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Deter mination of Cross Section for Different Fuson Reactionsin Terms of
L attice Effectsin Solid State I nternal Conversion for Different metallic
Crystalline Environments

Abstract

In present paper, the cross section for D(d,p)T, D(d,y)*He, T(d,n)*He and D(p,y)°He fusion reactions in
terms of the lattice effect in solid state internal conversion for different structures and different metallic crystalline
environments in comparison with palladium environment has been determined. Elements that we used in this
article are Ni, Ru, Rh, Pt, Ta, Ti, Zr,which arecontained FCC, BCC and HCP lattice structures.
Fusionable particles are solved as a sublattice in mentioned crystalline metals.Fusion reactionsare
generated by flux of incoming fusionable particles.We took lattice effect part into our calculations with
regarding the Bloch function for the initial and final state of three body system. Three body system
involved the host lattice, sublattice and incident particles. The cross section for performing each fusion
reaction inside different metal is computed using the state of initial and final system. Then our resultsfor
cross section of different metal are compared with palladium metal. Finally, the solid state internal
conversion coefficient is obtainedby considering the lattice effect.

Key words: internal conversion ,fusion ,lattice ,deuterium

1. Introduction

Nowadays using nuclear energy is very importan& &tean source of energy. There are two
kinds of nuclear reactions, fusion and fission.cBifusion 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 hydrogen wasoggized as early as the nineteenth century by
Thomas Graham [1].In the late 1920s, two Austriambscientists, Friedrich Paneth and Kurt
Peters, originally reported the transformation géifegen into helium by spontaneous nuclear
catalysis when hydrogen was absorbed by finelydeédipalladium at room temperature [1,2].In
1927, Swedish scientist J. Tandberg stated thahdee fused hydrogen into helium in an
electrolytic cell with palladium electrodes [1].@me basis of his work, he applied for a Swedish
patent for "a method to produce helium and useéalction energy". After deuterium was
discovered in 1932, Tandberg continued his experimith heavy watefl].The term "cold
fusion” was used as early as 1956 in a New YorkeEimrticle about Luis W. Alvarez's work on
muon-catalyzed fusion [4]. Jones had worked forestime on muon-catalyzed fusion, a known
method of inducing nuclear fusion without high tesrgiures, and had written an article on the
topic entitled "Cold nuclear fusion” that had beerblished in Scientific American in July 1987
[5]. In 1985, many years after Pons and Fleischmseparation, Fleischmann continued his
researches and published many articles [5]. In 1B&Sschmann and Pons applied to the United
States Department of Energy for funding towardargdr series of experiments. Up to this point
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they had been funding their experiments using dlsiteaice built with $100,000 out-of-pocket
[5].In 1989, Fleischmann and Pons published thelred their experiments which showed the
approval of the cold fusion in several papers.(fBiher scientists’ works were also published
[7]). In 1989, observations of Stanley Pons and tMaFleischmann about fusion in room
temperature gained a lot of attention [8]. Afteattthe word told fusion” used forlow-ener gy
nuclear reactions (LENR)[9]. In September 1990 the National Cold Fusion Instifigted 92
groups of researchers from 10 different countriest had reported corroborating evidence of
excess heat [10].From 1990 to 2008, special reBearaere done in this field in India [11].In
1991, the failure of all the experiments and red®ss were declared [12]. In 1 January 1991,
Pons left his tenure, and both he and Fleischmaretlyg left the United States [13,14]. In 1992
they resumed research with Toyota Motor CorporaitMRA lab in France [13]. Fleischmann
left for England in 1995, and the contract with Pevas not renewed in 1998 after spending $40
million with no tangible results. The IMRA laborayowas closed in 1998 after spending £12
million on cold fusion work. Pons has made no pudkclarations since, and only Fleischmann
continues giving talks and publishing papers [161995, many experimental works is done on
gaseous metals for determining screening effeck. [E®m 1998 to 2001, these experiments
continued on metallic environments [17-19]. In 199@ Japan C-F Research Society was
established to promote the independent researohcoit fusion that continued in Japan [20].
The society holds annual meetings; the 12th medtng§ place on December 17-18, 2011 at
Kobe University [21]. In 2000, the electron scregneffect on cold fusion reaction was studied
for D + D in the metallic environment [9]. In 200Rgey released a two-volume report, “Thermal
and nuclear aspects of the PgiDsystem,” with a plea for funding [22]. In 2002et
enhancement of cold fusion and solid state efferevstudied in deuterated metal for D+D [23].
From 2002 to 2004, the screening effect on 50 medad insulator is checked by series of
experiments [24-26]. In 2003, the enhancement afteden-fusion reactions in metals and
experimental implications were studied for electsoreening effect [27]. In 2004, the subject of
solid state internal conversion came up [28].AndED@view started again [29].In 2005, many
efforts were done to make an apparatus accorditigetd-leischmann and pons’ works, finally,
Cold fusion apparatus was made at San Diego Spaté&laval Warfare Systems Center . They
used other names instead of cold fusion to recheeffect of previous failures.Often they prefer
to name their field_ow Energy Nuclear Reactions (LENR) or Chemically Assisted Nuclear
Reactions (CANR),also Lattice Assisted Nuclear Reactions (LANR), Condensed Matter
Nuclear Science (CMNS) andL attice Enabled Nuclear Reactions [30-33].

