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POSSIBLE PALLADIUM-RELATED NUCLEAR REACTIONS

Shang-Xian Jin and Hal Fox !

ABSTRACT

The recent discoveries by Bockris and Minevski [1] and by Mizuno et al. [2] of apparent numerous low-
temperature nuclear reactions has challenged current atomic models. By making the assumption that standard
conservation laws for nuclear reactions would be preserved, a large variety of possible nuclear reactions have
been proposed and checked for obeying conservation rules. The purpose of this paper is to present a list of some
possible nuclear reactions between palladium isotopes and the following single particles: deuterons, protons,
neutrons, and alpha particles.

A. INTRODUCTION

The recent reports of a considerable number of anomalous nuclear reactions reported by Bockris and Minevski
[1] plus similar results reported by Mizuno, et al. [2] challenge the current atomic models. In order to get a better
understanding of how such nuclear reactions might possible occur, the authors have compiled a list of possible
nuclear reactions. In compiling this list, the authors have used the well-accepted concepts of conservation
principles to determine which nuclear reactions involving deuterium (d), protons (p), neutrons (n), and alpha
particles (") could occur. Each resulting nuclear reaction has been checked for obeying the conservation rules
of energy, baryon number, charge, spin, parity, and isospin. No attempt has been made to explain how the
various particles can overcome the Coulomb barrier to cause such nuclear reactions. No attempt has been made
to rank the reactions according to probabilities. Also, no attempt has been made to consider all of the possible
nuclear reactions between the particles and the secondary nuclides produced. Some of the experimental results
given in references [1] and [2] suggest that whatever process is promoting nuclear reactions with the palladium
could possibly cause nuclear reactions to occur with isotopes or elements produced by the initial palladium
nuclear reactions.

B. LIST OF POSSIBLE NUCLEAR REACTIONS

The following five sections list many (but not all) possible nuclear reactions. Section 1 list the reactions between
deuterium and various stable palladium isotopes. Section 2 lists the possible nuclear reactions between protons
and various stable palladium isotopes. Section 3 lists possible neutron reactions with stable palladium isotopes.
Section 4 lists the possible nuclear reactions with alpha particles and various stable palladium isotopes. In
sections 1 through 4, the end products from the nuclear reactions all produce smaller mass elements. In section
5, are listed some of the many nuclear reactions with stable palladium isotopes that can produce higher-mass
isotopes and elements.

In all sections, when a radioactive or metastable nuclide results (marked with an *) the natural radioactive decay
for that nuclide is shown indented from the left margin. For such nuclides, the half-life is given, and followed
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by the chain of radioactive events (with the emission of alpha, beta, or gammas). The energies of the emitted
particles are also shown. In all cases, the energy of radiation for alpha and beta particles are shown in Mev and
the energy for gamma-ray emissions are shown in Kev.

The following are the list of symbols used:

symbols: time:
" alpha particle MS milliseconds
$- negative electron S  seconds
$* positron M  minutes
( gammaray D days
p proton A years
d deuteron
n neutron
t triton * radioactive or metastable nuclide
g electron capture T  weak
IT isomeric transition <T very weak
e conversion electron

(energy of radiation in Mev for Alpha and Beta, Kev for gamma)

In section 5 the dotted lines (two places) indicates that there are many other possible nuclear reactions that could
occur and obey the various conservation rules. The choices of reactions made by the authors were determined
by analyzing data that was provided by Bockris and Minevski [1] and by Mizuno, et al. [2].

1.d+Pd6C+D+..
d+ ,Pd® 6
d+,d® 6
d+,Pd" 6
d+,Pd2 6 ,Lif
d+,Pd* 6 ,Lif
d+,Pd® 6 ,Lif
d+,Pd% 6 ,Lif
d+,Pd%® 6 ,Lif
d+,Pd° 6 Lif
d+,Pd2 6 ,Lif
d+,Pd* 6 ,Lif
d+,Pd® 6 ,Lif
d+,Pd® 6 ,Lif
d+,Pd% 6 ,Lif

»sREY + " +7.75 Mev
~RO " 4106
SRR+ 14740

45Rh104* 6 423 5;%62.44; (5558 6 461)(1104
45Rh106* 6 29.98;%6 3.54; (511.9, 621.9 6 46Pdlos

* . .
45Rh108 6 178;$6 4.5; (433.9,618.8 6 46Pdlos

+ ,Ru® -0.66
+,Ru'® -1.14
+ ,Ru™ -1.70
+ ,Ru'® -1.75
+ ,4Ru™ +0.619
+ ,Ru'%” =297

* - * . .
44Rumé 6 L2 A;$60.0394 6 451;,}1106 6 29.98;3$G 3.54; (551.9, 621.9 6 46Pd106

+,M0** +"-2.89
+ ,Mo% +" -3.99
+ Mo”7 +" -4.24
+ ,Mo® +" -5.17
+ ,Mo'® +" -3.72
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d+,Pd* 6 ,Be" +,Tc -8.80
d+,Pd% 6 ,Be" +,Tc' +4.14
6 ,Be” +,Tc'”  -105
d+,Pd%® 6 ,Be” +,Tc'® -0.148
6 Be* +,Tc'”  +6.27
d+,Pd° 6 Be™ +,Tc -321
6 Be” +,Tc  +4.80
43Tcwo* 6 1585963.4,29; (539.5,590.8 6 44Ruloo
43T0102* 6 4 M;$6 1.8;(475.1, 628.1 6 44Ru102
6 335%642.34.22.(4751 6 Ryy'®
d+ ,Pd* 6 ,Be” +,M™ +p-184
d+,Pd* 6 ,Be'" +,Mo” +p-15.0
d+,Pd® 6 Be” +,M0"" +p-189
6 ,Be¥ +,M0*”" +p-3.04
d+,Pd%® 6 Be¥ +,M0"" +p-1.67
6 ,Be” +,M0*® +p-7.33
d+,Pd"° 6 Be” +, M0 +p-11.6
d+,Pd* 6 ,Be” +,Mo™ +t-24.1
d+,Pd® 6 ,Be” +,Mo"" +t-23.2
6 Be” +,M0* +t-733
d+,Pd° 6 ,Be” +,M0" +t-11.6
6 ,Be” +,Mo* +1-16.8
421\/1099* 6 2.747 D;$61.214; ( 140.5, 739.5 6 43Tc99* 6 6.01 H; IT 142.7, 2.2(e6), (140.5; $G 0.435 6 44Ru99
42M0101* 6 146 M;$60.7,2.23;(1919, 5909, 10125, 506.0 ¢ 43Tc101* 6 142M:86 1.32,(3068 ¢ 44Rulm

