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MHOropyHKIIHOHAILHASI
yecranoska 'EJINC JIDBD OUAH

(COBPEMCHHOEC COCTORHNE W HPOBOJAHMLIC HA HCH MCCIICIOBANNA)




Yeranopka EJTHC npeacrasasier coboil YCROPHTE 1L HOHOB
PALIHYHBIX 12308 10 deprun < 50 KB u srovaer s cebn:

) HOHHBIK HCTOUHME (cOGCTEE HHOD
VCKOPHTRNE) ¢ 000y mOBakHEM,
ODecTIeYUHBAK LI 610 IMTAHHKE,

» CHCTEMY POKYCHPOBRM HOHHOI ITYYKA;,

» BaKYYMHYIO CHCTEMY,

»  THATHD CTHYECKYH) AIMApaTyRy M
H3MEDEHIA TOKA H IHEPIHH HOKHOTO ITYUKA.




e ucciaexoBaHuM

» UccnenoBanmne BeixogoB peakiuii d(d,p)T u

d(d,He3)n u3 rerepoctpykryp Pd u Ti B onHOM
SKCIIEPUMEHTE

» Mcnmonp30BaHHE pA3IMYHBIX METOAOB (HEUTPOHHBIN
nerekrop CHM-18 u TpekoBriii netektop CR-39) mis
M3MEPECHHUS SMUCCUH IIPOTOHOB U HEUTPOHOB U UX
CpPaBHCHME

» Onpenenenne Ko3GGUIIMEHTOB yeuneHus DD-
PEAKIIMU U TIOTEHIIMAJIOB SKPAaHUPOBAHUS JIJIs
mumrereit (Pd u Tl ) B quama3one snepruii 10 — 25 k9B




CxeMbl JKCNIEpUMEHTAa

d+d— p(3 MeV) + T(1 MeV)

d+d — n(2.45 MeV) +°He(0.8 MeV)
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1 u 2 - nBa monoxenusa He-3 nerexropa
(R1=120cm, R2 =30 cm),

3 — MECTO PaCIOJI0KECHUS MUIIICHH, 4 —
KOHTYpbI yctaHoBku [ EJIVC.

CxemMa pacIOJOXKEHUS MHUIICHH W TPEKOBBIX
JIETEKTOPOB B Iy4yke HOHOB B ycTtaHOoBKe ['EJIMC.
1, 2, 3 — TtpekoBeie gerekTopel CR-39 ¢
Pa3IMYHBIMU TOKPBITUSAMHU; 4 — MUIICHB, S5 —
MaHUIYJISITOp; 6 — My4YoK HOHOB; 7 — MeaHas
noIokKa, 8 — nuadparma.



KAy MKM

AMAMET] 1

KamuopoBka nerekropa CR-39

KamubpoBka paerektopa CR-39 Obuta mpoBemeHa C ITOMOIIBIO IMPOTOHHOIO ITy4YKa
yckoputens Ban-ne-I'paada (Ep =0.75 - 3.0 MaB),

CTaHJIapTHBIX o.-ucTouyHUKOB (Eaw = 2 - 7.7 M»aB)

u myuka nukiorpona (Ea = 8 - 30 MaB) 8 HUNA® MI'Y.
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Tracks from 11.0 MeV a-beam (right) and 2.5 MeV p-beam (left)
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KainubpoBKka n1ereKkropa HEeMTPOHOB

12 He-3 counters

Cf-252 nsource

If = He-3 detector efficiency with organic glass radiator 3 cm
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Pacuer 3HaAYeHHUU BBIX0IA

Eq
Yopau =Yoo Ne= Nerr(T) X [ f(E)oy, (E)(dx/dE)dE

0

B,
Yy = Ne(T) % [ o5 (E)(dx/ dE)dE
0

Here Y, — DD-reaction intensity, J, — deuteron current; N q(T) —
effective concentration of bounded D in metal at temperature T,
captured at depth X: (N¢(T) = Noexp(-e,AT/KgTT,), where Ny — D
concentration at T, = 290 K, ¢,— deuteron activation energy; cpp — IS
the «bare» DD- cross-section; dE/dx — is the stopping power in target
calculated with Monte-Carlo code SRIM (J.F. Ziegler and J.P.
Biersack, code SRIM 2003).

f(E) = Yexp(E)/Y,(E) = exp[rn(E)U,/E] — enhancement factor;




IKcnepuMenTaabHble JaHHble ' EJIMC

no BbIxoAy DD-peakunu B 1eiiTepupoOBaHHOM MUIIeHH T1 .

