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2. HEDOREENMN

2.1 BiEERA OFRAVENLIL H 5 2> (cmns-forum DEFEFRD> O D criteria)

ARG OB IR A RIERPRHD OO, WL LTS DTN L T2 BTN —RIZH
HEHTHD, LML, HKiID Wikipedia, Wikiversity, 2D A > ¥ —3 v MEAKD cold
fusion theory, cold fusion explanation, T®#%Jr CTix. BEC Cluster Fusion Model
(Takahashi, Kim), W-L Model (Widom-Larsen), Hydrino Model (R. Mills), 72 E23H Y £
FoHnTWD, =5 T, HREEHADA 2 —x v b Lok (debate) %, EBREEESR
Bt¥e (ISCMNS) O A % —F v b7 4+—7 A (cmns-google-group) T, Z OEAFEMIC
Mg Fgx DR Z DR (MoK B OKRZEDBFRT) A Z AT, A— /LMD
1Tz, L2rL, ZHIZSMLIEDIXL IX6RCKANT, BARNIEERD L, FEFIC
RONTZAETHD, BBFOELHLDOTHA IR, AARANT, I<EXITRPHNLL,
HEHIP I RAVITREMMED 720y (not aggressive) ., flil % OBELEGET /L & Z OB S O D
FRIT L d & THRARD 03, EDEam DR THRULIZ 2 > T, [BERET MESHEENZ UV 7
REXIVIAT VT IZOVT, gz B PARHF LI TND, ORFE A
DIGE ST, 7 I7AT VT HEOOLNTNDLDT, ETENEHRMNLE D,

2.1-1 [ZHEEEREZ R, ZER[0KDF 2 BT 2 IR CHRIRBRS 3 2 o 72
CHUET D&, BETIAF—LARMORITZOMD X 512725,

Example: You know it's Crazy to say:

« Graphite does transmute to magnesium :12C+12C
—24Mg+Q(13.9MeV: to prompt gamma-rays) !

* H.O does transmute to 18Ne *(3 +) !

« Air does make nuclear transmutations!
14N+160 — 30P*(3 *) + Q(22.07MeV:gamma-rays)
14N + 14N — 28Gj + Q(15.77MeV:gamma-rays)
160 + 160 — 325 + Q(16.54MeV:.gamma-rays)

But why so crazy?

2.1-1: B LAEUok TG D8 Z X E 5 RB3, REE IR L0 DD



To propose
A+B — X+Y + Q(>0)
is Theory?

« No! It’s a Primitive Ansatz
(merely proposing a “crazy” conjecture).

« We need to show that it can really happen to be
visible, to take “crazy” out.

QUANTIFICATION is Key for Theorization,
so far!

Without quantification, one would say anything,
but Cannot Conclude Anything definitely.

X 2.1-2 : EZIE L TORVEIBEHE DB igld crazy T, (if& THNZSHFLKL TH
S I EDISHEIZTT 7 TH S,
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N ERRERTLOIXEZNREMESTWDHDOTHA I N?  FEiL, FiREEE - BER
BEG, BERICETOHMET NVOREDL LD, FLHEVDO L SWZH YRR 5,
BELWERZEAL WD HORZVDTHDL, ME-STEHRFO - FOHEHBIE. [E1 ik
ZEE L 7- B EBALDIEENRRIT TS| o THDH, B 2.1-21F. Z Ok K 2r Z
ATV TZ LTS,
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AEZ2 LIS, M CEREZEVIRTIEDNY Thd, TO L5 e “IRZERAT (T 28 ML, [&
Tima Bl Lo BB L OEERRITTWD] Mo ThD, £z, [HRORENELYTHD
ZEERFEHTE TR, Bl W EER RITER S 2 (Ed Storms) &9 iR
ETAHNLWND, ZHIEMEESTWS (THLVELE-oTWS), ELLIE, EEkL
CHEROIEAEZ R L, MO LB & EES, ERERN TR TEL] T LERS
R, AREDOIEYEEZE R TEI RO THD, ESOFRIZND Z &i1F. T XTORG
BN EREGET DI EIC27ND, WOETHAGHELEBNENVEDLZ LT




MW EE S

To assert A+nB+mC—X+Y+Z+Q(>0)
IS much more Primitive Ansatz!

1) Show how multi-particle simultaneous
interaction is possible. \What are sticking forces
or confining potentials for nB & mC clusters?

2) Show how to overcome Coulomb Barrier.

3) Show how particles can mutually approach in
strong or weak interaction range.

4) Show how much is strong/weak interaction.

5) Show quantitatively the process is plausible.

6) Reaction rates by QM math should be given
for seriously evaluating your model.

X 2.1-30  EUREREG - DO 7L « EE&IEICIT, DL 5020 Z4 7Y 782 Y7
LRITFUTZR 620, BEICHERL R XA DFEA RO PGy DR, ZhbD 2 Z4 7
PVTIZHLE LT, AEEARL IS,

Erfbld, RAENICE, TR FICESWIEERUEE S ST L T, BEEHRRERIC L Y &
BRo L—2 () 8L~V QAR E CRIEDERM DB BAET LiEN DD Z L E AT
LR TERFERL 2V, (K2.1-3D6))
FDEOITE, K21-3D 1-BIIRTEIR, 7 IFAT VT %27 V7 LARFIUIZR o720,
T B,
1) BEORF PGS FEIC W L CRBCFEETE 2002 &
WL % 2 ONEIRICEA CiIAD 288 (RT v LOIF) 13T, &
DEINTAEFN, WS EIEDBVITEDL I ? kiR < B4 713,
o] 7> 2
2) RITFBDr7—o U KFEAT, EOXICLTEDRERRSND D) ?
3) MBI FIE. W U TEBOG L (FRVDEEMER. 59WFAEMER) 12k
HUMTITST % D72
4) BVAHAAIER E 7T WEAEEROESNTIN 502
5) Ll EAFWELERRIC X0 HEYE LT BUERHER R TR
IHIT, HERET LD ZIRBUGREEHS I L 0 BE BB ERPEZ D L35
FiENRHDH, TZTHR 214125 T 58910, ERIDEFERH D,




Reaction rates by QM math should be
given for seriously evaluating your model.

* If reaction rates are very small as 10-°0 per s per
A+B process, it is not visible or detectable. If 10-23,
we may start to detect (considering Avogadro
number of A+B pairs possible).

« If reaction ratio (multiplication factor) per primary
particle in a “chain reaction” is less than 0.1, gain
of total chain reaction is less than 1.0/(1.0-
0.1)=1.1 only. If the ratio is 0.9999, gain is 10,000.

If the ratio is 1.1, gainis infinite (micro explosion).

 So that conclusions are drastically different, from
“nothing” to “explosion’, depending on
magnitudes of reaction rates.

2141 I RIS T BRI S5 T LD Bk

BHERME DR THBENT AT Raot—4— (108) ThHI LaBE2LE, XTI
X7 T AZ =270 OBEOGERIE, 1028 R RIS 6200 S8R0 2 OITEE LW,
S BT, 1wlee DIEENE 725 & OGFHIE 101 per cluster/s O L~V LL EE D Z & &R
SRFT 67, (EZ2AT, KM2.1-1 2T OGE, H ETORIRKISEIE, 10710000 I
DbHoRn, FEEOERTHL, NEHOEFITE > TUEENWTHD,)

GRS ARITH < 72DITiT, < FEDRIHELTER > = <SES USRI A A AR > /< S#H UG
B EHECE >, 23 1.0 2 U ERIZ BN H D, 450 PP R Cid, 20 X9 7k
k-eff > 1.000 OFEMZFEB LIS LA N—E LD X HITHE L TnDd, FiE O RG
CHRAETLIGFT VT 7 RAOBE, —IRERE U CRAERICEEYE T & Bl - #e%
0 R U CROES 223, ot e C R AUG A 2 9 ERIF 106005 108 FETH 5,

72 H, keeff =0.000001 LLF, gain = 1/(1-106) = 1.000001 LA FC¢H 5, Zhid, £
BRI SR EOS LA COMBES NI CE VW2 2 BT 5, T7hbb, keff 25
Z IR WSS BRI R R E WS L Th D, (R Y k150 i 7 ARIBEEE SORRR T,
BTHRRL LI ICEOHTHD,)

W, BRSO 2 IZiE, B 2.1-5 1R —afe (WHREEE AEH . D RIEAE
RAg, MORBBHEEAEM) & BARBIIC (B5I2) bR bRy, ZOYRE O NE @R,
2 < DGR - BT VO X TR, BEINDD, FEREZETRATHRNL I THD,




Three Steps in Nuclear Reaction

Initial State

Interaction

(Strong, Weak Int.)
(Electro-Magnetic Int.)

» ( (Virtual) Compound
State (Excited Nucleus)

!

Final State Interactions

(particles, photons, neutrino, FPs)
(Prompt and Delayed Transitions)
One-Way Process!

Takahashi for Ni+H discussion 8

X 2.1-5: Ban TIFEERIND =X 7 TZ BRI O LB 5,

7»< LT, Hagelstein, Chubb-Chubb, Li, Muelenberg, Heffner, Miley, Focardi 72 & D&
TTIE, RS GRWVHAEER) 25> Thianb o, A7 v 7E2RIELIEH D
E220 T, BARNCERY EFDEEMEICE > TR, L0 ) FHEA SRk E 9,

A FEEOERZEA 2T 2B mO I b, CNOOFLWIFATITE2 7 VT L
2obH DL ON., EIERZ BEC (Bose-Einstein $Effi) EEAfEIAR 7 7 A ¥ — DA & 1AK%
B & O (Takahashi, Kim) T, KRIZFEIT T 5. Widom-Larsen 55\ VHAEAIZIET
< Ultra-Cold-Neutron DER & Z D “RKIUEDHEHET V. b EBMDENNH D, Li
L. WEIERICIRARRMEN H D 0T, ZOWICIY B2, oM. &L
DIRIZ B D DT, MEICEZ T L, HTORKUEZLT DI L LT 5,

2.2 1EER) Bose-Einstein &&fs (58 TSC #Hig & Kim @ BECF)

2.2.1 B¥& TSC Hia

Akito Takahashi 6%, HAKFEZ 7 A ¥ —OEHEZEAG Him (TSC #Him) % 22 ki
BELTWS, fill, JCMNSGEICHRA L Ea—2ENTWE[22-1], £/2, 7AU D
bSO EARIZ, TSC #Himo &fimfi) Langevin FRRIC K 2D 25w 4%
EFENTWA([2.2-2,2.2-3], EEIL. cmns-forum ~DO&EEE LT, e Kok O iEH)
TR — EAREEMRBEOBLEN G, RS ORI & LT, TSC #Hfmo~ vk



VA% ACS O 2 i SXOFER %A Bk L CTHED TVWAHICF12 T2 &Rk, £/, E
BRAGE SR OFH LD T, EEROBIRRE AT o 70), R HIRO4 R E KSR THIRZE
BRI I D0NOMEAN “ALEEZDIZTEARERDEBDONRLEDOT, D
GEAZHWTET, FFLTHL I,

MEDOE 2 DE R 2D T, K 2.2.1-1 177,

- EEQSBEROREONACEAROBHME K
IS A7-01 (%, d-dEI DXL EB T+ )b
F— AR TSRAIHRME DEE ERARE (1

10keV) [ EH T 20BN D 5,

ADOREOANAT, EKRISAI—

H7E (B MR F D) IR T2 Vv LSS

CEDH, BIVOEM THDEKRIFTRAI—D R
FACIAOA. RETHD,

« COEHIE. EFimDHeisenbergD FHEE 4R E
DEFETHS,

« BEFICEL AL EIR EKRIFTAI—IE,
FACRAORT UL v LD L TIE, HRF DS F
DEINZS5DFIDT, ERFRE - BB RERE
=il TRIGZESE T DR RITEL,

Y 2

N3k
AL Eﬂl
9
>
gm

=
@*)F

>

=
e
NS

2.2.1-1: /1B TSC #in T #5764 JZPED J7 H

BRIEFDSEDE S Th D, 77 Aa OB EIRKIE COEY O keV FHEOEH) =
ANFX—E, P AI DX BREERE OERE&HICHEIRO DD (DT) 77 XA~# L
ADTEMS D, —FH T, BEROFIRZEMA I, ENmAENEAE (Transitory BEC)
4D/TSC D & 5 728 X 7 v ZE[C HIK D i PR 20 BB AN 7~ > 2 v /ViC 10keV F2E O i)
TANX—5 b OEY 7 T AKX —HCIAD CGERT D, e % Z 3R E
B DFEXHEE) = 3L F— T b T, @R 7 7 A~ e (hot-fusion) & & iR %
it (cold-fusion) X, KHEBLIZL>7bDOTHHZ LIZD, L, EiEHE#mC
1L, 77— RN T EERL T, BRIV A EMEE RO DD UG Tk A HET,
4D/TSC DR EEM SR O KAR O = < FHREH (1020 DA — X —D[HIE) ThEER
DORRSF « FAEEME 2 MR & U GERTE D, AT He-4 T, HPPEFRAIE “RG
LR VEETEDLLHVDIEK L~V THD, —F T, hotfusion [T, 77 A~HTDT
K I TeRLFIEE) TAT D EZHRERIC LSV TV D TRIGDD, DT 7 E)Oiafe Th 5,
2.2.1-2 I[ZHIR T 7 X~ #a (Hot-Fusion) O#FEZ fHEICHED T\ 5,




mm I IAIEMEDGS

« MIRIDESBREROBIBE VICEKRDORR
FXTEFACADH S,
* ITERIFd-d(d-t) RIEDFHERPFIRILT—CR
&) T10keV (ENFB L TLA.
o <TUOREE RIGE> = < Nd(EK)2Vo dd (Ex)>
Nd : EBFHE, V. d-d BxHRE, l
0 dd = (S(EK)/EK)exp(-I dd):prmm, = e
Ek: d-d @E OB BB T ILF— '
I dd : #EZEFGamow factor
« BHTIUY LIGEREIBIE: : e >
Nd(Ek) = N-(Ek/T2)exp(-Ex/T) : Maxwell- Boltzmann

o

2T

X 2.2.1-2: FEiH 77 X5 DBERY P, 5 L F— ) (Fo (147) D Gamow-Teller
ES— 2 (I TEE S I P T 5, 77 X~ 13 kT

BaZrs BI/0ZMAOEKRISAS—DELAD

Feature of QM Electron Cloud

R}z 53 pm Electron center; <e>=(e 1 +e )2
Bohr orbit of D (H)

e

Deuteron

| rW a0 | 2

a) D atom (stable)

Bosonized electron
Center torus for
el +el)

Orbit of Bosonized
Electron coupling
For(el +el)

O c) Tetrahedral Symmetric Condensate
(TSC)att=0

73 pm
b) D2 molecule (stable): Yp =(2+2A )*1/2[L|J 1oo(I'A1) Yy 1oo(rsz)+ v 100((A2) Y 1oo(l‘51)]x 5(51,52)

2.2.1-3: G 2 T 5 7 4D/TSC & D J7+, D2 2 F DB IR DI+ D1
A=,



— 5T, D ROEELMEIT. D2y O KR TOREEE %/‘\ﬂj’f“% eBilid, <

o — A RS A R & B OB IRAKE - E7J<??77X DEEEFR T i/\if
DL ZAHHE, TSC Hinid, 4HOET L AEOESFI1MED ( B 7e) EAS L 729
BEAEYs (£ TSC) THID THRWEAMAMEA LY (B fm) F CTHRRHEEME (Y
1.4fs DEGERF) 5 27 7 A &% — (4D)  TBEC(Transitory Bose-Einstein Condenstate)
ELTAETDHZ EaomRLiz, ¥II(t=0)To 4D/TSC OFE FIRENREHOEET% D 1, De
DFOENE L TH 2.2.1-3 (7”7,

ST, EREPEGRbLOT vy B ATHD Z L ZHIHI TR 7z, TSC Him COME
E, X 2.2.1-4 1R T X512, Fermi O — &R TOVN[2.2-4, 5l 2 EIZHHET 2,

| B A EEHHIZZD-Y 5 RE— DBRIKEDI— O/ U T EBEOHHHLE |

Using Fermu's golden rule(8). fusion rate 1s obtamed by,

A= %(W)P;rd (1) = 3.04 <10 B, () () @2

Hefe <W= value 1s in MeV unit
SBUHITEFR 34 g (osne | 7 — OB BHED: AL R

wonic dd molecule, and also for EQPET dde®(2.7) molecule,

respectively.

The maginary part of optical potential <W=> for effective interaction.
namely fusion. is estimated by the empirical rule for PEF (pion exchange force
number) values(R), and given in Table-ITI. Fusion rates are shown in Table-IV.
Here we used the followmng relations between astrophysical S-value S;; T-
matrix for the effective interaction Hamiltonian of muclear fusion T, and pion-
exchange number PEF. in <=W= estimation(8).

Charged Pion Exchange (Isospin/Spin)

Can be scaled by PEF-value, empirically.

T, = (W) o (PEFY Astrpphysical S-va_lugs are gstimated for
' Multi-body hadronic interactions.

And we used known S-values at E;=0 and <W= wvalues for DD' and DT
reactions_ as reference values.

| PEF: derivative of One-Pion-Exchange-Potential r

§,, < T, oc (PEF)"

% 2.2.1-4 TSC P COEFGFE D1, KD 2 —m N Y 75 (B
HfEHD L2, Bofm, WIZH SHES —r B TD 2 TR — H BRI DE )
Dithd, 0 Z LN DOENERIGF - (dx/B)<W> : D BPBETDH B,

FERMKF D 7 —u N TiBimFE O E L, Langevin FRERIC L 57 7 A% —Ki1-[H D

K FOREMAOHE L, “EER&LR Y L bE 37> % DD KIS T
(HMEQPET) OKRT ¥ /b (REKENEEKFIC K —ICEZHZOND) & H

VW72 Gamow FE D EITIZE V. 1172 biniz[2.2-2],

SRV EAEF ORI T AR T v v )V O EER WIFHE<W> % 2R G120 T
S HAER SR, — 3 & AR T > v v )L (OPEP) : X 2.2.1-5,6: % FAIZ L
FRxHZ R G DHeAE )% PEF B &7, DD i, DT s PEF & <W>DBR 4 v
T, REZPEFEA~LHME L CEBEREG O <W>EE gD o7, [2.2-2, 2.2-5]



One Pion Exchange Potential and PEF

One Pion Exchange Potential (Hamada-Johnston Potential)

3 3 x
ENG, G, + (l+—+—,)SD}M
X X Y

X = %T = 1 ;a [ﬁ”] Yukawa Potential Y (x) = M
43 .
2 .o B
Vo :i J mye =3 65[11481/] S12=3 (G, )(ZO} ) _ G, 0,
3 e p
(OnePEF ) = - Vorer (), _ 1 OV oper (1)),
o1 1.43 ox

Kinetic Energy of CF by A. Takahashi 9

2.2.1-5: "D VA EH D One-Pion-Exchange Potential, 7 n—p B T/d
TAYREVER T r1 0 r, DEFEIL~ T TR 3 TH AP, — T, pp, nnfi]
T/, t1° e, DEFMEITTZ X1 THY, JFERSE, F D% GEE PEF=1, /F7D
B5& PEF=0 £ E#%7 5,

D-D Fusion: Strong Force vs. Coulomb Force

Yukawa Force Attraction vs. Cloulomb Force Repulsion
PEF=2 for d-d interaction

1000

" —+— Coulomb F
100 -\ (MeV/fm)
10 —=— Strong F (MeV/fm)
£ 1 NN
=
= o ™
S oot ‘\
S %
0.001 \\
0.0001 \
000001 llllllllllllllllllllllll » » »

0 5 10 15 20 25 30
R (fm); d—d distance

Kinetic Energy of CF by A. Takahashi 10

2.2.1-6: d-d FIDHEVHLIEHIZ L 557 (PEF=2) &2 — /R DIEE, Ffba
(R=5fm) T/L, 717 (F@hs7) 4 kE 0, R>16m THRIPEES,



 ACS2007 _| BrERTFD /N7 EBEL, d-dEEEREREEL-RBddS F

(EQPETHF) D/ THEBEIZ | —xd—ITRET S, —
Table-II: Calculated barrier factors for 2d-pair and 4d-cluster under TSC
condensation
R4s=R.: (pm) Py : 2D Bamer | Py 4D Barrter
Factor Factor
t=1.400fs | 0.0206 (TSC-min) 444E-2 1.98E-3
0.0412 1.06E-2 1.12E4
0.103 143E-3 2.05E-6
0.206 3.35E-5 1.12E9
0412 9 40E-7 2.16E-13
t=1.398fs | 0,805 (udd): muonic dd | 1.00E-9 1.00E-18
1.03 9.69E-11 9.40E-21
2.06 6.89E-15 4.75E-29
412 9.38E-21 8.79E-41
10.3 2.16E-32 4 67E-64
21.8 (dde*(2.2) 1.30E46 1.69E-92
[t=0] |74.1 (D2molecule) | 1.00E-85 1.00E-170

2.2.1-7: TSC £5HFH] & d d [HIEERE, NV 7 H RO H g

1.4fs OEHFERF OB 1.8398fs 10, I =2 —F 47 dd 45 F & Efli7e R EZ B LT\ 5,
BEHE D et DOF) 2x1020 P OBF T, N THBBRNHEFITH KL TL TV D,

ACS2007

| EEMURE) ST USRS BMAEOHEE

Table-IV: Fusion rates calculated by Fermi's golden rule (Eq.(32))

Molecule | Rdd=Res | Pad ; B- | <W= L2d(fis) | Aad(fs)
(pm) Factor (MeV)
D, 741 1.0E-85 | 0.008 2 4E-66
dde*22) | 218 1.3E46 | 0.008 316E-27
udd 0.805 1.0E-9 0.008 24E+10
4D/TSC- | 0.021 1.98E-3 | 62 3.7TE+20
min

| TSCOBMKEREETIE. BED2X10-0 BTIEFEL00%DRBEAE S|
?..' A 2 r.:
jﬂ Ay, (f)dt =1.88x10" L P, (iR, (0)dt @37

| Pualty: Ryt = 231x10° (39)

2.2.1-8: EHWEEEGIRE | /=555 DEF & 2 T R —DEEFIEFE D #



X 2.2.1-8 12, EFHIREDG 100 T AL —DIFEEIE LT & & OEE RO FHAL
AN I \:L~z“/1TDD YR, R a—A U DFMIT 22us TH DA, DD*ZWE/—\
#9 100ps PIZ 100%E Z B DT, R a—F IS TH LW 2—4 2 4F DD 4+

ZIER LT, LIRS <HEENT D, LL, 2.2us OFay CHENKINIED D,
4D/TSC 1E. #9 2x1020 Fh DI 100%4D ZEE 3%, 2D & RIIMETE 5,

ST, 4D/TSC TOM@EIZ I T 2 EG 1 OFEIXHEE) = 3 /L — 723 EOFRREE & 72 5 79
W5, D72, Dby, DD p 4y COEWYFOMIHEER = R X —% B b -
THET2,K2.2.1-9ICAMEb W ICHWE T HFOESZFHIC L D FEDORNEZRT,

<RODEIRILX—> = <5E§JI*)L=‘F—> + <IRF U Y LIRILE—>

N hZ L/

H=—V"+V.(R;;;M,Z)
2

!

