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BEAM MEASUREMENTS ON THE ELECTRON INJECTOR

FOR A HIGH CURRENT BETATRONY 3
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R and two focussing solenoids which match the
Abstrect source beam to a straight transport tube.
The 100 cm long beam trarsport tube with

The peam from a pulsed electron source for : : - - -
Cmieeti ¢ h& h* E fotro n an inner diameter of 3.8 cm and alternating
mien el r 5 : ~ < . . - X
triectlo ‘éj 9t“; ‘8 ‘Fufrfg Diﬁaﬁanf‘ ?: magnetic solernoid focussing was attached and
been investigated. niy colg catnode Tlelc preliminary tests with the electron beam were
enhanced emiItters wers conslidered. Carbon performed

fiber bundles ard nydrccarbon felt were triec

in a griddec Plerce-geometry gun. The observec Beam measurements 2 he electron source
zemittance was nct acceptatble at a current of —
140 A and a diode potential of about 280 kv. Two source geometries were investigated
An  alternative source  was investigated and different cathode structures tried. The
conslisting of a single needle point cathode original source had a Pierce geometry and was
and a plane anoce grid. At a current of 200 A desigred for an electron current of 200 A at a
an emittance of ¢ = 4Lm cm mrac was observec. dicde potential of 300 kV. The beam diameter
The spher¥c§l aberration of the saurce was was 3.2 cm and tne corresponding cathode/arode
found nsgligible. The culse length of the hich distarce was 4 cm. The cathode consisted of
voltage opulse was about 20 nsec. The turn-cn carbon fiber bundles (2] arranged in a
delay times for the carbon fiber anc the rectangular 7 by 7 mmb array. The &anode
neecle point cathode were around 10 to 15 consisted of a stainless steel mesh with a
nsec. mesh width of 20 mil and a transmissicn of
81%.
Introduction Beam measurements on this diode gave an
) . . electron current of about 40 A at a diode
Design and cons:ruct%on of a high current potential around 280 kV. One would expect an
petatror [1] was started in the summer of 1384 electron current teyond the anode of about
at the Institute for Accelerator and Flasma 146 A. Current measurements were done with an
Beam Technology of the University of New integrating Rogcwski coil at the ciode oLtput.
Mexico. An electron besam current of 100 A from The measurement af beam geometry was dane
a 300 k¥ electron gun will be iInjected by a witn a pirhole arrangement followed by a
pu.sed electrostatic inflector into a betatron flucrescent screen typically 2 om downstream

with 2.28 m circumference. The betazron will ; . .
have a race-track ceometry with injection lgi@rézggj:gﬂ ;:eoréﬁofgiiigﬁ SSEZ?T was ;Fgg
aleng the straight section. The betatron will  ;cf s;epd-Polaroig f:?m T*ect‘mL:'Og a S eg
have two accelerating gaps lsolated from esach exposure on  the osiéi;e ;_ : T 1mdeg;a,e
other by ferromagnetic pulse isolation cores. 7L 270 % it p fe (f.w'b anatlyse y @
Focussing 1is done by alternating solenocidal - g dersitometer (fig. 1).
“lelds. The guiding magnetic field is
generated by coreless field coils which will
trac< the energy of the elect-ons to maintain
the tetatron conditicn.

Beam measurements on the injector are
described in this paper.

INSULATOR

Zxperimental arrangement
CATHODE

The power driving the electron source 1is
provided by a 1 kJ, 3200 kV Marx generator. It

e b
4

is composed of 6 storage capacitors and three _ 7 - ; SHATOW

gas switches. One of the switches is ZZ? < SN S S
triggsred. Tne rise time of the high voltage ke :

is about 15 to 20 nsec. The output of the Marx ;?

gererator 1s connected over a damping resistor :;?22

cf 12.5Q to the cathode of the electron gun. 5? gé

Parallel to the gun is an inductive load to 22‘ ““554

grounc with saturating ferrite cores. After 5?: vacum %

the ccres saturate tne voltage at the diode is ;4

loadsd down to a small fraction cf the high ?ﬁ \;j

voltage and damped by the series resistor. gdk, EZ

This results at the present in a nigh voltage r{Zﬁ 100 mm
ogulse at the diooe of about 280 kv and a pulse . 1 P
length of about 20 nsec FWHM. The pulse Lf%? %7

curation will be increased in ths futurs by ’

additional ferrite cores to yield a flat top.
Different electron sources were mounted in

