaccounted. So, we use Eq.24,

NC, = AAR,C, (24)
Such that, N is,

Wn

N(Pd) = Verr/Veen (25)
Wherev,,,; = d*/4 ,V.rr = AAR, andd = 3.89 x 10~%cm is thelattice constant
N(d) = uVer/Veen (26)

In EQ.23, u is the ratio of deuteron to palladiuamier density. For electron u = 10 which is the
number of electron valence in palladiunC, contains all the properties of the

lattice.Forcomparing the fusion cross section vaitid without LEISSIC we have to determine
the macroscopic cross section:

Y =No, (27)

5. Results of numerical calculationsfor each reaction

Tables 2 and 3 can aid in plotting the cross secliw all reactions and comparing with the
ordinary state. The hypotheses of host, sublattitd incoming particles are expressed for all
reactions in this way:the host particles are Pdat,d?alladium. The sublatticeisconsidered as a
deuterium for all reactions. The incoming partiches proton (p) in D(p)°He , deuterium (d) in
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D(d,p)T and D(dy)*He and tritium (t) in T(d,iHe .Our calculations for obtaining the cross
section for all three kinds of host particles atecemplished by usingequations: 14,15,19,20 and

24 and our obtained results are given in tables23a
Table 2: Our numerical calculations of necessary quantities for obtaining Cofor all chosen reactions

host ~12
Ronctions | P A"\S';A M) Ko(cm™) l)((cl:;;‘? S
Pd 175 |5.013x1072*| 891 x 102 | 3.95x 10738 | 10.755
D(p,y)°He d 0.0827| 2.005 x 10724 | 5.64 x 10'2 | 513 x 10738 | 0.1477
e 0.0103|  —-----mmm- 2.78 x 1011 | 6.11 x 10738 | -560382
Pd 349 | 6.686x 10724 | 8.82x 1012 | 3.15x 10738 | 14.462
D(d,p)T d 0.165 | 2.229 x 1072* | 5.09 x 10'? | 3.97 x 10738 | 0.181
e 0.021 |  —me- 2.05x 101! | 4.45x 10738 | -0.0011
Pd 349 | 6.686x1072%| 7.93x10'2 | 3.69 x 10738 | 16.075
D(d,y)*He d 0.165 | 2.229 x 1072% | 458 x 102 | 4.51x 10738 | 0.202
e 0.021 |  —mememem- 1.65 x 101! | 4.98x 10738 | -0.0022
Pd 524 | 835x107%* | 2.05x 103 | 289x1073° | 5.863
T(d,n)*He d 0.248 | 2.387 x 107%* | 1.10 x 103 | 4.24 x 1073° 0.09
0.031 | e 8.90 x 1011 | 4.30 x 10738 | -4.228

From the results of Table 2 and Eqs.19 and 24ifterdnt reactions and host particle, we can
calculate the required parameters suchgasn@ G which are important for estimating cross

section of the fusion reactions.

Table 3: our numerical calculation Cy and C; for different host particle and different reactions

host

Typeof | o ky |Fep |2 Co Cq
Reactions | "yes (cm™1) ¢b (MeV b) (MeV b)
Pd | 1.42x10" | 314x107%® | 492x1073® | 3.36x107%*
D(p.y)®He | d | 0.57 x 10* 0.61 2.30x 10713 ux15.6
e | - 1 9.10x107'3 | 6.18 x 102
Pd | 1.90x 10" | 3.27x107%® | 1.11x107%” | 7.53 x 10734
D(d,p)T d | 0.63x10" 0.5371 1.88 x 10713 ux12.78
e | - 1 2.48x107'? | 1.687 x 103
Pd | 1.90x10'* | 7.02x 107! | 3.83x107°° | 0.26 x 1073°
Dy)'He | d | 0.63 x 10* 0.4964 2.70 x 10713 u X 18.35
e | e 1 431x10736 | 293 x 102!
Pd | 237 x10'* | 444 x 107> | 205x107%° | 1.39 x 10712
T@n)'He | d | 0.68 x 10* 0.7438 445x 10715 | ux0.3024
e | - 1 1.87 x 1013 127.1

Since each palladium unit cell has 4 Pd atoms puwet since we suppose that the number of

host and sublattice particles are equal, then we ha




1
Npq = 7 X 422 X 1072

The other quantities such ag,nB, and Q which is mentioned before are calculated and

numerical results are summarized in Table 4.