d+,Pd% 6 ,Be” +,Nb*  +"-141
d + ,Pd"® Be® + N+ +2.75
d+,Pd" 6 Be™ +,Nb® +"-6.73
4B66* 6 30E-218:2."
4368* 6 7E1752" 00641

o

el 6 1.6E6 A;$6 0.556 6 BlO
el 61 g$Gll§_,_(21245 6 B11
* 6 12MS; MS;$6 6 B12* 6 2020MS$G 13.37;(4439 6 C~?
6
41Nb98*6 51 M;$6 23 _,_(7873 722.7 6 M098
6 298 :$G4.6;( 787.3, 1024.0 6 M098

4

d+,Pd* 6 B +,Mo* +1n-6.60

d + 46Pd102 6 5B12* + 42M092 - 1.35
d + 46Pd104 6 5B12* + 42M094 = 1.24
d+,Pd® 6 BZ +,Mo®  -093



Jin, Fox

195

d+ ,Pd1s
d+ P
d+ ,Pd"o

d + ,Pd'*
d+ ,Pdi%

d + ,Pd'%
d+ ,Pd'®
d+ ,Pd

d + ,Pdi%
d+ ,Pdi%
d+ ,Pd
d+ ,Pd
d+ ,Pd'®

d + ,Pd'?
d + ,Pd'*?

d+ ,Pd1
d+ ,pd!

d + ,Pd!®s
d + ,Pd!%
d+ ,Pdi%

d+ ,Pd"o

(o) 3o o)} (o) 3¢ 0]

ocoo~O0N O

o O

ocoocoooococoocoO0N O

5BlZ”‘ + 42M096
5B12* + 42M098
5BlZ”‘ + 42MOIOO

10 96
B +,Mo

8* 98*
B +,Nb

-1.34
+1.35
-2.39

+n-6.60
+p-22.0

5Bs* 6 770 MS;$614; (")8.359, (2")1.57 6 4B68
12* 20.2 MS;$613.37; (4439, (*)0.2 12
B2 6 02M8861337:(4439.C02 6 C

10* 98*
L7 +,Nb

12 98*
L' +,Nb

14* 98*
L'+, Nb

- 8.96
+10.1
-5.29

* B .
41Nb98 6 3L M:$6 2.3,1.9;(787.3,722.7 6 421\/1098
2.95:$G 4.6;( 787.3, 1024.0 98
6 6 ,Mo

L+ 0
C2 + "
6c14* + 4OZI.97*
6C16* + 4OZI.97*

10* 97*
C' 4 Zr

12 97*
CP o Zr

14* 97*
&Lt 4 Zr

+p-15.8
+p+3.25
+p-15.8
+p-10.2

+t-20.1
+t-6.22
+t-7.18

6Clo* 6 1935:861.87;(7183 6 5Blo

6C14* 6 57304860157 4 7Nl4

6C16* 6 275536 67N16* 6 7:135864.27,1044;(6129, 7115 4 8()15
W2 6 1SS0 L3 6 NKT 6 123136127 (658 6 Mo

7N12* + 4OZr92
7N12* + 40ZI.94
N4+, Zr
NY o+ 70
7N12* + 40Zr95*
7N14 + 40Zr94
N2+ 7%
7N12* + 4OZr98*
N+, Zr%°
N 4 Zr

-3.68
-6.36
+9.32
+9.0

-6.96
+7.63
- 8.68
-9.46
+9.21
+3.21

40Zr93* 6 LSES A;$60.060;( 304 6 41Nb93

* . 5 . . .. * B 5 . M .
40er)s 6 4.2 D;$6 0.366, 0.40; ( 756.7, 724.2 6 41Nb95 6 351 D;$6 1.16;(204.1 6 42M095

6 327 D;$6 0.160; ( 765.8 6 ..Mo%
42

* . . .
40ZI'98 6 30.78;$62.2 6 41Nb98* 6 51 M;$6 2.3, 1.9;( 787.3, 722.7 6 421\/1098

6 2.9 5;$6 4.6;( 787.3, 1024.0 6 .. Mo*®
42
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d+,Pd® 6 N“ + S +"+8.63

d+ 461)(1106 6 7N12* + 3BSr92* +"-13.6
6 NY +,Sr +" +0.597

d+, Pd® 6 NP +,S0°  +"-144
6 N +,.S +" +4.25

d+,Pd° 6 N +.S°° +"-175

7N12* 6 LLOM;$616.3; ( 4439; (3")0.192 6 6C12

d+,Pd? 6 F® 4+ ,Sr +8.85

d+ 46Pdw4 6 9F18* + 3ssr88 +10.6

d+ 46Pd105 6 9F18* + 3881‘89* +10.1

d+ 46Pdlo6 6 9F18* + 38sr90* +8.29

d+ 451)(1108 6 9F18* + 38sr92* +8.66

d+ 46Pd110 6 9F18* + 38SI‘94* +2.66

d+,Pd® 6 F° 4,80 +n-310

d+Pd® 6 F° 438  +n-071

d+ 46Pd106 6 91:,19 + 4, S1%8 +n+2.20

d+ 46Pdlo8 6 F° + 3881‘90* +n+3.59

d+ 46Pd“0 6 9F19 + 3SSr92* +n-123

3851'89* 6 5052D:861.49;:(9092 ¢ 39Y89
38Srgo* 6 21860516 ¢ 39Y9O* 6 267D:86<T 2.281,(2186.2 4 40Zr90
6 319 H:1T479.5,(202.5,$6T; (23189 ¢, 20 Zr°
WS 6 271 H;$6054;(1384.0 ¢ LY 6 354 H;$63.64;(934.5,14054 ¢ s0Zr”?

