
The ColdFusionPhenoml切，on舗� a Comple:潔ity (1) 
-Comple笈ity inぬ� eCold Fusion Phenom側側一�  

HideoKo訴訟a 

Cold Fusion Re栂ar怯1&加路加ry，421-1202，Yatsu，Aoi， S副知oka421・1202，Japan 

卦� mail;cf-lab.l防法ima繕話加m 弘� Website;肱旬以'/www.齢出i主ies.inlhirfa9301 

Abs信制t

iclesorganizeぽ主whysi:mplep腿suchproblems加a急時ms蹴nlexsv∞盤f倍。� The scien 

也� em舵� lves旬。n組問。u缶詰y ∞mplexs制服主ures 1ike s細胞，� galDまes， hurricanes， 組d 

Coulomb lattiωs ofneu加� nand pro句まま� clus給 路 �  surroundedby a dib主主eneu位。ngas詰� 

叩，the neutron s阻� r滋怠伽r，錨� what詰� the儲� u栂� ofllffluctuation，and aswhat温 愈 組sthe 

edge ofchaos. 

The ∞ld fu録。滋� nhenomeno登記FP)has revealed総� .ch臨 ぬreofmany'particle e島� cts 

asaωmplexity総� shownbyvarious experimen'紬� 1跨総E組制主治、指b溢� tye品ct"in治� e 

nuclear transmu総括.onand the "inverse-pow慨 laザ'也� the師側側�  power伊� neration. 

The ∞掴plexityofthe∞踊� fusionphenomenon originates詰� thenon'linear泊胎ractぬns 

between millions of agents (component p館主iclesin the ∞ld fusion materials) and is 

magnified by enormous energy出品ren偲� (aboutan 0吋� erof 10吟of偽� ecau鵠� (atomic) 

and the e島� ct (nuclear). Exis鵠� n伺� 

explained in白羽� paper.
' 

1. In位吋uction 

誌enon恐，onpheno飢ld fu∞，� yin the主mplexi∞of 

m.台。nates扉on"ori討ldfu “∞e臨na 

The history ofCFPre舵 粧 品 �  in the past 

The cold和� sionpheno盟問on(CFP)w踏� 

explicitly announ鴎� di匂必s∞veryin1989 

by Flei釦註man滋� andPons [1] as huge 

慌鑓側�  heata∞omp開封滋gtri主iumand 

neutron productions担制�  electroly討c 

systemwithPd metalanodesand pt wire 

cathod紛� inthe elec位olyticsolution D20 

+ LiOD.τ 'he motiv;拭� ion of 土heir 

experiments w拙� the Flei附註mann's 

hypothesis t註at the Pd lattiωgives 

enor血� ous effect on the d-d fusion 

reactions in the transition官� e紘� 1 

deu主eridePdDx (x諸1)，詰]w註ichthe 

16 yea路� revealed，� however， 出atthe 

Flei舵� hmanがshypothesisぬ.ouldnot be 

綿� sentialto CFP総� awhole due to 

島llowingfacts;むFPo偲� ursnot on1y泊� 

deu胎� riumsyste翠� sbut a1soin protiu題� 

systems，t恥 持�  aret∞various events [4] 

and始。� variousnuclear products to be 

explained by simple d-dfusion reactions. 

Fu拭� her磁� ore，� numerical relations 

between amounts of products [4] 

∞ntradict with tho鰐� e却� ec秘� d台。虚偽e 

cfd fu8Ion rea拭ions孟nownin nuclear 

phy説伺.Ith制� been孟nownthate対� 8旬� nce 
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Directi，Agentnucle回目，xSubstanMa出 1. ofthe ambient thermal neutrons is one of Table 

ne儒� ssary∞� nditio田� forCFP. Therefure，組dIn必� rectEvi也� n儒� ofnuclearreactiono血� 

phenomenon"ld fusion “∞the name 

(CFP) should be u鴎� das one句� signifya 

phenomenon including nuclear reactions 

and ac∞mpanying events ∞curring泊� 

solids with high densities of hydrogen 

isotopes (H andlor D) 泊� ambient 

radiation when dynamical ∞nditions are 

imposed on them. 

Fields and products ofCFP ob鴎� rvedby 

noware tab叫� a民� d泊Table 1. [3] In this 

table，matrix substances and agent nuclei 

comprise the field where 0∞ursCF・P. It is 
not designated in the table but should be 

emphasized 也� at CFP ∞curs more 

企� equentlyin dynami阻� 1，� stationary， or 

non"static ∞� nditions than in the static 

one. 

The TNCF (t.rapped neutron catalyzed 

fusion> model propo鴎� dby the author in 

1994 [4] has been one of successful 

approaches to qualitative and 鴎m.i� 

"quant抗� ative explanations of several 

events in CFP and has given several 

numerical relations between amounts of 

products consistent with experiments. 

