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Abstract resistance of 5.4®, a length of 0.96 cm and a diame-
Experiments on the resistive-wall instability have been co ter of 3.8 em. The r§5|st|ve glass.tube 'S 'Iocated inside a
ducted. Electron beams with energies of 2.5 to 8.5 keV aq ng splen0|d for uniform magngﬂc focusmg. Thg mag-

' ' ) .netic field of the long solenoid is adjusted to confine the

currents of 30 to 135 mA are transported through a reSI8eams within the resistive tube. If the space-charge wave

) . % a fast wave, its amplitude decreases as it propagates in
one-meter long and the resistance is 5 Rhe electron the beam, while if the wave is a slow wave, its amplitude

beams in the resistive tube are uniformly focused by a log&rows. The amplitudes of the space-charge waves are mea-

solenoid. Logahzed_ space-charge waves are generate sUked with two current monitors at the entrance and the exit
the beams to investigate any energy spread change as a

dfthe resistive tube for comparison. To measure the ener
sult of the resistive-wall instability. A longitudinal energy P 9y

d of th h . d at th of space-charge waves resulting from the resistive-wall in-
spread of Ine space-charge waves IS measured at the gf?ibility, two retarding-field energy analyzers are placed at

trance and the exit of the resistive channel for comparisof, . o trance and the exit of the resistive transport chan-
The preliminary experimental results are presented. nel, as shown in Fig. 1. The retarding-field energy ana-

lyzer[9,10] consists of two parallel conducting plates and a
1 INTRODUCTION Faraday cup. Each plate has a hole with a diameter of 4.8

The resistive-wall instability[1-3] is potentially dangero Smm and both holes are covered with a fine stainless-steel
Istive-wall 1 Mty IS p ally 9YETOUS osh with a transmittance of 8. One plate is grounded

for some accelerators with special experimental paramghd the other is charged with a negative high voltage, so

ters. | ErSFt)erCI?/I\lli);r:t plays a?] lTpo&ta;tir:OIteénbhlgr: czrren hat a uniform retarding electric field is produced between
acc;e iotz th spacedc 'a glet.o tha € 'etg sl ]I.I .At?\e two plates. With these energy analyzers, the energy
cording to the theory and simufation, the resistive-wa In'spread is measured at both locations alternatively, and the
stability leads to amplitude growth of slow space-charg

. esults are compared.
waves and damping of fast space-charge waves[5-7]. In P
addition to amplitude change, the instability may lead to First Diagnostic Chamber

Ton Pump Current Monitor 2

Second Diagnostic Chamber

crease. To answer these questions, small scale experiments b cu .
A K ' + Current Monitor 1 %
with space-charge-dominated electron beams and a resis- j
tive glass tube haye been cond_uc.ted at the pmversny ( =i = .
Maryland[8]. In this paper, preliminary experimental re- EA" ——= Flectron Beam PS
sults on the energy-spread measurement are presented.: &I T, ; T em
' Ml M2 M3 i
EFJe ctron Gun EResistive-Wall Channel
2 EXPER'MENTS e Solenoid
Injector Computer

2.1 Experimental Setup

M1 - M3 : Matching Lenses  PS : Phosphor Screen
EA : Energy Analyzer EM : Emittance Meter

The experimental setup for energy spread measurement is
shown in Fig. 1. The experimental system consists of a]g
electron gun, solenoid matching lenses, a resistive tube',
diagnostic tools, etc. Space-charge dominated electron

beams with an energy of 2.5 to 8.5 keV and a currerd-2 Energy Spread Measurements

of 30 to 135 mA are generated from the gridded electropigure 2 shows a typical beam pulse with a localized fast
gun with a variable perveance. A single localized spacevave. This beam pulse is measured with the Faraday cup
charge wave, i.e., a fast wave or a slow wave, is produced the first energy analyzer when the retarding high voltage
in the electron beam pulse to investigate the properties @& zero. In this case, the beams pass through the two plates
the wave in a resistive environment. The electron beamgithout any retardation and arrive at the Faraday cup which
are matched and injected into the resistive glass tube wif§located just behind the two plates. As a result, the energy
the aid of three solenoid lenses. The resistive tube hasaalyzer can measure the beam profile with space-charge

