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HIGH  ENERGY  REB  ( b>>1) 
 
 

• Less initial intensity requested 
• Easier ‘piercing’ through electromagnetic instabilities 
• Novel stopping mechanisms available 
• Strong Langmuir stopping efficient at b >> 1 
• Huge number of possible collisional stopping channels 
  available 
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Strong Langmuir Turbulence 
 

angle (REB, k)  
 

Wr = energy density in L waves resonating/REB 
A crude threshold estimate for spectra with the typical 

k ~ ωe /c  is  Wth ~ neTe
2 /mec2 . 

Local REB relaxation length in turbulence is 

Lr ~ (c /2ωe )(mec2 / Te )2(γbΔθ)2(Wth / Wr ). 
For ωe ~ 6 ×1017 sec−1 and  Te ~ 5keV, this simplifies to 

Lr ~ 2.5(γbΔθ)2(Wth /Wr )  μm. 
If Wr > Wth, this  length would not exceed 50 m for 

γbΔθ ≤ 5. 
 







REB Stopping
 

on Target Ions



REB  STOPPING  ON  TARGET ELECTRONS 
 

 The following expression has been obtained as a careful 
pseudoanalytic fit to quantum stopping results. It is essentially accurate 
for ne Š 1026 e-cm-3, as evidenced from stopping data. 
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                                            equivalent   

100 times Trident process for Eb = 200 MeV. 
R( m) = 259 at 15 Mev 
    24 at 1 MeV 
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Electro disintregation

One virtual Gamma
 

only up to 1 GeV
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REB-Hard Gamma Conversion

• Cone target allows for electro as well as
DT fuel disintegration

Hard Gammas easily secured through REB 
bremsstrahlung in gold with

dE/dx)rad /dE/dx)coll = EREB Z/1600 mc²

=1     EREB = 10.35 MeV in Au 

EREB = 817.16 in Z =1 DT



CONTRIBUTION TO D- and T – PHOTO DISINTEGRATION THROUGH 

 

REB-BREMSSTRAHLUNG IN Au (Z = 79) 

 

 

Z2ni = Z2ρNA
A

~ 3.66 ×1026e − cm−3# Z2ne ~ 1026 e − cm−3
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= 0.017  at  5 MeV 
 

 

H.J. Bhabba, Proc. R. Soc. London A 152, 559 (1935), cf. J Myatt et al. POP 79, 066409 (2009). 





                Relevant  lengths 
 

        ne ~ 1026e − cm−3   T ~ 1 keV 
 

        aii = 4
3

π  ni
⎛ 
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⎠ 
⎟ 
−1/ 3

 ~  1.33×10−9 cm 
 

Debye length ~ 2.35x10-9 cm 
Bohr radius (electron) = 5.29 x 10-9 cm. 
Bohr radius (pion) = 1.94 x 10-11 cm 
π-D and π-T atoms hardly affected 
by electron Debye-screening. 



Considering an ignition plasma (N~1026/cc, 
T~3-5 KeV)in a Debye approximation demons-
trates a persistence of pionic molecular ions pi-
D+T+ with 319.13 eV binding energy for 
vibrational number V= 0 and total angular 
momentum number J = 0, wrt to D+- - and T+- -. 
Such bound systems are equivalent to excited 
atoms with main quantum number N = 12 and 
exhibiting anisotropy due to a nearby D+ or 
T+ion. 
N = 12 remains out of immediate nuclear capture 
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0.4710 ≤ s ≤ 2.1231        Stable

Let us number the particles in such a way that the following 
inequalities are valid for their masses:
m1 ≥ m2,   m3 ≥ m4,  m2 ≥ m4.  

DTπ
 

, DDπ
 

, TTπ
 

, DTππ
 

, DDππ
 

, Tππ
 

,

BORROMEAN STABLE CONFIGURATIONS 

With this numbering of particles the lowest dissociation
threshold for the f our-particle system, Eth, in the system of 
Hartree atomic units (h =1, me =1, qe =1) is 



BORROMEAN CONFIGURATIONS 
T+D+ -e- system (s = 0.0007) unstable 

 
In these Borromean schemes, DT , DT  . . . with s ≅ 1 are stable. 
This system can bind one more electron forming (M+,M+,x-,e-,e-), 

which is akin to H-. A possible choice of x- is -. The (p,p, -) system
is bound, and the (p,p,e+, -) and (p,p,e-,e- -) systems are also bound.
These systems remain bound even if the masses of the heavy particles
are slightly different, e.g., the (M1

+ , M2
+, e− ,e− ,x− ) system is bound as a

rough estimate for 1/3 < M1 /M2 <1. 
                                      ↑ 
                                   m D

mT
 ~  2 /3 

In a mostly electron-screened target, mesomolecules appear 
nearly Coulombian 





S. Kimura, A. Bonasera, PRL. 93.262502 (2004)
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Production of Borromean
 

molecular
 

states via (e-e+) decay
 into

 
Wheeler complexes ne-me+ and Pi-

 
catalysis

 
out of 

DT electro
 

and photodisintegration
 

(cone
 

target)
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