In 2007, the Naval Research Laboratory phblisa literature review explaining why most
researchers have usually been unable to replicatessful LENR experiments, saying that the
loading ratio of gas to metal was the most cruasphect, which can be affected by metal
properties, cell configuration, and the experimiptatocols [34]. In 2007, nuclear physicist and
engineering professor Jean-Paul Biberian publistmeedpdate surveying the previous 15 years of
work, stating that nuclear reactions which arepretlicted by current theories have been proven
[35].
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In 2002, Peter Kalman and Thomas Keszthstiydied this problem on different metals.
They studied many different factors to explain émhancement of cross section. For example,
the electron screening was checked for 29 deutkrateetals and 5 deuterated
insulators/semiconductors from periodic tables. Agqhdahem, metals were most convenient.
Some of the other factors that they considered wsetepping power, thermal motion,
channeling, diffusion, conductivity, and crystatusture and electron configuration. None of
them could explain the observed enhanced cros®sg28, 25, 27, 36-38]. In 2004, they found
a reason to explain the enhancement of cross sethtiat was called solid state internal
conversion [28]. In 2008, screening effect is stddior the first time on metals by considering
solid state; actually solid state of metals is esped in experiments [39]. Finally, in 2009, they
considered a metal with its lattice structure anterd the lattice shape of the solid in their
internal conversion calculations [40]. Their calttidns were just for D(p)*He reaction.

Here different metals are considered. We sh@uch metals that are shown the best results
in term of screening effect and the density of deui [41]. In this article, for comparing
internal conversion and lattice effect in solidtstaternal conversion, we calculate cross section
for different seven particles in plus palladium i(p,y)3He , D(d,p)T , D(d))4He , T(d,n)4He .

The aim of this work is determination of fusion sscsection for different reactions in different
metallic environments regarding the lattice effiecsolid state internal conversion (LEISSIC).
For approaching to this aim we studied on the wbffé steps that are followed by: in the first
step right after introduction, the aspects of IG)Gand LEISSIC are explained. In second step,
different special lattice such as FCC, BCC and HE® introduced in details. In third step,
LEISSIC and other required quantities for deterngnFCS and LEISSIC coefficient for Pd
environment are computed. In fourth step, all dalbons in the previous step are repeated for
Ni, Ru, Rh, Pt, Ta, Ti, Zr. In fifth step, microgmo FCS for all elements are determined in
different reaction for element host particle. Fipain the sixth step, we can suggest the best kind
of lattice, fusion reaction and metallic environmamich have high value LEISSIC when cold
fusion happening.

2. Internal Conversion (IC) and Solid State Internal Conversion (SSIC)

Internal conversion is a radioactive decay process where an exciteteusi interacts with
an electron in one of the lower atomic orbitalsjsiag the electron to be emitted from the atom.
Thus, in an internal conversion process, a highiggnelectron is emitted from the radioactive
atom, but without beta decay taking place. For tb&son, the high-speed electrons from internal
conversion are not beta particlgsarticles), since the latter come from beta de&ayce no
beta decay takes place in internal conversiongtbment atomic number does not change, and
thus (as is the case with gamma decay) no transioutaf one element to another is seen. Also,
no neutrino is emitted in internal conversion.
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Internally converted electrons do not have the attaristic energetical-spread spectrum «
B particles, which results from varying amounts @fcal-energy being carried off by e
neutrino (or antineutrino) in beta decay. Intepnaibnverted electrons, which carry a fix
fraction of the characteristic decay energy, haweeli-specified discrete energy. The ene
spectrum of & particle is thus a broad hump, extending to aimum decay energy valu
while the spectrum of internally converted elecsaa sharp pee

@

X-ray
Figure 1: Internal conversion

In the internal conversion process, wave functionof an inner shell electron penetrates
nucleus (i.e. there is a finite probability of thiectron in ars-atomic orbitalbeing found in the
nucleus) and when this the case, the electron may couple to the excitetd sind take th
energy of the nuclear transition directly, withart intermediate gamma ray being produ
first.

Most internal conversion electrons come from thehell (1s state, seelectron she), as
these two electrons have the highest probabilityp&ihg found inside the nucleus. After
electron has been emitted, the atom is left witla@ncy in one of thnner electron shells. Th
hole will be filled with an electron from one ofetthigher shells and subsequentcharacteristic
x-ray or Auger electrowill be emitted [9].

