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The two-dimensional emittance of the 3.4-MeV
250-A beam produced by the Astron linear induction
sccelerator has been measured. The measurement
utilized a slit plate and a glass slide, A densi-
tometer scan of the slit pattern formed on the
glass by irradiation was analyzed and emittance
contours drawn.

Substitution of a radiation-resistant Cro -
activated A1203 scintillator permitted observation
of the slit pattern of each pulse by using tele-
vision. This equipment allowed the induction
accelerator to be tuned for minimum emlttance
without excessive bean loss., WNinety percent of
the beam wes within a phase-plane aree of 0.17 cm-
radian. Data on the two-dimenslonal phase-space
denslty are also presented.

Introduction

In order to obtain date for the desigan of the
transport system used in the recent electron ring
experiment &t LRL,l the two-dimensionsl emittance
of the beam produced by the Astron llnear in-
ducticn accelerator® has been measured._ The
measuremeat techaique used a slit plate” and a
glass sllde. A densitometer scan of the pattern
formed on the glass by lrradlation was analyzed
and emittance contours drawn. The current within
each contour and the maximun density in the phase
space has also beeg computed. A radiation-
resistant Al,0 (cr3*)scintillator permitted
observation of the slit pattern during each pulse
by using television. Thls equipment allowed the
induction accelerator to be tuned for minlmum
emittance without excessive beam transmission
loss.

Experimental Setup

A sketch of the experimental equipment is
shown in Fig. 1. A beam ftransport system with
five scleancid focusing magnets was used to traas-

port the beam from the linear induction accelerator,

past the Astron experimental tank, to the diagnos-
tic box. The total transport distance was b7
meters, and the acceptance of the beam line was
0.5 cm-radian ,

*Work done under ausplces of the U. 8. Atomic
Energy Commission.
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Near the exit of the induction accelerator
were located a beam toroid (BTLl) and & set of
magnetic induction position detectors (AX,AY,).
Downstream from these devices four steering colls
(M1, DM2) were located, inside solenolds S2 and
53, respectively. A water-cooled alumlpum target
(T1) was located at the eatraace of the beam
diagnostic box. The diagnostic box contained a
beam toroid (BTQ), 8 slit plate with 10 slits, an
alumlnum oxide scintillator, and a glass slide
holder. The slits, sciantillator, and glass slide
were mounted on motor-driven probes. The slide
probe retracted into an alr lock, which allowed
removal of the glass slide after each irradlation.
The diagnostic box had a view window through which
the scintillator was viewed by using a Vidicon.
The slit plate dimensions are sketched in Fig. 14,
Each slit was 0.38 mm wide, the slit separation
was 6.25 mm. The slit plate was constructed of
carboa and was 1,25 em thick., The spacing hetween
the slit and slide was 14.5 ecm. A deep Faraday
cup terminated the beam line. This cup had aa
aperture of 2.54 cm and was 47 cm deep.

Experimental Procedure

Before exposing each glass plate, the In-
duction accelerator and transport system were
tuned for minlmum emittance at the desired
current. This was done in the following way:

(a) Tl was laserted lan the beam and the induction
accelerator tuned for optimum beam transmission
and minimum position sweep at BTl and &X), AY;.
(b) TL was then removed aad the beam maximized
on BT2 and the Faraday cup by tuning the beam
transport system.

(¢) The emittance slits and sclatillator were
then inserted in the beam znd the accelerator
and tramsport system fine-tuned for minimum
emittance by observing the slit pattern on each
pulse.

Typically the beam transmission from the accel-
erator electron gun to BTL was 80%; at BT2, 70 to
75% was usually achieved.

The exposure of the glass slide was made by
inserting Tl, retracting the scintillator, aand
inserting the glass slide; Tl was then removed



and seven pulses of beam were recelved by the
slide., At the end of the exposure the slicde was
removed from the vacuum through the air lock. Use
of the technlque described above permitted ex-
posure of each slide without shutdown of the
accelerator, and thus ensured that the measurement
tcok place while the output beam was stable.

Measurements were made over a curreant range
of 100 to 250 A at Br2., The beam energy was 3.U4
MeV, the energy spread about +1.5%. The beam
pulee (with the exception of cne measurement) was
300 ns. The accelerator was operated at a PRF of
2 pulses/s. The accelerator core voltages were
held constent at 28 kV. The gun cores were
operated at 26 kV to ensure meximum stability.
(This voltage limited the maximum curreat obtained.)

