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Abstract • , 
Sclf-magm-tically insulated transmission lines are 
used for pnwer transport between tlie vacuum Insula
tor and tKe diode In Iiip.h current particle accel
erators. Since the efficiency of tlie power trans
port depends en the details of the initial line 
geometry, I.e., the Injector, the dependence of 
the electron canonical momentum distiibui Ion on 
the Injector geometry should reveal the loss mocha-
nlED. We propose to study tli.it dependence exper L-
Dsntally through a Compton scattering diagnostic. 
The spectrum of scattered light reveals the elec
tron velocity distribution perpendicular to the 
direction of flow. The design of the diagnostic 
is in progress. Our preliminary analysis is 
base.3 on the conservation of energy and canoni
cal momentum for a single clectroi. In the E and 
if fields determined from 2-D calculations. For 
the Mite accelerator with pawer flow along 7., 
the normalised canonical ru>m;-nt.\im, J* , l̂i in the 
range - 0.7 < \t < 0. For I4 | | ?, and k„ | | ?, 
our analysis indicates that the scattered* photon:: 
have 1.1 eV < lif < 5.6 eV for ruby laser scatter
ing and can be detected with PH tubes. 

Introduction 

Scir-aagnctlcally Insulated transmission lines are 
being developed for power transport in the particle 
beam fusion nccclcrator CB>'/i at Snnriia. 'the 
efficiency of power and energy transport is sensi
tive to variations in line geometry which occur at 
the Input and output convolutes. In this paper we 
consider how the dynamics of electron flow might be 
probed by Co nipt on scattering. The evaluation lias 
several steps. Firat, the distributions of the 
electric and magnetic fields in the EUFA self mag
netically insulated line'1 are Inferred from simula
tions and 1-D theory. Then the relationship be
tween the energy of a photon scattered from an 
electron with an axial canonical momentun \., is cal
culated at various positions in the electron flow, 
for the K and 5 fields from the 2-U simulations and 
for thoBe from the 1-D theory, h comparison of the 
two relationships Illustrates the sensitivity of 
the diagnostic to the model for E and D. The par
ticle trajectories for an assumed distribution of 
canonical momentum P? in the axial direction are 
then calculated at a given position in the vacuum 
gap. Finally, the spectrua of scatter̂ .', photons 
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f«-r two d i f f e r e n t assumed c a n o n i c a l moie-.\t urn 
d i s t r i b u t i o n s a r e c a l c u l a t e d to i l l u s t r a t u the 
d i a g n o s t i c . Each s t e p w i l l be examined In t u r n 

ElacttOEafin r>tl c F ie ld Cnlct 1 l a t_l ons 

The t r l p l a t e t r a n s m i s s i o n l i n e which i s being 
i n c o r p o r a t e d I n t o EliFA I s r e p r e s e n t e d by an IM|U 
l e n t coax ia l t r a n s m i s s i o n l i n e wi th r„ r- 0.07 
and r a - 0.08 m. This co. • • . 
i n tlitr Compton s c i t t t c r in;; 
Kin. 1 . From s imu la t i ons - ' of t h i s co.-1xJ.1i l i n 
the power flow i s r e p r e s e n t e d by a boundary en 
1 B , of 243 k.\ and a t o t a l c u r r e n t , 1 T , of ^50 : 
VQ = 2.4 MV. The c u r r e n t I ; . - I T ~ I 3 - 207 *~ 
c a r r i e d by e l e c t r o n s in tln/ 'varunm gap hcrwc.-ii 
d u c t o r s . The E and ~B f i e l d s for t h i s p a r t i c u ! . 
c a s e have been c a l c u l a t e d p r e v i o u s l y by IlL-rgtr 
and Foukey wi th a 2-U e l e c t ruKiagnucic p a r t i c l e 
u l a t i o n c o d e . 2 The a 
a u n t and tlu- code 
e x c e l l e n t . V.Y h a . . ... 
fields for these Initial condition!, fri. 
potential theory. We noticed that und 
dltions of power flow the value uf Cj a 
by Eqn. (29) and (36) in Croedon's pape 
consistent. This theory requires sulf-eonsi 
which wc achieved by optimizing K 0 so that V 

-l)/e is 2.'i5CJ5 HV instead of 2.4 HV. 
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Fig. 1. Coax with basic Ccntures of Coiapton scat
tering expcrlnunt. Directions of electroi 
power flow (HZ), incident photons, and 
detector are all mutually perpendicular. 
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of V„ glv. self-consistent set of pnrasie-
l l , l f l l ond ZQ for parapoteiitlal theory 

and Is"well within experimental error In the 
oseBcurements and the numerical fluctuations In the 
computational results . The E and a fields from 2-D 
calculations and the self-consistent (SC) parapo
tential theory arc shown In Fi j . 2. 