Scientists first examined different environmentsjoag them, the deuterated meta
environments were the best to be a host environfieerdold fusion. At frst they studied th
gaseous metals, and then they considered the tasgat solid.Comparing the results of the
experiments with the results obtained with gasetaugets extra fusion events were obtained.
enhancement in the fusion rateattributed to the presence of solid state matdmigl up till now the
theoretical explanation of the phenomenon is stiflsing 42-44. In what follows we suggest a possi
mechanism called solid state internal conversioocgss that should be consed when trying t
understand the extra fusion events. In “ordinany€lear physics the internal conversion processwsli-
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known reaction in which a nuclear isomer losesltslear excitation energy by ejecting an electriitso
Surroundings (one of the atomic electrons) instédry emitting radiation [45].

Internal conversion process arises dilka®@lectromagnetic interaction between the nucleon
and the electronic shell. A similar process care tplace in a solid between fusionable nuclei and an
charged particle in the crystal. The solid staterimal conversion process counterparts of theyPe
nuclear reaction -can be processes consisting) @ f@und-free electron transitipn+ d + (e) » *He +

eand (b) a bound-free deuteron transitips d + (d) » 3He +d. Therefore, as internal conversion
happened in solid environment in addition of elaectchannel we have deuterium channel too
[28].

We understood that in a solid (deuteronel) tipe interchange of light phonon results in an
absorbent potential between semi-free fusionabldicfes( between semi-free deuterium).
Absorption increases by relative increase of dauterin the host material and may have eye
catching effect on nuclear fusion rate in low tenapare that is basically determined by strong
colony repellence. It is shown that in a solid mate nuclear fusion reactions can happen in
solid state internal conversion that creates ttdosievery charged particle by electromagnetic
reaction [28].

3. Describing mentioned latticein thisarticle: FCC, BCC, HCP

In this article, these elements are studied: Ni, Ry, Pt, Ta, Ti, Zr. Which, Ni, Pt, Rh have a
FCC lattice such as Pd. Ru, Ti, Zr have a hexagaitate and the lattice of Ta is BCC.

After investigating prior experimental workndlly in 2008 solids are considered without
their lattice crystal [39]. Then, in 2009 calcuteits are continued for Pd and with regarding the
crystalline lattice [40]. Before study on solid tetanternal conversion the scientists examined
screening effect on metals to finding the reasdrth® enhancement FCS of metals which was
observed[41].In this article chosen element araiggnt in screening effect or deuterium
density. For example, Ti and Zr showed the mosesting potential in the experiments [27]. Ta
and Zr had the most solved deuterium density [¥Thereas having a maximum deuterium
density in Ti depends on having high temperatu@g. [2

The most important quantities that changenducalculations are unit cell volume and the
number of atom that belongs to each kind of lattieose quantities are explained for each
lattice that is following.

In each unit cell of FCC and BCC lattice, eightrasostand on the corner of cubic that are
collaborative between eight other closed cubic &ig and a),thus, each unit cell has one atom

from corners(8 x % = 1). For FCC there is one atom which belongs to tvesexd cubic but for
BCC one atom locates in the center of each unlit el FCC and BCC lattice have respectively
3 atoms from all 6 site6 x % = 3) and one atom from its center. Therefore, FCC aG€ B
have fouf1 + 3 = 4) and two(1 + 1 = 2) atoms for each unit cell respectively.
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HCP lattice: In each unit cell of HCP (see 2,&), there are two atoms on the top and down sich:
are shared between two closed unit c(2 X % = 1), on the other sides of the unit cell there are

atoms. Each atom belong two closed unit (6 X % = 3). There are twelve atoms in the corn

that are collaborating between three closed uﬂii$(12 X % = 4). Consequently, there are ei

atoms that are completely belonging to one unlt tethis lattice there are two lattice conss:
¢ height of unit cell and d&he face of hexagon

& & &

Figure 2: Shape of unit cell; a;: FCC unit cell, a,: BCC unit cell, az:HCP unit cell.

The volume of unit cell for each lattice is defir

(a? rec )
4
a3
Veell = 3 > BCC ; ,(a,c:lattice constant) 31D
3v3
2
‘15 a“c HCPJ

4. L attice Effect in Solid State Inter nal Conversion
4.1. Cross section theory of LEISSIC

Sinceparticles in the crystaire placedn specific sites, we can estimate fusion crostiae
(FCS) reactions using Block theorem for describingial and final states of this syste
(palladium environment). In all formulas subscridis 2 and 3 are respectively pointed
incoming, sublattie and host particles. Also, the state of particigbe lattice is determined |
Block function [47]

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

6



203  where,r;, ks, and g are respectively introducdtbst-particle coordinate, a wave vector of thet firs
204  Brillouan zone of the reciprocal lattice, anthnnier functionHere, Pd (palladium), d (duetron)
205 and e (electron) are considered as host partickgtice site and the displacement of the atom
206 located at lattice site are symbols to represeaind u;(l;) . Here N is the number of lattice
207 point. The sublattice particle also is describedBbyck function (Eq 2). Lattice containg,

208 fusionable particles, for palladium system it istased that, = N.