* 3 5 * : :
3831‘94 6 1.25 M;$G 2.08; (1427.6 6 39Y94 6 18.7 M;$6 4.92; (918.7, 1138.9, 550.9 6 40Zr94

d+,Pd'? 6 JF% +, K +" +2.50
d+,Pd* 6 JF* +, Kr* +" +2.86
d+,Pd® 6 FF +,K®  +"+320

JFIE 6 LS0HSG0sSG 6 (1

d+,4Pd® 6 | Ne** +,Rb™  +329
6 10N622* + 37Rb82‘ +35.90

d+ 46Pdlo4 6 10N624* + 37Rb82* +7.94

,RbE" 6 28564L0(6166 6 K80

37Rb82* 6 647 H; 3:86 0.80;(776.5,554.3,619.1 36Kr82

6 1:258M:363.4,0:(7765 ¢ 16Kr*?

d+ 46Pd102 6 10N319* + 36I<r84 + p- 14.0
d+ 46Pd104 6 10Nel9* + 36I<r86 T p- 2.06
d+,Pd™ 6 (Ne” +,Kr  +p-6.10
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d + 46Pd104
d + 46Ple6
d + 46PleB

d+ Pd®

d+ ,Pdi®
d + ,Pd'%

d + 46Ple4

d + ,Pd!s

d + ,Pd'®
d + ,Pd'%
d+ ,Pd"*®

d + 46PleG
d + 46PleB
d + 46PdllO

d+ ,Pd!s
d+ ,Pd"*®
d + ,Pd'?

d+ ,Pd®
d + ,Pd!*
d + ,Pdie
d+ ,Pd!*
d+ ,Pd"

(o) 3¢ o)} o O O ooo~O0N O o~ OO O (o) 3¢ 0]

o O O

ocooooOoNr O

1oNe’”” + 5 Kr® +t-10.5
1oNe”™ + 5 Kr® +t-9.85
oNe’” + K +t-10.4
36Krss* 6 2.84 H:$6 0.52, 2.9:(2392.1, 196.3 6 37Rb88* 6 17.1 M;86 5.31;(1836.1, 898.1 6 3SSI‘88

Ne™ + . Br® " +0.74
NeZ + B +" 4521
oNe? +,Brf”  +" +333

oNe? +, B +" +2.68
19* 17.22 S;$6 2.24; 9;(109.9, 1356.8 19
1oNe’” 6 5:C 6 F

* . . *
10N624 6 3.38 M;$6 1.98;(427.3 6 11Na24
24* 14.96 H;$6 1.391; ( 1368.6, 2754.0 4
llNa 6 ' 6 12Mg2

620_.2M_=S'£472.3;$G~_6 6 Mg24
12

LMg® + B +149
Mg®* + B +15.8
LMg® +  Br® +12.2
LM+, Brf +14.1
Br'*' 6 SEMS254(6T 6 Se®
6 645 M;$6 NGas 6 36Kr78
35Brzo* 6 12:66M:$62.00,(6166 ¢4 36Kr80
6 17.66 M;0,$6 0.85; ( 665.9 6 348680

35

12Mg27* + 34Se78 + p + 8.05
12Mg27* + 345680 + p + 8.29
oMg*" 4,82 +p+11.5

12Mg27* + 34SC78 + t - 0.105
oMg?™ +,,8¢¥  +t+4.00
Mg?" +,,8e2 +t+2.02

oMg* 4+ AT+ +6.50

oMg® 4+ LAY+ M 4122

oMg® + LA+ +9.15

legzz* 6 386 $;$G 3.1;( 582, 72.9 6 11N3-22* 6 2:605 A;$60.546, 9; (1274.5 6 1ONezz
leg27* 6 9.45 M;$6 1.75, 1.59; g; ( 843.8, 1014.4 6 13A127

LMg®" 6 2L0H:860459.(306, 13023 f A28 6 223M:362386, (11790 f | Gj28

WS+ LASY 42,63
1S+ A +8.86
1S+ A +16.5
14510+ ;A +22.8

WS+ LASY 42046
80* 16 $;9G 5.4, 4.7;( 665.9 80
33AS 6 - —‘—J_ 6 34SC
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d+,Pd* 6 Si® +,,Ge” +p+115
d+,Pd® 6 Si® +,Ge™  +p+9.62

d+,Pd® 6 Si¥ +,Ge™ +t+3.39
d+ ,Pd® 6 ,Si¥ +,;,Ge™ +t+5.33

d+ ,Pd”* 6 S +,;Ga™” +" +16.12
6 S +,Ga® +"+140
d+,Pd* 6 Si? +,Ga” +"+143
14Si26* 6 2.23 5;$6 3.83; (829 6 13A126* 6 6.345 8;$63.21 6 legzs
6 73E5 A;$61.17; g;(1808.6 6 legze
14Si27* 6 4148:863.85,(210 ¢ 13A127
14Si32* 6 1.0E2 A;$6 0.221 6 15P32* 6 14.28 D;$6 1.709 6 16S32
3 Ga®" 6 LIOHSCLIN.G(10713 6, 78
31Ga7°* 6 211 M:86 1.65,(1039.1762 ¢ 32Ge70

