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The time averaged electron beam current distribution of one of the
electron guns of the Large Aperture Module (LAM) of the Aurora laser
was measured as pan of a larger set of expenments designed to study
the electren beam transpon 1o and energy deposition in the LAM laser
chamber. The LAM laser chamber has a I-m x 1-m apenure and is
pumped from two sides along 8 2-rn length. A 16 ga. stainless sieel
sheetwas placedinside the laser chamber 2nd served multiple purposes.
First, it was used to convert high energy electrons into X-rays in order
to make radiograms of the electron beam  Second, the sheet was used
as a Faraday cup o measure the total beam current. Third, individual
Faraday cups wem mounted on the plate to sample the time history of
the electron beam at various positions.

Each of the LAM clecoon gun diodes produces a beam of 750 kV
electrons with a total current of abour 500 kA which is relatively
uniform over the cathode areaof | m ¥ 2 m. An applied magnetic field
of about 130G Gauss is used 1o prevent pinch of the beain during beam
ransport.

The radiograms made on the center line of the LAM laser chamber
while the laser chamber was at vacuum (10-50 microns pressure)
demonsuated several of the expected results. The beam was relatively
uniforin over the aperture with the exception of shadows cast by the
diode anode wires, the hibachi nbs, and the hibachi suppon structure.
Al a depth of 50 ¢mi into the laser chamber, the self-magnetic field of
the beam produced a shear in the 10p and bollom edges of 15 cm. At
the same depth the applied magnetic field caused a rotation of the enture
beam profile of about 3 degrees. The radiograms were taken with
Kodak SO-343 film wuth Xodik X-Omanc Regular intensifier screens
placed on each side of the film. The film was mounted with the
emulsion side of the film towand the electron beam.
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Detailed performance data Jor the Aurvra Large Aperture Module
(1LAM) laser diode and laser chamber were needed in order to design
upgrades for the existing facility, plan for future larpe-scale laser
amplifiers, and to validate the various compuier models of large laser
diodes which are presendy under developiment a: Los Aiamos National
Laborutory as pant of the KrF Inerial Fusion program. There was a
large amount of uncenainty in the existing data on the amount of energy
vansporied 1o the laser chamber and on the spatial distribution of the
energy deposition within the laser chamber. This required that a senes
of experiments be conducted o chara:tenze and quantify the exisung
facility.

The beam uniformiry and structure within the laser chamber were
of panicular interest and are the subject of this paper. A schemauc
representation of one of the LAM electron beam diodes and the laser
chamber is shown in Fig. 1. Both the standard diagnostic instruments
used on the LAM during normal operation and the extra diagnostcs
added for these experiments are shown in this figure. The diagnosnc
instrumentation *** in this repon is the laser bux diagnostic plate. This
plate cannot be used in normal operation since its intent is to intercept
the beam and serve as an electron 10 X-ray convener, as a Furaday
collector, and as a mount for several individual small area Faraday
cups.

.  Plate Desi

The diagnostic plate, Fig. 2, was fabricated from .157 ¢m (16 ga.)
304 stainless stcel sheet. The edges of the plate were formed and
spot-welded 10 produce a 3-cm wide flange around the circumference,
Stainless steel snffeners were formed from a 304 stainless sheet 10
produce seven diagnostic bays into which X-radiographic film ang
intensifier screens could be attached with spring clips to the rear surface
of the plate. Faraday cups could be artached at any of 14 individud
openings in the surface of the plaie. When these openings were notin
use they were covered with stainless steel covers.
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The diagnostic plate was mounied inside the laser box by means of
four jamb bolts located at the first inboard stiffener at each end of the
plate. Copper grounding straps were used at each jamb bolt 1o reduce
the inductive isolation of the plate from the box. Current transducers
were placed around each oi the boli-grounding strap combinations so
that the entire diagnostic plate could be used as a Faraday cup.

Observed Effects Modifying Di i Techni

Since pressure surges of 20-30 torr out of a total gas pressure of 750
torr in the laser box were expecied when firing the electron beam into
laser gas, the electron gun was fired into the laser box under gas
pressures of 20 mucrons or less. The initial concemn in using this
procedure was that because there was a “vacuum” in the laser box a
virtwal cathode would form and the beam would be repelled before
reaching the diagnosuc plate. It was found that at 20 micron pressuyre
there was enough piasma forined 1o neutralize the beam and allaw the
beam to strike the [ ate.

The impingement of the beem on the diagnostic plate created
another problem in regard to cument density diagnostics. Since a
current of 150 kA with 1 50-ns rise ume was striking - plate and
flowing out the grounding straps near eachcome of the pl. .. a volage
gradient was gencrated across the surface of the plate which may have
reached a peak potential of several hundred volts. The plasma
generated at the surface of the plate by the beam was accelerated from
the plaie toward the electron gun windows under this potential and
crealed severe difficulties in interpreting the current denvity data. This
problem w as solved by coating the surface of the diagnostic plate with
4 2-mil, adhesive-backed Mylar film.