209 onz_i(rz) = \/%2215 etkails az(rz —ls—u, (ls))(Z)

210 Here,a, and a; are Wannier functions for sublattice and hostigad respectively that are
211  determinated by equation 3[]

i 2
a;(x) = (ﬁ) e (x =1~ 1),j = 2,3 3

212 In the above formulap; = /mjw;/h [22]. The initial state¥; for the three particles that
213 participate in solid state assisted fusion readsarescribed by,

214 Y = @, (12) P,y (13) 1 (11 — 12)(4)

215 where,p (1, — 1) is the Coulomb wave function corresponding togtege of a sublattice and
216  incoming particle. The Coulomb wave function is[],

) ki1 —1
(pl('rl —_ 'rz) — elkl'(rl_rZ)ﬂl—\/lvz) (5)

217 Vs the volume of normalizatiotk, is the wave vector;is the coordinate of incoming particle,
218 andf function is defined as the following:

219 f(ky,x) = e7™2T(1 +in) (Fi(=in, 1;i[kyx — kg X])(6):F 1|5 the confluent hyper geometric

220 fynction [19].m is determined by using the eq. 7 and 8 [46].
1
n=0.1575 2,2, (£) " (7)
A= (amu) 8
T A 4, ®

221 Wherez, and z, are the charge number of particles 1 and 2 and E istiegy of incoming
222 particle. AandA, are the mass of incident and sublattice partitiasare measured in amu unit.
223 The final state of this three- body system is dediby,

224 Wr = l/)f(7”1’7”2)<Pf(T3)FCb(szZ12: V3,12) 9

225  Wheregy is a plane wave of wave vectoy that is corresponded to an outgoing particle 3.
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Y, stands for the outgoing fusion product leavirdgateron lattice point vacant that is given in
the relative coordinate = r; — r,) and the center of mass coordin&te{m,r, + m,r,/m)of the
particles of the rest masses and m, then we have

Pr(r,R) = =e™ Ry 13}
Where K and\/(r)are the wave vector of fusion product and a nuchawe function,
respectively.

12\
=) e (14)

We determine the Coulomb interaction between hastgbe and the product of the incident and
sublattice reaction using the Fermi correction;

3
FCb =4/ Zﬂf\/ﬁ (15)

Where,§ = z3z1,a5+/pc?/2Q andoy is the fine structure constantis the reduced mass
(my + my)ms
0= (16)
my; +m, + m;
the element of s-matrix that is used for deterngrohthe cross section of the different fusion
reaction is known as

2 IS B wd d P S (E /) (17)

Wrth a I|ttIe srmplrfrcatron on this integral ansing the Hatree-Fok approximation for Coulomb
interaction part of integral we have

Z,Z3€2 21236 3 lq (ry—7>)

|y — 7”3| fd (18)
Putting the Fourler transform of Eq.13 in Eg.1@nd applying the approximation 17 and
comparing it with(ov) formula , the cross section of fusion reactionMeetn host and target
fusionable particles is obtained as the following ,

03
e -2
_ ¢, &P (E mn) (19)
E is the energy of incoming particle angli€ determined by,
_ 2 B2
Co = IFepl Aok (22) WFffcrglag (20)

With Qy denoting the solid angle in the K spafe,= mgw/h, Ay = 128a}z3z5z,m,c*V,
= \/2uc?Q/(hc) , Q is the energy of the reactidn, = uc/h.

the average of nuclear wave function is defined by,
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m 2 8m3/2 _ak?
(Hliekgdag = |1 (S2K)| =—5—e 72 (21)
m,, nucleons massy, angular frequent of binding energy are calculdi®deach reaction
separately (table 4).

mnwn
A= 22
- (22)
myp=m; +my,,i=dort (23)
binding energy of He(MeV)
Wn = 7 (24)

Here,C, is calculated for one d or one Pd. In order to mara Gwith astrophysical factor (S(0)) in
ordinary state , it must be calculated considethgdensity of these particles. So, we use the
Eq.24

NC, = AAR,C, (25)
In this case, N is defined by,

N(Pd) = Verr/Veen (26)
Wherev,,; = d*/4 ,Vesr = AAR, andd = 3.89 x 10~8cm is the lattice constant
N(d) = uVer/Veen (27)

In EQ.23, u is the ratio of deuteron to palladiuamer density. For electron u = 10 which is the
number of electron valence in palladiu®, contains all the properties of the lattice. For
comparison the fusion cross section with and withbEISSIC we have to determine the

macroscopic cross section.