33Assso* 6 16 5;$G 5.4, 4.7; 665.9 6 345680

d+ ,Pd'? 6 P +,,Ge™ +23.1
P+ 5,Ge” +20.6

d+,Pd%* 6 P +,Ge™ +21.4

6 P +,,Ge™ +21.5

6 P +,,Ge” +21.1
d+,Pd% 6 P+ G +194

6 P +,,Ge™ +20.8

6 P* +,,Ge™ +21.5
d+ ,Pd%® 6 P +,,Ge™ +22.7

6 P +,Ge™ +24.7
d+,Pd®° 6 P +,G™ +214
d+,Pd” 6 P +,,Ge" +n+7.51

6 P +,,Ge” +n+14.2

6 P +,Ge™ +n+14.1
d+,Pd» 6 P +,,Ge” +n+5.82

6 P +,,Ge™ +n+13.5

6 PP +,,Ge” +n+14.6
d+ ,Pd” 6 [ P® +,,Ge™ +n-442
d+,Pd® 6 P® +,Ge™  +n+3.89

6 P +.,Ge™ +n+12.8

6 P +,Ge™ +n+15.0
d+,Pd® 6 P! +,Ge™ +n+14.8

6 P +,Ge” +n+18.1
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d+,Pd"? 6 P +,,Ge™ +n+14.9

Ge™®* 6 145 H;$6 0.70, (277
32

1.512 H;$6 4.3, 37,30, 1.7:( 613.7, 6949, 13087 ¢y Q@78
34

A+, Pd2 6 P+ Zn® " 4125
6 P +,2Zn% + 417
6 P +,,Zn% +1 4165
d+ 45Pd104 6 15P30* + 3OZI172* +" +9.64
6 15P32* + 3OZn7O + " + 15.2
6 15P34* + 3OZn68 + " + 16.1
d+,Pd% 6 P 4 Zn™ M +132
6 15P34* + 3OZn7O + " + 15.2
d+,Pd® 6 P 4+ 70+ 4172
PP 6 LSO 6 | Gi2
PP 6 4148:86394,(12734,0059 Q29
P30 6 2:50MS6324:0:(22352 | {30
15P32+ 6 HADICLIO 4 16832
P 6 253D;860249 165%
P 6 1248865132027 g3
d+ 46Pdlo2 6 16S36 + 31Ga68* +23.0
d+,Pd* 6 16S36 +5Ga™ t233
6 16838* + 31Ga68* +17.7
d+,Pd* 6 (S +;Ga™ +19.0
N Ga® 6 1130 H;$6 1.899; (10773 ¢4 30Zn68
,,Gal"" 6 2LIMSCL6S (10391762 ¢ Ge™0
d+,Pd'? 6 (S +,Zn™  +p+5.05
3ozn72* 6 465 186030, 144.7 6 . Ga™" 6 14410 H;$6 0.96,0.64; (834.1, 2201.7, 630 6 32Ge72
d+,Pd? 6 S +,Cu  +"+125
6 16536 + 29Cu64* +" +189
6 16834 + 29Cu66* +" 4+ 19.0
6 15832 + 29Cu68* +" +14.9
d+ 46Pd104 6 16838* + 29cu64* +"+13.6
6 1S HxCu™ " 182
6 1S +Cu™  +" 4166
A+, Pd% 6 S+ Cu® +" 139
6 S HCu® 4" 169
d+ 46Pd108 6 16838* + 29cu68* +" 4165
6 16831* 62_56§‘$wa 6 15P31
. 16838* 6 284 156 099, ( 1941.9 6 17Cl38* 6 37:2M:364.91 1.11;(2167.6, 1642.4 6 18Ar38
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d+ 46Pd102 6 18AI'40 + 29cu64* +25.7
6 18AI'42* + 29cu62* +224
d+ 46Pd104 6 18AI'40 + 29cu66* +25.0
6 HAr +,Cu™ +236
d+ 46Pd106 6 lsAr40 + 29cu68* +23.7
6 Ar 4 Cu 4239
d+ 46Pd108 6 18AI‘42* + 29cu68* +26.5
AT 6 BASE g G 1236 B:36352,(15246 6 20Ca*
29Cu62* 6 274 M:$62.93;; (1173.0,875.7 ¢ 28Ni62
LCu* 6 RIE G607 (13458 6 764
6 2MHESC0EL 6 Njs
O 6 SMSE2ECI0D3 6 716
29Cu68* 63 8;$6 3.5, 4.6,( 1077.3, 1261.2 6 3021168
d+,Pd™ 6 KT 4 Ni® 4n+1L6
d+,Pd% 6 LK™+ Ni® +n+15.3
d+ 46PC1108 6 19K47* + 281\Ii62 +n+21.0
d + 46Pd110 6 19K47* + 281\]i64 +tn+ 19'0
19K47* 6 17.5 $;$6 4.0;( 2013.4, 586.0 6 20Ca47*
" 6 453 D86 09,1990, (12971 ¢, LSc” 6 3.349 D;$6 0439, 0.600; (159.4 ¢ 5, Ti"7
d+ 46Pdw8 6 20(:.':146 + ,Co* +33.8
d+,Pd10 6 ,Ca® +,Co™  +36.1

* . ;$G7.0;( 1345.8,931.1 64
27C064 6 wisc ! 6 28N1

d+,Pd'” 6 LT +,Mn™* +n+21.7
25Mn54* 6 3122 D; g;( 834.8 6 24Cr54
22Ti52* 6 LI M;$6 1.8;( 124.5,17.0 6 23Vsz* 6 316 M;$62.47; (1434.1 6 24Crsz

2.p+Pd6C+D+...

p+4,.Pd'® 6 B+ ,Mo* - 4.38 Mev
p+4,Pd™ 6 FY + ,.Sr +1.51
p+4,Pd'® 6 (FY + ,Sr +4.42
p+4Pd® 6 FY + S +2.83
p+4Pd"° 6 FY +,SP +0.996

. * . .
3881.90* 6 29.1 A;$G 0.456 6 393(90 6 2.67 D;$6 2.281;(2186.2 6 4OZr90
3.19 H; IT 479.5;( 202.5;$6 ; ( 2318.9 90
6 LLEIT70.500556.(2189 6 7y
. . % . .
38Sr92* 6 2.71 H;$6 0.54; (1384.0 6 393792 6334 H;$G 3.64;(934.5, 1405.4 6 40Zr92

p+ P
p+t 46Pd104

o+ Kr® +"-6.65
o+ Kr® +"-247

(o) N0 )]
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p+ 46Pd106
p+t 46Pd108
pt 46Pd“0

p+ P
P+, Pd

P+ Pd
P+ Pd

p + 4Pd'”
p + 4Pd'”
p + 4Pd'”
p + 4Pd'*
p + 4Pd'*
p + 4Pd'*
p + 4Pd'®
p+ 4(Pd"
p+ 4 (Pd"
p+ 4 (Pd"
p+ Pd
P+ Pd
Pt iPd™

pt 46Pd105

pt 46Pdlo5

pt 46Pd105

P+ Pd

coooooooorOrOrOrOrOOCOOC O

9F19 + 36KI'84 + " - 1.12
oF'® + 3 Kr* +" 40.10
JF1 4+ K +"-2.29

* 0 . * . .
36KI'88 6 2.84 H;$6 0.52, 2.9:(2392.1, 196.3 6 37Rb88 6 17.7 M;$6 5.31;( 1836.1, 898.1 é 388:‘88