Table 4: Required quantities which are calculated for determination of different fusionreactions

Typeof ) em 1y | Bylem™) Q Efziﬂgirgg
Reactions 2 (MeV) (MeV)
D(py)°He | 9x 102 | 481 x 10 | 5.49 7.718

D,p)T | 10x10'% | 4.81 x 10 | 4.04 8.482
D(dy)*He | 9.63 x 10'? | 4.81 x 10 | 3.27 28.3
T(d,nyHe | 21.8 x 10'? | 4.81 x 10 | 17.59 28.3

(28)

6. Microscopic and macr oscopic fusion Cross Section

The fusion cross section of each mentioned restis divided into three parts because we
have three host particles (Pd,d,e). In additionrethare two kinds of fusion cross
section:Microscopic (mic) (Figure 6, 7) and macogsc (mac) (Figure 8, 9) cross sections
which are plotted for different reactions by comsidg different host particles using Egs.18 and
27 and the values ofyGn table 3, respectively. The macroscopic crossige is compared with
ordinary state (Figs. 10 to 13). We usexr(x,y)b andZ; a(x,y)bto introduce the microscopic
and macroscopic fusion cross section respectivelyeach reaction with different host particle
where, i= Pd,d,e and a(x,y)b is one of the nucteaction. For examples, T (d,n) *He is the

fusion cross section (FCS) means that electrongausitle forT (d,n) *He.

For showing microscopic and macroscopic FCS schesnatore clearly, all graphs are divided
into aseven maximum (seven states that have maxionass section) (Figs. 6 and 8) and five
minimum (five states that have lower cross sectlmem other seven states) (Figs. 7 and 9)
diagrams. In Figs. 6 to 9, “Green” color indicaf&sl,n)'He reaction, “red”, “dark blue” and
“dark pink” indicates D(p)°He, D(d,p)T and D(q)*He respectively. We can also realize the
kind of host particle by noticing the style of theaph e.g. “Dash” shows Pd, “Long Dash”
electron and “Dash Dot” for d.
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Figure 6: The two dimensional seven maximums modes ofmicroscopic cross section as a function of the incoming
particle energy for different host particles and different reactions. The maximum cross sections belong to electron
and deuteron host particles and the best reactions are D(p,y)*He and D(d,p)T.
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Figure 7: The five minimum microscopic crosssectionas a function of the incoming for different host particles and
different reactions. In this graph the maximum cross sections belong to palladium host particle for T(d,n)*He and
D(d.p)T.
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Figure 8: The two dimensional seven maximums macroscopic cross section as a function of the incoming particle
energy for different host particles and different reactions. The maximum cross sections belong to electron and
deuteron host particles. The best reactions are D(p,y)*He and D(d,p)T.
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Figure 9: The two dimensional five minimum macroscopic cross sections as a function of the incoming particle
energy for different host particles and different reactions. The maximum cross section belongs to palladium host
particle for T(d,n)*He and D(d,p)T.

Figs. 6 to 9 emphasize that the electron and deuteost particles represent the maximum cross
sections. Among of all reactions D(d,p)T is thetlveaction because it has maximum cross
section but the numerical difference between D{dg)d T(d,njHe is low.

Now for comparison the ordinary and macrosc&iS with regarding LEISSIC, we plotted
Figs. 10,11,12 and 13. In this case, green, dar& Ahd red colors indicate the cross section of
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electron, deuteron and Pd as a host particles teeletespectively. The light blue implies
ordinary FCS.
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Figure 10: The macroscopic cross section for D(p,y)*He reaction with regarding different host particles and
ordinary state in terms of incoming particle energy. It showsthe comparison of the cross section of LEISS C with
ordinary cross section for D(p,y)*He reaction. The only graph that islower than ordinary state is the palladium