2= No, (28)

4.2. Results of numerical calculationsfor each reaction

There are two tables for all reactions that canimi@lotting the cross section and comparing
with the ordinary state. The suppositions of heshlattice and incoming particles are expressed
for all reactions in this way: the host particle® &d,d,e for Palladium. The sublattice is
deuterium for all reactions. The incoming partiches proton (p) in D(p)°He , deuterium (d) in
D(d,p)T and D(dy)*He and tritium (t) in T(d,fHe . Our calculation for obtaining the cross
section for all three kind of host particles areamplished by using equations: 13,14,18,20 and
our obtained results are given in tables 1 and 2.
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279
280 Table 1: our numerical calculation of necessary quantities for obtaining C, for all chosen reactions
Type of i A = k= "
Re;lftimls m:;;ic (T\leU\'} n(gr) il R l(c:{n:;@ =
Pd 175 | 5.013x107% | 891 x10% | 3.95%x 10738 | 10.755
D(p.y)3He d 0.0827 | 2.005x% 1072 | 5.64 x 1012 | 513 x 10738 | 0.1477
0.0103 2.78x 101! | 6.11 x 10738 | -560382
pd 349 | 6.686x 1072 | 8.82x 10 | 3.15x 10738 | 14462
D(d.p)T d 0.165 |2.229x107%* | 5.09x 1012 | 397 x 1038 0.181
(51 7.2 FE IR p— 2.05% 10 | 4.45x 10728 | -0.0011
Pd 349 6.686 x 10724 | 793 x 10%? | 3.69x 1073® | 16.075
D(d,y)4He | d 0.165 |2.229x107% | 458x10%% | 451 x107%8 | 0.202
e 0.021 1.65 % 1011 | 498 x 10738 | -0.0022
Pd 524 8.35x1072% | 2.05x 10" | 2.89%x107%° | 5.863
T(d.n)4He d 0.248 | 2.387x1072*| 1.10 x 10%3 | 424 x 10739 0.09
581 e 0.031 8.90 x 101! | 430x 10738 | 4228

282  From the results of table 1 and Egs.18 and 28iftardnt reactions and host particle, we can
283  calculate the required parameters such@an@ G which are important for estimating cross

284

285

286

section of the fusion reactions.

Table 2: our numerical calculation Cy and C; for different host particle and different reactions

Type of h:.:i k-u F, i Cay Cy
Reactions | "y (em™Y Ch (MeV b) (MeV b)
Pd | 142%10% | 314%10°%° | 492%1073% | 33ax10*
D(p.y)3He d 0.57 x 1014 0.61 2.30x 10713 ux15.6
- 1 9.10 x 10713 6.18 x 102
Pd | 190x10™ | 3271038 | 111 x107% | 753 x 10
D(d.p)T d 0.63 x 10 0.5371 1.88 x 10713 ux12.78
e 1 248 x 10712 | 1687 %103
Pd | 1.90x10™ | 7.02x10™* | 383x1075% | 0.26x 10735
D(d.y)4He d 0.63 x 10 0.4964 2.70% 1018 ux 18.35
e 1 431x1073% | 293x 1072
Pd | 237 x 10 | 4.44x 10715 | 2.05%x10725 | 1.39x 10712
T(d.n)4He 0.68 x 10* 0.7438 445x 1071° | ux0.3024
1 1.87 x 10713 127.1

10
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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 22
Npg = 7% 4.22% 10 (29)

The other quantities such as,,nB2 and Q which is mentioned before are calculated an

numerical results are summarized in table 3.
Table 3: our obtaining required quantities which are calculated for determination of different fusion

Tyneot A{cm™1) fa(cm™1) 2 ?jlr?;jrlgnxs
Reactions = (MeV) t }ulc‘-.-’-’:
D(p.yYHe | 9x10'? | 481 % 10** | 549 7.718

D(d.p)T 10 x 10*% | 4,81 x 10** | 4.04 8.482
D(d.y)'He | 9.63 x 10*% | 4.81 x 10** | 3.27 28.3
T(d.n)'He | 21.8 x 10'2 | 4.81 x 10** | 17.59 28.3

4.3. Calculations the solid state internal conversion coefficient for different
fusion reactionsin Palladium crystal environment

With regarding to definition that exists in Ref.:Me can write. s = AAR,, wWhere A is the
cross section of the beakR,, is the “differential” range, that is, the distenwithin which 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 [20]. The quantities A anB, were measured in
mm? and 10~3um units. The solid state internal conversion coéffitis introduced as,

ass;c = AARLC1/S(0) (30)

S(0) is the astrophysical factor and the antwoh S(0) were calculated completely in the ref
44. Here since the issue is studied on the lowggnés-30 eV), the amounts of S(0) for each
reaction is a constant that are shown in table 4.

