To the Reader

When | tried to expressy ideago explainthe mechanism
of the secalled cold fusion, | encountered a problem
determiningthe audience for tich it is intended and where it
will be understood.

Yes, of course, this audiensancluded in a communitgf
all the nuclear physicisfistheorists experimentersand
engineers on oylanet. It is somewhere around 200,000
peopleor more.We can call thicommunitygroup A.

To understand our subjegte alsomust lavea knowledge
of physics of elementary particles, the hierarohtypes of
interactiongcharges) weak electromagnetic, and stromgeractionsand associated carrievs
these interactionéere we excludgravity). It is commonly calledhe WeinbergSalamStandard
Model.Ouraudiencas already narrowetb about 10,000 participantis.is not possibleto
continuethe explanation of the cold fusion procesthout the participationsomeof these
people Weshallcall this community group B.

The process of cold fusiaa under discussigibeginningabout25 years agafter the
experiments of chemists M. Fleischmann &1Bons theanomalous energy release at saturation
of deuteriumin ametallic palladiumwas observedt became cleahataftertheveryfirst
attemptdo explain the observed effeamidunderstand theature of theeffect one has to be
familiar with the specificrules ofcrystaline structure

The number otrystallographers in the wakls high now; the entire £miconductor industry
requiresvery deepunderstanding ahe commonphysical processdbat occuiin the crystal.
However, if you look at the composition okthecessary 10,000 participadsoup B) which
was acknowledgenh the previous sectigit appears that relativebfew of them have any
knowledge or interesh the pocesses in cstals. Of course, we can remitiet Mossbauer
effect, which is of interesto both particle physicists and crystallographé&tewever,our group
of scientistof interest igdramatically redced. We call this communityroup C We believethat
approximately 1,00@articipantsof our interesareleft in this group.

As it turns out chemical catalysis is directly involved in these proce€3es.reed to know
the chenistry of this phenomenaandunderstand how it magffect the processuch as
obviously nuclear fusiarPhysics (chemistry)f electron shell®f admixture deuterium atoms in
conducting crystasGroup D consists of approximately 100 participants

In terms of thedundations of gantum mechansandt he uncert aigtt YO rkel at i
one may askWhy we needt here? Howevemwithoutatransfer of excess nucleanergy in the
crystal lattice thecold fusionprocesss simply forbidden by thevell-known laws of
conservationHow many people from group D would pay attentiothie?




Underthe normal conditions of the development of scieati®f these selection#\, B, C
and D would beovercomen the reasoray foreseeable future. Howevdearning the secrets of
the cold-fusionprocessnevitably wouldcreatefundamental changes theworld energy
industry manly in the oil and gasdustries Distrustof the cold-fusionprocesss felt in the
traditional nuclear powendustry, which is gradally strengthening its positn now, despite the
obvious hazaraf this direction Namely, these social circumstancae the mainifficulties for
the development of colduclearfusion. At the momentt is difficult to predict how long this
unspoken tabowill last. We hopehat this process will be shalived.

Development of the idea of cold fusion

In 1950, when | was interviewed for admissio the PhysicaliTechni@l Departmenof
Moscow Universitya pofessorasked mefiwhy do you want to entem the structure of matter
specialtol repliedA | want t 0.0Tinepkotessalaudhed ihdeemgo methat this
postwar feelingthat was close to the oathliNobodywill seeusweaka n y m avitll eever
disappear. Of courséor more than half a century, the sharpnedhisffeelingslowly decreased
but can never be gone completélyNot f or get at ,antidariotttoi me gl ractt .
Vladimir Vysotsky