Basic assumptions ofthe model are based 

on the many"particle nature of the CF 

sys旬� m where occurs CF・P.Existence of 

the trapped thermal neutrons血� CF 

materials，one.of the basic回� sumptions 

in the TCNF model，is clearly a result of 

many下� article泊旬�  ractions泊� thesolids if 

the assumption has any rea1ity behind it. 

[副

∞ldfusionphenomenon(CFP). Q臼� forthe 

eXI国間�  heatandNT forthe nuclear 

transmutation. Dependen伺� sofproducts on 

energy E andp08itionr， de岨� ytime shortening 

ofradioactivenuclides，and fi朗� ion.barrier 

loweringof∞mpound nuclides give direct 

informationofnuclearreactions白白'P.� 

Ma佐ix ITransition metals ~札 Ni， Mo，Pd， 

Substan伺� s Ipt， etcよ� proωn Conduc旬開�  

A相g伊� en阻叫脚飽� 

(SrCeOs， REB白� CUS07，AlLaos>， 
Ferr悌』前回伺低�  D zP04，� TGS， 

etcよ� 0也� ers (C， Na"WOs， 

SU血� le回� Sぬ� el，etc.) 

11 1 叩占，z (ο1e直H，� Wρω')，� 8ιιi，切叫� 唱1 叩叩 咽

2-，804，87S7Rb，Rb占7島町5s1{，19旭甥，Na剖11犯叫� 

etc. 

IDirect INeu回� n energy却� e出� um rJ.. E)， 

IEvidenl倒� IGamma raysγ( E)， Spatial 

distribution of NT products 

(A"zoXω)， Decaytime sho此� e国� ng，� 

Fissionbarrier decrea田� 

IIndirect IEx僧� 88 Heat Q， Number of 

IEvidences Ineu岡田品，� Number of出旬国�  

Nt， Numberof匂� He.Mie4， 

Number of NT products焔� T (for 

NTD，NTF，NTA，and NTT)，X"ray 

叩田�  traX( E) 

These facts clearly show that CFP is a 

phenomenon ∞nditioned by multi 

stationaryandlordynamical，mponent -∞ 
properties of systems composed of 

transition metals and hydrogen isotopes 
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under influence of ambient 抱� ermal 

neu討。邸.� 

There are 福嶋vered a 島w 

cha.ra.c鵠� risti鵠� and島w laws i滋� CFP. 

Following charac徳山録制� arees部凶a1� 

f訟c崎 潤 �  inCFPぬ践活yi給� physi綿;� 

qua1itative reproducibility and、� 

sporadicity of even'知，島.vorable 

comb加� ationsof a縄� thode，a hy!むogen 

isotope，and an elec位。lyぬ� (e.g.Pd，D，Li; 

Ni，H，IO. Two laws were re儒� ntly 

d泊∞vered血� CFP;the鉱油単セyetTectin 

the nuclear transmu組� tion[3，6] and the 

inverse'power law of excess heat 

generation. [3，7] 

obj関知�  of modem science until 2伊b 

偲� n仇岬'1もe 舵� i紐偲�  oft註e ∞mpIex 

sy成。m has developed担問cent主wenty 

years and includes several new branches 

as符� nergeti，叫鈍lf'o時� a単 純.tion，をacta1s， 

cha'捕，� emergen紙� comple刻.tyand伺� on 

named by pioneering scientis儲� a∞ording

加� theirpo泊.tsofview. 

1bmake our副 院 制sio滋� clear，we will 

usea飽� rminologydefi.ned初� low路島町ing

初出eWaldrop's b∞k [叫 asfollows: the 

制� .enceof ∞mplex sys胎 扱sare divided 

inωthree cl制鰐s;A.鵠� lforgani澗� tion，B. 

chaosandC.∞翻.ple垣ty.宝'he鴎� clas鵠� s，A.� 

B and C， ∞'rre叩� ond Wo.陸相、�  

These charac鈎� risti伺 総dlaws誌� CFP rv，and，出1 and 11，.universality classes

ぬ.owcle位� lythat the entirety of CFP 

ぬouldbe trea胎� das a詞ndof∞mple泊.ty 

as explained b~low. 

2. Many下位抵cle E艶認槌 泊� CF 

Ma加ria1sR締叫対Dg恒偽!mplexi.tヲ� 

we explain a general 怠，ctio総In this

nature of the complex system with 

non也near in馳� ractions るetween its 

agen胞質r鴎� and出� enexpla担� thena知� m 

of砧� eωldfusion phenomenon (CFP)加� 

relation wit註∞mplexi主y. 