System Energy Settles in Local Minimum:
VARIATIONAL PRINCIPLE (R%5 RIE)

HYR B REEEM | )

XRu)= 5 )11,4 5 OPL-(Ryy ~ R, (M. 2))*[(40”)]
¥

(X Ru)HX Raa) o (X (Ruo)H[X (Rus)

S(X(Ry)H|X (Ryy) = o p= R, =0
S 9 N

X 2.2.1-9:  ZPFHEIC L SHfFE (77 7 > FMES) FHE O FEL,

ZITE B (ERET) ST OWEREENS T U A5 TIETE 5 LE X T,
72BN T A—H o LI/ ERIRIET 2L ¥ —Eg (X575 d-d ZHEERE Red) 2. %
OD}_IZ\/D?“— (Hamiltonian ®~7 7 7 > Né5y) D& 7225 L O IZRET D,
(B (E7EB57) OXT (F7id 7 A% —) ZHLIADDLERT v v /LD
JV%%T/W[: LCETHEZDMERD D, Do 3 FDRT 2 ¥ v VTR OEUEZ L
# (ZEziE, [2.26]) 1t5xBNTWD, (#FHREOHKIC ﬁ**%%ﬁﬁﬁ%é@f‘ fifi
HOBIZIZE S CEHIB L CRIBEWVWREW)END D Z 2 BEIODT 5, 21X, 20
kD (10.2.35) KD A v aND ZFH DO~ A T AFF X+ DAY ,) DDu \%mq‘g
T v id, EQPET 757 ® e*(54,2) DX TR TX 5[2.2-4,2.2-7], TSCEALIAD D



FRERUR AR T v v v v[2.2-2-511%. X 2.2.1-10 12805 7~ 7,

TSC #AtfEEE D Langevin AFE:

o 9°(Ry) 1185 _68v5(<Rdd>;m,Z)+6.6<(R'—Rid)2>

d 2 2
dt (Raa) O(Rag) Ry
==Y Y= 3 gl EFEIZLD TS D
J—arh =39 nnsn

TSCRALADHRT I )L:

. _ 1185 . R—Ry (1)
V(R Ray (0) === BV Ry (0, 2) + 2250

2.2.1-10: TSC ¥F#7EE) 4% 5 QM-Langevin 75 FE & ik 177 TSC B U A% 47
> DFEC, TSC A7 v iid, HMEQPET A7 2 o+ IC BB B & .z 5
S ERTES[22-2-5],

| D FEDZ A B FOBLRADHRT vl

—=— Vs2

jz -% —e— Vsl

o
)
._E‘J 10 l*
T o
- Rgs=138 pmforDz
.S i
§ -0 * X\*W_.—ke —o—o—o
E -20 i ;¥ Res=74 pm forDa
s =5 = = =
-30 w"".
-40
-50 1 1 1 1
0 100 200 300 400 500
Rdd (pm)

2.2.1-11: Dot7 F-2(d-e-d F/=/T p-ep D=1,F)E Do 50+ (d-e-d-e D4 (£kF) D
CADR T2 o /L — 7, Res 14, FEIEEIRBELE A Z N T,



Dot A A 551 & Dep O LIADART v v V&K 2.2.1-11 ITRT,

ST, BB X3 ERRE Dey 7 & DD 3 FIZOWTETRT,
X 2.2.1-12 1, D2y FORT v /v, EIREE, JREREOWIHE (BZM IR, FExE
BT R LFX— RE) BT,

D: B FDiZE:
d-d pair OFEHEFTRILF—: 2.7 eV

D2 Molecule Potential and Gaussian Wave F
calculated by GWF2 Code with sigma/Rgs

—&— X(Rdd)

—=— Vs(Rdd):kd Rmin =70 pm

0.15 Rgs = 76.7 pm
:l /\\ Vsmin = -37.8 eV

0.1 F Egs = -35.1eV

[ Trap Depth: 10.6eV

0.05 F

° i W

0 50 100 150 200
Rdd (pm

BRI
RETF RIS
ETHD,

X(Rdd) or Vs(Rdd):}

-0.05

2

Ay = %<W>Pnd(r0) =3.04x10%P,, (r, )W

<Fusion Rate per Molecule> = 2.4x10 f/s

X1 2.2.1-12: D2 7D CiRDF T v b, JEBIBTE, FELIRBEDF D LIS
BT 7/ F— (Brad) =2.7eV & dd 5%,

B UiA S B B 7 O ERMHEB = % L ¥ — %, 2.7eV Th b, FiRD D2 H ADE
BB = L¥—1L, kT=0.025eV THLH0H, 2.7eVIFTWVESA L ER (32,400K)
Thd, LL, BRI HUADRT VL ¥ LORDORIAFET DD T, SED “K
B EWE SO T MAEHT S Z L3y, (AEFEZEzE 3 TEHEY OH
BD 77X~ 7uX7F. GTHACADRT ¥V (V—ua fHEEA=%K
IZEB) 2LV 100pm FEDI 7 v ZEICHUIAD N TWD, M~ 7T X<l3,
BA— MROHR b—T AZHCIAD LD T, A7 — VIHEWICKE VR, b~
7 HEBOIMA & IFWEVE N TN T, AN ENRIR EFHEER L2V, De & b =2
77 A<D TIADIE, DD X7 OMXHEB L~ L v I 7 e B TiE, [A%E2ROTH
%, LU, De%y+® DD E@hARiE, Fermi O —#4%[2.2-2-5, 2.2-8] TR TX
D05, 2.4x10°66 fls TT AT Fuf (—F/1=6.023x1023 53f) ZHMNTTH, 1.4x10°62
fimol/s TL 22\, ZHUIHIERDFHf (= KGORZRE 20F/H) OFK 10 (EE (=




3.16x1016 ) THEE 4.4x1046 Tl DD KIST D EWIHIFHE LD, ik, FELE
AL T “Br” LWIHERTHD,

MEL LT b0 EHOKRUIRZENRH D, D2 ACIADRT v LD T, FEGT

EE RV =N 2 HEL EICH KT 28HHATHDL, ALIADDL EWVWS Z EiF, AT

/v%w~ﬁmﬂWW:&@%ﬁ#“ 127 100%FA LiAh H i TV AME~DiFN GE
) FEFINSBMPATEDH WS I L THDH, ZOEEIZIE, W72 Schroedinger
FREAAZEHLUZEH, 3725 Heisenberg D RHEEMFFUIC L ARG/ “BEF N5
IZE 280" R D, FTuAEELEHRAF—DORELRD L. DD T,
D FACIADRT v L DOHIT, R7uAWRIIENFEHZ -3 L 5 Icm< R bhlX
BV, T5HE AEEMEFIEIC LY BB R LR LR ITNIER 620D T
Hb, DDpsr 1 ChH, RRIFOIERIE 22 TSC #fEEB) T T4, [Heisenberg O Rf
EMEFRBIC XD ARER R "B RIS R D07 X BEICE <,

DD u 3 FO%az, X 2.2.1-18 [2R7,

Sa—AU D d-d HFOBE:
d-d pair® FHEEI TR )L F—: 180 eV

Gaussian Wave Function and Vs Potential for dd-muon

Gaussian Wave Function and Potential for dd—muon with
sig ms/R 0

Rgs=0.805 pm
!

P W P atttttn. Y Egs=-3.005keV
,.»L'/ \\_‘“‘k R-Vs—mln:O.64[‘)m lj—/ﬂ'\ 2
%’- ° v-m.n:-s.lsosﬁev -E—G‘ DD*?
& \ BMELT.

Sa—*>
[ERD
ddy 73F
i

X(Rdd)
b L
[

o 05 1 15 2
Rdd (pm)

Ay = %<W>Pnd (r) = 3.04x10%'P,4 (r, (W

<Fusion Rate per Molecule> = 2.4x10% f/s

J

X 2.2.1-13: I =z —F 21/ DD 3 7D CiRDK 722, KEITF, BT EE)
IZ/k:F*— (Ekdd—Egs— me—ZSOBV) &DD; j}AJﬁ‘o

DD p 5y O G- OFEXHES) = 3L ¥ —iF, 180eV (216 HE KICH LiADART v /L
NTIHHE KT 5, DD RS =R1T, 2.4x1010 f/s/pair & MREEIZHE KT 5, #J 100ps T DD £%
AA 73 100%# Z Y, D+D — n+3He + 3.25MeV: p + t + 4.03MeV D7 7 > F 2 kv,
2.45MeV HEFX° IMeV O U b U BRAET D, I a—FrOFmiE, 2.2 us7ZH, DD




TSC D #EHEEE):
JETE H IR RE = R ] 5 BR AE i

Adiabatic Potential for Molecule dde*

and its ground state squared wave function

Strong F. XA (R R (1) =

\/zl—zexp[fm'wﬂd ®)
TOo

2 (267)]

(Rdd(t)) "

. Bare Coulomb Potential

EIZBETS

0 Rad(gs) °, R)
Vsmin
Va(r) dde* ground state
Screened Trapping Coulomb Potential
<
BEEBITRT OO v LITECGY
-Vo

2.2.1-14: TSC g DHFFIE 7747 2 S D4 A — 2,

TsC BALADRT v )LD sy ( at R'=Rdd )

Main Trapping Potential of 4D/TSC and 6D/OSC

1000

2000 ¢ —e— Vosc (eV)
1500 E \ —=— Vtsc (eV)
1000 F \
500 F
> : \ TSC Trapping Potential
= oF
.© 2
= F
2 :
[a o
-1000 F /.
-1500 F
. | Res =40 pm for 6D/05C |
-2000 F
-2500 © e
1 10 100
Rdd (pm)

2.2.1-15: TSC 7 2 2 /L DHUE (FLfd) DZE(LIT, LEFECKEE (6D2/0SC T
(ZTFETS) FRET, &2 EAGITIED entitly & L T 2 255~ i 75,



p DFAmiL, 100ps FRE & IEFITHE VY, BRIz p i, oo DD ICTHEY AW T, 2.2 s
DFEMOKIDY £T, p MEEEG OEE AR 23, =R —HD H LEEA~OFRHEO
EOWCR 2N, MEEGR T 2 —A4 v ZREIMEDIER oIV —%2E 25 L, EROD
TR —FIENER TE D L) R THEERIIEETHSD,)

& T, TSC % EE) CORMKEDORT > ¥ ¥ T, BHORT v v L bz T

L, 22114 DX S RIET, KA A2 Z0 “WIE” (Wi e AR EERIREE) e F~&
BT 5,
TSC AT v/ (¥ 2.2.1-10 O ) OFJE (R=R) TOfEIL, K 2.2.1-15 (Z 6D2/0SC
DRT vV L TRT L DIC, BEEREREBEZEST, £ (RaaDWBA) 120 < IZ
< 72 %, 4DITSC, 4H/TSC WVMENS DLV - FEIETE 2 & AEHET 5 A —
AL DN a5,

Langevin HREXOEMEMEORER[2.2-2], B 2.2.1-16 (2737 K 5 72 4D/TSC O—H D
dd [ R Raa & dd T OFHRHER) = 1L — DR LA GHR S5,

TSC B EFDETEFER by Langevin Eq.:
B HER RS Condensation Time = 1.4fs : JERS[ZELN !

Rdd DiF D EEDICER FESHTHILF—THEMD

| Ed= 13.68 keV at Rdd = 24.97 fm, with Vtrap =-130.4 keV|

100 /.
S 10 L\

2
= 1 —e— Rdd (pm)
B —u— Ed (keV)
L 0.1 \

o
—~ 0.01

g
~ 0.001

3

2 0.0001

0.00001
0.00001 0.0001 0.001 0.01 0.1 1 10

1.4007 (fs) — Time (fs)

2.2.1-16: 4D/TSC DHFEI K iFdkEmi EE) D Langevin 1 fE=C12 J- 3 FEAE,

AUEREIEE (4D BERA Y 100%384E LT, 4D/TSC 2NHIET % £ TORR) 1Z. 1.4007fs
EIEFITEV, REMNICIE, BT OMHER T 2L —1%, 13.68keV IZEL TV 5,
AD AL, N THEEER (X 2.2.1-17) OAHARE R L & B2, 1.4fs {1 TREIZHY




K$ %,

BEIREDON\Y T BEBBRIL, d-dEEEEERELI=REJdDF
(EQPETHF) D/ 7HEBRE(Z | —x—ITR ST o

Ry (pm) P,4: 2D barrier facotor | P,y 4D barrier factor
Elapsed Time (fs)

0 74.1 (D, molecule) 1.00E-85 1.00E-170
1.259 21.8 (dde*(2,2); Cooper pair 1.30E-46 1.69E-92
1.342 10.3 2.16E-32 4.67E-64
1.3805 4.12 9.38E-21 8.79E-41
1.3920 2.06 6.89E-15 4.75E-29
1.3970 1.03 9.69E-11 9.40E-21
1.39805 0.805 (muon-dd molecule) 1.00E-9 1.00E-18
1.39960 0412 9.40E-7 2.16E-13
1.40027 0.206 3.35E-5 1.12E-9
1.40047 0.103 1.43E-3 2.05E-6
1.40062 0.0412 1.05E-2 1.12E4
1.40070 0.0206 (TSC-min) 4.44E-2 1.98E-3

2.2.1-17: TSC 4Efi 1= L= S RFIEE DN U Tl F i A D7 (HMEQPET |- J- 5 7,
)

4D/TSC-min (transitory BEC) Di5&:
d-d pair@FHEEI TR )L F—: 13.7 keV

sc (keV) vs. R’ a i(t)=25 fm usin,
== Pos (M, Z) = exp(—NT (M, 2))

, Fi(m,z) =0.218u [ """ W, (Rim.Z) ~ E,dR

o

Viss (eV)
§ s
o

tC
Maa =1—exp(=[ " 24, (V)dlt)

Agq (1) =3.04 % 1021<W >P4d (r,; Ry (1)) =1.88x10%° P, (1,; Ry, (1))

<fusion rate per 4D/TSC-min> = 3.7x102° f/s ; for steady state

Real yield of 4d fusion : N 4d = 1.0 per TSC-cluster:
AD/TSCHAFE §5L1.47 LMD T, 100%4 DI%REL
LT 8ENIDL—4ADRET S,

2.2-18: TSC #Efi DRALNFE L TORFEVTIE TD TSC [ CikdFR 72 d 4D £
JFIHFEER A3 D 7B .,



HMEQPETE TILIZ KBt HEER | ;ﬁggdd&7a)z|zf95§§n:*n,¥—|

b0 Rmin Vs-min Edrd Rgs Egs

Molecule (pm) (pm) (keV) (keV) (pm) (keV)
M 22 70 -0.03782 0.00268 76.69 -0.03514
dde*(2,2) 4.5 19.3 -0.1804 0.01013 21.82 -0.17027
dde®(5,2) 1.9 7.6 -0.4509 0.0208 8.72 -0.43007
dde*(10,2) 0.90 3.8 -0.9019 0.0418 4.36 -0.86012
dde*(20,2) 0.45 1.9 -1.8039 0.0837 2.18 -1.7202
dde*(50,2) 0.18 0.76 -4.5097 0.2094 0.873 -4.3003
dde*(100,2) 0.09 0.38 -9.0194 0.4196 0.436 -8.5998
dde*(200,2) 0.045 0.19 -18.039 0.843 0.218 -17.196
dde*(500,2) 0.018 0.076 -45.097 2.135 0.0873 -42.968
dde*(1000,2) | 0.009 0.038 -90.194 4.336 0.0436 -85.858
dde*(2000,2) | 0.0045 0.019 -180.39 8.084 0.0218 -171.406

2.2.1-19: & DD %7 (HMEQPET % 7-) DA IFPEIC ) 5 Hi# a7 Ea

ADITSC
Condensation
7 Electron Center Reactions

4re =4x2.8 fm

2) Minimum TSC

1) TSC forms reaches strong interaction
Electron P range for fusion
NEED
¢ j
¢4/

— @&

+ 4He
10888/
N pelteron 4) Break up to two 4He’s via
— complex final states; 0.04-5MeV a
15 fm

Kinetic Energy of CF by A. Takahashi

3) 8Be* formation |

2.2.1-20: TSC ZiniZ J- 5 4D/TSC #Eiiia e, [ 5 SBe* Dk, 15 & OFKILEE
FHEAEWIC I 5 D HES ]



4D B a RIE, R D 2510208 &0 9 BRRFOIRFRIIE O & 2 AT, 131FE 100%F84ET 5, =
DEEDTSC AT v v (BEWRELE) LEMEREOREREZE 2.2.1-18 I2RT,
FHE R COWE) TSC AT v ¥ v V2 BUEFHR O E EOPE T, RN TEWETFO
7 —_—=%H+® DD 43+ = HMEQPET 431 dde*(m, 20DART > vy /L) IZEEHZ T
FHRT 2. ARy DD [WEERE Raa & 2553 JRBE CHHA L 72 R IR B O WIFHE 4 X 2.2.1-19
R,

ULEDOETFAHFERKRE, ~KTEEDLH L, K2.2.1-20 DL 57D, KIREMHAIER
DOFEMIE, BFgtR Bicdh 5[2.2-1], BHETH D, TV 7 7RI TH 0.04MeV-5MeV 3T iC
DAL THRET DL ERbND, £, AT =77 FIZ MY b ORELZO IR
IZX 5 1TMeV fHEOEHE P 3AE (T A7 7RO 1024 FOMERER) 5 L fif
franTnsd (32HizMH),

& 2 AT, TSC ML E EBROYME - (LFESEMT, EO LS5 IZEORERAT 50
IR - BEmbd 5 2 Lid, AEWICEECH D, BIE, [UAEREBROMEROMR L 1D
T, BfhTh s, & 2E, Pd 7/ ki+oFm PAO B (B(LE) I2ENT S, 7
J R—/L (SNH) |2, D A — ROFIHN D ADITSCH=0)154ET 25 Z L 2E X T\ 5D,

LR, /SR O AV EART v VEERT D B FHRE” L LT, 3.1
HCHNT 5, EbVOHRTH, K 2.2.1-21-22 ITHE&X 2R~ Lz,

PdO REBIZDH)H REF¥—2¢ H& SNHMFKLE
Another D2 comes onto trapped D2 at SNH (Sub-Nano Hole)
00000

+
0000008!
* R
% R R R R R R
XXX
Octahedral > Db eeeee
Sites: i-1¢¢¢¢¢¢¢¢¢ D2
2000000000001 )
00000000000 01
0000000000001
0000000000001
R R R AR AR
R
%44004044
/ R
* XXX ® Deuterium
//. RS
Fractal Trapping *+ ® oxygen
points —
00000 @ r:iadium

2.2.1-21: BfF X HILENRIC I 5 2 F R 50— S D 5 F 93, J2 & 2147 E PdO JE o
B LB 7F S F—n (SNH) THEESAS,



Image on Formation of TSC(t=0) at Sub-Nano-Hole (SNH)
Of Nano (Mesoscopic) Catalyst : A%/ filli 3% [ TD TSCHS AL

Surfacelewvel Pd or Ni

. | H orD trapped ﬁrst|

| H orD trapped second|

X 2.2.1-22: 7/ X @ B GO SNHIZ TES TS COA X —2,

Deeperlevel Pd or Ni

fitiJm, [HIRBEG ORI, I 7 nZEMW~0 “GE D7 I XAFZ—OLAD| L
5 Z LT D, BOSHEE TORA O EI) = L X —3, 77 XA~ miigms &P
EoRbDTHDL, L, Z 7 AZ Bt (FrZ 4D) MEJE ST, KHUHRE - BURB
F, WEIC DR RERT Y —VHREDREIFFCE S, Cmns-forum TOERIXDE &
ZFIER LT 2.2-28 IZ#it 7,

FIRZAE B TSC EHERD SR

- BAZMEE BMREVRERIZEY. BERKY
HZEMICERTZIAIERALAO TERT S

- BREAME X, ERRORECRAT, B3

AZERA (microscopic as 20 fm diameter) [Z
BEBIRILX—DOEBTFI SR —E B
CiAHTERT S,

« AD/TSC 9%t HBTransitory BEC GBIERIZLL
Bose-Einstein £E#E{A) D& Z AR AR
Slx. FOAD=_XLTH5.,

X 2.2.1-23: TSC Fin Dfdan & a7k E2h & o JA P



2.2.2 Kim ® BECNF #3 :

NR=T 2 —KPEWEZERO Y. Kim X, £ Bose-Einstein §Effi 23 i iR A O 72 H
5EFZZT, Habic A TE T, ENTH, LBRER Gms) BEEROHR
B L Cx7, 5 JCMNS 35& Naturwissenschaften FEIC L E o2 —#H L AHE TV 5
[2.2-8,9], Kim ® ACS2010NET TOREK AT A ROKZEMED T, MEICHAT S, Ko
BECNF(Bose Einstein Condensate Nuclear Fusion)#i@i2 L 0, K 2.2.2-112F L=
BROZ D7 L—LARHHTED L ERL TN D,

[Kim, 2010]
Experimental Observations (as of 2009) (not complete)
from both electrolysis and gas loading experiments

[1] The Coulomb barrier between two deuterons is suppressed

[2] Excess heat production (the amount of exess heat indicates its nuclear
origin)

[3] #He production comensurate with excess heat production, no 23.85
MeV 7v-ray

[4] More tritium is produced than neutron, R(n)/R(T) = 108~10-°

[5] Production of nuclear ashes with anomalous rates: R{T} << R {*He}
& R{n} << R{T}, ie. R(T)/R(*He)=10"° ~ 10% and R(n)/R(T) = 108 ~10"°

[6] Production of hot spots and micro-scale crators on metal surface

[7] Detection of radiations

[8] “Heat-afte r-death”

[9] Requirement of deuteron mobility (D/Pd > 0.9, electric current,
pressure gradient, etc.)

[10] Requirement of deute rium purity (H/D << 1)

2.2.2-1: Y. Kim 7% BECNF Pz Tl T& 5 & 95 Elid B oD 2 L — A4

BECNF #Hiao 7 7'V U Z20E # K 2.2.2-2 12”7,

[Kim, 2009, 2010]
Theory of Bose-Einstein Condensation Nuclear Fusion

(BECNF) in Metal
—> In metal, hydrogen (deuterium) atom is ionized and
becomes mobile as proton (deuteron) in metal, as
proven experimentally by Coehn [1929]!
= Assume for BECNF theory a single physical concept that
deuterons undergo Bose-Einstein condensation in metal
(““nuclear” BEC), and

—> Develope a consistent physical theory which will

. (1) be capable of explaining all of ten experimental
observations (listed in the previous slide), and
. (2) be capable of making theoretical predictions,

which can be tested experimentally

2.2.2-21 Kim & BECNF Piin Djl & &



1) &R T, KBEEKIZEFIBE LS VA Ao TND,

2) HGEF134 )BT TlE. Bose-Einstein Effid 5 & —BRIIRET 5,

3) ZOFMFTHRmAEEML T, EROs L—a0@H L, TRET S,

FT. 2ODRENKRERIBTH S, UATLY . ZORE~DEMBE TN D,
£, KFBLHEARIIHRTIZ, PANVI7 &R (BRFERTEZHVWLND) BT DO
& (FCC #& 1) 1Tk - iS22, BEILAG WA A v L3l 2, EEICERE O
PEBUZEA T lem & O ROV 025, £ 7o, ERG 1% Bose i f- (AE L 1 14) T
HDHN, BAFFOLZDITHICETF (A2 1/2 @ Fermi Kif) %> THT, FFIRD
WZIEVIRIETH A DT, DOBEAE NI THY Fermi Ki - Th b, L7=n- T,
BEC TX72\),

THEH, FOLOI RN (KT vy x/L) TBECHAREEILZEEZOLNDIDNE
WV O ARARHIRTE 2 e 9172 B[Rk L TV 5, BEERDOERY, - 7 — 1 UG ORI TIADR
T VNTO BEC D2 FiLe WA ORT v VT, BT
AR TTO BEC 3H 0 250012 ZHLORMBEEBGIZET TR Z L2 LI, B
Y NGO CRBIBARNATERICERZV G I E LTS, DFED, Z7—r N TR
EOX TS NLEDONE W) MEEZ BHNALEIEL TWHDTHD, £ LT, K2.224
R T L 92 BECKREEAMFICEIRTE 5 L LTV A,

HHN

‘e N Requirement for
Sl o Bose-Einstein
(uKelvins) E Condensation
Bosons and Fermions similar (B EC)
= A E. 1924
>
Aos = h/mv A DB d
Sl cold atoms .
where dis the
T=T. average distance

between
neighboring
two Bosons.

2 2.2-4: BEC JRHEIZ 70 o 2 FLEEA KD A4 X —2

&Iz BEC JREED E 5+ D Rk sy (fraction) # X 2.2.2-5 D L 5 12 L CHRERHAOICHE T 5,



Fraction of Deuterons in the BEC State in Metal at Various
Temperatures

- For BOSE-Einstein distribution, a fraction F(T) of
deuterons below the temperature T or E_ satisfying

Ay =d(A, =h/mv) can be calculated as
1 (e
F(T) =Nj0 Nee (E)N(E)dE
whe re

- = N(E)dE AnV oo g
N:Io nBE(E)N(E)dE:j0 o N(E)dE = (2m°) JEdE

> For T=300° K with A4 >d=25A

F (300° K) = 0.084 (8.4%0),
compared to ~10% for the atomic BEC case.

2> F(77.3° K) =~ 0.44 (~44%) ! (Liquid NitrogenTemp.)
- F(20.3° K) =~ 0.94 (~94 %) ! (Liquid Hydrogen Temp.)

11

2.2.2-5: #2517 5 BEC JCHED BB D77,

[Kim, 2009]
Total Reaction Rate
The total fusion rate R, is given by
1/2
Rt = NtrapRtrap :%Rtrap :%(%) SBQVI’]E ?3)
1 3 3/2 NZ 1 3 1/2
Rtrap :EKEJ SBQDT:Z(EJ SBQn,;N (4

trap

where S is the S-factor in units of keV-barn, B = 2k / (m me?) =
1.4 x 10 cm3fsec x (keV-barn)?, and SB =0.77 x 106 cm3fsec
with S = 55 keV-barn. D,,,, is the average diameter of the

trap, N is the total number of deuterons, N is the number of
deuterons in atrap, and ny is the deuteron density.

Only one unknown parameter is the probability of the BEC
ground-state occupation, !

