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Iatroduction

The pasitron source for SLC iz being instailed at the two-
thirds point on the SLAC linac. Electron bunches at 33 GeV
impinge upon a Tantalum/Tungsten targes, producing show-
ers of positrons with energies’ extending from approximately
2 t0 20 MeV, with most positrons at the low end of this range.
Positrons with low energies and finite transverse momenta slip
phase during the processes of r leration and
into the SLC system, increasing the energy spread and reduc-
ing the overall yiald of the pasitron source. This reduction in
yield has to be minimized by “capturing™ the positrons with
a high-feld ator section placed as soon afier the taiget
as possible. The design, fabrication and RF testing of this
accelerator section is the subject of this paper.

Cholce of Structure

At the ouiset, we were confronted with the task of choos-
ing between traveling-wave (TW), standing-wave (SW) and re-
circulating (R) modes of operation in a disk-loaded circular
waveguide (DLWG), which couid be singly or multiply peri-
odic. In the interests of schedule and budget, here waa a bias
towards using a short section of DLWG, either Constant Gra-
dient (CG) or Censtant Impedance (Cl), in the TW mode,
since techniques for building such a structure are well-known
at SLAC.

Drawing prineipally from the work of G. A. Loew and
R. B. Neal,? a simple comparative study of the expected beam
energics was made for each of the three modes of operation
mentioned above. For the atudy, a 29-<avity CI DLWG {1.015
meters long) was used. Energies were calculated for five differ-
ent disk aperture diameters. In all cases, operation in the 2x/3
mode was assumed, with a S50 MW kiystron driving the sec-
tion through a rectangular WG feed with 0.97 dB less. Figure 1
shows that, as expected, the energies theoretically obtainable
with recirculating and standing-wave operation exceed thoae
reached under traveling-waveconditions.

tion

However, it waa very clear that the possibilities of the
SLED:? pulse compression ayastem should be explored, It quickly
became appavent that the combination of a SLEDed klyatron
with a simple, short CI TW DLWG gection is a very good way
of obtaining high accelerating fields - see the top solid curve in
Fig. 1. The short filling time Ty, the constant attenustion o
per unit length, and the smal; attenuation parameter r, (where
r = al, and L is the section length}, have several beneficial
effects:

* Practically the whole klystron RF pulse width (5 ps in
our case} is available to charge the SLED cavities, giving
2 large pulse-compression ratio,

¢ At beam injection time {when the section is Just flled
with RF energy), the field in the input cavity is still
high, since the section filling time ia short compared to
the SLED cavity filling time. Moreover, the time-decay
of the incoming SLED peak field approximately matches
the spatial attenuation of the field propegating along
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the structure. Thus when the beam passes through the
capture section it interacts with a nearly constant voltage
gradient, aa can be seen from the cavity field curves in
Fig. L.
The short duration of the high field pulse may pot allow
time enough for development of some sparking mecha-
nisms, auch as surface heating due to multipactor, sur-
face gas desorption due 1o heating and tlectyon bom-
bardment, and local gas ionization leading ta plasma dis-
charge and avalanche breakdown.
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Fig. 1. Ficld and energy plots for 28-¢avity constant-impedance

structures at 2856 MHz driven by a 50 MW klystron
through 0.97 dB loss.

Design of Constant-Impedance Structure

RF Design:

Having established that a const.nntvimpeda.nce DLWG, op-
erating TW and driven by a SLEDed klystron was the preferred
system for our use, it remained to settle upon the structure
length and the diameter of the disk aperture. All other dimen-
sions, such as disk thickness and cavily length, were kept the
same as in the standard SLAC constant-gradient accelerator
section. The disk diameter was chosen to be 23 mm, being a
compromise batween the conflicting requirements of high shurt
impedance and low wake-field excitation.