ani® - : Fig. 1. Schematic of the Pierce gun with
a acuum mani®old at the Marx znerator oil . ﬂ
taﬂ; *hat s<ricture a-so held gﬁ integrating carbon fiber bundie cathode and the shacow
Rogowsk: ccil for beam current measurement box diagnostic.
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The oear geometry measurements indicated a
beam with & rather large intrinsic divergence.
Essentially al. fiber bundles ccniripbute to
twe beam at any beam position. Orly the width
cf the aperture and the cathode diameter

anods
anodsz
“imit tne inmt-insic divergence of the GELeam.
s
L

“his 1 documented by tne shadowgraph where
zach pirhole produces an image of nearly the
wnois cathoce (fig. 2.. The emittance was
around ¢ = 2007 cm mrad and to2 large for
injecticn irto the betatrcn even 1f the bean

current were truncated to 100 A.
Feducling the distance between fiber
improve

bundles to z 5 by S mm array cid rot
the =mittancs

Fig. 2. Shadzwgraph of the beam wusing a
fizer bundle cathode in the Plerce gun.

Next a cloth hydrocarton fiber cathode [3]
was wused. It gave very non-uniform emission.
The divergence was only siightly reduced.

In a further attemnpt to reduce the
emittance, the carbcn fiber bundles wers
removed except for a central cne. The measured
current was rzduced to abcut 80 A. The
civergence from the bundle itself was not
changed but t-e emittance was recuced Dy
Faving & smaller emitting ares on the cathode.
The 'carbon fiber bundles had the tendency to

cu- after repested wuse. The turn-on
wzs aooub 10 to 15 nsec.
Keeping the notion of a smaller emitting

area

at the catrode, 3 steel needle was used
cathnde and the gap was reduced tc get a
large e-~ough current. The ancde was stlill a
slane grid witr a tra-smissiaon of 81%. The
Jistance betwee- needls pnint and anode grid
was typically 1 ecm (fig. 3. The observed
electron currsnt was around 200 A and strongly
depencent  of the distance opetween needle tip

as a

and znods  mesh. The electron bear current
curnes  on witkin 10 to 15 nsec (fig.4). The
beam wWas divergent but the intrinsic

divergence was significantly recucec conpared
to results fram the extended cathodes
(“ig. 5). Quantitative evaluation of the photc
emtlsizn with a reflecting densitometer gave
an  emittance of € = 4ag cm mrad including
50% of tne beam current  (fig. &). The
corresoonding brightness for & tofal beanm
current of 20C A was B = 5.3 kA cm ¢ rtad ‘.
Tne normallzed valyes wers € = 57m cm mrad
and B = 3.1 kA cm rad ©
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Fig. 3. Schematic of tne electron source uslng
a steel neecdle as a cathoce

s
300 kv-R

a

|

%

1

A
200 A 8
Fig. 4. vcltage and electron beam current fram

-ne needle cathode source.

Fig. 5. produced by the beam from

Snadowgraph
the needle cathode gun.
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If one tries to cescribe the electron
current by spherical space-charge-limited flow
[4. ther one would expect for a gap of 1 cm
and a solid argle of 0.38 sr an electror
current of less than about 50 A beyond the
ancde grid. The experimentally observed
current of 200 A could be achieved

theoretically by an increased effective needle
tip racius of about 0.3 to 0.4 cm. This
increase of the effective cathede radius could
come &bout by an expanding plasma cloud. In
that case the plasma would have to expand with

Tonget 15

3 1 R YT RN
a velocity of at Least Ch/@wsec.

Measurements at larger distance between needle

and anode grid indicate that most of the gap
reduction 1is due to the expansion of the
cathoce plasma. The spherical aberration was

small compared to the intrinsic divergence.
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Fig. 6. Emittance area of the electron beam
from the needle cathode source 3.7 c¢m
downstream of the anode grid. The area

contains 50% of the beam.

Conclusion

The beam from a simple electron source has
been investigated. The scurce cathode
consisted of a steel neecle typically
separated 1 cm from a plane anode grid. It
waorked as a .field enhanced cold electron
emitter. At a diode potential of about 280 ky
and an extracted electron current of 200 A an

emittance of € = 4am cm mrad was measured for
50% of the beam. The spherical aterratior
could be neglected. The emittance W&sS

significantly smaller than for other extendsd

cathodes at similar current levels.

The reproducibility of the beam current
has to be investigated further, especially
with lornger pulse duration.
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