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Abstract Faraday Cup 

Examples are given of time-resolved beam 
profiles measured on ETA using several techniques. 
One method uses a Faraday cup that is remotely 
movable in two-transverse dimensions (x, y). The 
bean electrons passing through a small-diameter 
hole are collected on the center conductor of an 
electrically open 50 ohm coaxial transmission 
line. The collector is in vacuum and gas is 
excluded by a thin foil. In another method a small 
diameter wire or pellet target is moved across the 
bean and the bremsstrahlung x-ray intensity is 
plotted. Data for these methods are recordrd using 
a Tektronix 7912 digitizer at 16 equally spaced 
times during 50 ns. These methods require moving 
through nearly identical beam pulses. Three other 
methods use a time gated (4 ns) microchannel plate 
television camera to record a two-dimensional image 
of the beam intensity on a single pulse. The light 
sources used for imaging are: Cherenkov light from 
a Kapton foil, prompt visible light from a titanium 
foil and radiated light from gas molecules excited 
by the beam. The time histories of these optical 
emissions are measured using microchannel plate 
detectors having tine resolution < 1 ns. He are 
also testing an x-ray pinhole camera using l^x-rays 
from tungsten. 

One method employs d Faraday cup which is 
controlled remotely to move in the transverse 
direction as well as along the beam axis (z). The 
beam center is located and a scan is perforates in 
either x or y direction yielding the beam . 
profile as a function of time. Scans can be 
repeated at various z positions to determine the 
equilibrium radius and associated beam emittance. 

A small portion of the ETA beam is permitted to 
pass through a 0.003 cm titanium foil mounted in a 
0.16 cm diara tantalum aperture. These electrons 
are collected in vacuum on the center conductor of 
a 50 ohm coaxial transmission line. Beam electrons 
that do not pass tlr jugh the aperture, are 
terminated at a watercooled copper/graphite plite. 
Time resolution is 1 ns and signal levels reach :-2 
volts. Figure 1 shows a typical Faraday Cup 
profile of the beam at 10.6 ns and 0.0S torr air. 
The solid curve is a best fit parabola while the 
solid line is thi? symmetry axis of the data. The 
few points with large scatter show machine 
misfires. The beam is seen to be well-centsred 
with a rms radius of 2 cm at 10.6 ns. 

Profiles from X-Rays 

Introduction 

Several diagnostic techniques to measure beam 
current density profiles with time resolution of 1 
ns or better have been applied successfully on 
ETA.' ' Useful beam parameters such as radius 
and position are determined as a function of time 
into the pulse. One class of diagnostics relies on 
many identical beam pulses and it includes the 
Faraday cup and target x-ray probe methods. The 
other class measures time-resolved beam profiles on 
a single pulse. These utilize a fast television 
camera Kith a gated (4 ns) microchannel plate which 
records a 2-0 image of the beam profile on a single 
pulse. An optical streak camera can also be used. 

In this technique, a small diameter wire or 
pellet target is moved through the beam. The 
resulting bremsstrahlung x-ray radiation for :he 
pellet target is directly proportional to beam 
current density, J.. The target is composed of 
high-Z material such as tantalum so that background 
x-rays are negligible. The x-rays are detected by 
a collimated microchannel plate phototube with 
response time < 0.5 ns. With this technique, we 
can study beam profiles on a subnanosecond time 
scale. 

A length of wire is held in a bow structure 
sufficiently larcje that only the wire is struck by 
the beam. When the wire length is in the x 
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direction, the motion is in the y direction. As 
the wire inte-cepts the beam it produces a 
chord-integrated x-ray signal at each position. A 
cross plot gives x-ray radial profiles as a 
function of time. The profil.i are Abel inverted 
to produce current density radial profiles at each 
time point. This method can measure large beam 
offsets, hose motion or axially symmetric 
oscillations of JL. 

A variation of the above technique uses a 
pellet mounted on a long graphite rod that is 
inserted into the beamline. Mien the pellet 
encounters the beam, it produces x-ray radiation 
which maps out the JY profile along the rod's 
direction. Care in beam steering is required to 
ensure that the rod travels through the beam axis. 

A typical x-ray profile is shown in Fig. 2 for 
I = 5.6 kA, p = 20 torr air and t = 8 ns into the 
pulse. Dita points that have large deviations from 
the smoo'.h profile are caused by machine misfires 
and are discarded. They represent less than i i of 
the total pulse number. The full width at half 
maximum (RHW) is 2.3 cm. The radius RHLF within 
which half the current lies is 1.9 cm while the rms 
radius (RRMS) is 2.1 cm. The solid line shows the 
symmetry axis of the data and is 0.5 cm from 
chamber axis. 

Data Acquisition 

Data for the above methods are recorded using a 
Tektronix 7912 transient digitizer with a bandwidth 
of 500 MHz. An LSI 11 computer operating under 
Tektronix SPS BASIC controls data acquisition. For 
each pulse, a 50 ns interval is divided 'ip into 16, 
32 or 64 equally spaced times at which the pulse 
height is recorded in digital form. After data 
analysis, the computer plots beam profiles at 
specific times or beam parameters versus time. For 
example, Fig. 3 shows the time evolution of the ras 
radius of a 6 kA beam, using the Faraday cup. 

