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ABSTRACT

Tn +this thesls, we report, Studies on high current
electron riﬁgﬁ formed by injecting a Relativistic Electron
Beam (REB) into a toroidal device filled with plasma. These
studies are motivated to understand the dynamics of Dbeam

injection and trapping. Another important objective 13 to

fudl

study the plasma heating by REB infa toroidal device, wher
iny limited experimental data is available.

An REB generator based on Tesla transformer high voltage
source was fabricated for these studies. Plasma was injected
5 intQ the torus with the help of & gas injected, washer stack
piésﬁérgun. Beam was injected into a pre-formed plasma. Beam
fiﬂjéotion was studied in two different plasma densities,
éharacterized by operating the plasma gun with twoe different
' pulsé forming net works.

When beam was injected into low density (= 5x1012 cmﬂB)

plasma, it was found that the beam was lost by hitting the

';injeetor from the back after one toroldal transit. No net

toroidal current was observed in this case. However in the
cage  of injection inte hi gk it 13 -3 ;

: e 1jection into a high density (=~ 10 cm 7)) plasma,
\wabgam drifted inward and cleared the injector and was
A net toroidal current (=~ 5 kA) was generated in
this case.

Te i 0 s .
emporally  and spatially resolved measurements with

. miniat , ..
. ure Faraday cups and small Rogowski coils showed that



beam trapping waS‘due'to a fast réturn currant deéay. The
return current decay timeS Calcﬁlated from ion-acoustic
turbulence were found to be oohsistent with the observed net
current rise time. At low plasma densities, where no trapping
was observed, the condition for exoiting the ion-acoustic
turbulence was not satisfied.

Localized measurements of the poloidal field were done
which indicated a net current channel moving radially inward
with no observable vertical motion. This was found to be
consistent with the drift injection-energy loss mechanism

proposed for beam trapping. Wall fields were found to

 fsignifioantly influence the current profile calculations from

the poloidal field profiles.
To understand the plasma heating process, localized
measurements of 5By (change in toroidal field) were done. It
 was‘found that in a toroidal experiment, use of a diamagnetic
loor to measure plasma temperature would be inadequate.

Localized messurements not only eliminated the uncertainties

involved in using & diamagnetic loop but also gave the time

evolution of the beam-plasma system. From these measurements

\® ;W§3\ found that about 50% of the beam energy appears as
:PlaSma perpendicular energy and the heating was mainly due to
, §?eturn current dissipation.

,,Ths a profiles obtained from the magnetic field
 5Q?§meﬁt3 indicated +that the system goes into a low q

;stgte a8rtime Progresses.

o . - . . . ,
1€ beam goes into an equilibrium position from the

launch i t4 ;
;i f?h Position without applying any vertical field. The



therefore ig maintained by wall field
. ds,

brium

/ioating a force free equili i
- ol =1 ibrium < ; 2 i
< 5f the current ring. The

éam; energles calculated from the observed net current 1
, ents and

ft of the current channel were "found to be consistent th
2 with

bggm,p energy transfer observed from diamagneti
c

surements.
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