1Na?* +,Kr*  +6.49
llNazz* + 348680 + " = 0.61

2% £ 2.605 A;$6 0.546, q; ( 1274.5 2
Na** 6 a( 6 ,\Ne

11

LA 4 SeT8 +12.8
13A128* + 32Ge74 + " +6.72
LAY 6 225M:36286,g.(17790 4 | 28

PP +5,Ge™ +9.73
PP +5,Ge™ +16.4
1P+ 5,Ge™ +14.3
PP+ 5,Ge™ +8.04
5P+ 5,Ge™ +15.7

1P+ 5,Ge™ +14.8
P +,,Ge™ -2.19
1P+ 5,Ge™ +6.12
5P+ 3,Ge™ +15.0
1P+ 5,Ge™ +15.1
P+ 5,Ge™ +13.9
P+ ,,Ge™ +15.3
PP+ ,Ge™ +10.2

28% 0.270 $;$6 11.5;( 1779.0 :28
P 6 6 ,,Si
* o . .
15P29 6 4.14 8;%6 3.94; (1273.4, 2425.9 6 148129
33* 25.3 D;$6 0.249 33
PP 623036028 4| g

* . . * . .
32Ge78 6 1.45 H;$6 0.70; ( 277 6 33AS78 6 1.512 H;$6 4.3, 3.7, 1.7, 3.0, ( 613.7, 694.9, 1308.7 6 34Se78

21 S¢3 + ,Fe* +29.1
52% £ 8.28:;%6 7.0, 4.6;(1049.7, 1267.9 :52% £ 1.7 M;$6 1.8; (124.5,17.0 52%
51 S¢ 6 6, Ti%> 6LIMSOLE: (145,170 f /52"

6 23Vsz* 6 316 M;$6 2.47;( 1434.1 6 24Cr52
P +5,Ga” +d+0.524

V7 +,,Cr +27.2
23V52* 6 36 M;$62.47;(1434.1 6 24C152

LTI +,,Mn®"  +23.9
:52% £ 1.7 M;$6 1.8;( 124.5 52% £ 3.76 M;$6 2.47; (1434.1 5
22T1 6 - _"(_ 6 23V 6 I $ L 6 24Cr 2
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pt 46Pd105

6

,oCa®+, .M +" +162
LM 6 322Di0.(8348 6 oysi

3.n+Pd6C+D+...

n + ,Pd!%
n+ ,4Pd!%

108
n+ ,Pd

105
n+ ,Pd

n + ,Pd!%
n + ,Pd!%

110
n+ ,Pd
n + 46Pd102
n+ ,Pd"*
n+ ,Pd'%
n _+_ 46Pd102
n+ ,Pd"*
n + 46Pd106

n+ 46Pd102

n+ ,Pd'"®

6
6
6
6
6

Be + , Mo -16.7

Be® +,Mo®  -0.816

Be® +,Mo""  -2.89

Be” + ,Mo®  -8.11

Be” + Mo -937

(et 6 s

e 6 TE1752" 061

Be!®" 6 LeE04:3603% 6 10

Mo 6 2747D:$6 1.214;(140.5, 7395 4 43Tc99* 6
43TC99* 6 6.01 H; IT 142.7, 2.2(eG); (140.5; $G .435 6 44Ru99

42M0101* 6 14.6M:867.2,2.3:(1919, 591, 1013, 5060 4 43T0101*6

4

42

43TC101* 6 142M:361.32,(3068 ¢ 44Ru101

6

oo O ocooco o ocooooo O

o O

B+, Nb* -19.75
O+, 71 -14.6
O+, Z1% -18.8
(C12 + 717 +1.48
C2 + ,,Z1% -1.91
CH + 70 -0.355

N +,Ki*  +0.826
1oNe + 3 Kr® +0.110

10Ne19 + 36Kr88 - 3.88
1oNe?’ + , Kr” +7.13
10Si% + ,,Ge™ +15.5
16812+ ,,Ge™ +13.8
1Si% +,Ge™ +11.0

32Ge78* 6 1.45 H;$6 0.70; (277 6 33AS78* 6 Ls12 H;36 4.3,3.7,3.0;( 613, 694, 1308 6 34se78
31 72
oS +50Zn +7.27

oF'7 + , K +p-9.40
S 4 Kr® +p-7.70
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n+,Pd% 6 | Na® +,,Se® +p-0.517
n+,Pd'% 6 LA +,,Ge™ +p+3.80
n+,Pd* 6 ,Be" +,7Zr" +"-152
n+,Pd'® 6 ,Be''" +,,Zr” +"-145
n+,Pd%® 6 ,Be'" +,7Zr* +"-18.6
n+,Pd"? 6 ,Be' +,7Zr" +"-15.0
4Be”* 6 13:88:86115,9.4,(21246 § 5Bll
n+,Pd'” 6 [ Ne® +,Se® +"-6.28
n+,Pd% 6 [ Ne” +,,Se® +"-7.93
n+,Pd* 6 | Ne”’ +,Se* +"-10.1
4."+Pd 6 C+D+...
"+ ,Pd” 6 ,Be” +,Ru'® -14.4
"+ ,Pd* 6 ,Be” +,Ru'® -163
" +%pdl%s 6 “Be’ +,Ru'® -17.1
6 ,Be" +,Ru -3.00
6 ,Be'” +,Ru” -11.0
"+ ,Pd 6 ,Be” +,Ru®™ -17.8
4BeG* 6 3:0E-218;2p."
4B38* 6 =7E-1752" 0641
4Belo* 6 LSES A; $G 0.556 6 5Blo
"+, Pd2? 6 C +,Mo% -12.8 "+, Pd* 6 C +,Mo% -17.6
6 C? +,Mo* -2.91 6 "7+ ,Mo® -1.81
6 C* +,Mo” -1.72 6 C* +,Mo™ - 1.60
6 ' +,Mo” -18.7 6 ' + ,Mo” -13.9
"+ ,Pd® 6 C” 4+, Mo™®  -17.0 "+,Pd%® 6 C”+,M0o®  -192
6 C? +,Mo*® - 0.630 6 C? +,Mo™  -0916
6 L% +,Mo% -1.70 6 L% +,Mo® -2.01
"+, Pd 6 C 4+ Mo™ -214
6 C? +,Mo® =232
6 C¥ +,Mo® -2.75
6 C'° +,Mo® -11.5
6C10* 6 19:38:861.87,( 7183 65]310
6C14* 6‘@5%@ 67N14
6c16* 6 275836 ¢ 7N16* 611 S:$6 4.27, 10.44; ( 6129, 7115 6 8016
"4+, Pd? 6 O+, 717 -5.06 "4+ Pd 6 O+, 20 -7.73
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" + 46PleS