graph.
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Figure 11: The macroscopic cross section for D(d,p)T reaction with regarding different host particles and ordinary
state in terms of incoming particle energy. It shows the comparison of the cross section of LEISS C with ordinary
cross section for D(d,p) T reaction. The only graph that islower than ordinary state is the palladium graph.
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Figure 12: The macroscopic cross section for D(d,y)*He reaction with regarding different host particles and
ordinary state in terms of incoming particle energy. It shows the comparison of the cross section of LEISS C with
ordinary cross section for D(d,y)*He reaction. The only graph that islower than ordinary state is the palladium

graph
1.2 % 10°
P
Chrdinary
1. =107 i :
' =
| g
L] I%
2 %107
Z (batty) , .
T[:d,ﬂ)l‘HE 63'(1':' 7
e »
] -
l'..
22107 : e
pat?
N % .......‘-i
_aa® al
|:|_=-e;;.;'4:;.}63;9"t'l."."::::a......-uu---t-t----l--'*""'
L R L L S O Sy L B A B B S B B
0.005 n.oio nois n.oz0 no2s 0.0z0
E— keV

Figure 13: The macroscopic cross section for T(d,n)*He reaction with regarding different host particles and an
ordinary state in terms of incoming particle energy. It shows the comparison of the cross section of LEISS C with
ordinary cross section for T(d,n)*He reaction. The only graph that islower than ordinary state is the palladium

graph
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For comparing different host particle cross secsanh as D(py)*He ,D(d,p)T and T(d,AHe ,

we havex, > X; > X,,; butjust for D(dy)4HeZ,; > X, > Z,,4. Also, from comparing different
host particle cross section with ordinary crosdisecwe haveX, > X; > Zg.ginary > Zpafor

all kind of reactions except D (d*He .By comparing LEISSIC and ordinary cross sestiave
distinguish that the ordinary cross section is munn. As results show, graphs verify the theory
that expresses “there is a magnificent enhanceimeatoss section when we consider lattice
effect in solid state internal conversion in ouicaiations”.

7. Calculations of the solidstate internal conversion coefficient for
differentfusion reactionsin Palladium crystalenvironment

With regarding to definition that exists in R2&f, we can write,.r = AAR;,, where A is the
cross section of the beaR;, is the “differential” range, which is, the distanwithin the
energy of the incoming particle can be considemrchanged. ThAR;, « R;, condition helps in
an order of magnitude estimate &R, , whereR,, is the stopping range of a proton which is
about8 x 10~?2um at E = 0.01 MeV in Pd [28]. The quantities A anR, were measured in
mm? and 10~3um units. The solid state internal conversion coéfitis introduced as,

ass;c = AAR,C1/S(0) (29)

By using the amounts exist in tables 1, 3 and capiathem inside Eq.29 the solid state internal
conversion coefficient for different reactions danfound. This coefficient represents the
internal conversion rate in different reactionse Tasults of our calculations are summarized in
table 5.

Table 5: The values of solid state internal conversion coefficient in different reactions for e, 4d and d channels

Type of
reg?:tions Assic,d AARy Assic.ead AARy
D(py)°He | ux 7.8 x 10° 3.1 x 10°
D(,p)T | u x3.03x10* 3.2 x 106
D(dy)'He | u x3.398 x 102 | 5.42 x 1072°
T(d,nf'He u X 0.03 12.7

We obviously see from this table that solid statéernal conversion more occurs in
D(p,y)*Heandd(d,p)T reactions.

8. Conclusion

By reviewing all of our calculations, waderstand that the lattice effect in solid state
internal conversion cross section is more thannargi state for each reaction. In previous
experiments the complete reason for increasingscsestion experimentally for these reactions
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are not explained but in this work by analyzing 8EIC we can justify those observations
theoretically. Our theoretical studies prove tihat tesults of the experiments are given in below.

Whenever we consider the crystalline lattic our calculations, sincedeuteiums and the
other fusionable particles are solved inside ackatas a sublattice, the required energy for
locating these particles in a regular shape inldttece reduces the Coulomb barrier more than
before and increases the probability of fusion tieac Therefore, when fusion reactions happen
in the crystalline solid state environment the @ffef lattice in solid state internal conversion
processes cannot be neglected.

From graphs and internal conversion mechanigm, understand thatsincethe internal
conversion rates of D(p°He and D(d,p)T reactions are more than others, freythe best
choices to study.
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