Plot of JT and' B fields extrapolated 
data polnlo of Bergeron ami i'oukoy 
according to SC parapi/tential 3 theory. 

The Photon Energy at 
« 1 Hoaontua 

mctlon Of Kleciron C.inonl-

In order to calculate the frequency of a Cotnpton 
scattered photon, the velocity vector of the 
scattering electron needs to be known, From the 
conservation of energy and momentum for a single 
electron, Mendel' has shown that 

J IS. - [ H « r > l Z - 3 - la(r)4ji] 2 

where 
V = radl.il velocity eoraponc-iH, 

$( r ) '= noraaltzcd s w h r 
potcnrl.il (» e/»/mc2 wUh t - -WO, 

a(r) ~. Z-component oT nnrmnlized vector 
potential (» eAj,(r)/cx wi cli 7 '•- v*XA), 

/J = Z-compoiK'itt of normalised cannniixl 
momentum (- el*v/ac .*ith 

( f - V 2 / c ^ ' - ] / - - 1 V°0(r) ( 
conservation). 

In Eq . (1) a new pa ran. 
Is the normalized cauo 
State electron flow In n 
o/az i 0, ;< la a constan 
If the electron orlgln.m 
•0 - Vj, « .a » 0, then /J « 
often'assumed that fi » 0 
flow 

by 

ic . i l noraentu; 
mis 

For s t 
ilo:: l i n e in •• 

s i o l i n e , llJVi 
elf-inagncLic.al ly 

insili 

of the electron raott 
from the en 

Consequently, It 
ur a l l electrons in 

ul.-iU'd tr 

-•hen 

t-tlci 
the weakly, electrically stressed v.icimra Insulator 
and the highly stressed line. In the tr.msitiun 
section, a/Hz i 0 and J< is not a constant of motion. 
Consequently, electrons with U t 0 ciu W Injected 
into the uniform line, and produce a dis'.ri hut inn 
F ( A O with a finite width 4/J , for Liu.* u 1 octroi-, fl-r:. 
It is thought that tin- detail scriictuic in F(p) de
termines the power transport in long. si;l£ uu^iiui-
Ically iiiBuliilr-ii lines, '' and the stability .,f tU-
electron flow may be understood by studying t'00 
under various conditions. Stable orbits corres
pond inj; to solutions cf Kq. (1) for which \ \ > Q 
in the [;np c m be Xou.nl for various values o f f . 
In Fig. 3 we have plotted the radial pcslllon of 
the lower and upper turning points for stable 
orbit.i as a function of*/. These results show that 
the orbits are very sinilar for scalar and vector 
potentials bastd on parapotential and L'-D calcula
tions. We also see that for JI » 0, the orbits arc 
contained within the sheath md retur:i to the 
cathode surface. Orbits vithP-<J 0 have upper 
turning points beyond the sheath** and tend to re
main Isolated from the cathode surface. The mini
mum JJ corresponds to those orbits whose upper turn
ing point Just grazes the anode. 

According to Compton scattering theory for the . 
geometry shown in Fig. 1, the energy of the acat-

ft\ photons, hi",., is related to V (r.,J<) by the 
expr sslon 
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R Jnrt 
F i g . 3 . Vlot of ft v s . the p o s i t i o n of lower and 

upper t u r n i n g p o i n t s . The d o t t e d l i n e 
was c a l c u l a t e d by p a r a p o t c n t l a l theory 
uriinj; same ! „ , T-, and VQ as was used 
^ar 2-D c a l c u l a t i o n . 

where r . l a t h e r a d i a l p o s i t i o n of the I n c i d e n t 
l a s e r team In the g a p . S c a t t e r e d photon e n e r g i e s a s 
a func t i on of li a r c p l o t t e d In F i g . 4 fo r v a r i o u s 
va lue s at r. wi th hv^ - 1.786 cV froia a ruby l a s e r . 
The va lue s of V J ^ . t O needed In Eq. C2> were d e t e r -
o inod frora Eq . * l ) u s i n g p o t e n t i a l s from 2-Q c a l c u l a 
t i o n s u l t h P ] o w r <. V < C u . . ( i e r . These r e s u l t s I n 
d i c a t e t h a t fur t h i s geometry., o p t i c a l d e t e c t i o n i s 
r e q u i r e d . 