2.1 Complex Sys絡調.Comple説守� and 1H 

Fluctua主ion 

Ina ∞mpI枕� sys旬� m(system ∞mposed 

of many components (agen飴}加teracting 

wit為� nonlinear for悌� s)，� there 0∞ur 

various phenomena a1ien企omtho蹄泊�  

sI服� .plesys加� msthat have been the main 
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resp舵� tiveI3九inrelation with the cellular 

automata ruIes of S. Wo惜� am. 

The Wol金am'sclas錦� sare，。怠ぬeother 

hand，charac加� rizedby the L胞がon'sλ 

para隈� eter拙� avon N側� mannuniverse; 

Wolfram's clas鵬，� 1細� .d11，111 and rv， 
∞!rrespond初� λ'8in following regions，0.0 

三え〈� λ壱� witha critical value λ 0.275，電車� 

λc <λ<0.50，and λ λc，respectiveI3λ謂� 

宝'here is ano出� er interest.泊� g 

pheno:探� enon，UI fluctuations，clo鰐� ly

艶福知dwith CFP.τ 'he UIfluctua主ionsof 

the power spectrum泊� thermionicぬbe 

was dお∞，vered詰� 1925by J .B. John駒� n 

[9] and now recognized ubiq凶鈎us泊� 

many必能m抗 予henomena. [10] It is 

in飴潤民福gぬ� noticethat there is an 

atte恐� .pt (:関lf'orga凶� zed 世託iωlity or 

SOC)加� expl話nぬe1/1自uctuationsin 

rela主ionwith a nonlinear pr∞ess白 紙



had企� actalcharac旬� ristics.[lQ] If this 

explanation applies to CFP， 

characteristics of CFP are exp1ained血� 

the金am.eof many下� article dynamics 

with nonlinear interactions among 

agents as investigated below. 

These interesting 島� atures of the 

complex system may appear血� thecold 

fusion phenomenon (CFP) if CFP 担� 

characterized by many"particle e島� cts血� 

the CF materials where observed various 

events，which will be classified simi1arly 

as phenomena in the ∞� mplex system. 

2.2 Cold Fusion Phenomenon (CFP) and 

Complexity 

There are田� .veralevidences showing 

that CFP should be trea旬� d泊� thescien，偲� 

of∞mplex sy同� ems. 

First of a1l， the irreproducibility and 

sporadicity of CFP events suggest chaotic 

nature of the process realiz血� gCF・P. 
Second，there is an evidence of possible 

exi同� enceof self"organization in CF・P. 
Negele and Vautherin [11] had shown 

that there appears a lattice of 

neutron"proton cluster， the Coulomb 

la抗� i偲，泊� athin neutron star matter. In 

boundary and sur色白� regionsof CF 

materials，there ∞� curs a situation where 

neutrons泊� aneutron band a∞umulate 

to form a high"density state due to the 

local coherence realized by a dispersion 

relation of the band. [12，13] The density 

of neutrons approaches旬� thelower limit 

of the density used in the simulation by 

Negele and Vautherin [11] showing 

possible self"organization of the Coulomb 

latti田� inCF materials even if there are 

cry抗� alla此� icesof the host elements (e.g. 

Pd) that does not e泊st血� theneutron star 

ma悦� er.Existence of the crysta1 lattice 

may intensify the self"organization 

proceS8. 

τもな� d，泊� additionto this theoretical 

analogy of CF material to the neutron 

star matter where many下� articlee島� ct 

plays essential role，there is experlmenta1 

evidence showing many"particle effect of 

nucleons in CF materials; the stability 

efIect in products of the nuclear 

transmutation in CFP，the first statistical 

law血� CFP，� di田� overedin 2003. [5，3] 

Counting a number of observations Nob(Z) 

of an element with an atomic number Z， 

企。� mpapers published in over ten years， 

we compared Nob(Z) with the logarith皿� ic 

abundance of the element log H(Z). [14] 

Even ifthe numerical values of Nob(Z) are 

small and the comparison is between 

Nob(Z) (not log Nob(Z)) and log H(Z)， there 

is an excellent coincidence between them 

except島� wcases at several values of Zs 

with such reasonable explanations for 

discrepancies as follows; a large value of 

Nob(ZJ at Z =47 (Ag) next ωPd (a major 

element in the system) in the periodic 

table and absence of Nob(Z) for noble 

gases Z = 10， 18， 36 (Ne， Ar， Kr) which 

were not tried to detect intentionally 

withoute却� ectation.[5] 

This coincidence of Nob(ZJ and log H(Z) 
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clearlyぬ.owsexis胎� nce .of a s結� .tewhere 

nucle.ons in胞� ract初� ge也� er t.o form stable 

炉問�  .psas u they are in the pro悌錨�  

realized 極秘�  .eev.oluti.on .of拭ars 加� 

produce elemen'砧� inぬ� eu話，� ver舵会。� m 

t註� eligh脂綿�  c.omp.onent，pro胎� n，up知也�  e 

hea吋� est，uranium. P.os討る� lecau舵.oft込is 

ωinciden郎∞�  uld be given by the 

ab.ove-menti.oned腕� lf-.orga民総括.onin the 

cfmaterialswith high"density neutrons. 

