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Abstract

It is well known that the electro-magnetic fields in high-gradient RF structures

can cause electron emission from the metallic structure walls. If the emitted

electrons are captured and accelerated by the accelerating fields so-called “dark- L

current” is induced. Dark-currents have been measured and studied for various
RF-structures. In this paper we present measurements of RF induced signals
for the SLC S-band structures. For nominal gradients of 17 MV/rn it is shown
that the dark-current can be strong enough to significantly reduce the signal-

to-noise ratio of the SLC beam wire scanners. We also show results from RF
measurements in the dipole band. The measurements are compared to more

‘direct observations of dark-current and it is tried to connect the results to possible
effects on the accelerated particle beam.
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Abstract

It is well known that the electromagnetic fields in high-
gradient RF structures can cause electron emission from
the metallic structure walls. If the emitted electrons are
captured and accelerated by the accelerating fields so-
called “dark-current” is induced. Dark-currents have been
measured and studied for various RF structures. In this
paper we present measurements of RF induced signals for
the SLC S-band structures. For nominal gradients of
17 MV/m it is shown that the dark-current can be strong
enough to significantly reduce the signal-to-noise ratio of
the SLC beam wire scanners. We also show results from
RF measurements in the dipole band. The measurements
are compared to more direct observations of dark-current
and it is tried to connect the results to possible effects on
the accelerated particle beam.

1 INTRODUCTION

Accelerating, high-gradient RF structures are known
to generate significant dark-current [1]. The generation
and strength of dark-current has been studied experimen-
tally and theoretically in a number of previous publica-
tions [1,2,3,4]. Though some quantitative understanding
on the strength of dark-currents and its dependence on
structure design, cleanliness, gradient, and other pararne-
t=rs has been achieved, it has proved to be hard to quan-
tify the effects on the accelerated beam.

We consider dark-current for the SLC linac. The

beam energy (> 1.19 GeV) is high compared to the en-
ergy of the dark-current electrons gained within a girder
with four or two structures (< 0.22 GeV). Due to the large

energy disparity, the dark-currem is then almost com-
pletely lost after the first quadruple [4]. The dark-current
does not propagate down the linac and only local effects
are important. These can be twofold:
1. Generation of background for local diagnostic de-

vices.
2. Beam deflections due to possible azimuthal asym-

metry in the dark current distribution.
The first nuisance is observed in the SLC linac on a
regular basis and results locally in a limitation of maxi-

mum accelerating gradient for certain RF structures in the
SLC linac. Possible beam deflections due to asymmetric
dark-current have not been observed directly so far. They
provide, however, a possible mechanism to explain ob-

-.

served growth in “beam jitter” along the SLC linac [5].
This mechanism, if strong enough, could generate unac-
ceptably large beam jitter in future linear colliders like
the NLC, SBLC or JLC. In this paper we describe at-
tempts to indirectly assess possible effects on the beam by
simultaneously measuring the dark-current and RF in-
duced dipole mode signals from the structures.

700

600

500

400

300

200

100

I I I I I I I

66% 0

:2000-1500-1000-500 0 500 1000 1500

Wire position [pm]

Figure 1 Example of transverse beam profile measure- -

ments with two different drive settings of the upstream
klystron. The background was almost halved when the
klystron drive was reduced from 66% (squares) to 57~o.

2 SLC WIRE MEASUREMENTS

RF induced dark-currents can disturb important
beam measurements. Among the most crucial diagnostic
devices in SLC are the wire scanners that allow a full
reconstruction of the beam emittance at different loca-

tions in the linac. A thin wire is moved through the beam
and produces scattered electrons. The number of scattered
electrons is proportional to the beam intensity at the ac-
tual location. A measurement of the number of scattered
electrons as a function of wire position then reveals the
transverse beam profile.

The scattered electrons are detected with a Photo-
Multiplier Tube (PMT) that is located downstream of the
moving wire. If dark-current electrons hit the PMT they
produce a background to the beam-induced signal. The
signal-to-noise ratio is reduced and the measurement is
distorted. Figure 1 shows an example where the dark-
current induced background was reduced by lowering the
drive of an upstream klystron.
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Occasionally the dark-cument induced background
can completely “hide” the beam-induced signal in the
SLC linac. As a consequence, the maximum accelerating
gradient for certain structures must be limited such that
dark-current induced background for the wire measure-
ments is avoided. For the study that follows we used the
PMT signals as a qualitative measure of dark-current in

the RF structure.