.0725 

.0735 

Plot of scattert-4 photon ooergies vs.# 
for various positions for the fields from 
the 2-D computations and, of the laser 
probe beam. The dotted line has he (p) 
from the fields from tha eelf-conalsttnt 
parapoteatl&l calculation at e. * 0.0725 a 
for comparison. 

.?J^L>'a«i-%-E«^°!_»D-*Ja'.«r.>LX(/5.-
u»b.:c of s c a t t e r e d j)'.;m.ou:i « ich cncicy ho-
t , K + dK Ss ^iven by U:e express ion 

- - - 0(r.) HI/) -
1 JEj J d n < m 

n 

int Incur puis 
; th of fccaa as; 

' i i i ib lc to the d e t e c t o r . 
c t r o n s / e t 3 a t r^ froa 

who re 
U s cnerjty of i nc iden t Incur p u l s e , 
1. i= h i l e r a c t ion length of fcena as;*l e l e c -

iru:i plasma v i s i b l e to the dete 
D(r, > = iUKiber of cU> 

1 ' Rot . 2 . 
F(ji) S f r a c t i o n of e l e c t r o n s wi th normalized 

canonica l aomentua p , 
C(r« ,K) = nor<n.ilJzed canon ica l raoaentura a t some 

p o s i t i o n in the j-ap, r a , as a func t ion 
of s c a t t e r e d photon e n e r g i e s [ see 

i ! 3 f i r . - '*>, and 
-rft « Compton d i f f c r e t t t t . i l s r a t t e r i i i g c ro s s 

s e c t i o n . 8 

Ill us in j ; E*(. (3 ) to c a l c u l a t e the s c a t t e r e d s p e c t r a , 
wc assume the l a s e r energy Is 1 J o u l e , the c o l l e c t o r 
system subtends one s t u r r . f i t a n of s o l i d .-.tijjlo, and 
Lhu e l e c t r o n number dens i t y I s 10 m - for a 
uniform c m o i i t c a l uomerttma d i s t r i b u t i o n , dJi/dE v e t -
s'.n K ("hi.,.) i s p l o t t e d in F l ; : . 5 for Levut.il p o s i 
t i o n s of the probing I n s e t bcara. The t o t a l miraber 
of s c a t t e r e d photons i s .-ilso noted as fl„ in ih.-sc 
p l o t s . Wc a l s o .issuaeri .1 Cm-ishin d i s t r l lmi ion , 
e x p ( - 0 . 5 ( P - P ( J ) / i / / ) ) , with tta => 0 and IV " 0 . 1 ; the 
r e s u l t s of the c a l c u l a t i o n us ing t h i s d i s t r i b u t i o n 
i s p l o t t e d 111 f i g . 6 . 

so 6 

5. Plot of dN/dE vs. h'es for unlfors dis 
tributlon in P. 
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. 1 , 1 = . I 

The electrons produce a bremsstrahlung x-ray pulse 
(.li.it will produce a slfjral on the detector. The : 
scatcercd light can bo optically dtl.iycd until Che 
d-jtoztnr PJCOVLT:' frun the x-ray pui.se so the x-ray 
hnckfj round can ̂ e tolerated. 

Tht* limitLii|> fin-Lor to the Coitipton scattering 
diagnostic Co nionsure K(JJ) appears co be the back
ground liyht iron the plasma on the cathode. A 
significant amount of llftlit can be expected, but 
no measurements have been made of Lts intensity or 
spuccral distribution. The ratio of scattered 
1 lylit to plasma '.lytic lciproves as the bandwidth 
lv^ ai the sc.it! cred light decreases. if the ' 
width it* at KCji) is^lCT 6, as recent calculations7 

ii.ivi; Indicated, the scattered light has a wave
length spread of only 3 A", which would give a \ 
very favorable ratio of scattered lifiht to plasma 
light. 

Conclusion 

The Compton scattering diagnostic is capable In 
principle of resolving the canonical momentum dis
tribution F(P) in celf-uiai'iietlcally insulated elec
tron flow. The limiting factor is the ratio of 
background plasma light irom the cathode plasma and 
the scattered light, which Is strongly dependent on 
Che width of K 0 0 Itself. , 
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