= Measured DD-reaction yield from Ti/TiO,:D_
e (Calculated DD-reaction yield
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Ed, keV
3aBucuMocTh BbIX00B DD-peakiuu u3 mumenu Ti/TiO,:D, ot sHepruun myuka D*.
m — u3MepeHHbI Beixos DD-peakiuu no nyuky, ® - Beixoa DD-peakuun, paccautanHbIi
IUTsl TaHHOW DHEPTHUU.




JKcnepuMeHTaJabHble Janublie I'EJIMC

o BeIxoay DD-peakuum B neiiTepupoBannoii mumenu Pd.

m  Pd/PdO;Dx+D experimental DD-reaction yield
Pd/PdO;Dx+D calculated DD-reaction yield
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3aBucuMocTh BbIxoqoB DD-peakiuu u3 mumenu Pd/PdO:D, ot snepruu myuka D*.
m — u3MepeHHbIi Bbixon DD-peakuuu o myuky, @ - Beixoq DD-peakuuu, paccuuTaHHBIN
JUT TAHHOMW SHEPTHUH.




s DDseaconyedirom Pa/Pd0 Ox, Hes gewecwor \
¢ DDvaszDnyad from FaPe0 Dx CR-33 gatazir \
4 DDvesconyleldfrom P a0 Ox, calculation




MuiwieHb U3 NONUKPUCTANNTUYECKOIO
aJiMa3a

LTI Hlﬂia}i\'t\\‘\

0 cm.
dotorpadust BEIPAIICHHOHN aaMa3HO! TIEHKN PoTorpacus N3TOTOBNIEHHOH MUIITECHH H3
Ha TIOJUTOXKKE KPEMHHS THAMETPOM 57 MM . CVD-anmaza 06e3 KpeMHUEBOU MOJIOKKH

IAaMeTpoM 18 mm.




MuiwieHb U3 NONUKPUCTANNTUYECKOIO
aJiMa3a

CrpoeHnue MOJIMKPUCTAILTAYECKOM
aJIMa3HOM IJICHKH B MOMEPEYHOM CEUYCHUHU.

Jlaboparopusiii CBU-ma3sMoXxuMu4e cKuit
peakTop YIICA-100 nisa BeIpamyBaHus
aJIMa3HbIX TJIACTHH.




JKCcnepuMeHTasbHble aaHHble TEJTIUC

3aBHCHMMOCTH BbIX0/1a HEHTPOHOB M3 o0pa3zua CVD-anmasa or yriia Me:xay
NYYKOM JeHTPOHOB H HOPMAJILIO K IJIOCKOCTH

(* - B10JIb IIYYKA,® - [0IIePeK MyUYKa).
Oueprusi nyuka — Ed = 20 k2B, Toxk — 50-60 MkA .

DD-reaction yield along the beam
e DD-reaction yield across the beam




JKCcnepuMeHTasbHble aaHHble TEJTIUC

3aBUCHUMOCTH BbIX0/1a HCHTPOHOB U3 00pa3uoB rpadura (cjiesa) U KapodaJja
(cmpaBa) oOT yriia MeKAY IMYYKOM JAeHTPOHOB M HOPMAJIBIO K IJIOCKOCTH

(* - B10JIb IYYKA,® - [I0IIEPeK My4YKa).
Dueprusi nyuka — Ed = 25 k9B, Tok — 20 MKA.