However, even with the film in place, there was arcing between the
edges of the plate and the laver box. The final solution was to shandon
the current density measurements with the plate and ground the plate
at the edyes with finger stck.

Apphed Magreny Field

The magnetic field used to guide the ¢l=ctron beam in the d:ode 18
generated by a preudo-Helmholts pair of electromagnets. The in-
dividual magner conly are shaped in a racetrach rather than circulas
configuration because of space and cost comsiderations, This results in
a fess than constant field strength actoss the diede and laser chamber,
however, the deviation from unifonnity 18 less than 10%. The dropin
field suength at the edges s well within the requirements for guding
the eleciron heams

In the absence of an apnlied magnedc field, the electron beams
would pinch under the influence of the self-field. In addition, since
their self-field and electron trajectories are not orthogonal, there is a
general rotation of the beam produced uy the self-field

The applied magnetic field is direcied along the general direction of
the electron trajectories. The electrons tend 1o spiral arouid the resul-
tant field so that the tendency 1o pinch is greatly reduced. Howe ver,
since the overall beamn in most Yase13 has an aspect ratio {ratio of beam
widih to height) greater than 1, there is an additional shearing com-
ponent of the beam introduced o0 the general rotation,

Experimental Condii

These experiments with the L AM were run at the nominal opesation
<onditions used for standard operation. These condinons are given in
Tabie 1.

Tuble 1. Siandard Operation Conditions for the Aurors LLAM

Cathode Vliage 600 kV
athode Current 425 kA
Curient Densily in Laser 7.5 Alem?
- Applicd Magnenc Field_ _ 1.} kGauss _

Local filamentation of the electron beam has been seen at the EGTF
at high magnetic fields. This has lead to damage of the elecron beam
fuils {n order ‘0 check on the advisability of operating large ares
electron-gun dides at high magneuc fields, an additional ¢xperiment
was eonducted at 2 1% Gauss, the maxumum applied magneuc heid
available fram the magner power supphes. The field under the conds-
tion was 2100 Gauss,

Reepiding Matenals
Radographiy Fibin

‘The peak X -riy duse at the back surface of the diagnosne plate was
detetnuned to be abow S RAD ay measwred by theimaluninescent
dosimeters  This Muence 18 far i excess of the winount useable with
standind tadiographue film Tt was necessary 1o find a combmanon of
photopraphic flm, X ray fumescent sheets, and photographie procesy.



ing which would yield useable photographic densities under the operat-
ing conditivas found in the LAM.

In a senes of expenments conducted at Electron Gun Test Facility
{EGTF) it was deterruned that Kodak SO-343 high-resolution film
with Kodak X-Omatc Regular iniensifier screens placed in either side
of the film would produce useable photographic densities when the film
was processed in @ Versamat Processor with Hunis Type B chemistry
a 8] It is imporant that the film-nensifier combination be
mounted with the film emulsion side toward the source of x-rays.
Under the conditions found in the LAM, the well-shielded portons of
film produced a background photogruphic density of .05. In the
typically exposed regions an average density of .2 was achieved witn
a peak density in the areas where beam filamentation occuried resulte-
ing in a density of 0.5. This vanation of neuu'ai densiry corregponds
10 a vanation of current density from -.75 A/cm® 10 16.0 A/em®,

Radiachromis Film

Radiachromic film has achieved prominence as a quichk method of
determining the spatial disuibution of elecuon beams. This film
undergoes a color change on exposure 10 elecoons. Radiachromic film
was used to measure the spatial distribution of electron current density
near the electron beam windows inside of the laser cavity. Standard
6-inch square sheets of the film were waped between sheets of 1-mil
black plastic, and the sandwich was artacned within 1 ¢cmofth- ¢lectron
beam windows. The purpose of the black plastc was to prevent
bleaching of the radiachromic film by ultraviolet light in the laser
chamber and 1n the room.

Relation of E-F c Dens : hie N
Density

The relationship between the measured photographic density on the
radiograms and the elecwon current density was determined in the
Flecuron Gun Test Facility (EGTF). Small samples of the stainless
sieel converter plate and the radiographic film-inten.ifier plate com-
binauions were exposed inthe EGTF. The current density on the EGTF
15 well known as a function of operating paraineters so that it served as
a well calibrated source of exposure. The radiogiaphic film was
processed under the sanw conditions as the LAM radiograms.

Qualitauve Results

The spatial distnibution of the current density ai the center of the'
LAM laser chamber and a1 one of the electron gun windows was
recorded on discrete pieces of 6 inch X 6 inch radiachromic film and 8'
inch & 10inch radiographic film. The exposed and processed film was
used to generate photographic copies which have been assembled into
a montage for presentation,

Radiashronuc Filim

The radiachromie film exposures, Fig 3, are in the fonn of a
neganve where increaved elecron exposure is indicaicd by increased
dukemng of the film Since the film was not held Nat but allowed to
buw, the distance of the film .o the electron beam window vaned from
1102 cm. Atthe center of the film (minumum distance), the shadows
cast by the hachi nibs are evident The shadowy cast by the wider
sechions between the columins of hibachs nbs and by the structure
supporting the ibachr frames are quite evident if blurred. Note tha
the shadows of the nibs and frame snow little distoron which indicates
that the amount of rotatnon and shear of the beam in the Mght divtance
of 1o 2am isrelatively small  There is esudence of distortion of the
beain at the extreme lower feft edge of the mentage  The boundary of
the electrun beam, which i generated by the graphite felt suifice ol

the cathwde, has been rotated and appears as s white tiangular area on
the ieft of the frame.

