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Su1mma1ry of Kley R,eason.s why El,ectr 1omagneti.s,m is llmpo,rtant 

11 11Cou lo m b barrier" r1e qui res 11,stati cl' Elle ctro m.aIg netic II nt,e-racti an ( EIM I) 

11 In d+d · He +y I EM II i's not static; ''1Cou lo m b barrier" r,e p la.ced by QED 

11 QIE D ,oou pll es '�O a.II II ength scall es., 

11 Superf1cially 1 QIED '" not treated ri1g,or,ously in ICondensed Mlatter Physics.'" 81. t 1 in fact 1 

rgiven appropri·ately interpreted pictures, this is not true. 

11 Missing i'ngredient. in how Condensed !Matter Phy,sics (CMP)i r,elates to CMNIS: 
-Understanding '1110,verlap� 1 can roocur without. high energy partiicles. 

11 This, happens alll the time in CMP. How this happens, not tr,eated rigorouslly. 

11 Ri,goriaus Starem,ent lnvIolves Many IP,articl,es a.nd the fact that: 
Many partidles can act like ,a single partidle/w,av,e by m,ov·ng pr,ecisely the ,same way; 

-Momenuum can chang·e abruptly'
! l1ocally

! 
without. ,an�t p,articl,e aaquiri1ng1 hi1gh velocity 
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Concerning the [Role 1of EMI [Resonant Pjrr0reesses in LENIIR 

,., Giuliano Preparata suggested that the relationship between 1CF phenomena ,and 
mainstream nuclear physics in general terms is analogous to the rela, ,·onshl p 
between .radio engineering and the early physics of quantum mechanics� 

,., I sincerely believe, after many years ,, that in essence, he certainly was right 
about this� 

,., But as opposed to singling out the relationship ·between radio engineering and 
. ts .relationshi_p to early quantum. mechanics~ qu]te possibly sim:ply because I am 
younger, I think a mo.re appropriate analogy applies mvolvmg the re]au.onshi_p 
between semi-oonductor physics and _post ] 1940 electrical engjneers. 

,., Reg,ardles s in both anallog;ies EMl .resonance (which is at the heart of what 
both of us have been suggesu.ng) 1s essentud in most (if not all) 1CF phenomena. 
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Key Limi'tation1 of "'Conventional
11 

Nucllear Fusi1on Tlheo1ry 

• ilj•searet iRa e ! ReacUon t : d+d➔.4He+y 

• Comm 1an assumption: ,energy· 1rell1ease too lllarg1e 

• Assumption is not right R1e aictiro n is !Ra 1"1e beca us:e: 

'* ReacUon invollves EIMI 

23.77 MeV Gamma Ra .. 

70 Ki V Alpha Partic]e 



Addilional Facts About Additi1onal Rea.ctJio1n 

23 .77 Me·v Garmma. Ray 

70 � V Alpha Particle 

• Rate of i,i;Secret R1eaction jj is 1 0 7 s.ma
l
llleir th1an iather r1eacUons. 

,., Not cited iln conventi,onal fusion literature £01r this re,ason 

He + y is rare, but :reverse reaction 4He + y 

1
•

4He + y ii·d+d teaches u.s that: In d+d --4He + y 

:ti+d is well-kno'Wll 

·•:• Simplified 1CouLomb Barrier ·tunnelHn,g does not apply� 
·•:• Far from reaction, EMI .required: d+d. must be p 1repa11 d app 1ropriatsly 



Historical Note about lmport.an 1ce of EMI in L.E,NR 

., Pre1para.ta a.nd Schwi11nger diid no1t kno·w about 
4He+y➔ 1d+d 

., Botlh lbeliieved EMI wa.s i1mpo1rta.nt, either impli1ci1tly (ii1n 

the case of Schwin,ger) or expliicitly· On1 tlhe case of 
Pre1parata.) 



Wrong Intuitive Pi 1cture h1as resu·llted from not lnclluding 
EMI in d+d➔4He+y 

• Becau1se a.II d, d fu1sion reactiion1s conseirve iisospii1n, iit lhas !been 

wiid1ely· assu1medl tlhat the dy·n1amics is driive1n lby· the strong foirce 
iinteraction (SFl)i,. N 1OT electromagnetiic iinlerac.tio1n (EMIi) 

., IMlajor source of co1nfusi101n is the a.ssum1ptiion tha.t tlhe stro1ng 
force diictates both the dynamics and the a.va.i'la.ble energy 

states a1nd t1ran1siti1ons 

., 'Tru1e for tlhe conventional reactio1ns lbut 1not for d+d➔4He+y 

•· 'Thus., most 1nuclear plhy·siciists assume:: 1,. EMIi iis stati1c; 2,. 

