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COMPTON SCATTERINC OF PHOTONS FROM ELEZTROMS IN
HAGNETICALLY INSULATED TRANSHMISSION LINES*

Abstract e . . <

Self-wagactically fnculated travsmission lines are
used for power transporl between the vacuum Insala-
‘tor and the Jiode in Wiph curreat particle accel~
erators. Siace the efflclency of the power Lrans—
port depepds cn the detaiis of the initial line
geometTy,” i.c., the Injector, the dependence of
the electron canonical moumentum distributien on
the injector peometry should reveal the loss mecha-
nism, Me propose to study that dependence erperi-
pentally through a Complon scatterlay diapnostic.
The spectrum of scattered light reveals the elec~
tron veloclty distribution perpendlcular to the
direction of flow. The design of the dlagasstic
is in progress. Our preliminary analysis is |
bascd on the conservation of cnergy and canoni-
cal momentum for a single clectron in the E and

¥ flelds deternined from 2-D calculacfons. For
the Mite® accelerator with pawer flow along Z,

the normalized cononical nomentum, f, {5 in vhe
range - 0.7 < # ¢ 0. For ky 11T and % 13,
our analys{s indlcates let the seattercd photons
have 1.1 ev < hvs € 5.0 ¢V for ruby laser scatter-
sng and can be detected with PH tubes.

Introduction

Sclf-magnerically {nsuloted transmission lincs arc
being developed far power transport in the partlcle
bvean fuslon accelerator LBFA at Sandia. ‘the
cfficiency of power and cnergy transport is seasi-
tive to variations ln line neomfry which occur at
the {nput and output convolutes. In this paper we
consider fiow the dynsmics of electron flow might be
probed by Cowpton scattering. The evaluation has
several stepa. First, the distributions of the
electric and magnetic fl‘:lds in the EBFA self mag-
nc!lc’lly insulated llge are fnferred from simula-
tione® and 1-D theory.” Then the relat{oaship be-
tween the enurgy of a phoion ucattered frow an
electron with an axfal cenonical omentun by {c cal-
culated at various positions in the eclectron flow,
for the ¥ and B flelds from the 2-D simulations and
for those from the 1-D theory. A comparison of the )
two relationshilps illustrates the sensitivity of :
the diagnostic to the mode) for F and 8. The par-
.ticle trajectories for an assumed distribution of
canonical nomentum Py in the axial direction are
then caleulated at a given posltion ia the vacuum
gap. Fimally, the spectrun of scatterc! photons
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for two different assuzed canonlcul mozeatuwm
distrlbutions arc calculated to illustrate the
dfagnoetic. FEach step wlll be examined in turn.
Electromagnetic Field Calculations

The triplate transmission 1inc which 1s belng
incorporated into EBFA Is represented by an equiva-—
lent coaxfal trangmission line with e = 0.07
and r, = 0.08 m. This coux und the basic features
{n the Compton seattering erperiment are shewn in
#ig. 1. From simslatlons” of this coaxial line,!
the power flow fs rupresented by a bourdary current,
Tys of 243 kA and a tetal current, lT, af 45G wA at
= 2,4 MV. The current Ty = Lp=Iz « 207 %A is
carried by electrons in the vocunm gap hetween con-
ductors, The d B fields for this particular
case have been ealeulated previously by Bergeron
and Poukey ulﬁh a 2-b elecrromagnetic purticle sie-
ulation code. The aprecmeut bhetween the caperi-
ment and the code results (or , and 1, arc
excellent. He have alse c‘llxu]nuj Lhe £ and b
fields for these [nitial conditions frem para-
potential theory. We noticed that uader these con=
ditlons of pawer flow the value uf €y a4 calculated
by Eqs. (29) and (36) in Creedon's paper” were in-
consistent. This Lheory requires self-consistency
whigh we nchlivved by optinising so that Vo &

myc“(T-1)/e is 2.4505 HV jastead of 2.4 HV.® This
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Conx with basic (eatures of Compton scat-
teriug experimuent, Directiont of electron
power flow (+2), incident photons, and
detector are all mutually perpendicular,

¥ig. 1.
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vulue of V, glves a sclf-consistent sect of parame=
ters Vo, lI, 1z, and z, for parapatentlal theory
and Is well within experimental error lum the
mesgurcments and the numericol fluctuations in the
computational results. The E and § fields from 2-D
calculations and the self-consistent (SC) parapo-
tential! theory are shown in Fi,. 2.
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F1g. 2. Plot of F and' B fields extrapolatey frum

data points of Bergeron and Igukey® and
according to SC paraputencfal” theory.