Duringthe third year ofny educationn the Physics Departemt of Moscow State
University, | realized thabur group is prepared to woat Russian nuclear facilitie®ur
undergraduate practice was held at the Departmdntodéssot.M. Frankat the Physical
Institute of Academy of Scienc@/e measured the distribution of neutrons giza oftwo
floors, large graphite cubeSubsequentlyl, began a practical goaintance with nuclear physics
My examinerof 1950 natly fulfilled my wish. Howeverduring this timethe maindevelopment
of nuclear weaponwasalmost over Furthe progress in mastering timeicleadawswas
promisedby the highenergy physicsSo | found myself in Dubnat theJoint Institute for
Nuclear Researdin 1956. Ineverregrettedhis. However, oddly enouglthe basics of nuclear

physicshappen to be useful fonequiter e c e Qusthgwo | d but poweAnd ul weap

just as suddenly, after fusyears, | sudenly recall in detail also quantum electrodynamics,
which wasenthusiastically taugho us byYaP. Terletsky



Ya.P. Terletsky

I'mproudofmyp i oneering experiments on theameasure
K- mesons in the scattering of these particles from hydrelgetrons at the Serpukhov and
Fermilab These exgriments started in 1970 and wéhe first SovietAmerican cooperatioin
science. | haveeason to think that without minese gperiments would not take plada 1979,
| reported the results of a serieslvdseexperiments at the Conference on Higergy Physics
in Tokyo. It was, as it could say, my findstur.

3

4

XIX
INTERNATIONAL CONFERENCE ON HIGH ENERGY PHYSII
S ; - 1978 TOKYO

Speech at the conference in Tokyo



In the DELPHI experiment at the European Organization for Nuclear Rese&BiN(C
which ljoined from 198 to 1992 éttendedy approximately 500 physicigtsve significantly
pushed the limitef thenonpaoint behavior ofquarksand leptonslin this experimentl took part
in determinng the number of neutrino species. determining the number of families of
fermiong. If suddenly it turned out th#te number of types of neutrinofaur, rather tharthree
the theory of physics would be trouble

Three Types of
Neutrino - 1990
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One of the main results of th&P complex at CERN

In each experimenthere arecritical and emotionadspectsOne of the very eotional
aspectsn my practicenappendgo be experiments with bent crystaldystal... A little more on
this.

In early 1976, our groupriasengaged in the preparation of Fermilab drift chambers
produced in Dubna for Fer midaadK-nesopdeyelecoasnt s on
in a keam withenergyof 250 GeV. Wewereadvisedby Dr. Fabio Sauli of ERN, who came to
the Fermilaldor a short timeAt this timehe, together with Georges Charpak (NoPeize in
Physicdaureatg, participated in the studies of higimergy particlechanneling in crystalsSauli
enthusiasticallyalkedabout these experiments.

The ntriguing processesf correlated interacti®of high-energy parti@s with atoms in the
crystalcaptivated me fosome timeThe kehaviorof a particle in the potentiatell between the
crystal planes is vemecallingof the light path in the planar waveguidghis similaritywas
immediatelytemptedio bend the crystdb control the trajectories of charged particles.



Calculations showed that this methaftharticle deflection will be much more effective than the
deflectionof particles by magnetic fielddue tothe very stronglectric fields insidef the atom.
One particular observation is that the higher the energy of the particles, the more effective th

method

Argonne National Laboratory, 1978uthor ofthememoirsis first left in the
second row

Fermilab, 1978



The signing of agreements on cooperation in the field of nuetesgy between
the USSRand the USA 1978 Photo by the author

| remembethatSauli tookmy suggestionvith skepticism He told me that uncontrolled
bendsof crystal fol in their experiment wereausinghema lot of troubls, complcating the
precise orientation

Saulb pessimism towards mgeato redirectparticleswith bent crystals was really
surprisng and discouragerhe it seemed to be an obvious idea ta ®keortly thereafter, | was
approached by Bermilabphysicist Dick Carrigan whosuggested the use ofragpectrometer
drift chambersfot he exper i ment al- nmedonsdvigrenerdy of@30 &evrire | i n g
the crystals. Our spectrometeith drift chambergrom Dubna at this time had the best spatial
and angular resolutienl agreed and aslenim toextend this experimenadding to the goals
the deflection of the beaby bent crysal. After thinkingfor a few daysDick said that he
personally does not believe in this proposal, laddvised to discussithin the laboratory
managementollecting aspecial commission of experts.