m  DD-reaction yield in graphite along the beam = DD-reaction yield in carbal along the beam
e DD-reaction yield in graphite across the beam e DD-reaction yield in carbal across the beam
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CxeMaTruuecKoe U300paKeHUe
KPUCTAJUIMYECKOU PEIIETKY ajiMas3a

AnMa3 uMeeT KyOMYeCKYI0 KpUCTALTNYECKYI0 peléTKy. Kaxapiii atom yriepoja B
CTPYKTYpE aJiIMa3a PacloJIOKEH B LICHTPE TETPAdApa, BEPIIMHAMU KOTOPOT'O CITyKaT
YeThIpe Onrkalmx aroma




OCHOBHbIe pe3y/bTaThl

» HUCIOJIBb3ys HEUTPOHHBIE cueTunkn CHM-18 u miiacTUKOBBIE TPEKOBBIE IETEKTOPBI
CR-39 na ycranoske ['EJIMC npoBenensl uamepenus BbixoaoB DD-peakiiuii u3
Pd/PdO:Dx u Ti/TiO2:Dx B amamazone sHepruu noHos D*  10—25 k3B,
CpPaBHEHMS C pacueTaMH MoKa3ajid Hatnuue 3PEeKToB yCUIeHUs Bbixo10B DD-
peaKuuii;

» TOKa3aHo, YTO BO3/elcTBHE MyykoB OHOB H™ u Ne*™ B quanazone suepruii 10 — 25
k3B Ha nefitepupoBanHbic MulieHH 3 Pd 1 Tl MpUBOAUT K CTUMYIIHPOBAHHIO
BbIX0A0B DD-peakiuu;

» HCCJIEO0BAHMUE BbIX0Ja HEUTPOHOB (NpoaykToB DD-peaknnmii) u3z oopaznos CVD-
ajaMasa M pa3IMIHbIX 00pa3ioB yriepoaa (rpadut, kapdai) B 3aBUCUMOCTH OT yIjia
MEXy MyYKOM JECHTPOHOB W HOPMAaJIbIO K IJIOCKOCTH MUIIIEHHU TT0KA3aJI0, YTO
OpHEHTAIs 00pa3na Mo OTHOIIEHHIO K ITyUYKYy JeUTPOHOB OKAa3bIBACT BIMSHUC HA
BEJIMYMHY BbIXOJa HEUTPOHOB (3D PEeKT “KaHaTupOBaHUA).
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The LUNA Collaboration

1. Electron screening in d(d,t)p for deuterated metals and the periodic table
Physics Letters B 547 (2002) 193
F. Raiola, P. Migliardi, L. Gang, C. Bonomo, G. Gylirky, R. Bonetti, C. Broggini,
N.E.Christensen, P. Corvisiero, J. Cruz, A. D'Onofrio, Z. Fiilop, G. Gervino, L.
Gialanella, A.P. Jesus, M. Junker,K. Langanke, P. Prati, V. Roca, C. Rolfs, M. Romano, E.
Somorjai, F. Strieder, A. Svane, F. Terrasi, J. Winter

2. Enhanced electron screening in d(d,t)p for deuterated metals
European Physical Journal A19 (2004) 283
F. Raiola, L. Gang, C. Bonomo, G. Gyiirky, M. Aliotta, H.-W. Becker, R. Bonetti, C.
Broggini, P. Corvisiero, A. D'Onofrio, Z. Fiilop, G. Gervino, L. Gialanella, M. Junker, P.
Prati, V. Roca, C. Rolfs, M. Romano, E. Somorjai, F. Strieder, F. Terrasi, G. Fiorentini,
K. Langanke, J. Winter

The electron screening effect in the d(d, p)t reaction has been studied for 29
deuterated metals and 5 deuterated insulators/semiconductors. As compared
to measurements performed with a gaseous D2 target, a large effect has
been observed in the metals V, Nb, Ta, Cr, Mo, W, Mn, Re, Fe, Ru, Co, Rh,
Ir,Ni, Pd, Pt, Zn, Cd, Sn, Pb. An explanation of this apparently novel
feature of the periodic table is missing.