Table 4: the amounts of astrophysical S-factor for different reactionsin ordinary state in low energy

Reactions

Dip,y/’He | Did,p)T | Did,y)*He | Tyd,n)’He
Astrophysica
factor

S(0)

MeV barn awae™) s 0.054 10

11
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By using the amounts exist in tables 2, 4 and mapipthem into Eq.29 the solid state internal
conversion coefficient for different reactions denfound. This coefficient indicates the internal
conversion rate in different reactions. The resfithe calculations summarize in table 5.

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

FLEEIC“DHE [ISSFC.[i Aﬂﬁh {ISSIE.EJ’l’d AﬂRh
D(p.y)3He u X 7.8x10° 3.1 x 10°
D(d,p)T u % 3.03 x 10* 3.2 x 10°
D(d,y)He | u x 3.398 x 10° 5.42 x 10720
T(d.n)'He u x0.03 12.7

We find out the solid state internal conversiong&ys inD(p,y)3Heand(d,p)T reactions with
more rates. All calculations in this part are shdenpalladium. In the next part we show the
results for other elements in detailed.

5. Calculations of LEISSIC forother e ements

5.1. Tables of Calculation for Different Elements and Reactions

By using all formulas in section 3, such as whkathave done for palladium, all required
guantities can be computed for mentioned elem8aisausethe other host particles (deuterium
and electron) don’t change in these calculatiomstha only thing that changes is the first row of
the Table.1. Meanwhile; and Gwhich changes only for the elements are respegtstawed
in Table 6 and 7.

Table 6: Our numerical calculations of for different elements and reactions with FCC, B&d HCP lattice

Quantity Co.pepyiaHe Conid.piT Co pDrd.y)4He CoTidnjaHe
Elements (MeV barn) (Mel barn) (Mel barn) (Mel barn)
¥
Pd | 492%107%% | 1.11x10"%7 | 383 x10-50 | 205 x 10-25
(FCC)
Ni —27 - -33 -35 —23
(FCC) 3.44 = 10 6.79 = 10 2.56 = 10 6.98 = 10
Pt —EF - —Ta = —B1 " —45
(FCC) 1.34 x 10 1.95 = 10 1.21 x 10 1.63 x 10
Eh - - -7 -51 =24
_(ECC) 1.OB x 10 743 x 10 6.61 x 10 1.28 x 10
[l‘:i’l_-l:l.l."'l 8.49 x 10-37 5.07 x 10-% | 556 x 1050 1.21 % 10~30
I'i =23 r e =28 =30 =23
(HCPY L.10 = 10 63 = 10 6.4%9 = 10 1.932 = 10
[Hé(;fl’} 2.25 = 10734 1.01 = 10~* 2.69 x 1079 6.27 = 107
la - —54 -70 - -77 - —a3
(BCC)H 1.30 »x 10 3.10x 10 579 x 10 264 x 10

12



325

326
327

328
329

330
331
332
333
334
335
336

337
338
339
340

341

342

343

Table 7: Our numerical calculations of for different elements and reactions with FCC, B&id HCP lattice

I:Lu?nt-t-,-' C1,D(p,y}3ee C, Did,p)T Cl,Dfd,r‘]dHr ":1,T(d,n:.q.u.,-
Element (MeV barmn) (MeV barn) (Mel barn) (MelV barn)
pg | Pd]3:36x10°%4 ] 7.53x10°3% | 0.26x10-%* 1.39 % 1012
(FCO) d ux 156 uxiz.yo ux 18.35 u > 0,30
c 6,18 = 10° 1.68 x 103 2.93 x 10~} 127.1
- Ni| 315%10°%% | 623 % 107 2.35 % 1071 6.40 % 107
t{-'-('_'CJ d ux21.1 uxl17.25 ux 248 ux 4.08
¢ B.35 x 10° 227 %103 396 x 10— 1.71 x 10*=
o2 Pr | 686 107% | 1.30x 107%° 8.07 x 10758 1.08 x 10~
(FCC) d ux 1527 ux 1248 ux 1793 ux 2955 x 101
e 6.04 x 102 1.65 = 103 2.86 % 10721 1.242 % 102
ith Rh| 793x10°%* | s.41x 107 4.82 x 10~ 1.01 x 10~
(FCC) d ux 16.76 ux13.71 ux 19.68 ux 3,24 x 1071
e 597 x 102 1.63 % 103 283 % 10~} 122.75
S Ru| 5.20x 10723 | 3.10% 10732 2.40 % 1073® 7.41 % 1077
(iepy -9 ux 14.08 ux11.51 ux1653 ux0.27
e 4.46 x 102 1.21 = 103 2.11 % 10~21 91.60
Ti Ti | 5.21 %1079 | 2.19x 107 3.07 % 107'* 9.12 x 10~°
(HCP) d ux 10.86 u x B.88 ux12.76 u x 0.2 1
e 172.02 469,22 8.15 x 1022 3.53 = 107
i Zr | 805 % 1072 | 361 % 10727 9.62 x 10~33 2.25 % 10715
(HCP) d ul xs.zaﬁ ux6.73 u X 9.67 ux 16.12
e 1.30 = 102 355 % 10° 6.18 x 10722 26.80
- Ta| 717 x107%* | 1.71 %105 3.19 =% 10°%7 1.46 x 10™27
(BCC) d ux 12.68 ux 10.37 u x 14.89 u x 0.25
e 251 % 102 684 x 1072 1.19 x 10~21 51.59