A typilcal slit pattern is shown in Fig. 2.
Data Reduction

The pattern formed on each slide was scanned
by use of a densitometer. The effective slit
width in the scan direction was 18u, the slit
height was 1.5 cm. Background from x rays and low-
energy electrons was minimized by adjusting the
densltometer zero. Two of the density scans are
shown in Filg. 3s,b. At the ith slit the profile
peek represents the phase-space density p(XiX') at
X' = 0. The width of the ith profile represents
the divergence of the beam at Xy. If p, is the
peak density (the maximum of the envelope about
all the profiles) then a line of coastent relative
density, Ej = p/po, is represented by & horizontal
line. The divergeace of the beam at the ith slit
ls computed from the intercept of this line with

W
the ith density profile: @ = (Xr - Xi - 5)/L,

where I = separatlon of slit and slide, w = slit
width, Xj = sllt locatiocn, and X, = latercept
locaticn. (We have taken the edge of the first
glit as the coordinate system zero.) The beam
ceurrent within an emittance contour was obtained
from I, = I, AC/At , where A, is the total area
of the density profiles and Ao 1s the total pro-
file area within the divergence intercepts. This
ares 1s shaded in Fig. 3g,b, The total current,
I+, was taken to be the current read on BT2.
Divergences and currents within a constant density
were computed for Ej = 0.1, 0.3, 0.5, 0.8, and 0.9.

Tae emittance contours that correspond to
the density profiles of Fig. 3a,b are shown in
Fig. ha,b. Each contour was formed by connecting
adjacent (X,X') pointe with straight lines, For
convenlence the coordinate system used in reducing
the densitometer scans was transformed to a
cocriinate system in (X,X') with a zero which was
the center of gravity of E, = 0.9. 1In ell the
data the emlttance numbers“are the actual phase-
plane aree in cm-radlans, at 3.4 MeV.

For comparison of different exposures wve
have plotted (Fig, 5) the current within each con-
tour against the two-dimenslional phase-gpace area
within each contour. In addition, the msximum
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deneity of the phase space was computed from

po = I/ e/ Jixaxt = I /[(p/0 )an,

where the integral I1n the denomlnator was
numerically evaluated from plots of e, vs the
two-dimensional emittance A. The results of this
computation are plotted in Fig. 6.

An examination of Figs. 3 and ! indicates
that changes in beam divergence are readlly de-
termined. Low-energy electrons scattered from
the slits apparently do not serilously affect
the measurement. We did not adjust the diver-
gence for space-charge effects, since only 5 A
total beam Is transmitted by the slits, aad this
produces a negligible change 1n the beam diver-
gence at 3.4 Mev,

Experimental Results

An examination of Fig., 5 indicates that as
the total beam current lncreases more curreant
appears at larger emittances. This effect is
especlally apparent when the 200- and 250-A ruas
are compared. In addition the peak deansity in
phase space (Flg., 6) rises to a maximum at 190 A
and then flattens out at higher current. At
190 A 90% of the current is centered within a
phase-plene area of 0,17 cm-radian, 50% of the
curreat within an aree of 0.037 cm-radian. At
250 A the areas are 0,215 and 0.049 cm-radian
respectlvely, The maximum phase-space denslty
at 190 A is 2990 A/cm-radian, at 250 A 1t is
2669 A/cm-radian. This saturation of the central
core of the beam indicates that for this par-
ticular electron gun a limit has been reached,
and that any additional increase in output
current results in an increase in the beam
emittance.

An emlttance measurement of a 20-ns portion
of the 300-ns beam pulse has been made and also
plotted in Figs. 5 and 6. It is obvious that
this short beam pulse has a higher phase-space
density (p, = 3860 A/cm-racian) than that of the
300-ns pulse. Thus 1t 1s possible that the limit
reached in the long-pulse-beam phase-space denslty
is due to some time-depeadent parameter such as
emlssicn variatlion or beam sweeping due to accel-
erator voltage variatlons.

We have taken the 190-A meassuremeant and,
using an Impulse epproximation for space charge,
obtained the location of the apparent 3.li-MeV
object produced by the Induction accelerator.

It is located 31 cm insidé the last accelerating
sectlon, and has a beam width of 2.9 cm and a
divergence of +,038 radian.
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