Screening effects from d+d
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1ST EXAMPLE: NEUTRONS IN
LIGHTENINGS

PRL 111, 115003 (2013) PHYSICAL REVIEW LETTERS 13 SEPTEMBER 2013

Observation of Neutron Bursts Produced by Laboratory High-Voltage Atmospheric Discharge

A.V. Agafonov,! A.V. Bagulya,' O.D. Dalkarov,"* M. A. Negodaev,' A.V. Oginov,"* A.S. Rusetskiy,'
V. A. Ryabov,' and K. V. Shpakov'

'PN. Lebedey Physical Institute of the Russian Academy of Sciences (FIAN), Leninsky Prospekt, 53, Moscow 119991, Russia
2Centre Jfor Fundamental Research (MIEM NRU HSE), Myasnizkaya, 20, Moscow 101000, Russia
(Received 10 April 2013; published 12 September 2013)

For the first time the emission of neutron bursts in the process of high-voltage discharge in air was
observed. Experiments were carried out at an average electric field strength of ~1 MV -m™' and
discharge current of ~10 kA. Two independent methods (CR-39 track detectors and plastic scintillation
detectors) registered neutrons within the range from thermal energies up to energies above 10 MeV and
with an average flux density of = 10® cm™2 per shot inside the discharge zone. Neutron generation occurs
at the initial phase of the discharge and correlates with x-ray generation. The data obtained allow us to
assume that during the discharge fast neutrons are mainly produced.

DOL: 10.1103/PhysRevLett.111.115003 PACS numbers: 52.80.Mg, 24.10.—i, 28.20.—v, 29.40.Gx




CxEME PAcnonoHeHMA MaHOCTEE: L — SfKOCTHEIM AenNHTEeNE, £ — SKTHMEHEIM genMTenNE, 5
—BEON, OT T1H, 4, 13 — MamMMTHEIE 30HAEL, 5 — TRDEKOBRIE ETEKT OB, & — SHOAHBNIA WYHT, 7
— noac Pomeckoro, 259 — WMHTEManeHele foTokamepel, 10 — cUWHTHMARAUWOHHEIE
NETEKTONRL, 11 — pETeRToR ¥ manyaeHKa, 12 — B3Y Ha EMMMBId CEET, 14 —kaTop, 15—
aHOgBl, 1& — JAETEKTOR HEWTROHOE Ha ocHOEEe He-3 cdeTdukoE © napadMHOE R

RIS TORO .

= &




Cxema [pacnanoHEHKA TREKOEDIX OETEKTOPOE CR-39
Netexwtop | pacnono*ed BEHYTPKW aHOOa, AETEKTOP £ — BEHYTPM KaToaa.

detexrapel 3, 4 W 5 nomeweHel B cOCYd C©  EBOOOW

1m__— () CR-39 with B

9 | CR-39 with PE




FanubpoBka geTekTopa CR-39 DeICTPEIMK HEWTDOHAMM
FacnpenensHde AHaMeTpOE TREKOE NPOTOHOE OTOa4M Nocne abny4eHKA
Thpekoeoro netektopa CH-39 HeRTpoHamy 0T MCToYHMES Cf-252 ©
AakTHMEHOCTEH 3 10% nfc B TenecHeld yron 41 cp (7 4 TPAaENEHWA JRTEKTORS B
bhi MaOH, npuw t=70°0C).