2.2.2-6: Kim DFEinlZ 517 S /I D gt 20

ZoRFEIT, B —v 52T % BECIREE, D F B eIl Bl o /2 DD
TOEERDLZLDTHDL, LarL, 20O DD _7 %, MOEAHAAEHROS TOJEF14




dd <7 ® BECIREETIZZ2V, LA L, Kim %, TZZREFALTWD X IICEZIT 5N,
W7 —na V3 L1505 T BEC IRREA KN L7- & LT, ala =% DD K& CT3HEER
AIZREIN D SfE (astrophysical S-factor) # AW THE L TWD (K 2.2.2-6), FZ&HD A
7T v 7 (K 2.1-5) 12312, 100%4 7 5 Black-box & L TLE-TWD, (ZHE,
HARBOEL 2 5 LT, BlER L L TIRARIZE TV, EFDRITUER520,)
RICEAEPOSEFRIZOWT, AAfiEeim s 2K 2.2.2-7T D X ORI L TWa,

[Kim, 2009], Exp.Obs.[2] & [3]
® Forasingle trap (or metal particle) containing N
deuterons, we have

yeee {(N=2)D's+(D+D)} — y*{“He+(N-2)D's} (Q=23.84 MeV)

where yg is the Bose-Einstein condensate ground-state (a
coherent quantum state) with N deuterons, and y* are
continuum final states.
> Total momentum conservation
Initial total momentum: P_, =0
Final total momentum:
6} Poep =0, (Tod=~ (T, )~ &3

N
where <T>is the average Kinetic energy T.

® Excess energy (Q value) is absorbed by the BEC state and
shared by (N-2) deuterons and reaction products.

—> Provides explanations for Observations [2] (Excess heat
production) and [3] (*He production without gamma-ray)

2.2.2-T: Kim DZ K E/IEFE T4He PIHELT S LTSy 2, (PHEEHKES
EoLS BEXZTWRWDT, [FHFEEDHEFHANEN I BEC TET S0 9 > D)7 17
TRXDIRAPE /S 20, SEDUREIFLEL,)

Multi-Deuteron BEC Fusion (continued)

N deuterons (ND’s) fusion in BEC is possible, but its probability
would be much less than two deuterons (2D) fusion.
N = 20 (Z = 20):
20 D’s > 49Ca +297.6 MeV (0*, abundance: 96.941 %)
N = 14 (Z = 14):
14 D’s > 28Sj + 205.4 MeV (0%, abundance: 92.23 %)
N =13 (z =13):
13 D’s = 26Al + 177.9 MeV (5%, 7.4 x 10° years, e-capture
decay to Mg (0%, Z=12, abundance 11.1 %))
N=12(z =12):
12 D’s = 2Mg + 171.6 MeV (0*, abundance: 78.99%)

We need independent experimental tests !

2.2.2-8: Kim D ZKEES I D L T b 10 2 (B 55 12-20D (2 [FEIZIH S 2)



ZOZRIEORIT, K 2.1-83 THRARCHERLD 7 FA T VT RESTL 7 YT IHTHR
WIHHBITH D, (LTzR-T, ZOH@mITE, “Ansatz” OEMICHD V2 D,)
EHIT, 2228 DX ORESEEZTRL TS, BV EIEMN., 12-20 HH D%
BODMN6RL7 T AL =B 7202l TXTOEE D B3 Hhor ey (1.44m O
RAFrDar7 b AER) TER - TEE L TWRITHIEZR R, 202 L%, &
S BAET AVHAETRTLERDH D, SHOENTHIFLIZV,
ZDEHICBECIZHZDIF7= Yeon Kim DR NIZS TN TH D, M DIRE & KT D
BRICEHEN A ONLDONEETHD, B LR L7zu,

(25 3R]
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Widom-Larsen 238 /KB R TORFEELOGDET /L L LT, PAH FHits - IRE) D F
HRIZ X 2B EB) = % /LF — 0 500keV 2T B 220k EE & Hve- D53 W AME I &
% [Very Cold Neutron] %4, VCN IZ X 2 “WHEHEEH G, D L% Euro-Physics
J.[2.3-1J1c3F L= & &%, D. Nagel, E. Storms, S. Krivit 72 E23VEE L7=, #Flc. S.
Krivit (3%~ v 2" New Energy Times T, W-L HiG D EL% 45 H1T7> T 5, W-LE
D FE EDIX. ACS-NET LENR Vol.2 O 3C[2.3.21 B3 Ft 45\

W-L OBEFOHBHIMFREHZ A D HNZ . EAE O TSC BiG T 4H/TSC Ok OUeka s ¢ &
DIEFE DT EAER S AIEEZ BRI ET L TA L 9 (cmns-forum (2L SN2 A T
A R ppt 51 H[2.3-3], JCF12), ZD#EFIT, W-L BEGROBARIZENL S0 B Th 5.

4H/TSC T X 2 FFIRERZ UL IC X 2 RE THI - TSC OEHEEELITH AR TIED ROV
— b 2fF (1.41) &%, T7bb, # 1fs TRV AER OB E TERET 5, B
TR ISRV AR X DA S 3@ v (R, TA Y AU
). LU, 4HITSC I F T v 7 ENT-E T OER = 3L X — DS e AR Be s CHE S 890
THOT, WHLEIWKIS TR b I L 2B g2 84E ) 3250
By, K2.8 112 0T VEGROMREX/R LTV D,

4H/TSC
Condensation
Reactions

1) 4H/TSCforms
Electron

neutron

< 4) Break up

3) 4Li* formation (PEF=3) 37
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ACS2007 | TSC Condensation Motion; by the Langevin Eq.:
Condensation Time = 1.4 fs for 4D and 1.0 fs for 4H
Deuteron Kinetic Energy INCREASES as Rdd decreases.

100 /‘
10 =

~—~
>
< ,./
= 1 —e— Rdd (pm)
B —8— Ed (keV)
n 0.1
o \
~ 001
g
E o001
ie]
© 0.0001

0.00001

0.00001 0.0001 0001 001 0.1 1 10

1.4007 (fs) — Time (fs)

Ed= 13.68 keV at Rdd = 24.97 fm, with Vtrap =-130.4 keV
Ep = 100keV at Rpp = 2.4fm, Vtrap =- 1 MeV

2.8-2: 4H/TSC (5#EE) 3 4D/TSC DFF0 5 BEZ 05 L 7= K]

Minimum-Size State of 4H/TSC:

Rp=1.2fm

I'pp = 2Rp =24fm

VB = e2 [rpp

=1.44/2.4 =0.6 MeV
Eke = 600 keV

Ekp = 100 keV
Condensation Time:
About 1.4/2V2fs =1.0fs
Duration : about 2x10-20 s

4Rp = 4.8 fm (Life ime is much longer? — to be studied)

P

Electron

2.3-31 4H/TSC-minimum D~ 7 X — X D7 g

ZORIGEDHFEITTSC H7-0 107 OF—X—Th 5, 4D/TSC 1T L 5 4D s (8Be*7»
5 1He OFEA) N TSC H12V 1.0 DRISHERTH 72 Z LIZl~D & MER DL



M TEX MR A5, L, 4H/TSC IX Rpp 2% 10fm 128 - T H MWEE I L Bl
“ & 4H/TSC 7 7 A X —DO{EWIT e, ZD7=H, 4D/TSC LV HEMmBT VS EEL
R AREMD D D (Z OFHImASKREIZZAN, WFFEH), £ LT, 4H/TSC 7% 3fm #2JE * T
g L7 & ZI, T 2 EF OBRFLEE) = % /L F—23%) 0.6MeV I LH-T5 Lt Sh
% (X2.8-2)
Ryp=2.4fm TO TSC AT > v ¥ )V DIES (Vtrap) 135-1.2MeV 725, ZD & S
SHICEFOEBH TR —F, EOHH T, £ 0.6MeV 7225, Zhidk, B2vE
il (B8VHALER) TR 2 AKT D L&V RLF—0 0.272MeV 22 TV 2,
(£ : Widom-Larsen |%. PdH OFif#E®E) (LETx/1%—0.03eV) O =kt —L 2 b
BHERY TETFOEI = RLX =PRI RT 207 H 0 1MeV ITED EGE L
TWo, Lol MYICERRRETH D, —FH., 4H/TSC 1L, Iz oRE 2D L E
WERBEEZZERLE D ThHD,)
2.8-3 |Z 4H/TSC-min ® RFES Y FHlEEZ R~ L7z, ZD & X2, BWHAEHRICL S
i - DB A HIED I Z 5 ROSR AR 2.83-4 IR S > TV 5,

Weak Interaction at 4H/TSC-min

[We assume WI happens at proton surface
with W-boson wave length (2.5x10-2 fm)]

* Eke = 600 kev exceeds threshold (272

keV) ofp + e ton + v interaction.

p+e +Eke—>n+Vv + (Eke—272keV)

Proton
(uud)

Range of
Weak Int.

</ Rpe 1.2 fm
We assume 1S-type electron wave function

/ for “diminished Bohr radius” = 2Rpe=2.4fm

Electron-orit

Effective Volume for WI:
AV, =47R%K,, =47+ (L.2fm)? - 25x10”° =4.5x10°(fm)*

2.3-4: 4H/TSC-min WKHE TDG VB ATEIIZ L 5 157D B 71 & TR
INEDLEIE

A= RV DAy P E 2.5am(2.5x10°18m) 235V VFE AAEA R = A AEE (L
D) LA, 2L, BURT X 912 1.2fm(1.2x10°15m) & F DO TED K& S 2o+
FHO/NSIR ARy MROFEBE TOAREZ A TH D, TD=HiZ, 4H/TSC-min 2



Weak Interaction at 4H/TSC-min

* p+e +Eke
(600keV)—n+v +
328 keV

» Neutrino carries away
most of 328 keV.

* Produced n makes
iImmediately strong
interaction with

<Wirate >= (47 /h) <W >, (¥, (r,))’

(P, (r,)°

~We(Rp)?A Viv=
(0.6/(3.14x2.43))x4 5x10-2

=5.9x10-5
41 /h

. =G /V)c\,ycos 0,

(4 /h) <W >,=|M,

|G, =1.16x10°GeV ?(1c)® =89V (fm)’|
cos6, =0.88

: Weinberg angle, and

<W > =78eV

We set cv=1 and V=1

remained 3p of TSC.

<Real Wirate>=<WIrate><A t-tsc-min>
=2.37x1017x5.9x10-5x2x10-20=
2.8x107 (1/cluster)

2.3-5:  4H/TSC-min K BE TOWGF DEFHHIEIZ L 5 I FHEDFHH,

Rate of Strong Interaction for n-3p Cluster

: Immediate strong reaction with “n” by WI
Gauge boson propagation time per fm =1 fm/c =3x10-%s —
Simultaneous 4-body reaction possible (100%) within A t-tsc-min = 2x10-2s

Electron 5
‘\({“F'}\) < Slrate >= (47 /h) <W >_ (At —tsc —min)
N
_ PEF =3

AT It means 1.0

¢ <W >,=0.115MeV (100% fusion) |
AT |< Sirate >=3.04x10°x0.115x2x10*° = 7.0(1/ cluster )|
iy
NI <4H/TSC Fusion Rate>=<W!Irate><Slrate>

5 fm =2.8x10-7x1.0= 2.8x10-7 (1/cluster) —

By gas loading experiment with 2nm diam Ni(+Pd or Cu) particle,
one TSC per particle persec was speculated: 1/10,000 pers per nano-p.

Supposing TSC production rate pers permol-metal (Ni): 6.023x1023/104 ~6x101°
<Macroscopic 4H/TSC Fusion rate> = 2.8x10-7x6x101= 1.7x 1013 (f/s/mol)

About 20W

2.3-6: 4H/TSC-min TiZ, I DOBHIFIZ (Sp+n) e %473,
(5 4 E DIl gauge-boson=pion D 2> 7" | L/, 1.4fm)



Products of 4H/TSC W-S Fusion

* 3p + n—4Li*(4.62MeV)

* 4Li%(4.62MeV) — 3He + p + 7.72Me\=— Yan branch
(1.93) (5.79) slide

* 4i*(4.62MeV) — d +2p +2.22MeV
(~1MeV)

* 5.79MeV proton produces PIXE:

ca. 8keV for Ni

+ 5.79MeV proton energy is smaller than neutron emission
threshold for %8Ni (9.5MeV) and °Ni(6.9MeV), but larger
than those for 61Ni(3MeV), 52Ni(4.5MeV) and
64Ni(2.5MeV) . (So, see the slide after the next one.)

2.3-7: 4H/TSC-min D (3p + n)EZh 5 THAET 3 LkHr7

Conclusions of 4H/TSC WS-Fusion

« Simultaneous (very rapid cascade) weak and
strong interaction may be predicted in the
final stage of 4H/TSC condensation.

« About 20 watts (or more)/mol-Ni heat with 3He +
d products is predicted (Clean Heat).

(Heat level depends on TSC generation rate.)
» PIXE X-rays (ca. 8keV) will be detected.

* About will be detected.
(10° neutrons/s per one mega-watt heat level)

» About 4 gammas by Ni(p,y ) per joule will be.

2.3- 8 4H/TSC 2L 555 - HEET)IAFFIENIIC L & SIS 7 D



N7 w7 ENT-E BB GHE T 1s BB E L TIIL WD) o6, 20
WI s (AVw) IZFEGT D23 s Mk b 4% (K 2.3-5),

(7 - W-L o W 7= #ER=CC ik, WI Ik (A Vw) ([ZF 592 55 OF) 5 Hitidk & M
LT 7T/ b%# 1.01I2LTW5, ZOMY BNISEOIBAFMEAEALTVD,)

BB, ZOBFOEFHERGE. BROH CHRFHIEZ 5 2 L2y, Z0HEBIE,
WI ik (AVw) 28, —EOBFREOE—H VAR Y MR 1ZDOB0a—7
JWARy NEBERDLZEITRFIZELVERENLLTHD, (I DF Y, poly-neutron
(FFAELZ2V) 4H/TSC-min (ICHPEFN T ERAET L L, WAL VY OSM AV D
a7 P UER 14m) NIZ3HO P HEBICFET DO T,
One-Pion-Exchange-Force (PEF) N 3 OB+ & — o T+ MICFEEICH, *
DFER, 100%DMEHE T, (Bp +n 2ALINEENHAET L, EEE Li*iE, 13T 100%
D7 Z T T, p5.79MeV) & 3He(1.93MeV)IZAEET 5, (X 2.8-7)

(BRTEN, ZD X977 v AT 3He WREICERTEIUE, @IET 7 XA~ D T Kt
BIFOTHIET T > v ME, Li BB L 7o o T, FRERRIZIER IS HIC /2 5, 4H/TSC
DFEMDEI L TSC ORAEFEOHERKPHETH S, hNnEHTHIEX, HF & CF X

“BIHE” 22D, 9 RNUE BFEEINOFRIZE > TENZ & TIERWN,)
EEA T A R[2.3-3]0#ERICF12 TR )% X 2.8-8 IZ/~7,

S C, cmns-forum Tiam S 4172 Widom-Larsen FREa D554 « MIEHA - 32D (22T,
FREFEETELODLERDL D THD,

1) @RAKEKTOREOE T RLX—2272keV T A I = X AR YT 5720,
W-L 1%, HEWE T e*®¥E/EX phonon #RE) -0 pumping-up T 1MeV IZE5HE T
DEETDHELTHDEN, BRI A D= XL E BN RIS TN, H L
HHE 2 IMeV I I D & HlB) XY lethal IZHBAET H1LT TH D03,
B SN TW2RY, PdH 72 EOFEREOREILEIZ, 777 %L T, WL OET /L
DX HITEHTIER2VW DT, coherent phonon @ pumping-up I[ZZDH 720N,

2) PdH 72 EOHIE, HEIRECTORE) = R /LF—2% 0.03eVIEETH D, b LEGTD
BN RAET D & BAETETITZZ OFEH T XL X —E2RETHDO T, WL
FiE4 %5 VLMN(very low momentum neutron)|ZiZ72 72V, £72. & L+
PMMEZRLF—THALTH, Pd #F#KEID phonon D= Rr/L¥—%H 5o T E
FET 5D T, BRMAEOET XL F —Z8 ms TEHT 5, FEBEDC F FEZEHR
T, BPHAIIE~ A 7 e BRNIC RIS LIRIRT 5 (Kozima £7 /L TH R,

3) MR R — A K D SOGHTERE X, v ERINCHE S, FOGEE = (h M- flux)
x (Brififd) =nve (ZFMEFEEICHAIT S, Low momemtum (272 > THIGH




25100% & 70 5 & W-LITERT 228 FhEW, FOSRITETET L B b0y, X
i LR WAHPEF- 2 RN KR EICIRAN T, BHICBR SN DI1TT TH D, BULH
FEAL L7 5 PRI E T lethal(BSE &) @ 102 n/s DL E & 72 5137,

4)  TVLMN O& @R FEE~DOWILTHRAT 2 IR T o~ A, EVEIRE e*l2 &
D 100% B mAKFEHEATRINESND ) LW o REiZ W-LITERL, FrafbHEE L T
WHEITHD, ZOFERITIE, B - BUHHDEER N ELS | SREEECTH D,

5) W-L#i@iZ dde* — d + n + n OIS EKFRER CTHEIEZ 5 2 L &Rk
T BN, 2O LD RBIHIFE R0,

6) W-L ONA L7259V AR X 2 BOSFEFHI O &1 /150% ., B4 0 X5 128
HIXR x5, LaL, HiEFHREO®E ETHES7-%E (weak boson range % &
LTV &) EEE2HWTW T, FEFRRIRROBRGHIE & 72> T\ 5,

SHBOBREMFRELIZ U,

(25 3R]

[2.3-1] A. Widom, L. Larsen: Ultra low momentum neutron catalyzed nuclear
reactions on metal hydride surfaces, Eur. Phy. J., C46, 107 (2006)

[2.3-2] Y. Srivastava, A. Widom, L. Larsen: A primer for electr-weak-induced low

energy nuclear reactions, LENR NET Sourcebook Vol.2, ACS, pp.253-270 (2009)
[2.3-3] A. Takahashi: 4H/TSC fusion by simultaneous weak and strong interactions,
ppt slide for cmns-forum discussion, August 2011 (to be presented at JCF12)

2.4 a—VLr MEEZEBHER (Hagelstein, Chubb) (ZIE LV A

Fleischmann-Pons @ [HH%:7- O H 22 WVEK AR C O EIEN | DOFERHLA5EE0Q98) D H & |
M. Miles, L. Case, M. McKubre, Y. Arata 72 E25, DHERIEAE ARSI 2 4He D34 2
LT, D+ D — 4He + lattice-energy (23.8MeV) OWEEFENH D D TiFeW vt
HEH =41, J. Schwinger, G. Preparata, P. Hagelstein, S. Chubb 72 7% [Coherent DD
fusion] OHFRLICIVHATE/Z, LrL, 2o “HiffiZe” FOSUIESL L 2WES S
FE T TICAH ETORETH~/[2.2-1-5], LA L. Hagelstein (I, £72HE 5D
BXRLTWD, (M. McKubre (2L % &, “Peter IZTERFEDOKTZND, O Z(E L TY
R—=FT27, LE-oTVND, TIKTL LS. Mike A, KL FMERIFIZNT T
TV T £ AL) &I Hagelstein (3, JCMNS ZEICEIROM LA FE L TV 512.4-1,2],

[ b —L v M) BT IR, 25O IR 1D phonon MU LW KA RO RV
X—JEfrAcHL - AN EEND LIRET D, ZORKRE., B LOAEREE T L 1H




WERE 2 AT 5, =L F v MRBERIARICRZ D,

X 2.4-1 12779 &L 9 72, phonon ZHD L H R %5 2 5, OPLHIL, ‘He*(Ex=23.8MeV)
DEERR T 2L X— (£7-1%, 2D & He DEEXIEH DT R/ X—23.8MeV) % C
FEBROEBEERYE (PdDx) O FREI= XL ¥ — (FWB 71X, 0.03eV BED
phonon-energy #¥#iD) ICWHEEZETTIERIEL T I T TG EEZ 5,
ZhE, ZTED MO FIRE 125 100 SEU EOBMEL 2D Z & ThHDH, £72. 100
Tl @D recepters IZ[RIFFIZ 23.8MeV ZHESBL L CEB SEHZ &1E, & THTERY,
(BFICIBET 22 L3, ABOBBREONTEN, AE S RHERFEN o0 5 72
VY, TEBARERERE O BERASOEIEEE ISR D Z LD, 100 FIEDIED - - 2ERIE “[RIRE”
IR ET D121, SCHENERIZEEE D EROT20, 100 T OJFEF 234 nm £ D
WZERNZ A LTV D DT, 4He*DFfn 1022 OFICIEAT 2013, BHERH 5,)
725, 4He*7> B EFHIZ 100 J5E @ phonon A& FIREN fni> D £ T, ‘He*lT R\ #
MTWRIT IR 53, He*REEZHEFF L T phonon ZZ#IZx%Z E TIL U TH bbbl
2B, (RAHERBROF /R 1E, JF-#8 1000-20,000 D A VR THDH DT, KRAMHED

PL. Hagelstein and I.U. Chaudhary / Journal af Condensed Matter Nuclear Science 5 (2011) 52-71

[m+3,n-3)

E
[m-1,n-3}
Im-2,n-2)
Figure 1. Basis states involved at lowest onder in perturbation theory for indirect coupling with the exchange of five oscillator quanta
Eeiz = (m+ DAE + (n — S)fiwn + Viz,iocio + Viz,nien “h

To develop these equations, we require the diagonal and off-diagonal matrix elements of the spin-boson Hamiltonian.
The nonzero matrix elements are

(S, m|H|S, m}|ln) = MAE + nhex,
(n+ 1[{S.m + 1| HIS. m}ln) = V/n + 1/(5 — m)(S +m + 1).
(n—1{S.m+ 1S, m)|n} = V/n/ (S —m)(S+m~+ 1),
(n+ 1{S.m — 1H|S, m)|n) = V/rn+ /(S +mis —m+ 1),
(S, m — 1S, m)n) = Va5 +miS —m+1). (5)

2.4-1: ZHDIRE)FE] D phonon KHEIZ L 5 & # # Hagelstein /3% 5,

BT v T b THDH, LoL, RICOWERBH LY, TOHBIT, 21 H THm U
criteria D DIMEINTVEINELTH D, FRIZHEAMICREZ2OIE, X 2.1-5 2R L
FRRJSBIED 3 2T v FRBICHE b TWARWI L ThH, Ko, HakErb
VX —ZHUHERS L CHARBMAEH THET 2RO Z IR EX TW\WH I & T




b5, KAREMHAAFEHOREEFE CIX, ook HITESHERF L2 @MU LT, &
BRIk e =2l RT 5, $hbb, oonEEHao~o—Fi) (—F4
WIT) T, MRRFE (= hbut—) BEX DI nOESEOYHNIRREEDR TS
Wi 572D D — K — O r[Wi i TRR AN Kb T\ D, ZivE, EY (Y 7
) LRV (FEFHV) NG E WD 2RO OSGERET 5 EKIGORE ] T
b5,

B & EOBRO K O REMG T OBIL 6| REFHEZ (TEHORVD) 52 &
MARETH %, (Hagelstein 13, A LKL TVDHDOTHSS,) Lol BANHE
o & WE OFLEE (stratum) N2 b3 2 72012, [17E 2R Y o) (reversibility) 137
L7\, S, one-way 2D TH 5D,

7275, Hagelstein X° Chubb OEEE[2.4-3]1%, GFEZ EEFFHE L TET LOHL)
PEAZ TR EBMEICIZ, 20 20 FEMTE S TWARNDThH S, 0TV . HERIIER IS EBIC
> T, feasibility Z/RTHLE R H 5, (S. Chubb iL, 201143 H, EaELNHMiEL
72o  ISCMNS OEEIZEHIHEF LT HDOLE LT, LOLEEETD £9,)

(25 3R]

[2.4-1] P. Hagelstein: Energy exchange using spin-boson models with infinite loss,
JCMNS, Vol.4, pp.202-213 (2011)

[2.4-2] P. Hagelstein, I. Chaudhary: Energy exchange in the lossy spin-boson
exchange model, JCMNS, Vol.5, pp.52-87 (2011)

[2.4-3] S. Chubb: Concerning the role of electromagnetism in
low-energy-nuclear-reactions, JCMNS, Vol.4, pp.213-224 (2011)

2.5 ZIREHN M EMENT (Hagelstein)

ZH5MDIE D O Hagelstein DT DO L[2.5-1-3] & ZDOFER (XF) X, CFHLO
REUGSHLA D E Bt R & LT, KEFHTH S,

£ O F IR S BIE R Tl BE R mRIEIMNS, BT 5 NC R R D 1He
DORENRG - &b THERKERTHL, TOYEA D=L EHiwmTdEx, T ED
AP SN & DR (PP, AR, TRk, X, Dk, e E)
DT =21k, HEHARFERPY (Clue) TH D, #DFd FiE LioWmiL, [REBGN,
TNT 7 RA ALK DERORTEE T D & BuhhtEf L~ z2@iil4 520%, 7v
7 7 R OFAETER = 1L X —%, 20keV LN CHEITNIZR B2V, ] Thd,

(7 : 45> D+ D — 4He + lattice-energy (23.8MeV) & 4 5 HH 12 & > Tix, TSC 72
EDMOBE Gz B O Bl 2 T D 12D ICME O RWRRTH 5.)