n 108
+4Pd

"+ P

" + 46PleS

" 108
+4Pd

"+ P

" + 46PleS

coooooocoococOrOrOO0N O

ocoocooocoOo0N O

o~ OO O

NoX + o Zr%°
0" + wZr*®
O 4, 71
O + 715
O+, 71
0" + wZr”!
0 + 71
O+, Z1%
0" + wZr’®
O+, Zp%
L% + 4021.92

14* 70.60 S;$G 1.81; (2312.7 14
O 6 NEOSSELEL (23127 6 N

-104
-1.11
-11.37
-8.33
-12.5
-2.69
- 0.557
-13.8
-154
+0.945
-2.40

"+ Pd!®

n 110
+ ,Pd

coooocoooocOrOrOO0CO

8016 +40Zr92
O+, 71
g% + ) Zr
O+, Z1%
O+, 7%
0" + o Zr”
0%+, 71
O+, 7%
OB+, Zr%
§OF + 4o Zr*

8020* 6 133 $;%$62.75;(1056.8 6 9F20* 6 11.0 8;%$6 5.40;(1633.6 6 10N620

24* 82
1oNe™ + 581

22 34
1oNe”  + 3, Sr

20 36
1oNe™  + 3, Sr

1oNE™” + 5,81
1oNe?  + ;.Sr¥
1oNE? 4 5 Sr*
1oNe'®  + 5. Sr’!

1oNe*" + 3, St
1oNe? + 5 S’
1oNe + 5 S’
Ne'® + . Sr*

89* £ 50.52 D;$G 1.49; (909.2 89

90* 29.1 A;$6 0.546 90*

39Y9o* 6 267D:$62.281:,(21862 ¢ 021

-3.97
+3.16
+6.05
-2.92
+3.67
+7.25
-7.62

+6.76
+ 6.85
+2.06
-13.7

n + 461)le4

"+ Pd!®

n 110
+ ,Pd

6 3T 479.5;(202.5;36 ; (23189 6 4OZr9°
38Sr91* 6 9.5 H;$6 1.09, 2.70, 1.36; ( 555.6, 1024.3, 749.7 6 39Y91* 6 LIMIT5556 640ng1
6 383 D;$G1.545; (1205 6 40Zr91
3’881.92* 6 211 H;$6 0.54 (1384.0 6 39Y92* 6 3.54 H;$6 3.64; (934.5, 1405.4 6 40Zr92

* . . * . .
38Sr94 6 1.25 M;$6 2.08; (1427.6 6 39Y94 6 18.7 M;$G 4.92; 918.7, 1138.9, 550.9 6 40Zr94

Mg + 3 Kr*
12NIg24 + 35Kr82
Mg + 3Kr®
Mg + 3 K™
12Mg” + 3 Kr®
12Mg? + 3 Kr®”

-2.69
+9.02
+ 8.60
+3.66
+9.64
-4.90

coocoocooooccOrOCrOCOCO0O O

1oNe* + 5 Sr*
1oNe? + ;.Sré¢
joNe?’ + 3ssr88

18* 90*
1oNe™ + 5.Sr

1oNe* + 381
1oNe? + 5.Sr®®
1oNe? + . Sr°%
GNet® -+, Sr%

24* 90*
1oNe™ + 3.Sr

22 92%
1oNe“ + 3.Sr
10N620 + 3gsr94*

"+, Pd*

"+ Pd'®

6
6
6
6
6
6
6
6

Mg + 3 Kr*
Mg + 36Kr®
Mg + 3Kr®
Mg + 3 Kr®
Mg + 3K
1Mg* + 3 Kr
12Mg* +  Kr®
Mg+ 5 Kr®