CpefdHAA adpeKTHEHOCTE PEFMCTPAUMK BEICTREIX HEMTPOHOE THEKOE EIM
netextopom © PE paguatopom 120 MeM 0Kazanace pagHoOW ), = 5.7 109
Tpekd NPOTOHOE OTH A4Yd UM EKT JHaMeTpel 4 — 5 MKM

(N EEOImr sy

& = 3 E B

Track number, A.1 1:m"-'F

E

L & E T 2

Track diameter, pm



FanubpoBka neTekTopa CHR-349 TennoBRIMA HEWTROHAMI

« Pervctpauma TennoBklx HEATPOHOE NO peakLMK
B-10 + n — Li-7 (0.8 MsB) + He-4 (2 M3E)

Tpekn ankda-vdacTiy ¢ BEa <= 2 MsBE uMelo T AnameTprl
10— 12 MEM

CpelHAR 3 @ekTUBHOCTE PerMcTpau M TENNOELIX
HEWTPOHOE TREKOBRIM JETEKTOLOM, NOME W EeHHEIM B
pacTeop TeTpabopaTa MNa, okazanack paBHOM

Mo =14 10%F  poar

fa




FanubpoBka oeTekTopa CTHE-349 HEWTDOHAMK C 3Hepr el

En =10 Mab
+ PertcTpaukla DhICTPRE HEWTROHOE MO peakL i

C-12+n — 2a+ n, KoTopasa MMeeT nopor okono 10 haB

+ AapakTepHan KapTWHa pacnafa agpa C-12 — Tpu
aneha-vYacTHURIL, TREKH KOTORBR UCXOAAT K3 OO HOH
TOYKM

+ CpedHAR 3@hekTHEHOCTE PEMMCTRAaU MK DRICTDRIX
HEWTPOHOE C 3Hepried En = 10 MaE TpekoBLIM
JeTekTopor ¢ PE paguaTopom 120 MEM OKa3anack
paBHOA N5 = 1.2 105




FacnpedeneHKWA KONKMYecTeES OTCYeTOR AeTekTopa He-3 B MOMEHT BEICTRENS
(CApaea) W33 10 ¢ 00 BEICTRENA (CNEEA)
NeTekTop He-3 (12 KaHANOE) pAcnonoEeHd 33 33WEITHOW CTEHOM
[(*MENe20+CEMHeU+NapadMH) HA PACCTOAHMA ~& M OT 20HEl pE3PALS.
JPPEKTHEHOCTE OETEKTORS HE-3 © MCTOYHWEOM CF252 — 1.5 = 4.5 102
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HetekTop He-3 (12 cyeTymkoe CHMW-18) pacnonoxeH 34
FAWMTHOW CTEHOW [Hene3o+CcEWHeU+NapadikiH ) Ha
DACCTOAHKKM ~6 M 0T 30HB! pa3pAda. I DekTHEHOCTE
OeTekTopa He-3 ¢ MCTOYHKMKOM  Cf-252
Nyes = 4.5 102
Ero nokazaHwia B MOMEHT pasprga (onpedenAsTcA No
IBYEY) 3aNMCkIBEKOTCA. PoH bepeTcA 3a 10 ¢ 0o
BEICTRENA.

38 ol BeICTRENCE
CpegHWi oH <My,> = (0.6 £ 0.5) ¢
CpeaHni sdhiperT <MN> =49+ 2.5) ¢

CpedHWA NOTOK HEFRTpoHoE <n = = (4 + 2] 10° 23
BEICTDEN
& KCMManEHEIM NOTOK HEMTROHOE

I N ey = 0.4 107 38 BRICTpEN
U ~— @292 -
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Ha getextope 21-1 HaigeHo 10 cobeimui pacnaga aapa C-12
Ha 3 a-YacTuybl
CpeaHWid NOTOK HEUTPOHOB C aHeprieid En =10 MzB
<n.,> = 1.4 10° n/ebicTpen B 417 cp




BbiBOoA bl

= 1) AeymMA HEZABEWCHMEIMA METOOAMME (TREKOERIM OETEETOROM CE-39 4
NETEETOROM HEWTROHOE Ha OCHOER He-3 CYeTYMEOR) YCTRHOENEHD, YT B
NpoOUECCE EHMCOKDEDALTHOND pas pAjaa B 03 ayie NMPpH [:pE,II,HEITI

HanpAXeHHoOCTH nonA ~1 MB/« U ToKe ~ 10 KA, 3aperucTpUpoeaHa
IMUCCHA HEWTPOHOB B WHPOKEOM JMaNa30HE JHERTMH (0T TENNOELEE 40

IHeprvd Bonewe 10 MaB) ¢ MHTEHCHEHOCTEK Bonee 10% HEWTPOHOE 33
BEICTRER.