RN OWE R COBMEBHIEE, B FR EDILCEH LAY MLOfT, 1X
CEHLZREBRBFIZED DD ISEZDOHFHEAA =L N, ZAHICOWTIET TIZ
SRIM = — R72 EHENT ST BB CHOVW LN TV AIEEE > T T, AR,
HEMELIELZ Y THD, L, [T 7 7R+ R /LX—28 20keV LLF T &
FA ] LT ARG, BEFTH D, ToEMBIT, O R 5 EVELI ERR CIx ikl
BT TV ZRWDREE R @ HEF-IE DRSS BN b OV T EAE O R B 23K
BN, QBB - TN T 7f - PHTERFICA S TA L PELEEHTELT — 21T
SFETOEZAHESNTNRW, 2L TZ OMNOEREROER LY EL | H
BEAHBE 2 LIRGE L T, [A—BRYHEOME— DORIEDOFERTH L | LWiE LT, FHER
FLEEHRTIEEIC, AV TWEEZATHS, bivbhiud i, EHAHEBRMED
2 BEGHREOA T4 T =2 B i D DEFHOBRBICH D] OTHD,  LiL,
M (K2.5-1-2) 1%, FERICESLS L Bbis,

P.L. Hagelstein / Jowrnal of Condensed Matter Nuclear Science 3 {2010) 35-40

102

102 | /.

1,04 = e
D,0 /

10+ | L

W qgs | //

10° |

10 L L
10+ 105 10F 107

E, (eV)

Figure 4. Yield of neutrons due to deuteron—deuteron fusion reactions in PAD (lower curve) and in D5 O (upper curve).

X 2.5-1: EHGFAGIEL S DD i1+ D PdD, D20 PN TO+ —/b ]

0=
":-IE
D,0
— w _..-"-J
w L

E, (eV)

Figure 5. Yield of secondary neutrons in PAD (lower curve) and in D20 (upper curve).

X 2.5-2: a fiFTFF—E PdD, D20 17 TO K HIPEF1 —
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[2.5-1] P. Hagelstein: Tunneling neutron yield for energetic deuterons in PdD and in
D20, JCMNS, Vol.3, pp.35-40, (2010)

[2.5-2] P. Hagelstein: Secondary neutron yield in the presence of energetic
alpha-particles in PdD, JCMNS, Vol.3, pp.41-49 (2010)

[2.5-3] P. Hagelstein: On the connection between K o X-rays and energetic

alpha-particles in Fleischmann-Pons experiments, JCMNS, Vol.3, pp.50-58 (2010)

2.6 HiET - RY FHEF 2 F ? (Fisher, Kozima)

J. Fisher ® Polyneutron im<° H. Kozima @ F4 7-ftiEe% s (NCNR) &@iE. 2.1 #iT
i U7z criteria 2 F -72< 7 U7 L TUW/RV, “crazy conjecture” D4l T 5 L 9 72,
Fisher X, cmns-forum TV K LEZL DA LT L=, B. Collis 72 & DY — ki

HHHLOD, K OREITRMAHE L TWD, EREMEBONELHHIZE LD D,

D Q ZEPMEFEBOGT DLy (B fm) ICHAURADDLIRT oy LV ET TS
TN 2 = AL HRNA HPETH 100 L FEE - T, k&2 1ED &8
7. = Q) 72100 HLL Lo T REESL 2~ A HET, 29,

2) Q: polyneutron N C FMEHR 7 E R A2 EBBEKIGT 2 E W B, KOO
polyneutron [X, YD X HIAEENTZ? — A FEHBEOMKISIZEY precursor
T X T polyneutron NEEND, — Q) EDX I RKISTED X 72 precursor
MWTELHDM? — A (REMRL)

3) Q) polyneutron TOHMABIDHEHIIW 500? — A FEOF O FH
IR (fm) D2 HNE/-S, > Q) EDRIICLTHALTRES 2 72DH 2
- A (&R L)

4) Q) polyneutron |Z & 2 EH I CHREN A H /I EERCF 7 L— ARG TE 5 &
SO, EHESRIIED LI LTEHELLDN?  EREERITIN 50 ?

- A (&R L)

Kozima b [Akk7eE 2 Th 5D, % THPET723 1012 n/ec BL LD E CREERWEIZ b7

vy 7 INDHDF, BENCE2BEENICED] EERLTWD, HDHLARVRERD

NEFHHT, HEimOGHEL#EEL T T, &ALV, Fisher OFARIL, BWE O

T, IZ2EOFETF AL VI LA 2O EERIRL, PRI FEL

M) T, BHEEE S, FHORTO k2] Tl Mimlc RS 2B L5950

AERORFEHERKIZEY, VEOBTFREIZAELTL TSI EEZLND, BTBNRETD

ELpn TRV ELEH O “O0” 2B, L, # BT, 2089 REMHFITR0y,




2.7 WHABETVIZITERNH S (Mills, Muelenberg, Heffner, Storms)

R. Mills /%, LARiT L Y KSR 121E sub-ground-state 2377E CX % & ¥ 5 hydrino €7
NEERLTWD, i%%ﬁi n OO FEFIRENFETE T, I =/KFER T Hydrino
PWEEND, LEET D, @ OKFEEINEO T FLF—18.6eV LV HEKE il
B F—% 7%;“DHydrmo iR T 5 & & Black-light # 38/ L COMRIPWNRAT 5,
LHFET D, MOMEm TIL, EFREEEL, ESEnoKm i< 7V 2B TH D,
HLL S OENEE 2 R=Rn, Rim OEREIZ Bohr O & 15274 Lk 5 ik 5, LM
BOLWOTHA SN ?

i TH 5, Heisenberg DA EMEFRELZ A L TW T, ERREFNFITR-TE
o, TEFmimiice LIt %) 20 Tho, BERHEHEAREZERIZLTND
o, B a2 (Newton 5) DX IICKESPoRERmE LTWND 2 LITK
o3 %, Heisenberg O ARMEEMIFERIC LAUE, WEIBEEIIT v & BT IZ 2 Ze vy, ThL
TERESI PR ERR LT OBRMICAMEEFEH L EFimAGEL TWD, | HE
TORJEIRAETIEL, 7 —w BN L9007 L A8 By, R 332pm @O K7
2 A PR —E LTRSS 5 K 512 3 IRTukIFEZ R > TV 5[2.2-5], 2448 n=1
DIRFET, Im D & ZE, T OFRMITELET | EFI3dken Tl ER 2 E#) 2 L T,
%ﬁ%@lﬁﬁ%tn@w Mills @ 1/n JREEE, T OuffaER) (= F /L — b)) O

HFEZE M2, Rim OB CTHIRUIVIZL7ZH O T, Bohr O f & 52 WIHIHALIZ LT
i) Y 9~ 5 F L, MR TRV, P I T E O KR & 2L 5, R. Mills @ hydrino
A E A DI TR, BEVWROTH S, Mills DET L TIE, EFOKREITE
2 TH Y, E’?EZ'E%%@EEJUU%E"J R 2, B TERICEmI VI L0
Th b, n=1 OIRRE BALRITE DO T, Un IZEAMIREICIE R 57220y GHGEE A E) .

bo L RIABLNHY ZITENELS AL EHMNFITISH LTV D KDL
Muelenberg-Sinha @ lochon &7 /V[2.7-2173% 5, Storms[2.7-3]% H OO E 7 /L4 ET“
FU LD RMEES B TOHREERAL TS, BFEREXIPuooEaEmME LT
W, A ENE R A A L 7 o DI A E NGRS, AR T VBRI LT
% (M ETERIC L DRVIEDIEA), Hot A A B3 1-1%, pep KR THD, £,
d-e-d-e X° d-e-e-d IE. 41KRTH D, Muelenberg, Heffner, Storms, (Z3:if ﬁ‘é%ﬂiﬁ
HEE ST, pep “HRROBEE dee-d WEKRDETT (lochon) 73,
MR O L 20D KO ICHEBIRICEE L C(E2015. 22 2 28HERH - ), His (Rpp,
Raa D) 120> T, 87BN 03 070 < & S BRIV T, Rpp, Raa 23577
DLy Bfm BF) ISES< B 8b2LT5 & Tho,




Unique Properties of lochon model
(wrt to nuclei)

1. Tightly-bound electron(s)

Phonon E-field polarizes “d” pairs
Stark Effect provides deep E levels

2. Electron(s) have “drawn” PE from D~
Gained KE (AKE = APE/2)
Have done work on D" & D™ (orD & D)
“lochon drag” (photon drag analog)

3. Net loss in E+ for nuclei due to:
Loss of E-field energy (= 1 - 2 MeV)
E in increased KE of “electron(s)”

4. If each electron gains KE=~1 MeV and
reduces p-p repulsion by ~1 MeV, then
[ nuclear energy reduced by 2 - 4 MeV!|

2.7-1: Muelenberg-Sinha @ lochon ‘&7 /L, 4. DYEIT, d-d DI ER) T R /LF
— LA Lo S TOWRBBIEDELR ), TR DREE (EHEL) Z#H> T
WRWDT, #EYThHS,

Lochon-Modified “He Energy Levels
_Coulpmb repulsion DD
implies:
» deeper nuclear potential aHeH#
* nucleons closer (more
time in nuclear well) T~
« tightly-bound electrons T \\\ S~y fHetn
give greater effective _ V3
mass to protons; hence, L =237 D -
lower E levels T 233 |
« all above give increased
fragmentation energy | =218 IHe* & He*# =
~21 calculated “ground” and
ARROW indicates: excited-state energies
2D + 2D energy minus L =20 of nucleons (but with
transient energy tied up by lochons present)
lochon at fusion. "
AHe # (0+,0)

2.7-20 & Xt lochon 7355 1He* D E (i 22 5 2 (JHEEHRE R 7> >+ /1
D FRGFIEEB) T KL F—[EFNE E 50T A TOE LN, & s> TRE L
TS, FOEDHAIER & ETZBBICH - TR, )

B FCIE. EO XD REWIEIER) 2B S EF OWBIBEUIIRA - T LT
W, pp 20T d-d O RS EEZRENE (Re) 238 < F_EIZEEEDOHIFHEA D &



IR o T WD, =K% pep TIlE. Re=52.9pm, WK% deed TIiE.
Re=52.9/1.41=37.5pm (ZEFOBFHEEELES L E 4, M LA R L CER =R/ F—0D
FAAEATEAET 5[2.2-2, 2.2-5), pp 71T dd FIOFRIZEFBFEET 201 & (fE
) FEaeThDH, LEN->T, EFNFICESWHTEHRILTLIX, Muelenberg,
Heffner(Deflated wave function), Storms 725725, R L 7= X 5 RpELRE T2
ZEnbnd, Efeal R-BRIZ. Heisenberg D RAHEEMFEHAZGBEL CLEST
WHDTHD, %< DARMY ZNETH5H[2.7-4,5], Kzo00lE7R 5670,

F72. lochon E7 /WL, EHAHAIEN LROEIHEAEERZ “BE” LTA A=
HEWVIRBHEVWEIL L TWD, K2, He*DIREOHEGRNEIE-> TV D, (K 2.7-1,2)

(25 30k

[2.7-1] R. Mills, et al: Identification of new hydrogen states, (search google)

[2.7-2] A. Muelenberg, K. Sinha: Tunneling beneath the ‘He* fragmentation energy,
JCMNS, Vol.4, pp.241-255 (2011)

[2.7-3] E. Storms: Status of cold fusion, Naturwissenschaften, 97(19), 861-881 (2010)

[2.7-4] F. Mayer, J. Reitz: Electromagnetic composites at the Compton scale, Int. J.
Theor. Phys., accepted for publication, September 2011

[2.7-5] L. Sapogin: An Unified Quantum Field Theory, G.J.S.F.R, July 2011

2.8 t%Z&# conjectures DM (Miley, Vysotskii, (E75>)

AV ) A KFED G. Miley 4 Z##%1%. LENR(Low Energy Nuclear Reaction) & V9 U &
SPNE D RAMFE S 7090 terminology é’ﬁij@ IR BHIAATEANTH D, LENR % # i
e (CF) ORFrRE LT, 7 AU B AEFHLIZ Z DODANPHWBHEANH S, L
ML, EIRZES O RS 2.2 Hi TR~z L9 tﬁ%@ffﬁbé LI 5L BRUST 3V
F—TClEEEZEME 2D 72V ¢, LENR (X misleading T 5,

Miley &%, PANi @0 — X4 AV 588K « BEUKEMER T, BEREAL L HIZL
R CRKED foreign-elements GAEHIE ENRVIEHE) B “BAE” #6271 —ALT
ICCF6 THFE L CTHEH SN, ZDHK b, Mk L CHFsEiER % ICCF Proceedings 72 £
ICRERLTE e, 0, “HIRTEER 2EZTHBE LT, &klile->T, FEEICK
7 B0 UL EDFEFIBRB) KFE - HAKFED I 7 A X —)3 Inverse Rydberg Matter &
LTCFERRACKET S LEZ TS, [ZOEK IRM 7 5 2% —d, §fi L CHER
ZHE N LR IR T L RS AR 2 ) LB LT\ A[2.8-1], ICF (L—H—)
EOH—47 > XLy k& LTH Miley-Hora 2382 L T\ 5,

Rydberg Matter & 137212722  Google L TR TAHTIE LY, R 72 &I FEmm
(CHEE L7 28Dk FE 22 RO RO BT E T BB, 3 ROTERTMIC A &3




TRGEER T & ZIN=D DHEED &0 THERDIE LR D568 H 50, ZDEE,

Clusters in Rydberg Matter and in Inverted
Rydberg Matter -- An Alternative Case

Catalytic generation of deuterium clusters in surface defects of iron
oxide with inter-atomic distance of 2.3 pm

Rydberg Matter: to avoid the formation of covalently bonded H, molecules

Distance of atoms in H, molecules is 74 pm, but in Rydberg Matter with
€ = 1, the distance become 150 pm. These atoms are forming clusters
called H(1) or D(1)

Inverted Rydberg matter: occurs when an electron produced the central
electric field and the proton (or deuteron) falls into the electron until a radius is
reached where the electric field energy gained is equal to the increase of the

Fermi-Dirac quantum energy.

“Bohr”-radius d is reduced: dR/dR* = (mp/mg)Y?2
Calculated Distance = 2.5 pm Measured Distance : 2.3 pm

S. Badiel, L. Andersson & L. Holmlind, Intern. J. Mass Spectrometry 282, 70 (2009)

2.8-1: G. Miley @[5 A D-cluster 7% ? conjecture

Compound nucleus

(Miley: Transactions ANS 1996 )

deuteron cluster

(discussed since 2006: Maruhn-Greiner)

108pd, . + 156D =

306X,,6 +38°He, + E

2.8-20 F A D-cluster 737 % f X X L% 2 RN TS & D, Miley D4 X —2



MR, BEOWE LY Y EL 725, (Rydberg Matter) ZAvix, #MEMICIZHE
HVVREETH 5, K 2.8-1,2 |12 G. Miley @ conjecture % 7~79°,

LU, 50 fHLL EDKSE - EARFEND Rydberg #151272 5 & LT, £ OEKEHFERD R
A NEBIR T EEIIAEER TE 5% fm &\ 9 micro-entity (2 F TAYIZEHE CTX 5
DTHAHIM? 2.1-3 |Z7R L 7= criteria & Miley @i 3¢[2.8-11i%. F-7-< 27 U7 L
TWevy, £72, Primitive Ansatz ODEER DO TH D, (LrL, 70 Z< DT AU D
AP ZTHEFBRIELFD BT D, WoloZ &72,)

TSC ¥ (2.2 Hiz M) CREAEMN - EBEMUICE T FEN—ZAIZ L TH#H>TWDH L 51T,
ZHORL - NDIR 57 T AKX —)3 microentity (F) ~CEMfTEH-0121F. £
BRi 0B 5% (ZECR) OELIZHAN D [5871723K0. 77 : centripetal force] M{FLE
L2 i o 22v, 2iud, 2EROER S (7—a ) »oediiTTthsb, TSC
Hlgm T, RO, IAFFE 023 1E DY AL E 0 4 {8 o BT & 4 {8 O FEF O3 E) Y
S SIRGLZEM CTHREAZ T 5 Z LIZE VAL TS, T RMEKZ FAZ—DEH
FREFNFCEDIIIZ L TRUNDBEAETELDTHS I N ?

SHIE, W 215 AR LAEEKRIED 3EREZZ VT F L5121,
huge-multiparticle-micro-cluster & host-metal-nucleus O[O MET & 5 8% J) A3 HaR
VOEEHERNERIND, ERIZ T AEZ—OEAT X THFEIFIZ, host-metal D%
T E I ANER T 5 OMEERICE# L E B bivd, Miley <° 10 fE#LL Lo DMH) D~
T A B —UEE 28 2 % Storms[2.7-311X R EE L LT E RN REZ 2 R"TREN D D,

Vysotskii @ “EWEBOHE” [2.8-2i%, ®HE TILIERMIWETH 5, BEME
2R Ty 7 Eniz HO)MBHRAIEE - CTH o & LT, WKB LT 7R E2 > T
W5, Ll TOH%4 ., 5Mn +p, 137Cs + p, 140Ba + 12C, 28Na + 51P, 72 E > [k
) IZEAT D 01E, ARSI 5 K o1z, RN RETE 5,

R HO)ORFEE FM0 7 —a Y 7TiFiEaiiEE. KE - EARKED 1s BELO
PN IR TH H72DIZ, pp, p-d, dd MOBUSZHEHATX5, LarL, Li
b X EWEIE, K L M, 2EONKEFELMERICOHE-TWD, 2L 2,
5Mn \ZAEA T 285 ()Ml 1/ (55Mn OIRAVERETE) 2B TExTh, IHICHN
MOEFED~ A FAEMTHEMTDLEIIC T vy I T YbFEAERE=MnH 5
T AR L CLE 5, #EAT D5 71T, 55Mn OWNEREFEICE D ZEP#E SN TNV T,
Mn B IO T ERTERY, ZODHIZ, X 2.1-312F &7z criteria ZE > 72
K7 U TTER0, YRR AEERONNY 7HBRETEK L, WE 220 KIREMR A
EROW R (BISETF ¥ V) &, PR EZT- L5 2 Ll BFRICRDAT T2,
Vysotskii O X 9 IZAfSNT-WEFHTH, 2O LD 2EKE2ILT, BEBRET V2L
BIHE L CE 724 O “EEMERTEE" 1L, o EWEN 2B Ansatz T3 T2
L. #AIREDFUSAEMY) Ki+f) ZBEFITHEL TLE-TWD (B & XA E R0,




(2% 3]

[2.8-1] G. Miley, X. Yang, H. Hora: Ultra-high density deuteron-cluster electrode for
low energy nuclear reactions, JCMNS, Vol.4, 256-268 (2011)

[2.8.2] V. Vysotskii, A. Kornilova: Low energy nuclear reactions and transmutation of

stable and radioisotopes in growing biological systems, JCMNS, Vol.4, pp.146-167
(2011)

3 IRRIFEEBRZ
3.1 F/ HFRMREROM & #E (Kobe, NRL, INFN, Colorado)

3.1.1 FRHEDOARER

2008 H-F, IR TOARFER THEH SNZHRHOLDF /) P A AU X —ICHKREN A% B
— N 25%BR1T, tHe DRERENDH A — FTHEAETS (HIATIEE -7 FELR
V) AR KBRS R AR L CHEE &z, L L, BVIE ORE 2 & 0 TR Eim S [8.1-1]
I, REKMELR LD THoT-DITHRETH D, LrL, ZOmItHROFZEEDER
DT, M R—7 27 /3, NRLCKEMEEMEIT, =177 FRF, INFN(S # U 7Y
BRAFZEAT)-Frascati, 72 ED% < O ZHE L7 (K 8.1.1-1), Sz, KAHEERIT,
BEIREICN S ) 72 FEBFIE DO F B 2 > TE T,

7 PR S R G ik SEBR 5 18 O E 2 X 8.1.1-2 12k L7=, 2 51%, Pd/ZrO2 mixture M
A& U BRI TV, 8910 2 7 v U BEEDOKE SO ZrOq-flake 12, £ 5 nm
K22 Pd 230 L CHELE L T %, Pd/ZrOs mixture OFEN K & KA g (L)
IZEERF L TG, 180 2 C DIRETR—F > 7 LCHAMLEZT 5, T0ObH &, PdIE
O T DH)F A GiEiE % HE L <, DA A%F ¥ — Lz, BMREOZE
bz m g Ry 07 — % %X 8.1.1-8,4 |Z/R L7z, 7 iL5H 1L, Mass-Flow Calorimetry
REWCEDZBEREIT T T, BEMEDOARATH S, (ICCF15 DI FK TIL,



Mass-Flow Calorimetry ATz,  fTEkEHR,)

S[IEHZCMNE#FES IL—T

- BR:MMPEX—TU//\HRER#HE

« BER: RS RMER(BE)

« BER:XRKXGEH); (4kikp?)

- B R EESE(XE)

. ATFI :Naval Research Laboratory, WDC (D. Kidwell, et
al.

« 2K[E:Coolescence Inc. + Colorado U. (R. Cantwell)

e KE:Vibr. Inc. (B. Ahern), Boston

« K[E:Denis Cravens, NM, USA

« A#A1)7:INFN, Frascati (F. Celani)

s JSUR:TILEALKIP. Biberian)

« HE:FFEKZFE(L, etal)

e BLT/RIVEINRIKR+HRLRIK

s 7AILT2K: (PJ.King)

3.1.1-1: S/l F - D (H) VX z2— FETHIEGHED TG 27—

3 Tin 8
/o -
High concentration) 22 8% T
D, gas generator _'_ 7 a i
D,. Pressure 2100 e >|“ -y @ / ﬁ
atm o ; Sample 10
Vacuumy _ 5 4 |
— ) - Cell 7
Tg 9
Controller |<— 2 s

3.1.1-2: FHH-RD T FIREEZIZ L BELRIEE °( Schematic view of Arata—type deuterium (or
protium)-gas loading system for “nuclear fusion” heat— power evolution’, 1: high concentration gas
generator, 2: controller, 3, 4; valves, 6; gas feed line, 7: reactor cell, 8: inside thermocouple, 9; surface

thermocouple, 10- Pd sample powder)



75 Test date: 1/31/07 - 11/1/07 +1 60
10 i 1 Sample: ZrOy-Pd alloy (7 g) + pure D2 :
]
: 15
— 65 1 Phase 1 {Jet-Fusion) =
1
E. &0 E :W_L —
SssE 5 i ! 1% &
_é | i Phase 2 ("Skut" fusion) -%
T 50 o I =
"é.’ £ 4 0 2
45 by |
@ E‘r { @
— i ! 1 o
.. 40 e [ . g
w - i i 20 5
ol . - i 1 o
£ 35 l [
— - v k
30 { /i 10
285 B o i i S e ——
[} i
20 s 3 0
0 5 100 150 200 250 300

Time [min]

Sample stops absorbmg DT gas:
32 begms accumulatmg 1n cell, Py, mcreases

Vessel iitial temperature

D" stream of gas admitted into the cell

31.1-3: FZH-FDIEERBELICLBE/NLEEZIE (Typical evolution patterns of cell

temperature and D-gas pressure, for the early stage of an experiment using a Pd/ZrO, sample and

D-gas loading, by Arata and Zhang )

BWREZEL (B AZAL) OfEIX, Z 2507 = —X|Z31F5H 2 LN TE %, Phasel
X, BVEARL oI R S TV AR T, Fv—Y Lz DA AN T
Pd—Zr Ry Z—ICRIN STz & g Eind, BB (PAD F721% PdH O#AL)
T5L. EHOALEFENEEY . Phase'll T 5, B/AWEROIEE (T’ red curve)
1. B OIRE (TS black curve) &t T, Phase-Il TIZFHIZ D-TAF ¥ —T TH
SHTW5, £72. HHAF ¥ —2® Phase ]l DIE LR OE—2713, D-HADEE
D TO%FEE T, (K< HT WD, H- T AF ¥ —® Phase-Il TiL, B/VEEIXEHIZE
BIZER->TWS, 26D Z &b, Phase ll DX TD ¥ AF ¥ —T DL XITHRE
WREEADFEAL TV EMIRTE 5, K 8.1.1-4 BRI D7 2IREELOMETF %R~
T, D HAF ¥ — U TiE, 3000 /312 K SEOIRELIRRE 23kl L T D Z & 3bnbd,
SFEY ., D HARAOFHGHIRBIENEE L TWA EHERTE 5, 2, “EiENE
G OBEC LHEFR SN TWD DT Th D, #5613 K 3.1.1-5 127”7 “He 4D QMAS
WD, PAdRIF-OHFITIEFEALED tHe NFE-TNWDHZ EEFA LTS, Pd T/
KA N TOFEERNE#ME 2R S LR TH D, L L, Phase-l DFEED 70-80%
BELF SR (A il ) T 5 Z & 23, Kobe, NRL, Colorado @SB THH 52 &
725> TWT, TRl OM4 (Jet Fusion) 13580 TH 5,