Some of the salient parameters of the structure at 2856
MHz are: vy/c = 0.0124; r, = 5.0 Mil/m; &« = 0.17T; @, =
13600, Operating parameters for various lengths of the struc-
ture driven by a SLEDed 50 MW, 5 us klystron puise through
0.97 4B losas are given in Table I,

Figure 2 sho I Py ikl the section energy and
it ,&mmm with aection length.
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TABLE 1

Section Length, m as 10 13 20 25 30

Ty, ns 134 200 403 338 672 807
r, nepers 089 177 266 354 .443 531
SLED Energy-Gain Factor 244 232 221 210 200 190
SLED Power-Gain Factor 6.49 645 610 6.34 6.29 6.22
Non-SLED Energy, MeV 13.6 260 37.5 47.9 574 66.1
SLED Energy, MeV 33.3 60.4 828 100.5 114.8 125.7
Input Cavity
Peak Field MV/m 724 722 719 715 713 709
Input Cavity
Field at
Beam Time MV/m 65.2 59.9 54.3 486 44.2 39.2
Output Cavity
Field at
Beam Time MV/m 66.2 60.5 55.1 502 45.8 41.7
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Fig. 2. Field and energy vs length, for constant-impedance

DLWG structures driven by a SLED«d 50 MW klystron.

Another compromise had to be made, balancing the require-
ments of high energy gain and high fields in the input cavities.
A length of 1.5 m was chosen. Figure 3 is a simple schematic
of the high-power RF circuit, labeled to show the peak and
average powers existing at various parts of the system.

Thermal Considerations

In operation, the 1.5 m section will be immersed in a
shower-cone of electrons and pasitrons emanating from the tar-
get The energy deposition resulting from this radiation has
been computed vsing the Electron-Gamma Shower Program,
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Fig. 3. Schematic of RF system, ashowing powers
and wavelorms.

Version 4. A typical set of shower trajectories computed by
this program is shown in Fig. 4. For a 31.7 KW, 33 GeV elec-
tren beam incident on the target, the total radiation power
dissipated in the 1.5 m section is calculated to be 12,6 XW.
To this power must be added 6.9 KW of RF dissipation.
Figure 5 shows the RF and radiation dissipation per cavity
along the structure. Alsc plotted are the calculated metal and
waler temperature profiles along the DLWG cylinder, with RF
only, and with radiation and RF. The water cooling system
consists of 24 tubes uniformly spaced around the grooved pe
riphery of the DLWG cylinder, and running parallel to thn axis.
The total water flow is 40 gpm.

Fig. 4. Computed shower Lrajectories :*.:ough capture section.

Using ETRANS, a program for tracing particles through
an axially-symmetric magnetic field, it has been shown that
the loss in positron yield resulting from an axial temperature
gradient in the structure of 4°C will not be greater than 3.5%.

The RF and radiation losses in the first disk will be abou?
0.5 KW. With the cooling system described above, the radial
temperature drap across the disk is calculated to be 19°C.

Mechanical Design

The constant-impedance disk-loaded structure was chosen
in part because it is relatively simple to fabricate. The struc-
ture is a usiform stack of disks and spacers, aligned during
brazing by of stain} teel pins fitted into precision-
drilled holes. The input and output couplers have jdentical
waveguide dimensi The coupler cavity offset required
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to compensate for phase asymmetry was determined by inter-
poleting beiween verifled designs for other iris aperture
diameters. Initial dimensions for the coupling iris and the
coupler-cavity diameter ware also obtained by intervolation.

Some complications were introduced by the water-cooling
requirements and the aeed 10 have a quick-disconnect vac-
vum seal between the accelerater section and the target/flux-
concentrator housing.

Fubricatlon and Cold-Test

The disks and spacers wera machined from OFHC copper.
Critical dimensicns were held to tolerances of + 0.0002 inches.
All  internsl surfaces have a 16 microinch finish
(8 microinch Anish on the critical dick aperture radii). In
addition w mechanical quality-control inspection, each disk
was clamped between two holf-lengih spacers with closed end-
plates, and the ¥-mode resonant frequency for the cell was
wmeasured. Resonant frequencies for all disks were required
to lie within the range 2864.: MRz = 0.25 MHz. Similarly,
each spacer waa clamped between two end-plates, and the
TMupo resonant fraquency of the cavity thus formed had to
be 2876.4 MHz + D,25 MHz.

The correct dimensions for the pler cavity diamet
and coupling iris width were obtained by brazing the proto-
type coupler cavity to a stack of six of the standard CI cavities.
(The diameter of the prototype cavity had been made alightly
larger than what was sstimated to be the correct value}. The
coupling jris was then machined in undersize (and therefore
undercoupled). The correst dimensions were then set by

the Khyl* method, knowing the 2x/3 and x/2 frequencies
for the CI stack.

The mid-section, comprising 30 CI cavities, was separately
brazed together as a sub-sssembly. This section was then
joined to the identical input and auiput couplers in & sepe-
rate brazing cycle. This operation was followed by machining
the grooves for the water-cooling tubes. These tubes and their
manifolds were then attached in a final braze run.