The Photon Eaerpy as o Functfon of Flectron Canonl-~
cal en tua

In order to caleulate the frequency of a Compton
scattered photon, the velocity vector of the
seattering electron necds to be known, From the
conscrvation of gnergy and wmomentum for a single
clectron, Mendel! has ahown that

2
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where
V_ = radial velocity component,
#(r§"= noraaltzed sealur
potential (= ef/me? with T = -0p),
a(r) = Z-component of nermalized vecror
patential (= eA,(r)/oc with B = UXA),
p = Z~component of normalized canonical
momertum (= ¢Py/mc with
P, w Yuy, + g4,), znd
de2r 251877 oy (by cacrpy
conservation),

To Eg. (1) 2 new parzmeter, ;s, is introduced which
15 the normalized canonicnl nomentun For steady-
state electron flow {n a transeissi lizne in whirh
3/3z ¥ 0, B {3 o constant of the electron motion,

If the electron oriptnates from the ciathnde where
E-3 v, 4 aa 0, then p = D, Consequently, it is
often assumed that Jf = 0 for all electrums in the
flow., Mowever, self-magnetically insulaled trans-
mlssion lines Wave a transition gectlon between

the weakly, electrically stressed vacuun {nsulator
aud the highly stressed liue. 1n the traasition
section, 4/02 ¢ 0 and 11 is not a constanl of motion.
Conscyuently, electrons with ¥ £ O can be injected
intu the vniforn line, aud produce a distributian
F(#) with a finfte width &, for Lhe clectron flow,
It 1k thought that the detail structuie in F(p) de
termines the powver lrnngp?rt L lang, sulf waguci-
ically fusulated lines,”’'" and the stability uf the
electron fluw may be understood by studriug ¥{(4)
under various conditions. Stahle orbits corres-
ponding to solutiens of Eq. (1) for which ¥, > ©
in the gap can be fouad for various values of ¢,

In Fig., 3 we have platted the radial pesition of
the lower and upper turning points [or stable
orbits as a function of ¢, These results show that

- the orbits are very vimilar for scalar and vector

potentials bascd on parapotencial and 2-D ecalcula-
tfons, We also see that for p = 0, the vrbits are
contained withln the sheath” and return to the
cathode surface. Orbits with g4 O have upper
turning polnts beyond the sbeath™ and tend to re-
main isolated From the cuthode surface, The mini-
mun M corresponds to those orbicts whosc upper turn-
ing point just grazes the ancde.

According to Compton scattering theory for the
geometry shown {in Fig, 1, the energy of the scat-
tered |)huL‘HIla, hyg, is related to ¥ (rx.u) by the
expression

- hat
by, = -_V_(r_‘— (2)
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was cajevlated by parapotential theary
using same IB' 1., and V, 35 was used
far 2-0 calculatlan,

wvhere rp ta the radial positiaa of the {ncident
laser beam (n the gap. Scattered photon cnergies as
a function of p are plotted Ln Fip. 4 For varlous
values of rg with v, = £.780 eV from a ruby laser,
The values ‘of V _(ry i) needed tn Eq. (2) were decer-
ained from Eq. {1F uslng unu.nd\ls Erom 2-0 calcula-

ttons with by, . $ W These results fn-
dlcate that [ur this gnom.lg" apth:.‘l\ detection s
required,
6.
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Plot of scattervd photon anerpics ws, ¥
for various positions for the finrlds from
the 2-D computoations and, of the laser
probe beam. The dorred line has hy (1)
from the ficlds from tha self-consigtent
parapatentisl calculation at 'I. 0,0728 a
for comparison,
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Calenlated Spectra for

wieh encrgy be-
expressisn

The number af reattered photo:
tween £, E 4 47 §s given by the

dn o u, dr;l" do
— e (M) e —==d T
al he plryd F dE fdn 0
[l
where
u enerpy of factdent laser pulse,
I teraction ienpgth of keam and viecw