“Skirt —Fusion™ zone

B A ZrO,+Pd alloy+(100%)D;
30 r B: Pd-Zr-Ni alloy+(100%)D, 4 30
L n
At T, C: ZrOsoPd alloy+(99.998%)H,

D: Room temperature

T, Ty Temperature [C]

T,=T.=D /

20 L | L PR T T | i L L L | T T i 1 el L L | - L " L 20

500 1000 1500 2000 2500 3000

3.1.1-4: FEH—EDFIGREEZEICLBEE 15 DILEEDRIEEEBDIHF( Long lasting
“higher cell temperature” for Pd-composite samples with D-gas loading, compared with those with

H-gas loading, for 300 to 3,000 minute intervals after Phase—1I by Arata and Zhang)

M 3.1.1-5 1277 L9112, Held, HHAF ¥ —Y DA, o2 BbRu,
D-HAF v —T DAL, BT AFIDED He DFAERHLLND, I HIZ, PdAL
T OHEUZ LV ‘He OAMER LB X 72, ZHUX, “clean fusion”?3, Pd F ./ %I
FONETRELEZZEZREBRL TS,

Bi%1% Phase-1 & Phase- I IZ/3 1 THD ZENTE D, P RK—T 27 /) N7 1—F[3.1-2,
3, 5-11], & P fFseAr(3.1-4], NRL, =127 KK, B. Ahern(Boston), 72 &M EFEEIZY)
IR BN T HEREIT> TS, ZOREE, iH2 Jet-Fusion & 44 L7 Phase'I ©
BAE, BkFE (H) TH, BEAFE (D) D 80WREDREFICKEIREEANDH DL Z LD,
FEAED “FUERERBEG” (B O T/ &BRITORA S E[3.1-5, 8, 11])
THDHLZLPMELRS>TETCND, LAL, BKERTIEA 20-30%FLED “ilFFHE”
(HEHATO) BdHY, ZORMIKTFORERIELH & b T (] H2OBUSEA (2
Lz IE, 2.2 Hio TSC #RER) Ry Ch 2 lREMED G U 5T 5, Phase- T B4, 100%
OFHMNNH D, Phase Il OFET, DA TR DMANH LM, HEEEEZEE LD
TR0,




I}‘%ﬂ.’my Nuclear fuellA] :| Ho

@ rAmcn'.lnt; of ( ;He.Dz)within gas|

y J:‘: gl{g D2 ,
1 |
)
===
1}(::::3,5,ty§ [B] : H-
—_ E@ lAmount of GHe Dawithin solid |
= = = oo
2 1 B f -
I |
)_‘O O x=
£ 4 aom) E |
g ) 1} I_ntensity 1 | [C] 3 !D2
% = — § : — (C) rAn:tount of GIIeDz)w:lthln gas |
g 3 = AgI‘Ie DZ i
= = o= e
B oA NN AN ACAA N A NN AN A
4 =3 3 == == e T g —
ey P | [D] : D2

3 ' 3He D2 ® [Amount of GHe Dawithin solid |

L

3.1.1-5: RH—K 15 D IEEFELE TD ‘He DFELET—H( *He detection by QMAS. Every peak

shows a scan (sweep) of near mass—4 area intensit’)

Time [minl

UFIC, R RK—T 7 ) XTI )N—TOEM P B & 2 B Lf:ﬁ%%%*%%:a‘zﬁi
LT, (D7 N —F1%, ZOAERMTREDT =X ZERB L) 20T

3.1.2 15 KX—Technova D45 :

2008 FE LY DH) A ARIRFFERA T & 5 M- REEE & FAFHRE LT, 4 FHPFE 2k
JTWb, Zo7eves hOHNRERK 8.1.2-1 IZR”T,

—HEFEO TRERBHSORER] I, B2 Z7VT7shi, FHEDO AT =X
LD 1T, DRV BVWEZIAFTHEREN S CTELERICHS, T HIED [HEE
BIARFET R X —GEEHR~DRE | 20 LT O 2B &7,




MERXK—TV//I\GOEW . ARE. E5&

HEY:
- EBF/HFINDE—IZE
KFR(BEKR)HTREFv—

CIBHETHDIRERR
BRIOB/ERER(done)

 EEDOYIBAN= XL (F
BRI . FriEZ2RIG) DEE
K (going-on)

c BIRIILE—EE-DEY
J—V TR X—EEERR
W22 D EIR M

5TiE 520

#9 ¥20M for 2008-2009M 2 &

HEREERE:
HEXRFBERFHARER
LHRAEE

20084 E: MDE & &t-8RELT A K
EER- M) T —2E S

2009-20104 f&: A4% HIGHER KB
(basic experiments)

(Papers published in PLA, ACS-
LENRSB1-3, AIP-LENR-ISB, etc.)

(presentations at ICCF14,15,16, ACS-
NET2008-2011, etc.)

3.1.2-1: #EA—F 2 ) ND T2 2 ND ARG E

3.1.2-2 ([T WA A A 1 — RREEAGEBR L& OGN &2 R~ T,

MDEM FREERIZEEA Pressure gauge

~

Presaure re=surs
ouugd Ll

Vacuum gauge

D, gas cylinder H, gas cylinder
_ —

A,system
H,orun

A, system ]

1 Reaction chamber

D,run 7 L

L~ Outer vacuum chamber
é | ]
1

Vacuum pumps
A;-A, twin system for simultaneous D,/H, absor ption experiments.

X 8.1.2-20 #HJT A DK 7GR HEE DR KA, 7] CFREE T D (H) [AFER
FrrHED L Y X f Y —HF T =5 Hk (F0.1CIZHIE) #/H0 TS,



ERMIAF T 7Y (2R Y22-25+0.1°CIZFE-THA AN —D¥EEE LIF TS

BT |‘| EAFSR3v4 |
R

¥ h/"

- T

3.1.2-3: #TAK DK TR FELRLE1E D FH

| AREBREB O |

Pressure ‘Super Pressure
Needle’

Vacuum

pump
Heater
Reaction chamber
Sample

Insulation chamber

v

Vacuum Vacuum
pump pump (E

Chiller

Schematic of one of the twin absorption system.

3.1.2-4: W FRIEEEFEDFr7p=2= " P DBEEIEEX]



3.1.2-4 ([ZEMER B 2/~ d, SEBR TIEOHENE 2 X 8.1.2-5 |2~
FEAFIE | samplit v b ]

| E 25| & Evacuation I(

v

| Baking (440K, 3n) |

5 138 T SR IR AL
{D,(H,) gas charging {O, gas filling
at570K for 24h} at 470K for 30h}
| mzmax |

J( \lf \ 2 7
@2run) [ | @3 run) [ | (41 run) | (A/B run)
Absorption run o

{D,(H,) gas charging at R.T.}

Data acquisition:
Temp., Pressure, Radiation (neutron, y)

X 8.1.2-5: A — 72 /NI I— 7D ELREFNE

RRLILERBRETI v I AN E—RB FER—T7 /7

Pd Ni Zr 0] Supplier
100nmg¢-Pd | 995%, Nilaco [11.[2]
PP 100nmg¢ Corp.
Pd-black 99.9%, Nilaco [11.[2]
PB 300mesh Corp.
mixed oxide 0.346 -~ | 0.654 | (1.64) | Santoku | [1],[2],[3], discussed
PZ Corp. in the present paper
mixed oxide 0.358 | 0.642 | (1.64) | Santoku [2]
NZ Corp.
mixed oxide 0.105 |[0.253| 0.642 | (1.64) | Santoku [2]
PNZ Corp.
mixed oxide 0.04 0.29 | 0.67 | (1.67) | Dr.B. only briefly in the
PNZ2B Ahern present paper

[1] Phys. Lett. A, 373 (2009) 3109-3112.
[2] ICMNS Vol .4, (AIP Conf. Proc. 1273, ed. Jan Marwan, 2010 shifted to JCMNS).
[3] JICMNS Vol .5

X 3.1.2-6: A —F 2 I NI I—TLFE T R P T



HMER—T/NGOMNHFORE: PLA 373 (2009) 3109-3112

PRI F AN WNNFERRENERE(CIBMNT S,
100nm Pd, Pd-black and 10nmPd/PdO/ZrO. samples:
Blue by D-charge cf. Red by H-charge

) . ‘ . 1.2
e towary | (@) 01-umgPd| [+ Power@y | (b)300-mesh Pd-black (c) Mixed oxides of Pd Zr
+ Power (Hy + Power (H; _
- —glessm(?ﬁ])ﬁ —Pre:smg{(%:) _—
E 08 e Precoime (H) . Presswe (H) Tomy |08 i
5 * Power (F;) s
: 5 i I s Pracsime (D) =]
z H % = Prasoe (Hy) E
Sod ] T 04 §
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b) Near-Nano ¢) Mesoscopic
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Character Character

3.1.2-T0 #7752 3 FEHE D P d #7F DIFEBGFIED N — 2, 1-10nm F DT/ F# 7 THE
TN A2 I L R A B X 41 5, Pd black 1%, /02 P d & OIS FEL,

B 3.1.2-3 [ZERILE O T H A4 72, (FiRI%22-25 EC £0.1C IZHII L TWD,)
MO F[3.1-2]70 6, FRER 8.1.2-7T12F & iz, Kk 100nm O Pd /Sy X —F, /L
7 Pd &R THAE STV 2388 - D) WA EZ 1~ 3[3.1-13], D) —EW R 2720 |
0.2eV DT X VX — 2 ET 5, WERIE, 0.6 WA THD, ZrOe T I v I AT L—7

(K& &% u) OLFERIZHE L 5-10nm 8D Pd F ki 0057 580 F—akBhE, »
Jv 7 3ERD 10 (E0 EoREE T, DE)WESE, DE)/Pd, X 2.0 4= L BZ, 20D
B REEOYBITIE D R TWVAEDTHAIN? b5 X512, Pd K113
{bJE PAO TEDLILTWD (FRCAMBZOWEMREE : #1 7 ) ZenbooTnd, DH)
HADTF ¢ —IZ L0 DH)20 234 AL U CREfMEIRAL L T, 2T EOWRRSRIE R & B3R E
Lzl [Br-dalé v o RBnEm Sz, LnL, ZORIORBZEDIFES TikR5 X 91T,
Pd F / Ki Ok CiE. Phase- I Of& T & Tid, PAO OELITUF LA AL TN T
&l A AJE & WIEERIEE, KOZESE, Phase-Ib D RIG AN R ORI 72 &5 & B
ko Tnd, MESND B EHIZ, DEH)DOWE - W (adsorption/absorption) B 1
D ERIREND, X3.1-812F L 7=, PP, PB, PNZ, PNZ2B O#IET — ¥ % Ll fig b
L. BRSO E, BETREOIES BV, 8IS = VX — o EOREFIIRST O 25 Z
[3.1-5-11] 2 f#dT Litamd 212 6 5 s Bl & <UZA VAR T S C Fam & D B,
DEDPREN > TE T,




IR, PPHrDIEZ B> TRMEZFIAL L D,

KELGRFEDHPIAF L HEER
100nm diameter Pd (9.2g): PP3,4#3: Raw Data
After 19(D), 17(H)% PdO/Pd Formation FEDVERILIETE., KELEE

1.0 - —WH
[ : —W-D
i —PH
0.8 ! —P.D
/;\ : Heat'POWer 1L-H
£ ! 2
% 0.6 : fiPd .E'U.J
I ]
g 0.4 i D/Pd -
£ 1ol
= 0.2 [ i b Pressure 0.3
6 N,MJ
@ 0.0 \i, """""
S ! Phase-| Phase-ll
= 0.2 e -0.3
-50 S0 150 250 350 450
Time (min)

3.1.2-8: PP i) (/b2 HIPEE) 12 2%PdO 5N L 7= & & DB L~ W, WiEF L,
R JET) P OFFHIZSE, Time=0 T DH)Z X DF+— 2 45 L7,

[HLonmEEOEA |

n @t OEE: HEIRILFE—+ Alpha(i?):
Time-Dependent Sorption Energy per D(H)-atom

* L(t) : Evolution of Loading Rate (convertible to Hym)
* W(t) : Heat-Power Level in watt

* E(t) : Evolution of Released Heat
1 :Time Resolution of Calorimetry (5.2-2 min in Kobe Exp.)

Et) = j; W (t)dt

n(t) = ((%) U:”‘j:dt/rj/[f”m‘dt/j [aE/["aL

_AE(tt+7)  E(t+7)-E(t)
CAL(tt+7)  L(t+7)-L(t)

3.1.2-9: # L <HEAL=WPEE, 5 [HDEZE,



B 38.1.2-8 (/L7 M 72 M E 2 5> Pd N &4 — PP #EHZ 2% (=PdO/Pd k) @ PdO
%%MLkﬁa®\%ﬁvxww\%ﬁ%L%m\szﬁ%m\@é7~&%mfo%
B ogHoRERE—7 5%, PAO BOMRTHL Z LA, #1 7 DAL, K
3.1.2-10 & [l L CHMRETE 5, Z OIS — 27 (Phase ] %2k & E1 0K 0% 5
HD) O RAEMHRT L7201, FrLOEE L LT, DE)—EWEY 7= 0 oBhir) (KR
KAF) RFAETILF—n &, KB.129ITERTDLLDI \%Abtm1d

N EOBR (FFRMEEFED) FMAEZIEEZD EHIZOWTHERT 5 Z L2k v TEUEAR
5] DIFIEDEEIETH D Z LIZHOWT, HRTX 5, Thbb, m%Fwaxw% 8
EFRHBICEIVAET I LOTHLND, DEHTAA MBS MHAEEATLIEEDT RV
XA, FLALEBWVETHD, (REVDOBROEVT, 10562V THAI,)

PP3,4 #1(%) and #3(%) (100-nm¢ Pd):
» 8 PdO BB OFIRIEKREL (1a phase)

PP3,4#3: After 1.9(1.7)% PdO/Pd

10
Comparison to bulk Pd: : |
= 09 K+ -
n 0.2 7 E'ta
0.8 —-gta—
" = —W-H
PP3,44#1: Virgin run L 07
a — =W-D
06 T ; > 06
5 Eta-] ~
[ I
_ % }v |t o5 |
; Y i
g, 0.4 | JH [ Hlg 04 J—y
3 B J \:\ [
2 03 | X T 03 =
z /}‘ﬁ—’\n/’/ = ' == il = " 7
] 0.2 | T —— 0.2 | -\\M%w-
- H a~
= [ [ a ~'
S o1 0.1 Hea MW»'\W"
= 0 100 200 0 50 100 150 200

Time (min)

Time (min)
=fE BERRMARE 18

X1 8.1.2-10: PP A2 L BFER, 42, N—2"2k #1 Z72), £, PdO2 %#3 7 2),
HBENL A~ W E g DL

W= URBIH#D O 1. 7SV 7 B OfE 0.2eV (13E & 72> TV T, R —ETH 5,
— 5T, 2%PdO FIMEEI#3)IL, “0.92(0.82)eV for D(H)” (2t —7 & FF oIk 77 3 B8
ZIHNTWD, QUOMENIZETLLTANTELZE LTHIELTH, RITIZEALEELD
5720, bolb, TOLIRMEOKLIEZI RN ER, %R Thnbd,) ZOEMREET



FILF T, 2SIV fE 0.2V D 4-5 fF1I2 72> TV 5B, 2L M T EH 2D Lgbd v,
BB RN RN o5, Zud, HEFERR (EMRE) ~De R A,
ST, PARFOF /) A XIZEY, EEIHITHEEDHRITIBIKDTHAIN?

Palladium Black & ¥ k2 RE

PB5,6#1: Virgin Runs (10g each)
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0.8 | : \ —P.D
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= 06 | T
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g 04 | 1 2.0
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.02 | \ e 1 1.0
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0.0 | 8 0.0
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= 02 L -1.0
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3.1.2-11: Pb-black (PB)D#IH] Z > (B D47 — 5, T X FFITAEE > TR0,

la—Phasex# Mo HET S PAORBDFIEIZLS,
Pd-Black: PB5,6#1; m-values vs. power

1.6
14 ——Fta H
: — =FEta-D

= 1.2 - Phase-la — wH
= 10 L AN Phase-Ib — WD
2 7 f i
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38.1.2-12: PB#1 T > DFEEANDT — L 5 [BOHFHZ(F, Phase-I 75, 5 1875 1.0eV 111
E A Z& 7 Phase-Ia & 7 18733/ Pd OfE 0.2eV (2470 Y Phase-Ib IZ5317 6415,



Pd-Black D& H|ERL (X, FEEIFKZHE (la-Phase)
PB5,6#3: 20(D)-17(H)%PdO/Pd, After Oxidization

30 [ .

! —W-H —W-D
i Jda, b
25 | & —P-H —P-D
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s i ’ =
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o i 1
S 10 | 1.0
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3.1.2-13: PdO(17-20%)& 1171 L 7= PB #ZF} COFEEFND — (W), WiEF D), T RIE
TI(P)DORFGAE 7 — %, PBat#HT, Al, A2 F = 2 N—|24 10g & > F L=,

Pd-Black Dl E1b (X, FEEMBEKXEIR (la-Phase)
PB5,6#3 n vs. Power: After Forced Oxidization (2-1.7%)
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la Phase

- Ib Phase — FtaH
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k\\ Power —_—W.H
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L5 | ¥
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i \
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Woay (W), Tman (eV/D(H))
(=]

0.5 / . 5_/(
0.0 \ %E
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3.1.2-14: PdO #1101 L /= PB il #IDFEEANT — & 5 [ DOIFHE L



Pd-Black (X, D X 5 224 LICIFRE LMK TH D, £DOFEDREBEITIEFFITRKE VY,
3.1.2-11 (Z PB(Pd-black)ik¥tD#1 7 > DT — X 24, B 3.1.2-12 (X, /AU —LX
N fEEREKE LTS, K 8.1.2-18 (2 PdO £/ 20% L7 & & DT L #3 AT —4#
2y, B 8.1-14 1%, ST LENT —L pfEEZ L T\ D, BELZRELZELT
#2)1Z. 307 PAd DT (PP O#1) E1EE AR CEHETSH 5 (Phase-Ib OANHND),
INHDORMNGDLND T &iE, PBiX, # (PAO) OZRBHERTHLHZ L THDH, PP
AEHZ T, 27 vic7 77 2 nRKimEE (EHREEOHEK) I2FE L TPIO 1
NEAEDEENRRE N, PAO ¥ MME, DH)HTAF ¥ — T ED Local O-reduction %
DEHZENH)ZEDH, SNH BENEWITE, BT VHEGR CHRICHAT S X oo, » /il
RN RKE L 22D, SNH %D DR O s b - R & BEEH KA T 5,
8.1-15 (Z Phase-I OffEHF G L ik (desorption) WFOWEVEDJERE % X/R LTV

Do
Pd-Black D FE & D EFE
08
PB5,6
06 ﬁ
UH2
$ 0.4
£ Bulk-Pd-like data
& 02 ﬂ
: 10
L
w 0.0 l] ':| l]
02 l]

-0.4
#1 #1d #3  #3d #3A #3Ad #2 #2d #3.2 #3.2d

X 3.1.2-15: PB iA#l Phase-I f55;#4 & il R F & 0 )7 — 5

o7 o, kL To PdO Hﬁﬂ’i’ﬁ’)f%\ FEEN L R OMEREIXIZ & A LIRIE L7
W, Ny Pd OMRRICHEEICIT S, ZOBEBIL, Pbblack DA FEEEE - T
(aggregation, clumping-together or sintering) K& 72882720 2L 7 Pd OMEIZ 72 -
TLED ZLICLD, PB O#1 T OMEREITTIEDL LW, HmAEWDOTH D, KR
b2 Bh <IZiE, RiAZ FEE U Cmbil oBEREIC T 2 MmN H D, £, EREBEE K
< LT, SNH %A b OBEEZELCT DI, T/ A XORAPAHEFTH S,




A E SR ( Mesoscopic Catalyst) : # ikt

J /8 FfkE: as Core/”Incomplete”-Shell Structure
Mono-Metal (with oxide-surface layer)
Or Binary Alloy

ST,
o ® °

/‘
\\‘\ . ./'//
”"\»n,,,‘i“ o -,\i‘\, R f""”////

pa =S ALl
(ZrO2, zeolite,y -Al203, etc.)

/
/
[
|
\
\
\

A

/

X 3.1.2-16: /&7 /#/7 (1-10nmdiam) EHEDOE > v 2 )7 (FHI2m2) L0
R SHEENTZ =D, CMNS/CF W FEICHT /=B & 6 726 LDoDd 5,

Nano-metal/ceramics DESHEIOT A 7 4 7 %K 8.1.2-16 |Z~7,

t 7 3 v 7 A0 KR(supporter) & L Cik, ZrO2 3% < AVWH N TE 7273, B WP, NRL,
an g RR, MPRR—77 /N EOMRICEY, B4 T4 MoV U R, TAITHRD
ELFRICAEZRI CTH D Z LB TE T, ik, 7/ A XDOHifl(nano pore)& H D
WEIZ T 7 A RSB 5 NIATREE Th D,

@JET /B3, Pd @O 1-10nm A X (EAE) ObORARLEEbns, Zhid, &I
T ILT B AV ROBEAHRIERRT v v/ (GMPW: global mesoscopic potential
well) AN END T /A X ThDH, T LV RETETH (B : 100nm £D PP
RED . NETETEH O @RV, BESEEO & XX, B{LE MO 28 GMPW ¥ k
FEROME 70 b, 2 LFREAET 2R (PAiNir 22 8) X, BEOIT BN ARE T, EokE
THIEFIZHNEH <, Pd % CuZe EOfLRICE XM x 2RADTON TN D,

L0 EHEED T 2 BEBEIOERA . FEEH K & R RIE R OfEa 2 > T\ 5 L 9
bbb,

A5 TIL, PZ(PA/ZrO2), PNZ(PdxNiy/ZrOz2) DL OFEHZ DWW T ORRBRFE R AR L &
9o EBTHWIATF == (AL A2) Y72 h ORI T / @EEIT, 128 TH D,
T 7o H, PP, PBEEIOFERD 1/10 725 1/6 D&ETH DY, BEEEOHKIZEY, +4
RREEDOIa Y A RN =3 AIEETH T2,




PZERFHZ L AEER :D-PZ11#3 vs. H-PZ12#3

; iR ER 1L (8-5% PdO)
Time (min)
2.00 T
1.80 . | PZ sample; Pdo346ZrO2Jo.654; 10g || 0.45
1.60 D/Pd Rati D-+low rate, initial; 1.72 sccm
. \ r imitiale I
o 10 H/Pd Ratio H{low rate, initial: 242 sccm 035
% . \ —— D2 output (A1) .
a 120 \ — —— H2 output (A2) <
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g 1.00 Loading Ratio (A2) 025 =
=~ 0.80 — &5l10 ®
> . —— D2 pressure (A1) 2
% 060 Pressure forH | {5 pressure (A7) o1 g
= Power N e
£ 040 >,
5 Pressure for D
E { / ]
0.20 —Z— Mdl 0.05
0.00 k= \m%
-0.20 -0.05
-50 150 350 550 750 950 1150 1350

| 8nm Pd/ZrOz2 MD(H)/M L EFEE LA )L A& HIEE (b (PDO) IZKYELLEIET S |

3.1.2-17: PZ iFHZ L SIEEALEEG D Z > #H)DFY, )T 1.0 ZZ 008 L, F#
FEEPKE S, AR AE 0,

D/HBI L %1 R D ELE: : FE /T — (W), energy per D(H) sorption = n ,
no/nHtLk

:D-PZ11#3 vs. H-P Z12#3: {# A F#H B D4 FI BRIE (5-8% PdO) #

no / nH ratios S00E0 1006400

450E00

A00E00

W% 5.00E-01
\ MOh = w

S 250400 g
3 —Alq (in)t

000E00

/
\
| =
[ |

VDD

—_— (5min).
20 A2 (Gin) |

S00E-01
D ——Al output (5.2min)
150E400 (A . — A output (32min)
WER N e

— /
RS
HWWO 10 w0 w0 SO0E-01 / /)\'\ N/ \"\JM ‘an
na =
no/nnk>>10TI&E, el

3.1.2-18: PZ i f#3 DX d L nfd (). » HDFENAIRE LTRSS (Z)



PZ B OB LAEH % OF — # Bl # K 8.1.2-17 12, n fEFHEZK 8.1.2-19 (TR T, X
Ji & OFETHRICIER SN 5D, n EORNRDS, ERBEMGEZ ) BIFF TR E 2l
(6.5) L7poTWVWAHZ L THDH, TSC DFEHE SNH VA N TOEL L 4D/TSC BZRtE D3
AEIG OFFRZ SCHRI3.1-5] TR L TWo, n b’ 1.2 87 & | @ L2 BIG D RIN A
R THIAT LT LV, EFRBIZELIFHEAENIE. DO HBIZEFRLUTHLEEZXDL
NoHM™6THD, Phasela Tl #1 7 #3702 (L0 ikL) T, PZiREHZOW
TIE. n D D/H oB) & 1Z[FE CEmICH 5,