-12.2
+2.56
-7.18
-10.1
-13.9
+1.75
-2.51
-183
+0.290
-2.45

-0.398
+5.55
-7.96
-6.38
+2.98
+ 8.46
-5.49
-9.08
+5.96
+5.03
-0.133

-3.34
+9.38
+9.82
+5.93
-7.39
+9.72
+11.2
+8.13
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"+ Pd® 6 Mg* + K +6.53 " PA 6 Mg 4+, K% +6.00
6 [ ,Mg® +,Kr +12.4 6 Mg® +.K*  +124
6 12Mg28 + 36K1.84 = 10.3
Kr¥7 6 122:3025.39:(4026 6 R
36Kr88* 6 2:84H:86052,20,(23921,1963 4 37Rb88* 6 17.7M:86531;(1836.1,898.1 4 38Sr88
2% .86 8;963.1; . -605 A;960.546, G; :
Mg 2* 6 3865:63.1;(582, 29 4 11Na22* 6 2:605A:860.546,9; (12745 4 lONezz
LMg® 6 UQHS60459:(306,13423 6 AP2S* G 225M3286, (11790 | §j28
"4+ Pd? 6 S +,,Se® - 0.60 "4+ Pd” 6 S +,,Se® =225
6 Si®+,Se" +13.0 6 Si® +,Se" +12.2
6 .S +,Se" +14.2 6 Si® +,Se™ +15.5
6 S +,,Se™ +10.8 6 S +,,S¢e™ +9.32
+,Pd” 6 ,Si¥ +,,Se™ -13.9 "+ Pd® 6 8% +,,Set -4.41
6 .Si¥ +,,Se® +3.98 6 Si® +,,Se® +11.6
6 4Si* +,,S¢e* +14.7
6 .S +,Se" +13.6
"+, Pd® 6 ,Si® +,,SeH +10.3 "+ ,Pd" 6 S0 +,,Se +14.3
6 Si® +,,Se® +14.9 6 Si? +,,Se® +15.8
6 S +,Se®  +147
1SS 62BIII(B 6 | APS 6303886321 6| Mg
1 SPY 6 LOE2AS602L; 4 P 6 1428D:861.709 4 S
1
343384* 6 3:3MHS6141;(408.2 635]31-84* 6 6:0M;862.2;( 1463, 424, 8817 636Kr84
6 31:8M;86 4.65,3.8,27,(881.7, 18977 ¢4 36KI.84
"+, Pd'? 6 S +,,Ge™ +1.77 " Pd” 6 S+ ,Ge™ -1.14
6 S +,,Ge™ +13.9 6 S? +,,Ge” +12.2
6 msz: +,,Ge” +17.0 6 S* +,,Ge™ +16.4
6 S +,,Ge” +15.7 6 S +.,Ge” +16.3
"+ Pd® 6 S? +,,Ge™ +10.3 "+ Pd® 6 S+ ,Ge™ +14.6
6 S +,,Ge™ +15.7 6 S +,,Ge™
. 16 3,Ge +16.8
6 S +.,Ge™ +16.6 6 S*® +,,Ge™ +13.2
"4+ Pd0 6 SF +,,Ge™ +16.5
(S0 6 LIESS6442500(6672 P30T 250MS6324,0:(22352 6 | {30
32Ge78* 6 1.45 H;$6 0.70; ( 277 6 33As78* 6 1.512 H;$6 4.3, 3.7, 1.7, 3.0;( 613.7, 694.9, 1308.7 6 34Se78
"4 Pd 2 6 AP 4+, Zn™ +1.02 "4 Pd® 6 AP+, Zn" +11.4
6 Ar* +,7Zn" +14.3 6 Ar® +,7Zn" +17.3
6 Ar® +,7Zn® +19.2 6 A +,7Zn% +18.1
6 | Ar® +,7n% +18.4 6 A +,Zn% +16.3
"4+ Pd% 6 LA+, 720 +154 "+ PAd® 6 LA+, 70 +16.1
6 Ar* +,7n" +17.1 6 A +,7n° +16.9
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"t Pd

n 105
+4Pd

"+ Pd'?

n 106
+ ,.Pd

"+ Pd'?

n 106
+ ,.Pd

" + 46PleS

o O O

coocooooooco0cOO0N O

ocoocoO0rO0N O

o O

A+, Zn® +16.9
AT+ 570" +16.6
GAPY 6 S4MSS65037,6665,461.2580 6 3
,CP* 6222 M:36.2.5 1.5, (212717, 1176, 33036 6 165°
6 1328530442 6 | 53¢
RArY 6 BASE 6 gt 6 1236563521246 § (gt
3ozn72* 6 465186030,(1447 ¢ 31Ga72* 6 14.10 H;$6 0.96,0.64; ( 834.1,2201.7, 630 ¢ 32Ge72

o K# + 5 Cu®® +15.0
KB+ ,Cu® 4169
KP4 ,,Cu® +16.1

29Cu64* 6 1270Hg; $G60.578;(1345.8 6 30Zl'l64

6 R10HSE06 6 it

29Cu66* 6 5:10M:862.63;(10393 ¢ 3OZn66

29Cu68* 6 315;%$6 3.5, 4.6;( 1077.3, 1261.2 6 3OZn68
19K45* 6 22.3 H;$G 0.83; (3728, 617.5 6 20Ca43
19K45* 6 17.8 M;$62.1;( 1742, 1705.6 6 20Ca45 6 162.7 D;$6 0.258; (124 6 21Sc45

50Ca®® + , Ni%® +7.97 "4+, Pd® 6, Ca%” + Ni*®
20Ca*® + Ni® +19.0 6 ,,Ca® + Ni*
,0Ca* + Ni®? +22.1 6 ,Ca* + ,Ni*
,oCa®? + Ni® +22.7 6 ,Ca* +,Ni*
Ca®® + NI +20.1 6 ,Ca® + ,Ni*
20Ca% + L Ni® +16.6 " PA® 6, CaT + NI
,0Ca®® + Ni® +23.5 6 ,Ca® + ,,Ni*
6

,0Ca*® + , Ni* +22.8
Ca* + NI +20.0
28Ni66* 6 346 H3$6020 4 29Cu66* 6 3:10M;36 2.63;(1039.3 6 3OZn66

50* £ 14 5:$6 3.12;( 256.9, 1519.3, 71.6, 1590. *
»Ca 6 1458 C 15008 ¢ 21Scso

ZISCSO* 6 1.71 M;$6 3.69;( 1553.8, 1121, 523.8 6 Tiso
22

46 66

L, Ti* + ,Fe® +20.1 ", Pd 6 ,Ti® +,Fe™
,Ti® + ,Fe® +25.1 6 ,Ti® +,Fe™

,Ti%® + ,Fe’ +26.5 6  ,Ti® + ,Fe*
T + ,Fe™ +20.2

o Ti% + ,Fe® +25.4 "4+ PAd® 6 LTI+, Fe”
,Ti®" + , Fe® +24.1

. * . . .8: . K * K . . . .
22Tlsz 6 1.7M;%6 1.8;(124.5,17.0 6 23V52 63 76M;$6 2.47;(1434.1 6 24Crsz
26Fe60* 6 LSES A;$6 0.147;(58.6 6 27C060* 6 10.47 M; IT 58.69 €6;$6 1.6; (1322.5 6 28Ni60
5.271 A;$60.318; (1322.5,1173.2 :60
6 < 6 Ni

1Na? + Kr® +d-7.16
GNa?™ 4+, Kr*  +d-13.7
llNa21* 6 22.48 8;%6 2.51; (350.7 6 10N621