Figure 3. )

The radiographic exposures are presented in the usual photographic
representation with light areas representing areas of highsr intensity.
The radiogram made at 1.2 kG is shown in Fig. 4 and the radiogram
made at 2.1 kG is shown in Fig. 5. Since it was possible 10 hold the
radiographic film packets in inumate contact with the diagnostic plate,
there is more detail in the radiog 'aphic exposures than in the
radiachromic film exposures. Gaps in the montage result from the
location of other sensors, such as Faraday cups on the diagnostic plate
during the exposure.

Three general obscrvations can be made about both of the
radiographic montages. First, details of the hibachi suucture are
transporied actoss the 45 cm gap betw een the hibachi and the diagnosuc
plate with relatively good fidelity. In some instances, the shadows of
the wire grid which forms the anode appear to transfer even though the
wires are only 023 cinindiameter. Second, the electron heam is highly
disiorted in transit between the elecron gun window. This distornon
should not be as exreme when laser gas is in the lase: chamber due 10
the scattering and neutralization of the beam by the gas. The structure
in the beam does appear when laser gas s in the chamber, as
demonstrated by the drup in transserse small signal gain measured at
the center of the laser chamber in the geometnc shadow of the suructure
in the center of the electron gun windows. Third, the current density
is not uniform across the entire beam. The radiographic filin exhibits
densities of around nd 0.15 at the edges of the beam and around nd 0.33
wn the center of the beam. There is no evidence of a strong halo around
the edges of the beam (gencrated by the edges of the cathade) which
would account for the low values of beam transport which are observed.

In the 1.2 kG magnetic fleld case, Fig. 4, there 1s ample evidence of
both rotation and shear of the beam by magnenc fields  The rotatnon
15 defined to be the relative angalar change of the upper edge of the
bean with respect 10 the edge of the radiachiomic film. Whereas, the
shear 1s defined 1o be the horizontal shift of the beam ai the uppe. and
lower edges less the measured rutation  The iregular shape of the
shadows of the suppon swructure was not eapected.  The moitled
character of the current denyty distnbution cannaot be esplned only
as resulung from the shidows of mechameal components T felt that
at least some of the wotthing results from filamentation of the heam
either at the surface of the cathade or during the transport of the bean,
In the center of the beam there 1v a large area in which the shadow
detnls are washed out  This detail is most probably due to emporal
changes of the structure dunng the exposure Such movement has been
observed an franmng camera photographs of the beam taken at the
EGTY.



When the magneuc field intensity is increased 1o 2.1 kG case, Fig.
S. the rotation of the beam is de:reased as evidenced by the shadow
parallelism 10 the radivgrams at the tp and botiom of the montage.
Since the rotation of the beam is primarily due 10 the self-field of the
beam, the increase of guide field strength 1s effective in pinning the
beam in space. The filamentauon of the beam ai higher field strengths

Figure 4.

Figure S.

is shown in the center of the montage. Both tinwes that the LAM was
fired a1 high field the electron gun window was damaged in the general
area which was transversed by the beam, the Mylar filin on the beam
side of the diagnostic plate was destroyed  In addition, when the LAM
was fired at high magnene field there was sufficient hedting to damage
the adhesive holding the Mylar in an area approvmately 30 cm in
diameter.

Quantitative Resulls

‘The effect of the magnetic field on the beam shear and rotaon is
shown in Table 2.

Table 2. Effect of Magnetic Field Swrength on FElectron Beum Shear
and Rowtion at the Certer Plane of the Avrora LAM.

Magneti¢ Field _Rotation  ____ Shear
1.2kG 2.1° 7.3°
_ 2.1%G 0.1° 5.3°

From this data it is seen that the increase of magnetic field does reduce
the rotation of the beam with a small decrease in the beam shear. The
increased magnetic field has a major drawback which is the increased
amount of beam filamentacon. The peak current density in the fila-
mented regions, as deiermined by measurements of the neutral density
of the film, are nearly 18Ajcm®. This is compared to the average
current density over the 2 m” area of 7.5 A/cm2.

The use of a s.uinless stcel sheet as an X-ray convener and
photographic film and intensifizr sheets as an X -ray recording medium
provides a viable means of recording the time-averaged spatial distribu-
tion of the current density produced by a large-aperture electron gun.
This method does require that the beam be interrupied so that the
method cannot be used directly as an on-line diagnostic tool. The
method is quantifiable and can yicld accurate relative measurements of
currentdensity 1o an accuracy of around £ 5% and most probably yields
curreni density results accurate to £15%.