For comparing &, the micFCS of these metallic environments foel@ments, numerical
values from Table.6 can be useful. For studyingctiraparison of the {quantity see table 7.

According to table 7, we find out that: wheneeéements themselves are considered as host
particles, the results ofi@rom large too small values for all reactions &reNi, Zr, Ru, Rh, Pd,
Ta and Pt. For cases that deuterium and electehast particles, our comparing values lead to
Ru, Ni, Ti, Rh, Pd, Pt, Zr, Ta and Ni, Ru, Pd, R, Ti, Ta, Zr respectively. In case that electron
is host the number of electrons in capacity lage¢oo important indeed whatever the numbers of
electrons increases the screening effect is endaBztween all reactions, D{3He , D(d,p)T
and D(dy)4He have larger values of @an T(d,n)4He.

(According Table.7 the result of comparing for different host particles in different metallic
environments are: element host parti€lgy; > Cy y; > Cy 7z > Ciry > Cippn > Cipg > Cirg >
Cype ; deuterium host particleC; p, > Cy n; > Cyri > Cirp > Crpg > Cipe > Cyzp > Co7g;
electron host particle; y; > Ciry > Cipg > Cipe > Cipp > Ci7i > Cirq > Cpzr)
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344

345

346

347
348
349
350
351
352

353
354

355
356
357

358

359
360
361
362
363

Table 8: Our numerical calculations of LEISSIC &llrelements in different reactions

\C{"lam't Enip.yisHe @ prdpT Apid,yi4He Eridn)4He
Elements ®x AAR, #* AARy #* AARy » AARy

Pd (FCC) dlux780x10° | u x3.03x10° | u x340x10° u % 0.03
e 3.1 % 10° 3.2 x 108 5.42 x 10720 12.7

NI (FCO) d|ux1.05%x10% | u x3.08x10° | u x4.59 x 10? u % 0.41
’ [ 417 » 10°% 4.07 % 10% 7.33 »x 1p0"20 17.15

Pt (FCC) dlux763x107 | u x223x10% | u %332x10° u % 0.029
e 3.02 x 108 2.94 x 10% 5.3 x 10~20 12.42

Rh d|uxB838x107 | u x245x10% | u x 3.65x 10° u x 0.032
(FCC) |e 3.00 x 10° 2.91 x 10* 0.52 12.27

Ru d|ux7.04x10" | u x2.06%10° | u x3.06 x 10° u x 0.027
(HCP) | e 2.23 x 107 217 =% 104 391 x 10720 9.17

i (HCP) d|uwx543 %107 | u % 1.59x 10 | u x 236 x 10° u ¥ 0.021
¢ B.60 x 108 838 x 103 1.51 x 1p~2¢ 35.37

_. d ux412x107 | u x 1.20% 10% | u x1.79x 1072 u x1.61
) e| 652x108 6.35 x 10% 1.14 x 10~2° 2.68

Ta (BCC) d|ux634x107 | x1.85x10° | u x2.76 x 10? u x 0.025
e 1.25 = 10° 1.22 x 10% 2.20 x 1072° 5.16

In the each environmentIC coefficient shows inteooaversion rate and determined the cross
section enhancement in each environment. By stgdgible 8, we find out that the internal
conversion coefficient of deuterium for Dfj8He is the largest one. IC coefficient for
D(p,y)3He for different reactions from larger to smallaiue is: Ru, Ni, Rh, Pt, Zr, Ta, Ti and
Pd. As you see in this reaction Pd has the lagt tarD (d,p)T, the arrangement of the elements
is: Pd, Ru, Ni, Ti, Rh, Pt, Zr and Ta.