Two weeks later, in the summer of 19@@anel okix expertgdeveloped, in which |
presented my ideand gave quantitative estimates. Pamel included wll-known experts in
channelingparticularlyProfessor D. Gemmeftom the Argonne National Laboratory. Hethe
author of a wonderful review of tlelmanneling procesandl particularly reliedon his support
About an hour after my speet¢he commission announcetatit did notfind my argumentgo
be convincinganddid notrecommend a proposed experiment

Now, it is hard toexpressny reaction tahis decisionlt was ®mething like iiYeah, theyare
just idiots! Howis thatpossibl® 0

| decided to publish mideas. | sent the manuscript to the journal RiatdReview Letters.
There was a pretty fast respoddse politerefusal followedby two negative (anonymolys



reviews. lwrotea i v e r Yetteatotlgereditar with a requesi find more qualified
reviewers Aboutonemonth lateyl receved a reviewrom ProfessoAlexei Maradudirat the
University of California at IrvineMaradudin is damous physicist in the field @hanneling. He
reportedthattherefereed article is unscientiffakesof theauthor;the manuscripis of no value
and canot be accepted for publicatiofihe reviewsoundssomething like thisit cannot happen
because it is pure nonsense.

After reading theeview of Maradudinl decidedt is necessarpy all meando carry out te
experiment on the accelerator. No other argumearisonvince physicist® engagen the
processes of channeling tlsisiencewhich emerged in the study of phenomenaexly low
energies. Crystalline physicists prestinis as something immutablene and forall time. It was
ataboqg imposed o a bent crystalt was necessary to present the conclusive experimental facts.
| was sure | was rightandl wanted to punisby the factso-called classics.

It is now clear that this case is simitarthe guationthatis happening now wlitthe
phenomenon of cold fusiolVe can discuss this in greater dekatiér.

At JINR things did not geery smoothlyatfirst. After a twayear trip to theJnited States,
thegroupalmost brokethepremisedi s a i dn@ndady, all the equipmeridissolvea. The
remaining few peopléll onthetaskof pr ocessing the experi ment al
and K- mesons by electrons in a beam watiergyof 250 GeV performed &ermilab.It was
necessaryo collect a new tearfor the channeling experiment

The xperiment with bentrystals wasupportedat the very beginning biye JINR Director
N.N. Bogolyuboy anoutstanding physicist of tH&thcentury. Ashedirectorof theLaboratory
of High EnergyA.M. Baldintold me his friends from the Moscow Institute of Physads
Crystallography believed that tegperiment is doomed to falFor me it wasnot surprising. In
September 1977, t@ERN Couriejournal publishedn editorialthatliterally statedfi S o me
proposeo deflect beamsising bent crystabut they just do not undgand the process of
¢ h a n n erhis waga. clear answer to my technical memorandum on the subject, which |
offered to writeby the director Fermilab R. Wilson.

Beforethe beginningf the experiment in autumn 197%& Icouldsay a Asummi t me et
under the chairmanship 6fM. Baldinwasheldin his office.At this time, MoscowState
University hosted amternationatonference omhanneling and a group of paicipants arrived
in Dubna.There was aneetingin Baldind effice with the founder of thehannelingheory
Professot. Lindkhard the recognized head of the experiments with crystalglatdmergies
Professor EUggerhoy ProfessoA.F.TulinovfromMS U, and ot hd&he Anaut hor it
possibilitiesof successor our experimentverediscussedThe \erdict of the meeting wasery
categoricglbent crystal wilnot keepthe channelegarticles

Neverthelessdueto the persistence of.N. Bogolyuboy JINR directoratededded to
conduct this experimenlt was necessary to determine the locatibthe spectrometem the
beamof thesynchrghasaron. Several options had to be discardédo crowdedFurthermore
the LHE chief engineer Leonid G. Makar offeredfor us to stay in ta unfinished building:

A We | thingterrible that it is not finishecElectricity we'llthrow, we will send the bearto



you, and you do not need anythingpre Butlook how muchis spacé hectare under the rdof
Roof is reliable windows we areglazing. No crané your equipmenyou care byhand. No
heatingi electronics only will work betteiGo for it! Andat the same time we will regdhat
the buildingponveys the physics in operation. o
The idea was good. In NovemiEO78 we passed up the systemm Decembernyve ranthe
first session othe extracted proton beaifhe keam withenergyof 8.4 GeV was not yet fully
formed because the hall 205 mEsmagnetic elementthere waso water, but tis wasnot so
important Themore substantial difficulty turnedutto be thecold. Outside it was minus 20
centigradewith the wind. © work in the experimental portacapwe had to put itin 11 olil
heating batries the only oneshat we could findn LHE. We alsohad to heatificubate)our
drift chambersWe had to perfornthe detectorristallationin winter conditions. In the
expeimental hall it was also minus 2@entigradebut the truths therewas no wind
| must say that the experiment happen to beagsimpleas itseemed at first. Beam that was
detected by theystem of scintillation countehave to be necessagytin a crystal with
accuracybeter than tenths of a millimeter. Semiconductor detector, built at the entrance of the
crystal, allows uso select partiles trapped in the process of channebgdhe low value of
ionization lossesPrecision goniometer allowexdtientation otthe crystal in two dimensions with
an accuracy of 0.001 degrees.

First results of the experiment on beam deflection in LHE



We benda crystalof two-millimeter thicknesdy using arather primitive devicea
screwdriver. Using &aser beaimwe bentthecrystalup to 0.5 mrad and beam deflected
correspondinglyl mradi go! 3 mradi go! 4 mrad Victory! When we triedo set the bnding
angle Gatmilliradians thesample brokeéWe useda thin crystal, bent it to 12 mradndit broke
again We tookathinner crystahnd benthe anglgo 26 mrad26 mradbendis OK! The
magnetic ield that isrequired for such deflectias about 80 Tesla.

When wetried to increase the bending angle, this sample also bYdkeaearranged the
apparatus for detecting the angldlté 45 mrad placedthe lastthinnest 0.5 mnerystal.
Suddenly there was shot of thunder, and everything stopdeadhtning hit the cale that
connectedis with the ESL040computer in the physical building of the LHEhis cable went
straight throughhe treesOutside it appears, was alread summerJune 1979. Our
communication equipment with theomputemwasburnt Then, it was morning\No, it is not
aboutScheherazadé ended the sessiamith theaccelerator. Every physicistfamiliar with
this feelingof theend of theséancewhich is very similar to the feeling of rough and premature
parting However theséancesndedwith our convincing and complete victory.

After thesession ended

Shortly after the publication of the results of our experintletdeflection of particles bent
crystalswas confirmed at CERNGatchira, then at FermilabMany interesting proposals



appearedor the use of berdrystals in higkenergy physics. Ae secalled crystal optics

appeared deflectingelements, focusing elementevices for beam $ting into several

directions etc. As saidbout us byA.M. Baldinat the timefiThey carwhiskt he b ea m! o
Imustsg that | really do not weemyphysicsThéditaoolince t

the colliding beambasbegun, andthe standard modef elementary particldsasmade the first

stepswithth e o ppor t umuptt lye AtTheavpexandueting Tevatron colliding

beamscomplexwas actively developing Fermilah the installationwhich later received the

nameof CDF, was taking the first stepbligh-energy physics was callingsback.As part of ny

efforts to switchthe experimentatooperatiorof JINR with CERNfrom fixed targets to

collidingbeans physi c s, ofthecofiding leédms physic® camefroition.