Integrated Heat Data (P hase-la) for PZ11 and PZ12

c
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S 3 I ! 2 A 3HR K (D)
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=) 1 B |
a ' ﬁ'—’ ! R EBR T R DB EE KR
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= ] 1 c c
= 05 [ 1
& g = 18 5 5 =
1 7] 0 0
. £ g g
I m n n
B R B
1

________

s IEPd/NILY
DIEIZELY

-0.5

3.1.2-19: PZ ##} Phase-I DFg 2 7EE &, WihF DORE & D e/

(4 3.1.2-19 IZ PZ ikt Phase-l O EE, SR OWEAEOBIEZ R LIz, V7
Pd OFPEE D & FEEIT 10 fHEVy, BREEE TRICRMAZIR SR E < Bk
RO =R F =B ISIC LTINS E D, ED X5 i) Z oBI5 % 3l
LTWDEDOTHAIMN? Wk BEN & BITALZRIS EAET D & WD K & 728
B (=¥ —) 1, Bl (ERERICE D) BbIEFICP-< D LH#EITL (BB LN
IR NE ERN LV T) BRENOEZIL L 2T, =R FXF— T AR L
N, bbAA, HRTH (DRERRID) BLUSHy (23 HiZH) b5 &3, &
BHOBTIZR 200, HigleX v v 71IREV, (X VSR TORHE %2 %I1E E17
Js)

PZ 3B TR & 4172 Phase-Ia+Ib OHGIL, HHMEIL 100% TH D, 7272 L, HEVID
— DR, B L 02k, £ 6 Ok LTI X 2B IR, EBRSEM: (7 Rk



EORE, BILEOPE, 28 (X BT 5, X 8.1.2-20 1257 > DRt R Z R,

Dynamic D(H)-Sorption Energy observed for PZ Samples: 16
Larger for D-sorption in the la Phases

= 2.0¢ ‘ ‘ ‘ : ‘
a 7 D-PZ13#3 i H-PZ14#3
> - 1D [ MH
o, L5} [
10| Fasaay
= 10 - '
Sl S
= 0.5 —— _:Q_ vy e~ fa o Wave
- U] § BN hecopags peet N UL (AN
;‘Doo—*\-\/\"’“‘wﬂ—
of 20 40 60 80 \oo / 200 40 60 80 100
Time (min) nvalue forbulk pd ~ 1'™e (min)
< > < > &

<t == P
la phase 1b phase la phase 1b phase

Typical variation of the specific sorption energy, np (74),
compared with that of the power, Wy (W), in the #3 run for
the PZ13(14) sample,

Kitamura ACSNET2011 12

3.1.2-20: PZ FHHB L HFEEE D FEBYFIED [ IR D L8 (D H D 2 i E 6 L)

2R T /HFREPNZ2BIZ &k 5EER

PNZ2B: Pdo.04Nio.24Zr0.7202 Sample by Brian Ahern
PNZ2B 1st Phase Heat Data

3 r o O SH/g-NiPd D
Gain=25 : H B SH/g-NiPd H
. 25 M Anomalously High Chemical
o] , L Heat by HandD.
=
el
= 15
Lo
Q
e 1 H
E Gain=3.9;D Gain=1.7;D
Gain=2.3;H Gain=1.9;H
T o5 -
~
0 1 1 |_. 1 1 I_- 1 I_-_I
05 #1 #1d #1A #1Ad #1B #1Bd

3.1.2-21 —oS HErF#EFE PNZ2B DOoN—272Z D Phase-I Dfg % 4E, A Bii
baking 72 L TR E B ##2 ) %97 >, Gain = (Sorption-E)/(Desorption-E)



STWIZ, ZoF 2 RLF (PdsNiy) /ZrO27lEl, PNZ, PNZ2B % U 72 BSR4 b~ &
9o PNZIE, PdoNie DELED _JuF /K2 HVTWD, 2 OFEHNT X 2 ERARIT, &
PERICIE, PAD 1g 7213 PAd DR+ H7z VITHE T 5 & PZ B & R U R ERE L B
W DREZ R LTz, T 7205 Ni glopid, #EE DEDWIRIZBIMR L g & W S R TH
27

S0, Pd Sy E RO TZE0EN NZ (NV/ZrOo)il Bt CEBR AT o7 & 2 A, ik (25 )
O Tix. BEOHREA L DHWEABHITXhotl, (EbHHER)

iz, PdiNir OEE O — 5t /R f-Z VT % PNZ2B BN L 2 EBRZ 1T 72 & =
5, @@ FEPANI)HT- Y OFENE &L DEDWEED, PZREIO PdH7-h OEEZRE B
M2 &S, BERF—FNRLEEHEYIRL, Bllllshz, Lrd, BrkoT s (#2)
T, #1(virgin)<°#3(after-oxidized) & [FIZE DR E - R E & o2, ZORER =BT 5,

3.1.2-21 12 PNZ2B1(2)#1 7 > ® Phase-1 D/ 3 BV & & BUMEF O W BB DT — X %R
7, A, BiL, baking 72 LIZWEk L7254 CTh 5, (Gain) = (Sorption-E)/(Desorption-E) T
b5, WHOSIT A ZNVDEGEIL, ALFRIGHIZYIRTH 573, Desorption FFIZRIZHEL
DIAATE T X LF— (Sorption-E) 73, Sorption FfiZZNHEH &H DT, Gain=1 & 72
HIXTCTHDH, LinL, #1/4#1d OIEECIHE, gain 23 20 %8I L T\ 5, A, B 72 Th 4-2
D gain N L2 HTHDIMN, o T\ D,

# L\ PNZ2B 3BT, PNZ2B3(#1, #2, #3 O T v %47 > T, FIHWMERHEN O Hivlz,
3.1.2-22 |Z#1 7 DAET — X &R T, T, K8.1.2-23 IT#2 (Bictk) 7 DT —
5. [ 8.1.2-24 IT#3(RILR) DAET —Z 2T,

g5—%: PNZ2B3,4#1:

Heat-Power W, Pressure P and Loading Ratio D(H)/M
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ARFE —— WD ]
< 0.6 g—mi D: 5.9scem, H:5.1scom ——— —\F/’VDH 4 6.0
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£ 04 \ = 40
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Z 00 § { 0.0
0.1 E -1.0

-10 90 190 290 390 490 590 690 790
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3.1.2-22: LT fLFEF) PNZZB 12 J 3#1 5 > D7 — 4



Raw Data for H-PNZ2B3#2 vs. D-PNZ2B4#2;| x&m85Y
AAEZEATZET LR DS ; 3.1sccm (H), 3.65sccm (D)
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2.0
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W "
VAL = Ky W A Kot
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Ea‘ig‘A ; LatioA?)
—— Loading Latioy
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——H2 pressure (AL
05 p (A ]
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-10 190 390 590 790 990

Time (min)

3.1.2-23: PNZ2B iA#lD#2 (FExtd) 7> D47 —4 (AlI‘H, A2:D)

Raw Data for H-PNZ2B3#3 vs. D-PNZ2B4#3
: BEHIER L (87% MO)#R DS :3.1sccm(H), 3.6sccm(D)
ZLL\EESER - Phase-ITOD KB F| 2

40
PNZ2B34#3
35 12
H/M
30 10 ©
D/M E
2.5 0.8 g
—_ 7~ o
b W Loading Ratio AL =
520 LoadingRotioA2 0.6 3
Q —— H2 output (A1) 5
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5 15 —D2output(A2) ] 04 ;_u?
a \S\’\ / ——D2 pressure (A2) s
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10 | —Elst (A2) 102 o
2
05 00 £
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3.1.2-24: PNZ2B i #IDO#3 (JBILHE) Z > DT —5 (680 5D L DX N 2 )T,
JEDGANI TG FEZ IS S oK)



n ELEOBEEE (D) 1X, 1.0 2 30%LL bt _bm 2 REFEE S, #1, #2, #3 & HITFHEL
TW5, #3 OHlZX 8.1.2-25 |2/~

PNZ2B s FiF &5t 0 @l B e (8% MO) &R DS

: Heat-Power (W), Energy per D(H)-sorption (n ) and n o/n H

| #®FEE5L L :Nuclear Effect for n o/in 1>>1.0 1(?) |
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3.1.2-25: PNZ2B3(4)#3 7 25175 5 M8, DAL (LK), BT —WD 7 —
£,

BAKFED o A 300 43— EM0.6eV (D) L 7> TWDHONREH SN D, Ziud, K
0.6eV 728 D)W DL FFEA =R VX —Th D Z & (HRTIE. T ORI GHEK TR 2%
BULRIEE T DA N =ALRH D) 2R L TnDERDbNRD, #1, #2 OFT — X LFEET
b2, (PNZ2B TiL, #IHIZERNT, MO EORB~DOEEBI/NINWZ & 2R, )

— 5T EAKFEDO g T FEEORE L L HICEATEA LR L TOT BEFEMEL (E
) 3. 2.0 TR ICRKE AREICHEML, N—ZX MROE—Z HHTWS, ZOF—4
Z AL OM B DO BEMETHHTE 20 THA I 0?2 228 TR LIz L o7, %
ERMFFORSOSAER TORARMBETH DL L HIICEZLND, (BERIGDOEEFE)

L2 AT, #1(X 3.1-24), #3(X] 3.1-26)DFT — X T, HAF ¥ —VBth% T <IZ, HAE
NN T (=R b)) BHTWD, Btk 7 V#2( 3.1.2-23)121F, 2O TIER bR
F.OAAE “Bu” TORBEWEEOM (3.0 L ORERE ) HRE, PZ B
Phase- I HG LWL THD, ZOFRMKAIL, #1,#3 TKHRK (MO D “—#” Eiicks) 23
FAEL T, 1 05 ORECREfEIRIL LT=720 & b b,
3.1.2-26 & LT\ /=72 & 72\, 9 50kPa O H AJETE— 7 N TE =14, 14kPa i F




Do T LT 5, &R 50%MO @ 9 B4R HD)20 H A>T L35 & A1(A2)
F X —WNI, K 50kPa L 725, 25 EC TOKDEKSIEIL., bkPa i Th b, —EI
B LToKREGN—A RIS, 1ZEAEEREIRIL LT3 Z D=2 NOFBHANTE 5,

PNZ2B3,4#1 Pd Ni Zr o] Supplier | 23
004 | 029 | o067 | wen) | oF5
08 — 12
L Lp(t) ]
5_5 06 F Il _ Power / 109
e | S ! L(t) WP
2 ! En -
£04 06 _° =
[ -
N K.
S Fol < ~ PressureforH ] o3~ 2 /
E [ ] g —— HPANi (H-PNZZB14)
- 5 — - DPaN (D PNZ2ER:)
T I 5
500 , . 1 d
3 PressureforD bl
] \\*\N‘
_02 I PR T S S N NS R R S B _03 0 | et
-50 150 350 550 750 0 0 20 30 © % 6
Time (mm) Kitamura ACSNET2011 Pressure () 34

[X] 8.1.2-26: PNZ2B il#tD#] 7 ANAZF1T S T R JEDFHN—X |, (4) & DH)REEE >
DEIE ()

ZDOKRERDWAIZ LY | WEFRHERE (GX) @955, K 0.5 23 AT EREOICH 72 E
&wo_kmﬁéo(L®ﬁE%ﬁ5b£%DJ Z O T, 0 EIXIEEIT NS WA
DL 72> TnD (M 3.1.2-25 HH B[R U), PNZ2B R EAMEAEH T, KB DI T X
AFX—, BHZEMOBEEMELY, YN hoTnd EHfEfmEnsd, £/, N—A L
WATFAE LT KRB R DAL T = o AN—ZEDME T U TREN T8 220K &0k L7z
TR B, (2o )/ @RKFOMBEMNEIL. E205T0NLDTHAIN?)

ST, PZREIOSG AL, ZOEIIN—A MIFEo{BRISH TV, ¥3.1.2-27 (2
<9 X 912, Phase-la OfEIETIX, # AJEX 5kPa LA F T, Bl & Hicw-< D & RF
LTW5, Z0L WEEAEMIL, 1.0 #8 L T\5, 5kPa WKAKIZERELTH,
#3 LD 2%I238 X 72\, Phase-Ib OFE%E 5.5 & . D (H)E O A 2 JE O FIALAESE3
IEFITREV, 2L, BEOSVT O Pd TRLNDHONEFNMAESRTHD (Pd N
NI RO D & H OJLiEf%$ 0 = Bloch-Potential TOE 1 b > R EDE N THE
HTx%), ZOMIC PAO OBILVPEALTKRELKNTE LT DL, ZOH—T1LHHIT
X720, T2 5, Phasel O TREAE TlZiE, PO OETTIFIFEA EEA TV RN




Lz A,

25 N \ [ —— LD (D/Pd; D-PZ13#2) 1 4
20 1 I — LH (H/Pd; H-PZ14#2)
b /\ ; de-oxidized
z 15 [f . 49 |
- ! \\ As-received ; fi
 10] | (#l) — I
|/ | FN
05] F D (D/Pd; D-PZ13#1) ( t
0.0 / = Seweseezen | \p )
0\< 10 20 30 :1}\ 50 }/0 10 20 30 40 50 60
25
[ laphase 1b phase Po, Py (kP3)
Lt ___—1bp
]
I
- Oxidized , , -
o P Time-dependent loading ratio,
[—LD (DlLd' D-P1213#3) LD(H)(t)' EXpressed <'.;IS a
LH (HIPd: H.PZ143) function of pressure in the
runs D(H)-PZ13(14)#3
2030 40 %0 €0 through D(H)-PZ13(14)#3
Po, Py (kPa)
oo Kitamura ACSNET2011 3o

3.1.2-27: PZ #FHZ 1T B EESR 2 X EDIEF (Phase-Ia,Ib THIfELED)

H(D)DPd-core~D IR & . BEFE =TT
[IEEEL TS,
KFOYMBREIX., KEEDIR

2

Gas
Pressure

/H

H20 : O-reduction

Physical Adsomption
Grows to liquid drop

3.1.2-28: LS Pd 7 FrF~DKFEY R F 4 — Tl Ho DFEEER V) AL » fEE
BT UK FERE E BT, BT PERE 7> 5 KL DiFE) 2ggs L TS5, Pd & 2H
RIS B e b E 2 HIS (Pd DR 4d B+ 8105 PAO IZH V), TH1E),



3.1.2-28 (=, PAO/Pd R D /KFEW jisk & FEFRHENL K70 FHt) OBa RO A A —T %X

~L7, PZ, PS Tix, Pd ~® DH)WJE & O-reduction (H20 [k 3B iR, Pd4

dETNPAOKRETH 8EIFHETH L Z LD, WHIBEO TN FEWEEXLND, —TF

T, KOFORBM~OWHRAE T, KF~ERETDZRERD, WA LRILIZ, SRR

STEBRETH D, b, KT EHAERLT ERT512455, TR,

W (Pd, ZrOz, SiO2 K ~) L7o/AKSFIEREZERN - T, MoK L HEW, REIC

K8l OKiE) L7225, KEPGITAEKNTT, MHEHFMOKSY & E VTS CEf

JEJ1& 722 KRR . BEE MR, M CH LWEARIZIT, Z2AENLOBIRLE LT 5,
L AT,

A) PdO+H,—Pd+H,0+ (1. 61eV)

LA T D H, O TR R

B) 2Pd +H, —2PdH + (?)

ToHDHH, PO D Pd X, FEINRVMEET UdET) 28 ZhoTNDHDT, H, & TefElkE
THRANFEN, —H T, NIOIE, 1) 4s BT (BIMNH) PO 2RI nizL 5L,
Nk 3d BT 8 ML ATEMEIC@ < . LIzAs - T H, BEREORESITK, 2) 3d BT 2 fHA
OICHSNTZLT D&, 8D O 3d BT 6 MM AEMEICH <, ZDHE S, inner-shell &1
720T, H, TERENEARE /11T,
2% V| PdO JE TP H, Tl & O-reduction OFEAMEERIL, BHECY 7 LIS M AIER &
725 TWT (ZAUAS PO AR O A 2) fliHLTreu,
Z DI EE A OVEFH O PAO Tl O-reduction 23 = W (2 < < (PP, PB, PZ, PS ®IHE) .
Ni0 TiE, H0 N TERT U (PNZ2B DIGHE) L BEZX T EH TEAH, L, PNZ2B TiE, #)
HIZ O-reduction 23 “—#B” B Z > TWDA, AB T Tl (#2 LD L DDA MO JEA
FEoTuwd OMWMDE L 3R> TWD) EEZRNE, #2 EOEVRHITE R,
FLEFELE, DUOFEEOEEMIE L2 ITIUR, BIRZ RIS W TH 5,

D UBHAE L3 & 20 h LALZRWAS, PNZ2B THIMNI KR DIET)N— X h3gl, #3 T 2 TH/AE
L, #2 70 ClxEo72<BAE LW & LT, K3.1.2-29, 30 D X 9 ZRifENE 7 L TX
%o

#1, #3 (B&{b#&) TIX. RE®D M0 BAS, SNH(Sub-Nano-Hole) ZE Cf=8IZ, D,(H,) HR
DRFZE TN 5 Ni-core ~DREMNHE F A0,

ZDT=HIZ, 0-reduction KD FHH) NRMITEI Y . ZAKED/N—X HBEET S,
KDFD—EIF, REBRENSKBENEED D,

O-reduction T SNHAEET B L#2 REEL LY, DM REMN BT S, (F3.1-32 B8])
— AT, PZ, PSEIEH (Pd—nano—particle) Tl&k, —HB®D O-reduction site TE=B &
SNH W i EN b, SNHAEH TOREL D) REMNE Y, RIGIFEED 0-reduction



FYBLBRELD,

| Non-active for D(H)-absorption | | Active for D(H)-absomtion
O Oxygen

@ Ni-atom;ro=0.138 nm @  Ni-atom;ro=0.138 nm
@ rd-atom;r=0.152 nm @ Pd-atom;r0=0.152 nm

2nm diameter PdiNiz particle

D2 molecule D2 molecule

D(H)20
N By D(H)2
Charge

N

LS
(O

@ ey —

LS
ey
LA
LS
S ey
LA

o D(H)-atom o

D(H)-atom
@  Ni-atom;ro=0.138 nm @ Ni-atom;r0=0.138 nm
@  Pd-atom;r0=0.152 nm @  Pd-atom; 10=0.152 nm

2nm diameter PdiNi7 particle

2nm diameter PdiNi7 particle

/\/

D(H)M>1.0

D(H)M< 1.0

X 3.1.2-30: o7/ krFaEE (PNZ2B) D DH) E D iAZ « BEED 4 A —2

—JTPdRTIE, PBL PZ. PSDL vs. POT =06, HONLIEF TELHBEDHAE LK
SUEDRALRA> D . Phase-la A% H,0 AE#A « HA TR E T2 DIEAARETH D, D F Y H0 IHIF




AL TETCVWARVWETREXTHS,  Phase-Ib IE n HBMEWVDO T, H0 ERE L SE LA,
(ZoZ &b, PZ, PS, PB, PPiEICIX, O-reduction #ilEITAEIZ/2D,) (PNZ2B %, #I,
#3 LH2 D P F— X DEWE R TH ., #1 LH#3 12OV TIL, A5 23T 0-reduction @ Phase-1 T
MENKLEIZR X 5,) PZ, PS, PB, PPEEITIX, O-reduction X, baking TIZFLALHEZ D
ETDEZEBRTDMLEEE LD, (72 5H1E, PNZ2B#2d OB S, #2 & T, FEFIT/H S
WZ EIFFATE LD, 2RO T—F2HOO L OFFLENEILICHNETHD,)
D(H) AT v —UFIINC, FEEIEN B a TR T 5 Phase-1 OWEESy (L -AL = 2.5-2.6)
. BZZHERIZ K B desorption—runff2d Tik, o7 b RiFHEIRWEEZ NS, #2 T
VDOF =2 N—=HAET] FREEOW S (AL=0.3-0.4) %, desorption 7 ' DFES T Gk
) BRI T T B X BND, A, B T2 Tk, (L -AL) @ DH) A3 > 7 LI
HoTWbEEbLND, D=, A BT ® sorption/desorption 7 > Tlx. AL 45y DOk «
itk & FE =B D I E 1D, (L - AL) AT KD FEE (R VSN R TR E V) 5503,
#&#3?V?i\¢#M7V®A%d§V@AL&%Ki6&ﬂE(ﬁﬁﬁ)ib\#%ik%
<72% (E-gain) OFETIIRWMNEEZ BN D, Baking IZXY, L -~AD D DM IFH T L
PHT XTI HISN, ZOLEPI HBEILISNDIDTHA D, MHERIZIT, SHOFELWIRFZ
B=I D,

X 8.1.2-31 | PNZ2B ##HZ L % PhaseI FiREFEEE & il 1L ¥ — (KE) OJERE
Lz, 2O o) /BB ORMIT, Bor, BEIC KO T RFEICRE B K4
70-80% I FHE L b D) L EEICKE 2N EE (3.0 %) 2 "3ZLThHhD,

(FilL, #7—7 2 /30 Pd/Silica slEIOFEER T, WilkE 3.6 NELN TN D,)

X 8.1.2-32 (& PNZ2B iEHZ L 2#1-3 7 v L Ffli 7 21 X 28R D(H)/M O gl %
R U7z, WM 3.0 V\i%}:#ﬁ IREL RO TNDZEICETIER LY, 2, —ESH
2T L TR R E R L2 A Th, 2.0 IO K& 2R L 72> T
WD ENbhDd, #hik Lﬁmé’] AT AREI N X —DRRIZT OV &
G2 58 TH D,

3.1.2-33 |Z PNZ2B kD L % 7 > TORET R /L ¥ — (specific heat per D(H)) &
T—HOEREER LT, Ni OB TITEIR TORE « R RITRNZ & D b &L
NERBMEL VR D, BKEDOT L TH, TRXAF—EE~DICHNRETEEZ S ThH
Do
DEHO= LR —7F, B OFEMEEZD TND,




PNZ2B s#tz&LbPhase-ICDESEE:
B DA DEEICKETRE

PNZ2B Integrated Heat for Phase—I
O kd/g—M for D
47 B kJ/g—M for H
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3.1.2-31: PNZ2B i# T Phase-I DFEE & & T 7 /1 F— D JB /EE

| Repeatable D(H)-Loading works well for PNZ2B by De-oxidization and Oxidization

History of Maximum Loading Ratios for PNZ2B

4 r 0O D/M Max.
B H/M Max.

3.5
Data by reused samples

25 M

o LN Tl

#1(3.4) #1A #1B #2 #3 #1(5,6) #1A #1B #2 #3 #4 #4A

3.1.2-32: PNZ2B — 757/ FiF#HFHE L 5 ik DH)/M O JE/E"— %



_ Released Energy for D is always larger than that for H. Difference is Nuclear? _

Mean Released Energy per D(H) Sorption for PNZ2B
O Q1 (eV/D)
1r PNZ2B B Q1 (eV/H)
0.9
— Data by Reused Samples
0.8
E 0.7 ]
>
f 0.6 1
S
a 05 _l
<
3 04
3 03 M
0.2
0.1
0
#1(3.4) #2 #3 #1(5,6) #2 #3 #4 #4A

3.1.2-33: PNZ2B i 7/ #i 7l kS DH)B 7= V) DF#F G (eV ;) DpEhtr—
%, D& HODQIDER BRI Thd AN D S,

{ﬁ%%@i & &b . Tested Metal/Ceramics Powders and Results

Pd Ni zr (e} Supplier | Anomalies observed?
100nm¢ -Pd 995%, - - - Nilaco [11.[2]
PP 100nm¢ Corp.  No, bulk metal data, but PdO
Pd-black 99.9%, - - - Nilaco [11.[2]
PB 300mesh Co p. Y es, alittle large heat & D/Pd
8-10nm¢ -Pd 0.346 - 0.654 | (1.64) | Santoku | [1],[2].[3], discussed
PZ Corp. Yes, Heatand D/Pd reproducible
mixed o xide - 0.358 | 0.642 | (1.64) | Santoku [2]
NZ Corp. No heat and loading
mixed o xide 0105 | 0.253( 0.642 | (1.64) | Santoku 21
PNZ Corp. Y es, but weak
2nmg-PdNi 004 0.29 0.67 (1.67) Dr. B. Yes, very large heat and
PNZ2B Ahern D(Hl)/M, reprocliuclible
[1] Phys. Lett. A, 373 (2009) 3109-3112. Drastic change happens! Why?

[2] Low Eergy Nuclear Reactions, (AIP Conf. Proc. 1273, ed. Jan Marwan, 2010).
[3] LENR Source Book 3, (ed. Jan Marwan, ACS) to be published.