+12.8
+21.0
+22.9
+21.6
+17.6
+19.2
+24.2
+22.1

+229
+26.6
+23.1

+23.8
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n 105
+46Pd

n 105
+46Pd

" + 46PleS

" + 46PleS

(o) Mo

Mg + 3 Brf” +d- 8.65
12Mg27* 6 243MS6 175, 1.59: (3438, 10144 65 13A127
35BI'80* 6 1166 M;$6 2.00;( 616.6 6 36KI'80

b 1266 Mg $6085:(6659 | K80

1,CP7 + 5, Zn"™ +d+2.20

1o K#T + o Ni% +d+4.57
10K* 4, Ni® +d+4.24

1o K* + 5eNi%” +d+2.49
43* 22.3 H;$6 0.83; (372.8,617.5 43
K2 6 ( 6 ,,Ca

19K45='= 6 17.8 M;$62.1; (174.2,1705.6 6 ZOCa45* 6 1627 D;$6 0.258 6 21Sc45

20* 88*
nNa + 36Kr + p - 20.4
1Na2” + , Kr® +t-24.5
20* 447 MS;$6 11.25; (1633.6 20
11Na 6 h— '(_ 6 10Ne
88* 2.84 H;$6 0.52, 2.9;(2392.1, 196.3 88* £ 17.7 M;$G 5.31;(1836.1, 898.1 88
Kr*" 6 29:( 6 ., Rb® 6 ( 65t

36

,CPS + 20 +p+4.38
SCP% +,7Zn™® +t-1.86
CPS" 6 LUESASCOI0 6 AS
3.01E54;¢360.12 ¢4 16336
30Zn72* 6 465 H;$60.30;( 144.7 6 31Ga72* 6 144.10 H;$60.96, 0.64; ( 834.1, 2201.7, 630 6 32Ge72

5.a+Pd6 C(a=dor")

d+ 4 Pd™

d+ Pd

d + 46Pd108

d+ 48CdllO

d + ,,Cd"?

6

SAg +10.7
LA 6 HOMSC16(5119 6 pos

HAZ® 4108
* .39 M; 9,96 1.65;(633.0 108
47Ag1°8 6 239 M 4,86 1.65;(633.0 6 48Cd
239 M; g; $6 0.88;(433.9, 618.8 108
6 239Mi g $6085(4339,6188 ¢ pq

SAZ” + 1101
47Ag110* 6 &.6§i$(§ 2.981;§ 657.8 6 48Cd110

oI +10.8
112* 14.4 M;$6 0.86 112
49111 6 — — 6 Sosn

14.4 M; ,$6 1.56;( 617.4, 606.7 112
6 — g‘ : 6 48Cd

oI+ 1101
114* 1.198 M;$6 1.984; (1299.9 114
49111 6 _ _L 6 50SII

1.198 M; 0,$6 0.40; ( 558.4, 576 114
6 L198M:g86040,(5584,57%6 6 Cd
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d + 48Cdl 14

116
d+ 5,Sn

118
d+ 4Sn

n 102
+4Pd

n 104
+4Pd

" 105
+4Pd

" 106
+46Pd

u 108
+46Pd

110
+46Pd

" +48Cd108
" + 48CdllO
+ 48CdllZ
" +4gcd114

o0 O o O O

o~ OO O

oI +11.4
491n116* 6.14_.1_§;$G3_‘3'L(.129346 6SOSn116

4Sb'* +9.57
118* 3.6 M;$6 2.65; (1229.7 118
51Sb 6 - _‘g— 6 Sosn

4Sb!®"  +9.57
20* 15.89 M; 0,$6 1.72;(1171.4 120
5 Sb12" 6 138M 36172 (N4 6 Qpy

&Cd'%®  +1.63
SCd'%  +226
Cd® +2.55
48(:(1109* 6 #6200y ;(88.0 6 47Ag1o9
#Cd"° +2.87
#Cd"2 +3.47
#Cd™ +4.10

JSn'? 4 1.82

JSn't o +2.58

5oSn' +3.37

oSnE +4.06

" +,,Sn'¢ 6, Te'™ +0.305

"+ 5,50 6 ,Te* +1.08
"4 T 6 Xel2 +2.47
"4 Te? 6 ,Xe' +1.29
d+,Te™ 6 L% -0.817

" 176
+ ,Hf

" 178
+ ,Hf

" 180
+ ,Hf

d+,Hf'"

" 180
+ W

LHE* 256
LHE'S 2226

RWT 2292
* . * :q:
74W178 6 21609 4 73Ta178 6 2:419;:(426.4,235.5,178,213.4,88.9 6 72Hfl78
6 2.29 M;0,%G 0.89, 0.80; ( 93.2, 1350.6, 1340.9 6 72Hf178

74W180 = 2.48
LW 179
LW 167

,Tal®"" -9.55
q; ; ! . 18
Tal*" 6 8.15 H:;( 93336071, 061, (1034 ¢ L Wis0

LOs'™  -3.07
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"W 6 0s* 283

" *
+,,0s® 6 Pt -3.07
78Pt188* 6 102 D; g;( 187.5,195.0 6 7711.188*
7711.188* 6 1.72D;9,9G 1.65,1.13;( 155.1, 2214.7, 663.1, 478.0 6 76OS188

"4 ,0s® 6 Pt -3.24
"+ .08 6 Pt -2.42

"+ P06 Hg®  -2.69
gngm* 6 20A9 6 79Au194* 6 1:64Dg ,$6 1.49; (328.5,293.6 6 78Pt194

"+ P2 6 Hg®  -1.99
Pt 6 o Hg™® -1.33

"t Hg® 6 PV _3.06

82szoo* 62SHE (14756 6 81Tizoo* 6 1:087Dg ,$6 1.07; 1.44; (368.0, 1205.7 6 80ngoo
"4 Hg” 6 ,PH 2249

82Pb202* 6 33E4AD 4 81Ti202* 6 12230936 (4396 6 80ngoz

C. SUMMARY

Without addressing the issues of how deuterons, protons, neutrons, or alpha particles can overcome the Coulomb
barrier [3], a list of some of the nuclear reactions permitted by energy, baryon number, charge, spin, parity,
and isospin conservation rules has been presented. This list should help the experimenter examine some of
the possible nuclear reactions that could explain the results observed in recent experiments [ 1,2]. This work has
been accomplished assuming that the conservation rules will be observed in all low-energy nuclear reactions.
Anyreplicated experimental evidence to the contrary will assure that the current atomic model should be revised.

The authors would appreciate any corrections and/or additions to the above list.
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