3 RF INDUCED DIPOLE-MODE SIGNALS

An asymmetric, not centered current can excite a

dipole mode in ‘RF structures. It was shown that beam-

induced dipole mode signals correlate well with the cen-
troid position of a particle beam in the RF structure. Here
we describe measurements of purely RF induced signals
in the dipole-mode frequency range (DM). The setup of

dipole-mode measurements for the SLC is described
in [6].

In order to study the nature of the observed dipole-
mode signals, we simultaneously studied RF induced di-
pole-mode and PMT (compare above) signals. The ex-
perimental layout is sketched in Figure 2. We mainly
considered C-Band signals at 4.064 GHz and 4.210 GHz.
The RF induced DM (without beam) produced a signal

that was about 60 times smaller. (in voltage) than that
from a bunch with 3.5-1010 electrons and a 50-100pm

offset in the structures.

Figure 2 Layout of the experimental setup. The dipole-
mode signals were measured at the input couplers of
Klystron 2-2. The PMT signals were measured at the lo-

cation of WIRE LI02, 239.

4 MEASUREMENTS

RF-induced PMT and C-Band (“DM”) signals were
measured simultaneously for different klystron parame-
ters. The pm-ameters of interest are:
1. Beam voltage: Voltage of the klystron beam.
2. Klystron delay: Changes delay and width of RF

pulse. If small, then the klywron ~roduces no RF
power.

3. RF tuning: Tuning of the SLED cavities.
As a first test the klystron beam voltage was changed.
Figure 3 shows the measured PMT and C-Band signals
for the different settings. The results are summarized in
Figure 4. As expected for dark current, the PMT signal
shows a strong dependence. on the beam voltage. How-

ever, the C-Band signal shows only little change.
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Figure 3 PMT (left) and C-Band (right) signals for dif-
ferent beam voltage settings of klystron 2-2.
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Figure 4 Summary of the results from Figure 3. The
PMT signal shows a strong dependence on the klystron a
beam voltage, while the DM signal does not.
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Figure 5 C-Band signals (top) and PMT signals (bottom)
for different klystron delays.

The arrival times of both signals follow the klystron

delay. This is shown in Figure 5. For small delays the
beam voltage drops (measured but not shown here) and
the PMT signal vanishes. The C-Band signal becomes
unstable (fluctuates between nominal value and zero:
large error bars) but does not vanish.

It was also tried to correlate the variations in the
PMT and the Beam voltage signals. The correlation for
35 consecutive measurements is shown in Figure 6. There



is either no correlation or the correlation is hidden by
measurement noise.
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Figure 6 Correlation between C-Band and PMT signal.
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Figure 7 Sensitivity of C-Band signal against tuning of
the bottom cavity.
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Figure 8 Sensitivity of PMT signal against tuning of the
bottom cavity.

Finally-we changed the tuning of the SLED cavities.
As shown in Figure 7, the C-Band signal was eliminated
by a small change in the tuning screw of the bottom cav-
ity. At the same time the PMT dark currgnt signal did not
change significantly, indicating that the accelerating RF
voltage and the associated dark current did not change.

5 CONCLUSION

Dark current in the SLC S-band structures is ob-
served with the photo-multiplier tubes of the wire scan-
ners. We studied the dependence of the PMT signals on
several klystron parameters and found the expected
qualitative behavior. .

We also observed RF-induced C-Band signals.
These signal were about 60 times smaller than the dipole
mode signal from a bunch with 3.5.101” electrons and a

50-100 ~m offset in the structures. We performed meas-
urements at 4.064 GHz and 4.210 GHz for varying
klystron parameters. The C-Band signal showed a very
different behavior compared to the PMT signal. Its
strength did not depend strongly on the beam voltage in
the structure or the klystron delay, as did the PMT signal.
A minor change in the tuning of a klystron cavity was
sufficient to eliminate the C-Band signal. At the same

time the klystron beam voltage and the PMT dark current
signal remained essentially unchanged. We could adjust
the klystron such that we either had a C-Band or a PMT
signal. Both signals, generated from the same klystron,
apparently are caused by different physical mechanisms.

There is a strong indication that the C-Band signal is
generated in the upstairs klystron and not in the RF
structure. Because the signal is relatively large, it could
affect the beam if it was transported into the downstairs
RF structure. We can very roughly estimate that the ob-
served variation in the C-Band signals is equivalent to an
rms quadruple jitter of less than 10 nm. Further studies
are needed to get a better quantitative understanding of
the strength and importance of klystron-generated RF –
signals.
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