troun plasma visible tg the detector,
D(r!) = numbee of clectrons/n” at q from
" Rel. 2.
F{M) = fraction of clectrons with normallzed
canonfcal momentum p,
c(rl ,E) = normalized canoni{cal mosentun at some
pasition in the gap, ry, as a function
of seattercd photen energles (sece
Flp. 4}, and
Comptan gutcmnzhl §s:attaring cross
section,
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In using Eq. (3) to calculate the scartered <pectra,
we assume the laser energy is 1 Joule, the collector
system gubtends oae sterradfan of gullg augte, and
the ¢lectrnn nonber density is ]D For a
wniform cunonical nomentum d\sldbntion, CNAUE ver-
s49 E («hey) 15 plotted in Fiz. 5 for weveral posi-
tions of the prebing daser heam. The total number
of scattuced photons is also noted as H_ in these
plots. We also asgumed a Gaussian distribution,
exp(=0.5(H-H)/s10)"), with Y, = @ and 34 = G.1; the
results of [hc caleulatian uxlu[; this dlstribntion
is plotted In Fig. b.
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Ho=0. The elzctrons nroduce a bremsstrahlung x-ray pulse
< that will produce a sigral on the detector. The :
ap=-1 scateered light can be optically delayed uncil the
duteztor racavery from the x-ray puise so tie x-ray
background can bLe tolerated.

" E’ R = L _ The lmiting fartor to the Compton scatterlng :
p = 0705 dagnostic to measure F(H) appears to be the back—

Np= 3,?)(]0s : around light fronm the plasma on the cathode. A
. sigatficant amount of light can be expected, but

RI= 075w no messuramwents have been made of lts inteasity or

B 30x10° spectral distribution. The ratlo of scattered

P light to plasma ‘{ght faproves as the bandwldth

- . v, af the scattered lipght decreases. 1f the

. . width 84 af F(u} 15 =107°, as recent ealeulations

R =.073% m have Indicated, the scartered light has a wave-

! 4 : length spread of only 3 A°, which vould give a !
very favorable ratfo of scattered light to plasma
llghe.
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Conclusion

The Compton seattering Jlagnostic 15 capable tn
principle of resolving the canonical momentum dis-
cribution F{¥) in eelf-magnetically insulated elec~
tron flow. The limiting factor is the vatle of |
background plasma light {rom the cathode plasma and
the scattered light, which 1s strongly dependent on
the uldth of F(M) {etsedf,

anat v

'
\

Refurences

P. VaaDaves . . 5. No.
e ten 1. gigi‘;):nnn_w.‘dcr, J. Appl. Phys. 50, Ho. &

Fig. H. Plet of dAN/dE vs. hﬂ“ for Caussian dfs- 2. K. D. Berperon and J, W. Poukey, Appl. Phys.
trihation {n ¥ centered about by - 0 with . Lett. 32, 8 (1978}, .
LY S : .

3. 2. M. Creedon, J. Appl. Phys. 46, 2946 (1975).

fun ' "6, €. W. Mendel, J. Appl. Phys. 50, No. 7 (1979).

In the proposcd expeciment o measure F1) In an 5. J. D. Jackson, Classtcal Electrodynamics
ESFA-I selfnapnetleally lasulated transmission (Miley, NY, 1975), p.574.

lise, the total number of collected photans will be '

N = 107, ‘ihe photons will be 1n the visible &, J. P. VanDevender, Proc. 2nd Iac'l. Conf. en
region of the spectrum and they will be speccrally Fulscd Power, lubbeck, TX (1979).

r.solved with o gratiag ond ricerded with a phoro-

multiplier and scilloscupe eombinat!..a fovr each 7. £, L. Xeau and J. P, VanDevender, some as '

data closnal., Assume that the spectrometer has a kef. 6.

cransaission effictency F, » 0.2, the photesultiplizr .
Las a quaaten efficiency € = 0,03 and a gatn G. Ward and R. E. Pechacek, Phys. Flulds 15, |
¢ = 1o, 1f the data {s rtcourded in a At = 10 ns 2202 (1972). H
prlse fnta N = 5 data chaanels, then the average . :

signal fnte a 50 ohm ouscilinscope will be

H £.[ . Ge
ves0-R i Lo6 voles
<

whlch Ls vusily recordable.

The fuactiosnal relationship between by, and y
features a redsonably strvaong currcapuuaeucu af
¥(ho ) to H(u) for the proposed expericent and . '
the Interpretation of the dala 15 ressonubly
inzensitive to the assumed model for the electro- . X .
ragnetic fleld éistribution Ln the electron flow. ' ' R i
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