— waves.
This work was supported by the U.S. Department of Energy. . . . . .
t Present address: Department of Physics and Astronomy, UCLA, Los The S'gnal_ in Fig. 2 changes as the retarding voltage Is
Angeles, CA 90095, USA. increased. Figure 3 shows a fast wave on the beam for dif-

gure 1: Experimental setup to measure an energy spread.
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Figure 2: Typical electron beam pulse measured with a Time (ns)

Faraday cup of the first energy analyzer at the entrance.
The square-shaped localized wave in the central region P

f . .
the pulse is a single fast space-charge wave. igure 3: Fast wave signals from the Faraday cup of the

first energy analyzer at different retarding voltages. The
bump at t=64 ns is a localized fast wave and its amplitude

ferent retarding voltages. The figure indicates that the flalecreases as the retarding voltagéncreases.
part of the beam profile disappears when the retarding volt-

ageVj is 3,280 V, while two peaks are showniab ns and

t=64 ns, respectively. Hence, the electrons at the two peak®ents of the space-charge waves are relative to the flat part
have higher energies than those in the flat part of the beaph the beam pulse. In other words, the electrons in the
pulse. Analysis in time scale indicates that the small pedkat beam pulse have a certain energy width and the space-
att=5 ns corresponds to the front edge of the beam pulseharge waves have additional energy width above it. In this
where the electrons have a higher velocity, as a result ofeasurement, the additional energy width of the wave is
a strong nonlinear space-charge force in forward directiomeasured. To verify this, the amplitude of a voltage per-
The other peak at=64 ns is the fast space-charge waveturbation which is added to the beam pulse for generation
The fast wave signal decreases as the retarding voltage of the localized wave in the gun is measured. It turns out
is increased gradually, and it disappears completely whéhat the voltage perturbation is measured to be 27.2 V, and
Vy is 3,305 V. Therefore, the full energy width of the fastthis is very close to the measured full energy width of 25
wave is 25 eV at the entrance of the resistive transport chaaV and 27 eV in Fig. 3 and Fig. 4, respectively. This fact
nel. implies that the above method employed to measure the net

electron gun conditions, and its energy spread can be mea-The same method is used to measure the energy spread of
sured. The wave is indentified as a fast wave or a slow wayge space-charge waves at the exit of the resistive transport
by current monitor signals which are not shown here. Figchannel for comparison. Figure 5 shows the measurement
ure 4 shows a typical measurement result for a slow wavgasylt of the slow wave at the exit. In the figure, the flat part
The flat part of the beam pulse disappear¥ 2,575V  of the beam pulse disappearsigt2,565 V and the slow
and the slow wave disappears completelyat 2,602 V.  wave disappears completely whgpis 2,607 V. Therefore,
The full energy width of the slow wave is measured age energy width of the slow wave at the exitis 42 eV, which
27 eV. The result implies that the electrons in the slovis 56% larger than at the entrance of the resistive transport
wave have higher energies than those in the flat part of thannel. This experimental result clearly demonstrates that
beam pulse. Hence, both fast and slow waves have highfe resistive wall instability leads to an increase in energy
energies, which is consistent with the previous measurgsidth of a slow space-charge wave. A similar measurement
ment[11]. for a fast wave at the exit is in progress and will be reported
It should be noted that the above energy-width measurithe near future.
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Figure 4: Slow wave signals from the Faraday cup of
first energy analyzer for different retarding voltages. In t
figure, the full energy spread of the slow wave at the
trance of the resistive transport channel is measured &
eVv.
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Figure 5: Slow wave signals from the Faraday cup of
the second energy analyzer for different retarding voltages.
The wave is shown to disappear completelyat= 2,607

V, so the full energy spread of the slow wave at the exit of
the resistive transport is measured as 42 eV.
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at the entrance and exit of the resistive transport channel

for comparison. It was observed that a slow space-charge

wave leads to an evident energy-width increase as a result

of the resistive-wall instability. Experiments with a fast are

underway.
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