Electronicinternal conversion coefficientarrangetfa@rdifferent elements is: Ni, Ru, Pd, Rh, Ti,
Ta, Zr! Pt. éce,Ni>°ce,Ru>°<e,Pd>°ce,Rh>°ce,Ti>°<e,Ta>°<e,Zr>°<e,Pt)

( According to Table.8, comparing ICC values oftéeium host particle for the two largest
reactions D(p;)3He and D(d,p)T are respectivetyy p, >y ni>Xg rp>Xg pe>K g 70 >K g 1q>
Xg1i>KXgpa ANd Xg pg>KXg gy >KXg Ni>KXgq7i>Kg pp>Xg pe>Kg 70 >% g 10)

6. Microscopic cross section for all elementsin different reactions

micFCS for all metallic environment when metalaishost particle are plotted by replacing
numerical values in Table 6 and Eq.17. All FCS dixeded into two groups in order to show
changes clearly: 16 maximum and 16 minimum whiehraspectively shown in Fig 5 and Fig 6.
Numbers 1 to 4 besides the name of the elementgssBgpy)3He , D(d,p)T , D(d;)4He and
T(d,n)4He .
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Figure 5:16 maximum of micFCS in terms of incomérgergy for all reactions

In the above graph, different colors shows &intlelements and the styles of shape introduce
kinds of reactions. D(p)3He by “dash”, D(d,p)T by “dashdot”, Dd4He by “longdash” and
T(d,n)4He by “dot” are shown. The color of Pd, Ri, Rh, Ru, Ti, Zr, and Ta are respectively:
Green, red, navy, cyan, dark pink, coral, aquareaaimd brown. As you see Ti and Ni have the
lager cross section. After them palladium showsguspin the T(d,n)4He reaction.

371
—-PFPt3 —-Tai—-—PFti: —-— Tai Fh3=--=--Pt4
Pd3 ——-Ru3 Rh 2 Fh 4 Zr 3 === Ta4d
— — Ptl —-— RuZd——Tal Pd 1 372
1.5 2 107 3%
. 373
. 374
1. 1073 -
- 375
Gefemenr . b ,'./,‘
o- ,‘4.
.- o 376
W Lt
5% 1073 o - L
T et -
e e 377
- st
PR ot
.t Tt - —_—
e e T T 378
. et T T
.. B P T i T e el — .
minimJ® of il e e e e e e e e Figur8916
. . o.aio 0015 0020 0025 0030 .
of inc#Bfing E — MeV micFCS380erms
energy for all reactions 381
382



383 To realize the best kinds of lattice structure, P& related to element host particles are plotted
384 for each fusion reactions separately.Here in tigegphs colors shows kinds of elements and the
385 styles of the graph indicate the kind of the l&itiBCC by “dot”, FCC by “long dash” and HCP
386 by “dashpot”.
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404  For D(py)3He , D(d,p)T , D(dy)4He (Figs. 7,8,9), Ti with HCP lattice has thiegkst micFCS
405 and Pd with FCC lattice is respectively in thelspgecond and fifth place. From Fig.10 we can
406  understand that Ni with FCC lattice is in the fiptace of micFCS and Pd is the fifth. Now the
407 data that are correspond to figures 7, 8, 9 anar@ @ummarized in table 9.

408 Table 9: numerical microscopic cross sectionedesln special energy (0.025MeV) for different eletsean
409 different reactions
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\C‘”a”r‘ B Fetement TFetement Tetement Telement
Mg D(p.v)3He D(d.p)T D(d.y)4He T(d.n)4He

Element (Melr ) (Mel) (Mel) (MeV)
(I—‘.:.‘?C} 1.19 x 10—38 B.35 x 10™%? 2.89 x 1075} 8.51 x 10—328
{l?r;‘i(:_) 8.19 x 10328 S.12 » 1034 1.93 = 10736 2.89 = 1024
{F':;Ec1 2.46 > 10—58 1.48 x 10-7% 9.18 x 10783 6.78 x 10-47
(FR(._,'}_,} 2.59 x 10737 S.61 »x 10—4%8 5.02 x 1052 5.77 x 1046
(l:{(l:t}") 2.02 »x 10737 3.B1 x 10™%*7 4.21 x 10751 5.02 x 10—32
(liucl"P) 2.62 x 10™24 3.50 x 10—2° 4.93 x> 10731 7.97 x 10™==
(IILCrP) 5.37 »x 10-37 7.59 3 10~ %% 2.03 x 10™%7 2.61 »x 10—30
410 (u:;'flc) 3.10 > 10—55 2.34 > 1071 4.36 > 10—78 1.10 > 107
7. Conclusion 411

As you see, Titanium and Nickel are chosen forgiiiiem in the next options in expermental
works. By studying the internal conversion coeé#id, we find out that Ni and Ru miglatiBe a
good options. By collecting these results togetireunderstand that the Nickel can bathe best
option. We can neglect Ta and the BCC lattice beeadi its worse results. 415

The other investigations show that: FCC and HCiité&ahave a much closed results. Rabdadium
shows good results just in the D(8He and D(d;)4He . After Ni, the next option couldize Ti.
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