= D MpW YERNWYEHWK BNEKHOCTA BO30yEa NOTOK HEMTPOHOE BEO3PACTAET A0
~dll ¥

= S TP YMEHBWEHWY OMAMETRE 3NeKTROA0E ¢ 2 40 4 oM cpedHEH NoTok
HEWTROHOE BOZPOC NEMMERHD B 2 paza.

= ) [JaHHEIE TREKOBRIX AETEKTOROE NOZEONAKT NPeanono+MTe, 4TO B MOMEHT
pazpAna 06pEyioTea ORICTREIE HEUTPOHEL, KOTOPLIE 23TEM 3aMeqnAKTCA W
NPEERAWAKTCA B TENAOERIE.

= 5 Tak#e peayneTaTel IKCARQMMEHTS O2KT YEA23HWA HA TO, 4TO MCTOYHKMEDM

HEWTROHOE ABNAKTCA NOERRXHOCTH ERICOKOEONETHEIE ANBKTROO0E, KOTOREIE

NoAEEprakTeA BO30EMCTEMID CHNBHE ANEKTPHYECKME NONEA W MOHHOM

ABoMBIpOHPOEEE B NROUECCR DA2pA0A.

6) Jma ofeACHe HHA MeXaHEMa HAOIDomaeMo B 3 MHCCHH HeHTROHOE M YWTOUHEHICT
MEC TONOVIOGE BHICT MY  HCTOUHMEA TPeOveTcd DPOBEASHHe IOTICIIHHTEIEHEIX




TeopeTnyeckue mogenwu

i Outline

+Excess energy in the Fleischmann and Fons experiment

« 4, Cconventional theorist's view of the world in 1989
+Challenges from a nuclear perspective

+_hallenges from a condensed mather perspective
«Think about fusion in Dy molecule

+1% round of CF theories: Chubb, Kim, Takahashi
sLow-energy deuteron beam experiments

st’alman model far phonon-mediated effects

i idom-Larsen mode|




Coulomb repulsion is biggest
effect in D,

=_oulornb repulsion showes up through the Gameowy factor
squared (225 term)

*Reduces reaction rate by about 70 orders of magnitude

o[t was proposed early on that scresning effects might oocur
that would irnprove this

=_an be calculated wsing condensed matter theories

=_an be tested experirnentally in low-erergy deuteron beam

Experiments




i Many theories

«Maore than 500 theary papers on anomalies in Fleischmann-Pans
Exeriments

=L arge majority focused on problem of bhowe to et two deuterons tooether

«To misguote Prenarata, since there can only be 1 right theory, expect
that large majarity of thearies are wrong

I what follows, we will begin considering some of them




i T Chubb and S Chubb model

Model: deuterons in a periodic potential
Clair: Coulomb barrier suppressed

Simplest model Harmiltonian:

= (e ) Ul

Fl:r] . Penodic potenh al wathin crystal
U{r} - Repml sive potential between 2 denteriom aloms




i T Chubb argument

Focus on simplest version of the problern, Talbot's argument was

based on using a variational wavetfunction of the form
¥ = ﬁ(’l}ﬁ(r:}g{ h_rzﬂ
1
#(x) = —— Tu,(r)
JN G
This wavefunction assurne a local Gawssian arbital o at each site j, and

a screening function g to have ther avoid eadh otber when they get
close together

N A AN A D



i Think about result

The variational wavetinction of Chubb and Chubb can be expanded to

¥ = éé"f{r.mrﬂ+ﬁ§"j(rnhj{rﬂs{h—==I)