Cherenkov light 

When relativistic electrons pass through a thin 
dielectric foil, Cherenkov light is emitted. The 
optical response is prompt with a time resolution 
of < 10 ps. The Cherenkov light is brighter than 
beam-induced gas light. Therefore, Cherenkov light 
generated in a dielectric can be used to determine 

the current density of a rp'-Mvistic electron beam 
in gas or vacuum. 

A kapton foil (0.013 cm thick) held at 65° to 
the beam axis has been used to observe the \TA beam 
current waveform and beam profile on a single 
pulse. The Cherenkov light is detected normal to 
the beam axis. Experiments show that the emission 
is stronnly directional, as expected - a small 
change in foil orientation causes a large reduction 
in the detected signal. Fluorescence lignt from 
the foil back is found to be - 60 times less 
intense than the Cherenkov light. Figure la 
compares the beam current measured using Charensav 
light with that measured by a resistive current 
monitor for a large and small beam. Monitor ?9 
measures the current on the vacuum side of a 0.04 
cm thick titanium entrance foil and monitor ?10 
measures the current on the gas side. In vacuum, 
the Cherenkov light is seen to agree very wall with 
monitor *9. Since an aperture is present after 
monitor #9 and plasma currents exist in tne gas, 
the Cherenkov light provides the best measure of 
team current in the gas. Television images of the 
Cherenkov light are recorded and digitally stored. 
Figure 4b shows a Cherenkov light image of the beam 
taken with a 4 ns gate width. These images i t t 
processed on a computer to produce contour plots or 
other perspective views of the beam current density 
distribution. An optical streak camera can also ae 
used to obtain subnanosecond time resolution of tne 
prompt Cherenkov light. 

Foil Light 

He have also studied the visible light emitted 
from a titanium foil using the same setup described 
for Cherenkov light. A prompt signal is found to 
follow the team current. The light intensity is, 
however, significantly less than that of Cherenkov 
emission. After the prompt signal a slow rising 
signal of larger magnitude is observed that falls 
off with a long decay time. This later signal is 
thought to be radiated light from excited gas 
molecules adsorbed on the foil. When sufficient 
prompt signal intensity or detector sensitivity is 
present, foil light can give a beam profile for 
each pulse on a television or streak camera. 

Gas Optical Emission 

Optical emissions from gas molecules excited by 



beam electrons can be useful in obtaining 
time-resolved profiles of a beam traveling through 
gas. However, the physics and air chemistry are 
extremely complex, and caution is essential in the 
interpretation of these emissions. The optical 
emissions spectra of the ETA beam passing through 
synthetic air have been studied.' ' The 1N(0-0) 
band of nitrogen at 391.4 nm is important because 
it is excited directly by relativistic electrons. 
Also, the 2P(0-0) band at 337.1 nm merits study 
because it has the strongest intensity for a beam 
in air. 

K a x-rays since the pinhole optical design becomes 
simpler. Experiments carried out on a 705 Febetron 
show clear images on film of a tungsten wire, :nus 
yielding a beam current density profile. 
Measurements on ETA a re in progress. 
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In a first measurement of time-resolved 
profiles, the ETA beam-gas emission is scanned by 
neasuring emissions from spatially-resolved regions 
Of the beam on a pulse-to-pulse basis. Figure 5 
Shows radial profiles of the 391.4 nm, band taken 
at 5 and 10 ns. The profiles show FHHH of 2.5 cm 
(similar results are obtained for the 337.1 nm 
emission). However, corresponding current density 
profiles measured by the bow target x-ray 
diagnostic show FWH'1 of about 1 cm. The 
disagreement is explained by the relatively long 
lifetime (about 20 ns) of the excited state at such 
a low pressure. Thus, profiles from gas emissions 
can be misleading when they do not directly 
represent the effect of beam current density alone. 

2-D X-Ray Profile 
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An x-ray pinhole camera has been designed to 
form a 2-D image of the characteristic x-rays 
produced when relativistic electrons pass through a 
high-7 foil or propagation gas doped with Xe or 
Kr. X-rays passing through a pinhole form an image 
on a microchannel plate sensor or fast phosphor 
which converts the x-rays into visible light. A 
gated fast TV camera records either the x-ray image 
directly or the visible light conducted through a 
coherent fiber optic bundle to a low radiation 
environment. 

Calculations' ' of the photon spectrum 
emitted normal to the ETA beam have been confirmed 
experimentally. Figure 6 shows the expected 
spectrum for a 50 MeV beam in Xe or Kr doped air. 
In all cases a substantial intensity of 
bremsstrahlung continuum radiation is seen in 
addition to the characteristic Ka x-rays. 
Consequently the x-ray sensor is optimised for the 
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