Proposabf JINR participationin the DELPHI experiment

In 1984, our grouplreadyintensively prepared the DELPHI experiment with colliding
electronpositron beams on acceleratisigrage complex LEPHowever, anothdii b o u mc e 0
the direction othe bent crystal had tak@lace One of theemptingproposalsnvolvedbeam
extractionfrom acceleratoraising bent crystalOver the past five yegrso one was going to
implement this proposalt was timeto do itoursehes

| must say thathe LHE synchrophasoton represented the acceleratghichis not the
easiesin demonstratinghis extraction There was only one place in the @ed quadrant of the
acceleratgrwhereonthe innemovable holdethe targewith bentcrystalwould beplaced. The
small outlet from the accelerator vacuum chambasspaced from the deflecting crystal at a
distance of about 50 metei®o put the beam into this hqlgou hal to cut and bend the crystal
with extremely high precisiomhe #uation was aggravated by the fact that the position of the
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targetoutlet of the acceleratmacuum chambem generalwas not accurately knowRine
adjustmentgan be madw the trajectory of the deflected beam on the way to this outlet
deflector crystal inside the chamber of the acceleratioichcan be remotelynoved and rotated
using the minigoniometer

| cannot describe atif the details ofliese studies on the atmmtor The ime on the
acceleratowas given to us iafierce competition with interesting physiddHE tasls, as a
chance for the fgt time to try to extract a beam from tBgnchrophasotronsingbent crysta |
must say that the groupiliantly coped with this taskTherewas thefirst beam from the
acceleratousing bent crystal

There is oneomic (at least for me) detadt this time, theState Committee for Inventions
and Discoveries of the USSR held consideration of our proposal for the discotteey of
phenomenon dleflection of chargetligh energyparticlesusing bent crystalsThe verdict was
refuse as these results do not contamy element of novelty this is probablyrue Still, this
somehow remindenhe of satireby KozmaPrutkov. Al f you wil |l be ,asked:
the sun or thenoon? Respondhe moon. Becausehe sun shines during the day, wherr¢he
alreadylight, but themoonshinesat ni ght . 0

At the Conference on Highriergy Physics in Dallas in 1992, CERN Director Professor C
Rubbia reportethe beanextractionfrom the SPS acceleratarsingbent crystglas amain
result of CERN for the year. | rememhtbatwhentheaudienceof 2,000physicistsapplauded
Rubbig | felt like the hero of the dayhough no one paid attéon to me

How it washapperthat lagain taken out of the high energy physics todpjslied research
calledthe cold fusiof? However, thispplied researchromisedajump in thegeneration of
energyby the factor ofL0’ (1), comparedo theall-chemical processe$his breathesew life on
our planetWe have enough cheap energy in exdéesbillions of years!

| wasfortunate to attend the seminar of M. Fleischmann at CERN in December 1989. We
were commissioning thBELPHI experiment on LERLt this time | believed in Fleischmand s
results immediatelyDuring this seminarby Fleischmannl decidedthat| would tryto
understand this cold fusipwhen | finish with the DELPHI gperiment Back tien | considered
myselfto bea greatexpertin crystals due totherecentdiscovery of the deflection of high
energybeamsusing bent crystals promisedmyselfto clarify this cold fusion procesadeed

My meeting with the legendary physicist Luis Alvarez in 19@daring myuvisit to the
Lawrence Laboratory in Berkelegame to my memonAlvareztold me about the first
e X p er i mecatalysis reantionith DH-fusion, discovered by his gup in 1957 irthe
liquid hydrogen bubble chambéhave already heambout the nuclear- catalysis Apparently,
| believedthat this waywill not lead to the practical application of cold fusioecause of
techncaldi f fi cul ti es | Amespidbhatarentensegenobgha ms of ¢

Hereagainarethe ideas of cold fusigrbutthis timein crystals
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Luis Alvarez

Immediately #e r F | e issemmanat CERN could not imaginehat in order to
understand a cold nuclear fusjoinwould take me more thaR0 years. Shortly after the 1989
evensrolledin so quickly that only a few years ago | was ablestann to the issue

In early 2011, | met with Dr. McKubref the Internatioal Research Institute at Stanford in
his laboratory. | am convinced that tlverk performed by a group of McKubsatisfies albf
the stringent requirements of the physical experiment. The observed effectaadroasabout
100 experimental errors
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