Wiz could use a slightly different one that looks like

i ﬁé":{r.mrﬂ+ﬁ§w{rﬂvjirﬂsllﬁ-ﬁll

Optirnization using this wavefunction results in full Coulornb repulsion




i Kim Theory

Model: positively charged particles in parabalic well trap

7 - E—i;v} + 3 1mallel + 2

K 72
Clairn: Coulornb barrier suppressed
' = ONB@, total fasion rale
Frachon of denterons in BE ground state ()
Nomber of atoms in a duster: &
. K, Scaled astrophysical S fador B

MFturwieearnechiaitan,

96 203 (2009) Trap parameter: @,




i Kim’s argument

The more sophisticated of Kim's two argurnents is equivalent to rmaking a
Hartree independent particle approxirnation (Kimn used a density functional
farrnalism, and the resulting kiohn-Sham equation can be interpreted as a
Hartree rodel)

W= ];[ﬂ_,— ("j)

The single particle orbitals in the Hartree approximation are ootimized by
minirizing the total energy (and then wsed to estimate the fusion rate)

[_Evlﬁ{r}+l?{r]]¢[r} - 24(r)

V(€)= 2 ma3kf +& (¥-1) jli;{jll :

3




i Challenge for Kim model

o Gamnow factor associated with the Coulomb barrier in rate calculation
+5S0, what is the rmedhanism for suppression aof the Coulormb barrier?
«Reaction rate computed from approxirmate model solution with no particle-
particle oorrelation

«But fusion rate critically dependent on particle-particle correlation
«Mare acodrate local solution showes Coulomb barrier still present

«Hindrance of rate appears with rore aocurate solution
' &> ONBaje ™

«If Coulomb barrier to be suppressed, there needs to be a medhanism




0.[0. Janbkapos, N.A. XaxynuH (2012)
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& Takahashi theory: 4D reaction

CJ Omsite it

Fig 1: Tetrahwedral condensaton
. p denobes palladnum

Froposed reaction:

D+D+D+0D = 4He + He 47.6 MeY

I &, Takahishi, Pros foord (2002),



4 deuteron, 4 electron

i collapse

& Takahashi, Froc fo0Ed
(20030,




i Challenge for Takahashi model

Big issue is electron localiz ation, which comes with a localization energy
due to the uncertainty principle

100

amng

Apy? 2
| D i
Emehc energy = —— > 5

KE ,PE , Total Enemy (e

-g:l B /
-1|:|:| 1 1 1
= 3 ]

Qo 1

Estimnate of total erergy using Ax=a/4

a (Angstroms)



i Conclusions for now

+T akahashi proposes screening by localized electrons betwesn D nuclei
«Electron localization leads to increased electron kinetic ensrgy
«ot included properly vet by Takahashi

«Janturm chernistry calculations indicates electron kinetic energy

contribution makes H,unstable in vacuur (agrees with experirnent)
«H, and D, prediched in guantum chemistry 1o be stahilized in ionic lattice

if surrounded by positive ions

+T akahashi proposing screening by localized Cooper pairs with larger

effective electron mass




i Kalman models I

Model: Deuteron-deteron interaction in PdD due to phonon exchange
Clairn: Phonon-rediated deuteron-deuteron potential is attractive and very

large

BiCS Hamiltonian for conduction deuterons interacting with acoustic and
optical phonon rmodes

B - TG + %;I [V (KK )+ W (kK e

P. Kalman and T. keszthelyi, Masl Sastr. Metfods 8240 781 (2005)



!L D-D potential in PdD

LU

1014 )

Fig. 6. Sphencally symmetric, total potential Fir) = Ve +
Udr) in R, units at wu=| and MEy)=567 with E=
E = 2hwgy (hag = 00311 eV, 5, =0.345). x = rflaysy), where
ao s the Bohr radius and 7 is the radial distance. For other
notation see Fig. 2. The shiclding in the Coulomb potential is
neglected. The curve is obtainad with (20).