After this, the final tuning of the completed accelerator
section was done, The section was purged with dry nitro-
gen, and water at a constant temperature of 28.5°C was cir-
culated through the cooling system. Firsily, the input coupler
match was checked by moving & shoet in the output waveguide
by eighth-wavelength steps. Slight adjustments were made to
the coupling and tuning to bring the Smith center and the
Iconocenter to the center of the Smith Chart. Then, using
the detuaing plunger or nodal-shift technique, the structure
cavities were dimple-tuned 1o give 2% /3 phase-shift per cavity.
At 2856 MHsz, the final input and output VSWRs were both
1.03:1.

High-Power RF Tests

The completed 1.5-meter section was tamporarily mounted
in the SLC positron sousce housing, in appreximately the po-
sition it will oceupy when permanently instolled downstream
of the target and flux-concentrator. It was supplied with RF
power from 3 klystron at Station 20-3C, as shown achematically
in Fig. 3.

The output power {rom the 1.5-ineter section was divided
between two high-powar loads, which were of the standard
SLAC tapered “sword” design. Dual-dlrectionel couplers, each
with approximately —52 dB coupling, were incorporsted in the
waveguides at the input and output of the section. Separate
water circuits cooled the waveguide feed, the }.8-meter section
and the output loads., Thermocouples and RTDs monitored
metal and water temperatures. No temperature problems were
anticipated or encountazed with oaly RF dissipation, and no
radiation heat load. A water-cooled copper plate formed the
vacuum closure at the output end of the accelerator. This was
intended to absorb ihe power from accelerated “dark current”.
Na rise in tempersture of this plate was recorded during the ex-
periment. An jonization chamber mounted on axis a few inches
downstream of the accelerator section monitored the radiation
produced {see Fig. 8).

Initial RF processing was done with the SLED unit de-
tuned. The klystron pulse width was 2.5 us, and the repetilion
rate was 60 Hz. It took only a few hours of outgassing tc reach
20 MW into the section, ghving a peak axial feld of 20 MV/m.
After this, the peak and average powers were alternately in-
creased by increasing pulse width and the yepetition rate, and
by tunieg the SLED cavities. Theze were first ron without
phase-shift. (PSK), to outgas the cavities and to provide intei-
mediate levels of peak power to the accelerator saction.

The peak SLED power ultimately delivered to the acceler-
ator reached 168 MW, with the kiysiron providing 32.8 MW
in a 5§ ps flat-top pulse. The power into the accelerator was
measured with a General-Microwave Mode] 478 Peak Power
Meter, using 2 carefully ¢alibrated coupler at the input to
the accelerator, and a high quality coexial line of known at-
tenuation. Power measurements were double-checked, using
other couplers in the system, and other recently calibrated
power meters.



e

Installation schedules made it necessary to terminate the
tests before processing was compieted al the highest power
level that the kiystron couid provide. The reflected energy
faull rate at 120 Hz was still about 1 per minute, but the
syslem was continuing Lo clean up. Gas pressures were falling,
and the fault vate ar 60 iz was slready down to 5 per hour.
Processing up to higher p was nol possible because the
XK-5 klystron available for the experiment saturated at
2685 RV when delivering approximately 33 MW,

Figure 6 shows the RF input power waveform as measured
st the output of the SLED cavities, at the beginning of the
waveguide feed going to the accelerator secticn. Figure 7 is the
expanded waveform of the SLED power peak entering the ac-
celerator section. The peak power is 95.3 dB above 31.26 mW,
i.e, 168 MW, The axial radiation due to captured and ac-
celerated electrons created by field emission and residual gas
ionization processes at the beginning of the aceelerator section
is plotted against input cavity peak RF power and axial field in
Fig. 8. Measurements fo: curve (b) were tzken about 4 hours
later than for curve {a), showing how processing decreased the
number of electrons available for acceleration.
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Concluzgicns

A traveling-wave, constant impedance diak-loaded wave-
gulde section, 1.5 wmeters long, has been built for use as a
high-field capture accelerator for the SLC Pasitron Source. It
has been successfully tested up to the ful) power eapability of
a 33 MW SLEDed klystron, running at 120 Hz. At this level,
the peak input power to the section was 168 MW, which is
caiculated to give 58 MV /m in the fist cavity, and an average
accelerating field of 43 MV /m.
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