3.1.2-34: 44/ Pd N ' —35 - OF Pd-Ni 2N 5"— D i B O HnE



A TEM | m a4r;sanple mad® by melt-spinning procedure
(By courtesy of Prof. T. Oku, University of Shiga Prefecture)
As areference to the B. Ahern’s Pdsample

3.1.2-35: PZ#AFID T EMZEEE, # nm #ED Pd #7735 ZrO2 flake HIKIZ 5 BA &
LT3,

HEmmTERE OKRERE) ; PZ, PSEHH DIGE

SEOKRREE, BREN-EBEETRE. BEORBRREFELS,
FOoT L EREAZER GEE:1000K/E-1~2BTO.718E)

%Eﬁ%ﬂ%t!;ﬁ Y, RE | 1@REPIONOED, (EKEHR) BRI

PJdOM [EAE R O (B3R H'D,0(FEK) &L THMC
QO D &I (F—IL) ZERK fﬁﬁ-}-/ﬂ'\—)bdmw%ﬁh“a?ﬁ

ZKREHGY . DISRI—DEFRELT
K NEADILEERD D,  (BEICE
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3.1.2-36: PdO K h/E DEIRIZOVTD SNH ¥+ FEIEEE T



Binary Alloy Metal Nano-Particle Catalyst
:Model for PdxNiy

| a) Complete-Pd-shell/Ni-core | —| b) Incomplete-Pd-shell/Ni-core |—
@) Ni-atom; ro = 0.138 nm @) Ni-atom; ro = 0.138 nm

@  Pd-atom;ro=0.152 nm @  Pd-atom;10=0.152 nm

2nm diameter PdiNiz particle

2nm diameter Pd2Nis particle

/ D2 moleculg]

A

D2 molecule

X 8.1.2-37: gL jE S S FFDETIL,

FUVMRYF(AVRIEVIRTU v L T)L) HELMRYF
(REFHRT v IL ) DIEIRIEE A IRED, L

| B) Mesoscopic Pd Lattice
Surface

| A) Bulk Pd Lattice

Surface Non-Linear Collective
D(H)-Trapping State

In Mesoscopic Global
Potential Wel

O-site

Reason for Anomalously Large
Chemical Heat: O-site
Mesoscopic Catalyst!

Deeper (ca.l.5eV) for nano-PdD

Shallower (ca. 0.5eV) for nano- PdNiD3 \L

/
Local Bloch Potential

3.1.2-38: 2 /F 7/ /7705 DEH)IR D IAZD X il | Tl & L/ERT 2o /-F

T,



HWMER=—T 7 ) ARANRBRLIEWASNASRRE 2 AN ToOREL, ffHEICL T,
3.1.2-34 |ZF LTz, PdO EDOZhESL il Bt o X iz >\, =7 A EHWT, LTI
L CH X DI[3.1-5, 111,

3.1.2-35 |2 PZ i kt> TEM BB %2 7~§, PA KL 713, 2-50nm BRIZHHA LT\ D Z &
10nm &V K& 72 Pd R 1%, D H 2 TED7R0WA, FET S, MR 1-(1-10nm)iX
Zr0: D NEHRC, T /LI N T v 7 & TW5D, LovL, K& ki HidFmIzdH v . DH)
HAF Y — PRHZENN T, D K& 72 Pd ki1 & &1K (aggregation, sintering) F.RK{L7T %
Llbhs, ZOERIH, #2 UBOEBRTHANELLIFKTSHAH, £ 5 ThHE,
B8 % 2-10nm (ZHi X 2FRAEHEY O FIENEETH D,

3.1.2-36 (@ ® PO @S DH)F v — PHHZ B I- TR DOET/V[3.1-5, 111 2~ 7,
SNH WERk S5 & | b2 electron-dangling-bond 73 T& T, D(H) H A DWW 5 & TelEn
HEGH 05, SHICSNHANRIZIER 727 F 7 ZAHA M%< @D(H)ﬁi‘ﬁw AN
NEB T COEEIE A N E E - T, A2 Pd #7 O VA b ~OW N, I
R (PAD) RfEL 725, IHI1Z, T—HA F~O DH)~OH Y AL A T, IR

0(2E 5 (Pd/Silica DA : PS-ITikE, JCF12 THRE) Z L1 d 5D,

PNZ2B ® —5t7 / @@k OB & 3 I IZHRE CTh - 72 Bl 13, B 8.1.2-87 (TR T XK 9
(2. PdO Dt D #%E % PdiNiz @ Pd 28 ad-atom & L TESH TV T, FEIZ SNH ¥4 b
LSBT HEEZOND (FX), PNZI #EO X912 Pd B84 ES L (EX).
Ni 27 OFH %5242 83— L1z Pd J8 ¢ PADMH) OFERIC L W . DH) O WHES Ni ~D itk
%&ﬁiﬁ?‘u V7 ENDHDTHA D, Pd-ad-atom (X, BEFE D L 5 (R HE 95 = L3N

VIR LBEANARETH D EELETX D,

_ﬂ%®f/ﬁ%®@%i\§ﬁ®777&w%4bf@F%f%ﬁ@%Jkbf\%
T TE %, X 8.1.2-88 12, /L7 &K1 D H W A5 (adsorption) /> H NFER O & H AR 7
> ¥ % /L (Bloch potentia) ~DW ek (LX) & A VAR T v (FX) Z#EELTH
Zals
BT R X 2 e “AREE X T RIS IR S D — R R T v o x )L (GMPW: global
mesoscopic potential well) FEFOTE SR L TWS, ER9 6, Z O GMPW OFES I,
Pd 7 / ki 1T, 0.8-1.2eV, PdiNiz T 0.5-0.6eV & #Efll X415, GMPW WIZIZEHIART > v
X LONEREER B D, GMPW O DH) & FRE) (BVWED TES) 13, AR T vy
NOFIFIRE) GEVIEY THEE) LHEA LTV FEREESIREI 2 = 3658 ) DM
B 1D GMPW N COMXHER) = 2 /L X =238 KL ¢, GMPW N%& “YERH” ([2EH T
b, TOFER, FAMART Y VDT —HA M TO TSC Rk KIEIZ KT 5,

(B4 8.1.2-36), #4123, Phase- I O%:5 6, Phase Il IZHF T, 4D/TSC & D L 9
IR RS SR A K X8 5 underlying mechnaism & €7 /ULTE A,

ZOEFANE LIFIUT, BREHEE D FFIZ L > T BRIGERE AT 2 L PSS,




BUEE COMPRIERIT, TXTHRRThRINED, S%IBE LAZ T A -2 L LIzE
KBS s,

MFRK—7 2 /730 Nano-Pb/Porous-Silica ##} (Admatechs Co. Ltd) % 7= f D
MR (JCF12 %K) OMilisA2 <L TR 5, (K 3.1.2-39-40 B,

INILYPA DR EFERFEC.7EEERT
PS—IERHHIEEIC KSR ERE

D(H) Loading Ratios
4 | PS-111,2 samples|
35 B D/Pd
3 B H/Pd
5 25
a
g 2
a
1.5
1
0.5 [
0 . . .
#1 #1d #1A #1Ad #1B #1Bd #2 #2d #3 #4 #4-2 #3-2 #4-3

3.1.2-39: Pd/Silica ##HPS-IDIZ ) 5 DH)REFEDERE, AB 7> ThH 1.0 &2 X&),

E—DOx—XDOFERME(FT/NNILIMD10EEHITRES,
R HEE{E Te BI[E1E

PS-II E1 Data
| Ps-111,2 samples|
25
B kJ/g-Pd ;D
2 OkdJ/g-Pd :H
1.5
©
T - Sy
I INILOMERICHTE
N
3 05
0
_05 #1 #1d #1A #1Ad #1B #1Bd #2 #2d #3 #3d #4 #4d #3-2  #3-2d #4-2
-1

3.1.2-40: Pd/Silica #AFHPS-IDIZ J: 5 FEEFEDJEIE, L T 60%/A1HE L, #D k¥ s5,



| PSII3,4#1:Virgin; n |

16 r T I
14 (Why sharp peak o
[ For
12 I \<\ H-loading?
? < F f — -EtaD
g 10 | ML, S
£ 08 [ \\
< I ﬁ N
= 06 | Probably \ \
B T Due to \
z 0a | 4D/TSC AN
. . =
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3.1.3 NRL & Colorado ® 5 :
EANDOERFI 2V LFMLELS (X 38.1.8-1-6),

[ 5.1 NRL Kidwell &?Zeolite+2-3nmPd TOD (H)F +—S EBR D&

un
2

Olga, Coolscence 2010

FrEssue gages oven
= 10 Torr

Emegeng pors

Fig. 2. Block diagram of the expenmental setup.
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3.1.3-1: 7 X Y DYEEHFFT (NRL) O Kidwell 5, LNz 2 5 N2— D5
ERRLRERE (iEIE, 7 U7 D ERIEE G TS ),

Olga, Coolscence 2010

@ ®)
Fig. 3. Experimental system; (a) the oven and the plumbing going outside to the gas tanks; RGA is
connected to the gas line; (b) vessels with material inside the oven, thermistors are connected to the neck
and to the bottom of each vessel.
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DHRF¥—CTldk. AB(IN)D

Avd > o 5
NRL Repl. By Olga, Coolescence E%Oé”f?’%fffgggo’%;ﬁibf
(Colorado Univ.) 2010 R Sty »* A

Excess heat in units “C * second/g

Blank zeolife Excessheat | Pd-zeoite Excess heat
ont in out in
Ds 2nd 1557 1498 0.58 -244.65 13.25 2314
3rd 1692 1275 417 44283 | 2000 | 42283
4th 2458 1533 915 -383.33 5317 -330.17
5th 25420 1453 -10.88 40645 | 8450 | -32195
H, Ist 2262 1342 920 -59.30 3548 -23.81
2nd -18.62 1245 6.17 8735 28.81 -58.53
3rd -12.02 1432 230 -23.95 3533 11.38
4th -15.50 12.95 255 2463 2595 132

Table 1. Heat-out and heat-in for deuterium and hydrogen runs per gram of palladinm.
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3.1.3-3: =2z 7 N2L— 70 Pd/zeolite #FHZ - 5 Wi (out) - i (in) FEER T Db
BUREFS IR, 2 TILRITHR Y A G F L F— (T T 7T X, R T~ 1 T X A
L TG, KELBEEE 71 (outiin) PEHEILE,

NRL Grabowski D XS54 F&Y. ARL Workshop, June 29, 2010

Typical Pressurization Cycle
Pressurization with Deuterium — In & Out

Sl eesT  E L EL U peterum |0

. -44.2) | L 110 s [\ pc=l 10
T 'wf § o | \ N %
£ ooy \ N . % - T 26.4) m é
N —__— N °

- - | =

Heat due to:

— Work of pressurization (PV heat - reversible)

— Absorption of Deuterium into Palladium particles and spillover onto the support
(reversible)

— Other — which may be chemistry

Results:

« Highly reproducible, over long periods of time.

+ Some of irreversible heat caused by H—D exchange, but apparently not all. 1s
there other chemistry too?

Unclassified
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3.1.3-4: NRL D5itHAE (227 NG EAEDOLEEE) D47 — 54



NRL Grabowski ® X541 K&b ., ARL Workshop, June 29, 2010

Excess Heat from Many Cycles

Palladium on Zeolite 13X

o Totd Excess Heat
1 Heat cakuiated fom D-H Exchange

[faenp

Excass J {In + Out}
FDefermmis

F Deulgrium#13

FOsudrumuzs

Note how the contribution from D-H exchange is a constant fraction of the
total heat no matter if heat is exothermic or endothermic
— = thermochemistry needs “adjusting”

Unclassified
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3.1.3-5: NRL & Pd/zeolite 7'X 7 — NZERIZI1TS5 “HFIE DjE/#E

Olga DmitriyevaF¥ 3% DACS-NET2011 THORFT—4
Excess heat generation
33.78 — 1 =% L 1200
Empt I ]
some mpty Jesse ‘f!l;:_" |
|I AL W - 1o00
39.74 R A o ) T
Saon o, P\'\ 2% Pd alumina r\\ | -0 2
P i (N B
E 397 i:lﬁloaﬂing || PV work - 600 E
E 3968 (H; v O
& =] I I 400
1966 L N
uloatiirlg || E“‘*_ ,{ h[
1960 — p\Vabork -, 200
oading
196 - qe Cess | - 3\6 work
0:16:40 1:06:40 1:56:40 2:46:40 33640 4:26:40 9:36:40
* time scale is changed time (hours)
=5 SRR R EA 140
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7 AU hEREMZEFT(NRL)® D. Kidwell 5D 7 V—7L anaZ Ko7 )L—71%, PdF)
IR EEETA MRT NI S OHMKITHERFFT 232 T, DT A 72— REEO
FEFMEA L TV D, K8.1.8-1,2 127 & 9 REEZmEF TN TV 5, DE)WRE
@iﬁumiﬁoﬂ\m\o FEEED DE)FENARZROBERERIL, K 8.1.83-4-6 (TR L7
HFR=T 7 ) NGOREREEEMITITELSBITWS, [F UHEBSR A FIHMER
<\ﬁw LHEENTWD L Bbh s, 2iubid, WEREZE O TOBREORE 21T
oT%ﬁD@T\%ﬂmf@ﬂ5w/®ﬁﬂ6mﬂt:oT%é#%%MLT%éo
SETOEZA, oD RAIE, NEREFIERE PR THD L BbN S, BEFOfk
?ﬁmfmﬁ%f%ﬁmjk#é%@f&éoH%M%ﬁ&\&ﬁmémwmﬁmmm@
FAAGR DTN D,

MRER—7 7 /3G b, BIRREE TSR ORIEIZER Y A TV TI3.1-3], F23
WO T—2EHED T, EREZBVIRLCND, (FAEELREORERL T A7 hVHIE
ERIFREIR, BELWEBRTHS,) mHIARRMRZ R LIZDRTO, He OFAET —
Zix, BRMERTREEELFETHD, LoLERL, £70—7L 1z, QMAS #iE
7o EER T DR E O LHN TEXTE LT, pending £72> TWHDIFEETH D, —
FT, HBHEZET = N—IZLDH AT v — TOMERT. Xifk, EUV - AEEOHIE
MH Y, BRSO ESE - BEBEOFHLAR SN O EHFFEND DT, ZOMRTOLE TN
BNTWD, HERT — 2 D% LN Z L MR LT,

T = 2T TE R WA Boston DX F v — THFFET % B. Ahern |%, EPRI O{K#HIZ
X 0. PZ,PNZ2B, NZ BU&E R Cu-Ni o) ki, 72 EZ2 W TOREN « e o H|
ExITS>TND, BRI, o7 Vv—T7LEUHEREZHE TS, (EPRI ITHEREZARL
720N) KRS, ER—T 7 NGV PNZ2B #EHE, B. Ahern ORIz 0
T®Hb, Ahern L, T/ KiF-OFEMZE T, [1-10nm BB 71235 1F 2 Wk DH) 7O FH
IERICIRE)) NEETHD LRI LML,

ZDIEMNZ, A # VT Frascati OZHEMFFEATANFN)D F. Celani 1%, ik V., Ni®D
AR (p YA X) OFEIZ Th, Cu 72 EDOF / #dE % B4i+ 2 FiE T, &Il (300-500 )
TODME)TAF ¥ =TI K 2DWH - HEHG A BR L TWD, [3.1-14]

500W/ce & W) BEBEORBBLNHHE 7 L —A LTS, L, ZRLF—4F A
2B 10%IFEE L/NINVDOT, SHROERICHIFF LIV, E7o, Texas KOBEWNERTD D,
Cravens[3.1-12] &, KAHZR TOMEEITH-> T\ D, DM, 7F7 A, a7, FETHHF
FERETTH TH L0, FERITARI TR,

B, FOREHEO RS [3.1-15]1%, KAHEIC L 5 PdDx OEIIENFFE A BitA Lz,
RMRERET, HHRECELTOTHEIDLN TV, S%OSH LRSI T
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Energetics Technologies L (A A Z /L L7 A U HZ&4) @ Dardik 1%, Super-Wave
EREZ R U CHBMEO N ESE LB RIEE A 2 s L Tund %0, Super-Wave &
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MRRECHEER (20k HZ BREOFEEE) N2 2 LIk v PdRKEICEMR (7
T ENR) FREENRTE S (K 3.2-3), ZDSMT, Super-Wave EfE3 2% &, DIPd
b (D W) 23 1.0 e < 2K %, DIPd thiE, Pd oFESESIE (RIR) ZHIET
HZ LI E=HZ— LT\ 5D, Super-Wave DI L, JAHAN 20 3 FLE D IEFLHE 4 J
A LLT, ZOEmiEEL /XY a3 CHEEL TCERTHEEL TREIE TS,
Super-Wave Efif TOMRBFIBEAED A = X ANIFEF STV, SH%ROMETH D,

SETOFERT, ZO7 V=711 NJOELELL LD T 2 754 5L i R B Bike i)
MBET 27 —Z AT TN D, 2D K9 R BAFRFEROFBNEIL, 30%RETH 5,
X—2 /R LizimERE DT —% TliE, 0.74W O AJJTEEH I3 20 W HTWT, 17
ek L7z, 71 3 255 Th D, T OB I L~LE, 24.8 keV/Pd-atom (ZHHY L
TV, ABZERJRIK CRIBE 72 EA ) L1 % 1000 {50 E EEl>TW5d, L7zdi- T,
ZOEI RN X —DFAIL, “HARRZEZDLEEDH R TOM SO GEE”
TaCTERITNITR R0,

Energetics Technologies ® 7 /L — 7%, &K & L —V — & [RIRFIRE 35 L8R LK
HTWD, ZHUIEBRISTHEROYNIEA D =X LA~ v N 52 58 EH 5 EBRTH 5,
F7o. EFEMED ENEA 70— 7%, R EHHRI L7z ‘He D KREFRAEDT —F 215
TWo,
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3.2-1: Super-Wave ERELEE KIESHZ VS EHDEAXIEL R (Energetics Technology’)

Excess Power; Exp. # 64a ; El-Boher, ICCF11

B ET-TIC Off-line: ETE 4 64-18,05.2
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Excess Power of up to 34 watts; Average ~20 watts for 17 h

& 3.2-2: Energetic Technologies®, 1% F CIZ1&/-RmE T 1> DEEBEFDELT—F



3.2-3: Pd[EBFZKED SEM FE, Z K3 ERKIESH#D Pd ZE, GRILEE REHGLDEE
(SEM magnification = 8000X, by Energetics Technologies®)

B G, ‘He O RBERAEZWIEIRT T — X 2HE L TWVD, 1 5IXLIATOERIC
BWTILEKEMRIC EHE O Pd B2 (NEIC Pd O R 2 25407 2 VW TEB L7z,
D%, T/ PARiF &2V a=7 (ZrOz) TS EIEEMEZ AW T, <HHY
ECTERT DV AT LMIEE Uiz, WEMEESITEE (QMAS) #HWT, Knt/r
WA A L PARLFINERIZ® 5 4He &% 04T - Mt L7z,

—7J7. SRI ® McKubre 5%, FHX Case DERZ HIL T 5 ACH HFOEMR L

(FEPARY) CTomFIE L ‘He AR E OMBELMIET 5, 0 NEKEM T ‘He
AT —H LRI O R E R T T — X 2K 8.2-4 [T, F72. K 8.2-5 1%, [RFE
D FIZ Pd % PVC 235 L7-iB A2 iV 5 Case BIOEBRTHOLNIMR ThbH, Z
DO TIE, He —JRTH7-0 OFATFILF—(L, 31 MeV L72->TW5 (FRZEIL 13
MeV) ., it ® McKubre D¥#EIZ L5 &, 24 MeV +£2 MeV OFHBET — X 035 5i7=
EHE LTS, ZhuE, mEIEA AL LTS O A (K) 23 *He TH Y | “U
U — U BRERE RO L T HERT — 2 Th D,

S & IRIE, HTORF R SRR T, QMAS ATIC L 0 1017 {E o 4He Z FH L7z
EHE LTS, ML 0OREE T, ‘He —l@dH7- 0 24 MeV D= R /LF—2R54 LTz
ETH L 107D ‘He i, K 1 MJ ORBEIZIHET 2, 2z 12, ZOERIX
IEHICERNIZ T kD RIE R 5720,

FARFEORA LS 21X, DDA+ DD 2 EEAG 2 £ 55 2 2 OB EWEO T
H5H, LirL, DD KETIE, 2.45 MeV OHET-& 1 MeV D U by (ZEHAKFRE)
B (OyIEE 50%) FEAE LZg T iU B, 4He 23T 5 ikbix, 0.00001% T
5, *He 1T DD A DK L a2 D Th 5, %< CMNS/CF #f7eE 728, D+
D — “He + Lattice-energy (23.8 MeV)D iG] (227> TWW5b, LavL, T



WIBLE)IZ & V) 272\, miffiE, TSC (E Mm% 12 L 2 BEZREE R 2128 L T,
4D BRia DR & LT *He SAHRE L@ RIBEALHB LTV D (2.2.1 HiZH)
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3.2-4: SRI group HVEIEL /= Pd [EFBE K EAE CDBEEIFE 'He BEDIFE 7—5
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ARl OME (BB E 2008, T#4) TiEH L7z, Super-Wave Electrolysis %2 X %
Pd/D:0 EMFEER (FBLE T0%ICE-70) OZDOHILE 97257 Th A 9 ) ? Energetics
(Israel)-SRI-ENEA #H & F— A DO F .0 Th Y . Super-Wave/Super-sonic 15 O % i &
Energetics tE DB FEHEER 27 A U 1D I A=Y RFICHBEEL T, [H L CMNS/CF #f 5t &
vH—] ERBRLT, SDICHREAEDD Z L Lirodz, 2011 FFICIE, EEOBIEE - 7
fF - DD EREZAZ — P LIZEEWTW D, ZOFERITEIOLD TH S 9 M,
W /&> SRI (7 AU F) & ENEA (£ 2 U7) 7bOKRHIH LWVIRFRIFEET — & DR E
L7z, LU, Nagell3.2-1], Storms-Scanlan([3.2-2], McKubre[3.2-3]5% JCMNS Vol.4
~NDOLE2—fL T, AETOELDE, BREOTMZIT> TV,

AL T OWMFIBGE AL & WEE D/PAd OEAfR% ., McKubre 23X 8.2-6 DX 9% &
HTND,

Michael C.H. McKubre and Francis L. Tanzella / Journal of Condensed Matter Nuclear Science 4 (2011) 3244
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Surface Plasmons Excitation by
Electromagnetic Field

- Prism Coupling: Laser Irradiation -

K+« « Surface Plasmon Excitation
e" determines a decrease in reflected
: laser intensity (ARsp): energy is
N “ transferred into the metal
YA AYASS
&

R |
amf f ARsp
3 :"
<) = :
‘ © (deg)
0 i L . . Fig.7 - Sharp minimum rising in Angular Reflectance when
0 05x10” 1.0x10° 1.5010% 2.0x10° Surface Plasmon Match ing condition is satisfied
K, ™) + A Reflectance minimum occurs at
incidence angle fulfilling matching
Fig.6 - Matching t.:ondit.ion given b\( interception bet\.lveen s.p. condition
and laser beam dispersion law, achievab le using a pris m coupler B

3.2-7: ENEA @ Castagna & /4, &G Plasmon Dl & Eksss (L—#—) T
1T oHFEE L T &,

Palladium Cathodes Roughness
0.18 pm
0.00 pm
y: 23 pm
X: 24 pm y: 23 pm g
L72a(207-225)RA L68(0-20)RAE
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X: 24 pm
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3.2-8: ENEA T/, B m D X & plasmon [t D BIF &~ Tud 3,

ENEA Tix, Pd B OO, & < ICRENREDO O 2D T 5, X 8.2-7,8 1,



Castagna 7% ACS-NET2010 (san Francisco) T¥# L 72X C, & plasmon @ L —H —|(C
K Dl & mPEEGE KO 2 TWVWD, £ L (2, Pd EMERDOH S (roughness)
DED X HIZHET 5 (nano-fractal & dBE) %nﬂ/\“(b\é (X 3.2-8).,

SRI Tix, AL 24, BUER, ERERIIRAIFT-oTWRNWE D ThoT,

JET Energy Inc.® Swartz I, A % —x > h¥ A k Cold Fusion Times T4y D @)
M THZ ETHLILTWAN, EMER, & <IZEIEI codeposition {4, (ZHUY FHA
TWD, MIxEz, JHHIET /R 32ER| l%ﬁ?@ﬁﬁ/mﬁ(“b\é (B. Ahern LfHATW5S),
ACS-NET2010 T, #5573 codeposition EBRIZ 5% 25 28 %4 5% U 7=[3.2-5], X 3.2-9
\Z Pd+D @ deposition JEDE X LA RNV —5 A L OBREZ ~TT —F ZR LTz,

M. Miles iZ. Fleischmann-Pons ®JFRIEEE COW B EGHIE & Fleischmann (/3—F%
VUIRDTD . A XV ATHEEF) LY TOREL LT 5H[3.2-4], F72. codeposition
DFEBRLHET TWT, Pd OfRHVIZ Rh 25 L EARTHBREIH RN 42/ LT
W5, Codeposition Sk D MM F) 708 R Z N & — o %K 8.2-10 2R T,

EXCESS POWER GAIN HEAT
as a Function of Codeposition Thickness for DAP
PHUSOR® LANR Device

Excess Power Gain
@

" Breakeven

T T T T d
1 10 100 1.000 10,000 100,000

Pd Atoms Thickness Added
American Chemical Society (Environmental Division) | I
Spring 2010 National Meeting San Francisco, CA - March 21, 2010 ©2010 JET Energy, Inc.