Challenges for phonon-
i mediated attraction

*Electron-phonon exchange in BCS model leads 1o Cooper pairs

= 3l an and Kesthelyi propose a BCS model for “conduction deuterons” in PdAD
with phonon exchange invaolving the “conduction deuterons”

=But deuterons in PdD are well localized, especially at high loading

=Dieuterons part of phonon mode; phonon exchange only in association with
hiopping

=Electronic dynarics dorminated by fast coberent hooping; deuteron dynarmics
dorminated by slow incoberent hopping

=WioLld not expect BCS model to be relevant




i Alternate approaches

=Some theorists have given up on rodels based on D+D reactions
due to difficulties associated with the Coulomb barrier

*For example, neutrons have no charge so there is no Coulomb barrier
=Models based on the neutron approad face a variety of problems,

sich as where do the neutrons corme from, and how Do you avioid
CornrneEnsUrate gammma production




Widom-Larsen

Model: Widom and Larsen proposed that an electron could
acquire mass energy from electromagnetic interactions with a
plasmon mode

With enough added energy, such a massive electron would drive
a weak interaction reaction backward

g +tp° > nty,

The ulra-low momentum neutron is proposed to participate in
subsequent reactions

ntiZ » Mz
Claim: Can account for excess heat, transmutation, and other
anomalies




1.A.l.Nikishov and V.I.Ritus.

Effect of laser field on beta decays of nuclei.
Sov.Phys.JETP 58(1),14
2. A.l.Nikishov and V.I.Ritus.

Interference effects produced by laser field in beta
decays and other processes not dependent on the presence
of a field.

Sov.Phys.JETP 58(5), 898




i Focus on first step

The key issue in proposed mechanism in the mass increase of the
electron. Widom and Larsen propose that electromagnetic
fluctuations can produce a mass shift according to

mel = me +—5 A4,
C
They argue that the electromagnetic fluctuations can be estimated

from M
o

— of
A4 = jSm(r,ﬂ]F -
The argument finishes with an estimate of the electric field strength




Thinking about Widom-Larsen

The total electric field can be decomposed into transverse and
longitudinal pieces

E-=-E +E

The rmass correction in the Widorm-Larsen model is




i Thinking about intense laser

Electromagretic field fluctuations knowen to increase effective electron mass

in intense laser field in free space, and Mev-level shift requires wvery high

intensity
_ 2
, B,
E, = A2 _ 5 59508 [ L2 | Molis
e 1eWV Cmn

For a 1 eV intkense laser, ore needs an intensity near 108 'wWatksfcm2 to have
arn effective mass bigger by sart(2) [although it we went to RF frequencies

vz wiolld sesrm to need much less. . ]




i Big extension of E&M result

The increase in the effective mass for the Dirac electron in a classical
electrormagretic field is well known in the literature,

Light in fre= space invalves transverse electric and magretic fields,
but not longitudinal (Coulombic) fislds,

The gerneraliz ation of this effect to longitudinal (Coulombic) electric

fields does not appear in the literature, This is new in the Widom and
Larsen theory,

Provides us with motivation to check it Wewiould like to derive the
effect if we can.




i Thinking about Widom-Larsen

The total electric field can be decornposed into transverse and
longitudinal pieces

E=-E, +E

The rmass correction in the Widor-Larsen model is




i Why it matters

E;, = £ Fycos(Q¢)
E = 100 Yolts
a 0 o L. Eﬂﬁﬂmﬁ

= z

Electron in a slowely varying longitudinal electric field:




i Conclusions for now

ke issue is hiowe the electron gains mass energy

Effective mass increase known for electron in transverse field
=Widom-Larsen proposal for electron mass increase due to longitudinal
electric field is new

Proposal not consistent with P transfarrnation

=Mechanism for electron energy (and bence relativistic mass) gainfloss
from longitudinal electric fields well understood for conventional QED in
Coulornb gauge

=Widorn and Larsen need to clarify how and why the electron mass

shiould increase additionally in lonagitudinal electric fields




NEED AN EXPERIMENT

.
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