Domi;1nan1t reactiions have smallest clha1n·ges i11n iin1ciident ki1netic 
e1ne1�gy (T); and, (because of .2.),. dl+d ➔4He+y su1pp1ressedl. 



Further lmpli'cation1s of 4He + y ➔ 1d+d 

rd 

4He y 

� 

• Coulomb B.a rri 1e r does not apply·-� ma re general Q,E D Barrier required 

* Striong IF 1on�e determines energy llev1els, not dynamics 

* Far from !location of reactions d+d has spin�o, angular momentum� 2.h 

•Time Reversal i nv1a rian ce Aliso true f:o r d+d 4 H ·. 

• QED 1effects can become important: mv�p-e/cA ( mv ¢ p1) 



Simplle Exa1mpl,e: RadiD Trans.mission ,and Reoepition 
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• Simpl,e !Example of Res.onance occurs through a m,atching condition: Transmit.t,er (dipol,e) 
Antenna and R.eceiv,e r {di pole) An ten n,a a1pe,rtJu r,e s mat,ch 1each other and 
the wav,e length 1of the si1g nail. 
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EMI Resonant ln1teira.cf1on1s i1n Finirte S,oliids 

., Sca.ttering1 Theory· for Photons (Brag1g Scattering): 

w= w(k), = ex k = w(.k+,g)= ex llk+g Ill 

• M' u ltiple Scattering Theory ·fror C har-ged Partiicles,: 

(k). (k ). 1E=8 .. •, = 8_.•-+g, 

- W,av,e vector.s, (k)i and recipr,ocall llaUice v,ectors 1g minimize outside coupling 

- Fil ux of· each kind of' pa rti cl1e is conserved 

- Ground State and lowest lyi'ng Ex,c.it,ed Sta1t,es couple 1onlly through rigid 
transl,ations that do not a.lter s,epar,ations between particles 

- Then� sem i ... dassi1call th ea ry of trans,pa rt app Ii e.s 
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Kii1ne1maf1cs of 1Grou1nd ,Sta.te,-Exciited (Ion Band) Sta.tes 

-G r1ound stat,e ( GS)1 ,and low-ly� ng ,excited .s.t,at1e band 
,en ergIii:es evo�lv1e in ti m,e IJ 

t:(k(t)) = e(k(O) + eEt), 

prov�.d 1ed [teEtll does not cross. a �one boundaryfj, (e.1g.� in 1,­
diIImensi1on, 11eEq;< la }1 

- Eadh tiIm1e l'eE t[I cr 1oss,es the 'fi1rst, second, �hii ird, ... , zIone 
boundary, a ir,e.sonant condiUon tak1eas p,lace in which momentum 

is transferred to �h,e ,cent,er 10If mass .. lln Ione dimension, 

Bloch Oscj1 I1I,atiioins, 
a 

• MomentuIm can be Fis.tor1edw : When ,av,ail,abl 1e momentum is larIge 1a 
IenougIh, nucllIear r1eaction,s, •can tak:e p,l.aoe 



Resonant LEN R and Stopped 

Photons 
• This l,ast p i'cture ,occurs, ·when IE i's normal ti01 the surface and 

constant 
• When a second E 01r B field is appUed parallel to the surface

t 

new physical! effects can 1occur: 
- in the 1ref1erence fram,e that i s  statiiona ry with r,especl t10, the ,oenter­

,of-mass 1of the l ,atti ce :� 

,li 1dk _ O _ . ·E�- _ _ V E(k) . . _ B--- - . - - e  _ +e ---x 1 _ , 

dt he 
BE X V (.k')"• 1BEX 
�-· - - - E 
Gt - - k 2 . ·-- . . hfJz ,. 

- This last equatiion has ,expon,entia l ly ,g ro1wing ,and decaying 
?o h J t lo  !1S , wh ic� can ,e�p l.a i � the ,emi.ss.i 1on ,of h i 1gh ,ene r1gy p.articl ,es ,
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1 n the SPAWAR expeir1I 1m ,ents � 



Sum mary 

• I have review,ed the basi·c ideas behind resonant E M I  ca.n ta.ke 
place in ·finite sol ids has been review,ed . 

• These ideas not only provide a basi's for conventional band 
theory· but explain how· throu 1gh fi1nite size effects, , it is possibl1e to 
create many· 01f the k inds of effects envisioned by, Giulia.no 
IPreparata. 

• The underlying ·iorm1alism pred icts tha.t the orientation 01f the 
external ·fields , tha.t a.re app lied in the S1 IPAWA!R pr1otoool has 
direct bearing on the emiss i 1on 1of high energ1y· pa.rticl1es � It also 
i'mpl ies that na.no ... scale particl es

t of a particu lar size, provide an 
1optimal envi ru1nment ior initiatiingr LIE N R  in the IP1d D1 system .  
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