3.2-9: Swartz (JET Energy Inc.) @ Codeposition Flg DT RK/F— Ly >



RECENT EXCESS POWER EFFECT
Depletion of Electrolyte (Only 0.01 M Remains)
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3.2-10: M. Miles @ codeposition 52k 5, BRITDuFIE T — 5 Hl

PR Calculation of the Energy of the

==e. . NeUtron that Created the Triple Track

LET Curve for Alphas in CR-39

0, = 5.58 pm En :Eth+Eq1+Ea2+Eu3

20.0
4

134 m
range (um)
= =
o o
o o

50

0.0
0.00 0.70 140 210 280 350
Energy (MeV)

E, = (9.6 +0.59 +0.91+ 1.23) MeV

E,=12.33NeV |En=En’ +7.245MeV +
Eal + Ea2 + Ea3

10MeVELE D it F D FA4 ™ 12C(n,n")3a | En - En’ = 9.98MeV
E‘Iﬁ . ‘:Z IE"“"E 8 I;—EEA 143

3.2-11: Mosier-Boss & codeposition g TP, CR39 |- ) 5 12C(n,n’3 a )it D%,
fipfFo FLF—2 12.33MeV & L Th 3705, FEFPEEAL 11+ D F L F—En'a #1E
LEATS, IELSIT, 9.98MeV LI LD E #7131 S = EIZk S,



Mosier-Boss (SPAWAR, Sam Diego)i%. codeposition ZZf T CR39 (Z .20 > 7= triplet
Ey b, BEFEFICL DO TH D Z L&, Miligs DT14MeV F i1 % T Ebg
TAHZEWLEY, A=/ %—2LFEELT, Codeposition THH S/ @l P METI1X,
d-t UG D 14.1MeV 7Tl d U 72w, ZOEH L, 1MeV © ~ U K 7% PdDx <° D20
2ol FR T 5 E TICRORT 2 dt ROSHRIL, 10504 —F—ThoHNbThD, 7
DOH, KEO DD LD p+t+4.03MeV 77 o F 060D b U b O—IR AR BER S
b, Lol DD ISP 50%7 7 »F Téh 5, n+3He + 3.256MeV 726 D 2.45MeV H4:
T OFAEIL, CR39 Oy FEHE > THRHINDITTN, BOOTHD, miE3.2-7]
13, X3.2-12127~R T & 9 72 ADITSC RIS D~ A F—7 F » F b O b 1% Tl L7,

6.2 SFEMDTSC ADIZRAEHEFRD FHl—1

Channels for CP Generation by 4D
|. Symmetric Fragmentation
1) 4D — 8Be*(47.6MeV;0+*,0)—
4He*(Ex) + “He*(EXx) + 47.6MeV-2Ex

* 1-1) Ex=0;
4He*(gs;0*,0): 4D—o+a+47.6MeV; Ea=23.8MeV

+ 1-2) Ex=20.21MeV (1%t excited state of “He);
4He*(20.21MeV;0*,0)—p(0.6-2.2MeV) +t(1.8-3.4MeV)
+ (Ex-19.815=0.4MeV) + (3.6MeV; moving “He*)
; this triton makes secondary d+t reaction
to emit 10-17MeV neutrons

—éTIE . =§! IE-‘“-‘-E N=] I;,-EEA 146

3.2-12t EIEIC L S EE I E TS T T DM

(2% 3]
[3.2-1] D. Nagel: Hot and cold fusion for energy generation, JCMNS, Vol.4, pp.1-16

(2011)
[3.2-2] E. Storms, B. Scanlan: What is real about cold fusion and waha explanation is
plausible, JCMNS, Vol .4, pp.17-31 (2011)
[3.2-3] M. McKubre, F. Tanzella: cold fusion, LENR, CMNS, FPE, one perspective on the
state of the science based on measurements at SRI, JCMNS, Vol.4, pp.32-44 (2011)



[3.2-4] M. Miles, M. Fleischmann: Measurements of excess power effects in Pd/D20
systems using a new isopeliboric calorimeter, JCMNS, Vol.4, pp.45-55 (2011)
[3.2-5] M. Swartz: Inpact of an applied magnetic field on a high impedance dual anode
LENR device, JCMNS, Vol.4, pp.93-105 (2011)
[3.2-6] P. Mosie-Boss, et al.. Review of twenty years of LENR research using
co-deposition, JCMNS, Vol.4, pp.173-187 (2011)
[3.2-7] A. Takahashi: Neutron spectra in CMNS — model predictions and past data, Proc.
ICCF15, Rome, 2009 (to be published)

3.3 ZFDdFH:(Narita, Kasagi, Karabut, Mizuno)

ZTOMDOFIELE LT, KE—KED D 72 Plasma-electrolysis, 7 7 @ Karabut 235
L TW B EMKBEGTRDO T T X~ (D-gas) 51 H 5, Karabut (3, @RI A 2
5 FEEE DRENE XARDOIAE, B ZHE L T\ AHUICCF15, 16), bk % E4ERR L 7= K%
X, KELBEXUCF v —% b EFC, LRNTIEEI L CWA LD Thd, WS -
BEBROHEFEEZMGE L TVDE0E D ik, RATH D, vk, BAROFEJICHIZIE 74
EEFINLBIML TR, o, A FERTH IO L ZARNT R,

BHD (EFR) 1E, 27 Pd ~O DH) T AW - BUBRE O F4 72BN — 2 | & i
Wi OIEBEEBRZ1T> TV D, i, KEBEREETHLERL TV 5([3.8-2],
FALKRDEAR 7 N—T1E, R Li IR VX —0 dp B — 2% BT 25 HIET, 4He
WIS DEA ATV —=2 ZRHFA K 2 BAEHEKIZOWTHZE L T 5 [3.3-3].

(275 ik

[3.3-1] M. Kawashima, A. Taguchi, N. Oikawa, H. Yamada, S. Narita: Proc. JCF-11,
pp.29-35 (2011)

[3.3-2] H. Ougida, H. Sasaki, A. Tamura, S. Narita, H. Yamada: Proc. JCF-11, pp.23-28
(2011)

[3.3-3] K. Hang, T. Wang, H. Yonemura, A. Nakagawa, T. Sugawara, J. Kasagi:
Screening potential of 6Li(d, a )*He and 7Li(p, a )*He reactions in liquid lithium, J. Phys.
Soc. Japan, Vol.80, No.8 (2011)



4 BEHBI L—LDFDH

4.1 ANBEIEE# I L— L2 DZF D% (Iwamura, Yamada, NRL)

MHI ORI LD RTET 4, BEHS8) MNT 2RI RELHS), Pd/CaO @
ZIEEEICEARKFETAZZB IS EBETDHEV S, 183Cs — 141Pr, 888y — 96Mo DE
BEENOGHXP) O LT — &2 r L/ L—2a41-1]1Z, ZORED
CMNS-community & M2 23O T, IEFICHER SN TH D, £ DHOMFREDME
JBIZEDE I/ TNDEDTHA I M £, M7 —7 12K 2% FHEERSCHFEO LB
DOENENIE D 7o TNDDTHA I N ?

ARSI, JCMNS Vol 4 IZHEFTOFEREZEDH T, LEa—mXaitT\n5[4.1-2], B
B, HLOWREREZR - TARL Y, B41-1 I Bafimhime Li=Haic (&= 6, H&
¥012) WINT DA P BAET D T 5T — 2 BT,

¥ twamura et al. & Jowrnal of Condensed Master Nuclear Seience 4 (20000 132144
510t . . . . i 1500
138B, o Elmmf 150§m
3 1 138 150 cmen

Ls1d \ s Ba—' ., Sm 1001 \

4 . Ja # —v— Affer Pemmeation
107 Given ] ‘:> g Hetire Pamzation
g} Element ] =300

M+12 |' f
0 sl Pl Wl (g 1 Z +6 l]'k X RARANI, R— ;—‘
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4.1-1: FH o DFERM T — 5, (AL 6, HE 12) BT SEEHE 2 L —A
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Figure 11, Surface distribution of Prusing 100-micron X-ray beams. (a) Mapping of Pr by 100-micron beam at the point where Pr was detected
by in-situ measurement. (b) Surface image of the sample corresponding 1o XRF spectra. (c)XRF spectra for three different poims [2].

X 4.1-2: Spring8 O~ -1 2 7 =24 XRF 5347 T 54175, Pr £k X > B 7 — 5 |2
EL T3,

(Z+6, A+12) MDD 7 L — LT,

M(Z,A) + 6D — M(Z+6, A+12) + [promt-gammas] + Q
OEAERZ TR LT D, UETOZ L—A4.1-1]1F

M(Z,A) + 4D — M’(Z+4, A+ 8) + [promt-gammas] + Q
DM T > T-, FEBR T, 4D-capture F 721X 6D-capture O FEHE AL M (Z+4, A+ 8)*,
M(Z+6, A+12)* 6 OIEF T @ OENE = R L —IRED D ORI A 70388 Tl 2 5 A%
Bz (WATF—=FEBT, ZRZFNX—E =T DI ~BRANT MADBRBRHEND
T A BmHEHINRNWENS I XTI =035 (X 4.1-3),



133Cs + TSC Reactions

« 133Cs+d — 13Ba(Ex=12.91MeV) — *Ba(stable) +
gammas(12.91MeV)

« 133Cs +2d — ¥La(Ex=25.32MeV) — FPs
or 137La(6E+4 y) + gammas
« 133Cs +3d — 13°Ce(Ex=38.29MeV) — FPs
or 9L a(stable) + gammas
133Cs + 4d — 1Pr(Ex=50.49MeV) — FPs
or **'Pr(stable) + gammas
Note: (1) + 2d is equivalent to “He + 23.8MeV.

(2) We need to detect total 50.49 MeV promt gamma-
ray energy (many cascade gammas)!(Head ache!?)

Takahashi for Ni+H discussion 34

4.1-31 HHH BEHT KS TTPRINES Tl L O~ T =, BIFET >~ i3
BRI 0 DT, K07 SEER] T, B DFE,

EEBMTRENEN L~ BALEICHARVD), BREE LOBEFEOH THL, Fi-.
4D-capture, 6D-capture (%, FEEHDERK> TH S Pd, Ca, O TIIREEZ R0 DO0NG
IATY—Th b, HiLD SPring8 O~ A 7 1 £ — A4t % v 5 XRF /3irofE R (K
4.1-2) 1A% & WPr NI O I 7 v ARy MIHEFITREL TR -> TN D, 72,
DX LTI DON? BEREHEBICTIOERELE S THDH, Pr ORTEAKR Y
NEFEIX, W - (LR E R, REHPICH &b EEENHIREE D Pr DSILHURTE - 5
L7 (DHRABROEEZOHRIZEZEI0D00?2 BHNTHLZS,) LMIRTEXR20HD
ThHAHIM?
SEARTEBROIBRS, 2720 RIAIIZT A U B NRL Tfrbhiz, AftsH Z0oFERICa v
R LTW%, NRL Offimid DarBegat, £ > T, EBRIT Pr o2 2 3
LT HRMTHD, m—~D ICCF15 T, NRL ® D. Kidwell 82D X 5 ([ Lz, TD
BT, AT 2 I TiEH Y 27, NRL OFEBRSIICRIENS 5 & MGn Lz,
BEHPHOABES D7 N—T4 AREEROBRETT> T\ 5, Sr Db Mo DARKIZD
Wi, negative Z2HEFRER[4.1-3] TH - 7=, FH D XPS oHr THRMi & L Chid: (329)
PIBALT, Mo LB ENRTNERSTNS, LiL, CslicoWTid, Pr OBEE /4
MBI ENT=E VI FERPHIZE VWS Z & TH D CRER).
HFROWLE B [4.1-4,511%, TOFSIMS |2 X % @/ e O &30 % it ostkeHz -
WTIT2 TV D, BTLa RO ->TnD (¥ 4.1-32H) Lo®E%L JCF 2#E TITo 72,




LETOEZA, TEMRBEHRO Y V— 5% S 2 B AR ORI IE LD h o

TR, BEBOZ L—2F, TTHEIRC L D [REEBDSMIE S Ao0 B 7el
LT OHEBROBBEICH D L VWb XD E RV, SHROFERICE DML AIFET <N
HAELRWEBMT R ENERINTND,

(27 ik

[4.1-1] Y. Iwamura, M. Sakano, T. Itoh: Jpn, J. Appl. Phys., Vol.41, pp.4642-4648 (2002)
[4.1-2] Y. Iwamura, et al: Observation of low energy nuclear transmutation reactions
induced by deuterium permeation through multi-layer Pd and CaO thin film, JCMNS,
Vol.4, pp.132-145 (2011)

[4.1-3] J. Gao, et al: Investigation of nuclear transmutation of Sr into Mo using D2
permeation through Pd foil, JCF9-2, 2009

[4.1-4] M. Kawashima, et al: Search for nuclear phenomena in deuterium desorption
process with mulit-layered metal complex, Proc. JCF-11, pp.29-35 (2011)

[4.1-5] H. Ougida, H. Sasaki, A. Tamura, S. Narita, H. Yamada: Search for nuclear
phenomena in deuterium irradiation to nano-structured metal under glow discharge,
Proc. JCF-11, pp.23-28 (2011)

4.2 Ni-H 2D ZE# 7 L — A (Rossi. Piantelli)

2011 4E 2 H. A % U 7 OR & KO Bologna U.DO#F5E 7 /L—7" (A. Rossi fit) 1.

Ni /%% &2 —|Z 300 £ CUA EDORIROEMT He W AR F ¥ — U3 2 FIE T, AJJ 300W(k
— 2 —NEY TRAEZER 1 12kW OB A BREFLL FoRd7 25 (Ecat) @ [TABHSEER)

%4T- T, community NAAOIEF 727E H 2 EOH 7=, FriFHiET C, G2 5l U=
ARSHTVZRY, 2020114 10 A2, B IMW OFE 2179 L EBENTN S,

Rossi lZ. B 7=b o7 17 “Journal of nuclear physics” T. Ni+ p OEEZH T
Cu WREIZERKR LT, GEFRHERTREALLL) XL, L, 4.2-1,2 |12~
oIz, 2O &5 R FHERIS TR, FREAOE T LT —EhEIRRE) b HER R
BB D L&, KE (BEERZRLESED) OIS U ~BBBETLHIEITTH D,
UL, £0 X5 7% lethal gamma OBHNIE I TV, EREHLEZ TN D,

2011 4% 10 A 6 HIZIL, Bologna Itk D% T, B. Josephson 72 & D 20 AN1F E D -
FIEE OS2V O T, IMW & (B Ecat #HEDHES) O—=v DT A 2T
iz, 71 8.5kW THIFIDO A Er TO T ORFFRBR M Thh L > Thsb, BEoOx
FNX =T A0, Il AN —DOEHEIZONT, £ ¥ —Fy NTOT v 7 Eimn
WK TREATH D, EBEBONENARIND Z EEMFELIZ,



58Ni : abundance = 68.077%

. az- H1.bs
58Nj + p — 59CU*(Ex=3.417MeV) |—> ’/____
/ “Cu g.s.
/ EC 29%
PromptEy =3.417MeV | posiron
Gz ATEEEG
32-  T.E=10%y
’/? <+« | EC:58% to g.s. of ®Ni
oo 5.8% Ey =339.4ke
EC 218 N 34% 4650
100% EC to g.s of %Co 8.8% 538.5
148% 1301.0
Tiz- Qg 10725 i
A9 Carried away by neutrino
-*":':' ®Nij+e-—5Co+v +Q
Takahashi for Ni+H discussion 3

4.2°1: Ni +p [RISDH T ¥ 7 &R (Rossi i3, 59Cu*KiEz X F > 7L T
59Cu(gs) P EFE IS THET S EDFEN 2 L T3, )

Prompt gamma-rays by p-capture should be observed:
Eg values given are sum-energies of complex cascade decays

60Nj+ p — LCU*(Ex=4.78MeV) — 61Cu(g.s) + Eg (4.78MeV)
61Cu(g.s: EC: 3.3hr) —%INi (67% to g.s + 33% many gammas)

6INj+ p — 62Cu*(Ex=5.87MeV) — %2Cu(g.s) + Eg (5.87MeV)
62Cu(g.s: EC:9.7mon) —62Ni (99.6% to g.s + 0.4% gammas)

[52Ni + p — 83Cu*(Ex=6.12MeV) — 63Cu(gss) + Eg (6.12MeV) |

[84Ni+ p — 65Cu*(Ex=7.45MeV) — 65Cu(g.s) + Eg(7.45MeV) |

| Abundance: Ni/6INi/62Ni/64Ni = 26.223%/1.140%/3.634%/0.926%|

Takahashi for Ni+H discussion 4

4.2-2: NI +p JRIS D~ 4 F— G K TORIEFEES, FIFED > ~RITL T H 5,



TAUIRAZ VT DA Z—Fy hCTTalEmn, ok, BHEAIITbIL TS,
WLEOHL (L HUREEM, B0 &) A Black-box D72, B A 2 HERIGRR
ThohTng (&<, KREKIRE, Wil & 2GE DER) 25, EAOHETITE LV, +
B DN TR 72 peer-review BTN D DEFFHOZ & & 727, Piantelli i, NiH 2T
il H W AF v — T OFIET, BFEEEE T~ e Uiz ERglcisE L (RiG
FEN RS 2006, T%4E 0 2R), Piantelli HBUE, &7 A > O NiH 7314 2 % B
FHOLS ThD,

5 oA - LE~DEF
5.1 A VB IGIZ X B HKBT RNV X —EKHF

3, bolbINH EREELRRERBILOE DA, X 5.1-14 (217> 7=,

FEH—T7.1
1)F /B (PA) /IO F—LER[MED(H) HRFv—
Uik
s RUVICHHELICKYRESN. BRI IIL—TH
FIERICHULERMEZERLTNS, 1
BFOIL—TDFEEDHIZEDE.

[Z&kY. 6 kJ/g-PAD BT R IILF—HFEEL
fzo RETDLIAAEMDH A, 0.4 kJ/g-LIiT
HBEEMND, CNITFEFHF-EBE5T—3ITH
%, Phase- IO #BRENKIZIEERIGIZESD
ELTH, IRIILF—FR-EHREBE~DODRBEN
HB., Phase- D FHEBENKEIERTENIE,
2)—=CTINIDEFERIRILF—EEBEL
T.ERBKXKOENRELT,

=5 SAREEES 50

X 5.1-1: EEBBEBLDF LS, TD1



FE&H—7.2

2)Super-Wave Bk

» Energetics Technologies (Israel) + SRI (USA)
+ ENEA (Italy) D E & F—LMNAEEZESILT
E. FEDLTHHRBMT —FEIRBELTET -,
SHIT T IN—T L HEBRHERBNEENDS,
PdZREMIn-situTOF /I TEFERZOEM
IABREDED—DOTHAS, 2009F DB
RT.H70%DBFHRETERIBMNRELTLS,
TAVUNBLULEDRESUEERENT=, H A
BEL 40W/g-PdIZEL. #1B D f#tEEo ikl
TULVT. 10 MJ/g-PAdDEEHE I TH S,

EiE . SRS RS 53

5.1-20 HEHEHZDFE LD, TD2

F&EH—T7.3

3) D/Pd % jL B B fiF ik

« SPAWAR (CCKiBE San Diego) LJET
Technology #t CKE) THZRHF ., BFIFFE
HLANJLIE, 0.1-0.3WFREEEREZULVAS,
[FIX100% D ERENFETHSH(M. Miles,
ACS-NET 2010, SFO),

« BERMEICH)IST—KDF/IEENTE
BIENDTMOTND, NI, AN=ZX LD
RELBEVLTHS,

=iE - SARE R ES 54

X 5.1-3: ZE BB GDF LD, TD2



FEH—T7.4

« SUEREFEBAXIE, FRARICHEARDRE, EUHZ
T OFRENRBEEITHD. ULTDERIZELS,

« TT.ZOARIL, EREFHI LB THST-
HIZ, BERBRBEROEEYIEZHEAT LM EF K
ELT.EBLTWS, MEBAN=X L (REB)AHH N
(X AT —ILT7YTHBEDHR. TAM . HEMNS, T
RILEF—EEOEEICO -2 EEAFBEOT I F

- BAETHMYERDE LD . 300-500ECH;E
ETOEITEL TS, RES A2 10LL EA[EE

s PAiIEMEEERETHD KFYRMAE. NI, Ti, &L
DEEEEHTOD., T/ MHEBHOHEAREILAKELH
XE1b, TTIZEDOARBT, 7AYA, BAR, hE,
A7, A32)T7  IEEDNEILTINS,

E—IE . EZ IE-““-E N=| I;-EEA 55

5.1-4: HFHEBILRDBIMRDFE Lo

AL ATHF / PAR oo /R HER Y X —I1C L0 Bl ST 5 @B OREIT, K
T+ RX—=—% R EDOARGN ., R bk TR I ND,
(Sorption-E)/(Desorption-E)H] O = R /L —47 1 273 10-30 & K&V, & OEEE{LEREE
E, TA Y XD KRBT AL DORISE] ThDH, TRV X—A - ik - F8E~D 47
MBRUAEE | ~DJSHIE, RN H D TH A 9,

Pd ki & A OFREFCIX, FEHZOBIGERIC LV HENREIET 2 Z & bhro7z, Pd
DRI % 1-10nm ([ZF A2 D Z LIV, sintering 72 Sl L 252X, BR{LALELC
LV UMERA R L b s, HEMEHT, ZMis YV 1Rt I7 172 (£
I% zeolite &) WEHHMEEbND,

LU, PAdIEEANR &SR THDLHDT, HETDHZ &IV E1TF 2. 6kWH/kg-metal
FRE (REFEO—HOBEBXMME) ORBIEZTHLI NG, ST E2EEL 2> TL
£ 9, PAINir DX 572 57/ #kEHE, Pd O ELZ V10 FREIZHO T ENTE LD,
X 5|2, ad-atom fEA® Pd % Cu, Th, La,7s & D X 0 Z i 72 EHR -2 @B & #2545 % D
MNP ETHD, CKHA TEITHTH D,)

ZOFLFHRET, EHRE DO LR CTREL RN H D LHESN TS, £,
A/ i D potential GMPW 72 & DL & IRENV OB OBLEN O &, WEEZ /T X —
g & o (B WEER) FEOHEN Rz D,

WEETOERIT, Z<PE (1-10g) OV TLEHNTI T 26D TH D, 7L




DEENHEWVIZIHE L T, A7 — U BT H I EE2END D LD T ilBRn g
ECThHD,

AL ERERT DA (WRZ -, BVEERHRE T REFE L OMAGhE, 72
E) BRETTHEMN, 20bLTREHZ EIZRAD,

BfRER L AT R TIE, RSN 100% B4 550k, #EELZ RHTZ &0, B
HCh DL, FARH O RN X =7 A o EHNEEIL, Il RKRERT —EZRHTNDLDT,
FOSFRGR 2 B T Z EPNMETH D, I X— U KOG > ¥ —0 b ORI E
2 ICCF17G#[E, KH, 201248 H)Thahdr b LM 5,

5.2 SIS ) —UERAERB~DRY

KAEFBRTOD (H) [FNLAZNR O n BEORHKAF O D #EV6 4DITSC Biw 23 il
T2 80 BBROS (FIREEE) OMIE, RERBCEENTWD Z &8, EBRFE R
HHER STz, LovL, ZHUE, EXEFREOT — X2 EE - T D, 51k, tHe ODAERKD
MR L BE L OMBEOT — 2 BUNETH D,

AR TIX, BRIEE TGO ER AT M A EENET 2 ERPETH TH
Do MBI, X#R, EUVRHHDEROBE GEIE L TS, BGE RTEHZOT — 4
DFELND Z 2LV,

KARFEERD Phase-Il THi/= £ D H AD B CTEI S 7= @RI, BRIGEIRCH 5 e
PENRD D, ZOBZOBFIMR L. BEHEK - FiE O E LA,

Phase- I BTN L THRAEL TS L HICHZD BRG] KT DA =2 A
& LT, A VfiliED GMPW N EHWHRE) -+ GFREMREGIRE) O LX— L VLA K
LC, 4D/TSCt=0)E M T-site fHI TR T2 L HICT 2 FEOBEANRHAZ I Thd,
Bfflzix, 3B NREED LA v— W —R5 EE RN, BGEIN. 72 EREWTENS,

DR TOBEKIGCE S Z R KT 2 FEMEH I L &, HIRERAE 2N
Sustainable Green Energy Source & L CIHEFICKERER - EREZFLHDDHL L ETH
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