F.ourth，the inver駒� p.owerlaw .of the 

p.ower spec註� um .of the ex僧部�  heat 

generati.on，ぬ e 腿� oond law in CFP， 

d詰∞�  ve跨� d 血� 2004，� sh.ows an.o主 her 

e吋� den，ω� .ofthe c.omplex 1誠意� ure .ofCFP u 

SOC mechanism applies.[6，3] Referring 

句� theexplanati.on .of lIf fl.uctuati.ons in 

terms .of the会� actal，� the inve指� ep.ower 

law may 叫s.o� relate CFP with 

鵬� lf-.orga出� zati.on. 

Fu主主� the success .of ぬ� .e TNCF 

(Trapped Neutron Ca組� lyzed. Fusi.oru 
mooel [4] shows c.omplex nature .of CFP 

.on which the mooel ba鰐� d.There are 

numeri伺� 1relぬ.onsbetween numbe路地�  

.ofevents Xin CFP: 

J時=� NQ，Mrr= ̂も，Nae4= NQ， 

V，Q (MeV)/5 Me== NQ()-6，1 "" NnlNt 

where NQ is de:fined as aる.ove. The鵠� 

relati.ons were semi"quantitatively 

expla泊� ed by the TNCF mooel that 

細胞 �  med 魚� .ermal neu胸部 注� CF

盟� a飴� rialsba悌� d .on many"par主iclenature. 

3. C.onclusi.on 

Fro罷� exp1anati.ons .of 出� .e c.o怒 plex 

system担� gener叫� insub舵cti.on2.1紛� d .of 

theω，ld釦副.o nphen.omen.on (CFP)詰� 2.2，� 

we can guess出� ates鰐� nti叫� features .of 

CFP may have cl.o鵠 relati.onwi白� the 

science .ofぬ� eoomplex sys鈎� m.These 

expe討� mental facts e却� lained 也� 2.2 

(varieties of fields and produ徽.ofCFP， 

nu取� eri岨� 1relations of numbers ofeven抱� 

and two Iaws relati滋� gcomplex na主ureof 

CFP) clearly ぬ� owthat many'pa武� icle 

e鈴� ctscause the oold fusion phenomeni儲

泊� complex sy錦� ems compo錦� d of 

主ransition me組1s，� hyiむ� ogen 泊。知� pes，� 

s.ome思� inorele盟� en'胞� appropriatefor 出� e 

tr総� sition me紘� ls，� andlor hydrogen 

isot.opes， and the background 白� .ermal 

neutrons. 

The nature ofω限� ple泊，� ty will give組� 

explanation of血� .e 1arge value of 也� e 

exce綿� heat Q in CFP showing llf 

琵� uctu綜� ion. む� sually，fl.uctuations of a 

physi儒� 1quantity泊� asystem ωmp部 d 

ofa large number ofparticles (agents) are 

negligibly smalL Therelative fl.uctu叫� ons 

of a quanti生yG will usua1Iy given by an 

equation ofthe守� pe

(<伊〉ー<0>2)1<0>2= 1/<0> 

where the < > indica加� averagevalues 

and will usua1Iy be very small due t.o a 

large value of <0> in the服� .any.particle 

sys舘� m. 

However，誌� beω思� esvery large near a 

出� ticalpOII主主� where <0> becomes very 

S盟副総�  at 出� .e second'order pha鵠� 

transition. The Langton's cri討織� l 

para恕� eter え� c is another exampleぬ
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叩舵 均 �  apo副司�  vherefluctuations b伺� ome 

very 1arge.す誠 s担� one織� u舘� oflarge Qif 

CFPisa∞'mplexity. 

It should be poin加� dout anoぬ� .ercau僻

加� makeぬ� ee完関脇�  heatQ very 1ぽ� ge.

時� .ere 詰� a 枕� emendous di島� rence 誌

側僻�  gyof the鎗� U艶私to盟� ic)and the 

e宜ect(nuclear); nuclear energy output is 

!()8鉱踊側1argerthan a主omicenergy血� put. 

The small flu抵� uationin a加盟�  icprocesses 

that ig溢主� enuclear reac主ions may indu，鵠� 

a huge e宜ectdue to主hisdifferen鑓.This 

詰� the舶� condpo鶴� ible叩� U鵠� of泌� elarge Q 
tha主主�  ogether with pecu1iar nuclear 

pr吋� uctstroubled people to unders紘� nd 

i詰� naturefor側� cha long penod. 

The natu跨� ofthe co理� .plexityof CFP 

willるe由� emain注� .emeofthe fo説b紛盟担 �  g 

investigation. 
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