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This paper is & status report ou an on-going program at
SLAC to study acceleralor struciores under bigh-gradient elec-
tric field conditions. The study Is & part of » much broader
program dealing with future Upear calliders. The accelerating
gradient that might be achievable in such machines is a cru.
cial parameter because once the beam energy is selacted, the
gradient determines the length of the linac and directly or in-
directly affacts the chelce of many other paramater® such as
{frequency, evergy consumption, sise and sumber of RF sources,
aligument, wakefield contro), eic.

The experiments done 30 far st SLAC deal with a conven-
tional disk-loaded aceelerator section of the constant-gradient
type runn’ag at 2656 MHa. The origival objective was to reach
an accelerating gradieot of at least 100 MV/m. The acceler-
ating gradient at which tbe SLAC disk-loaded waveguide op-
erates routinely 1» ~ 0 MV/m (with 36 MW klystrons feeding
four 3 m sections witheyt SLED) aud ~ 12 MV/m with SLED 1
(2.5 psec pulse). With 50 MW tubes and SLED II (5 psec
pulse) the gradient is presently being increased to over 20
MV/m. To resch 100 MV/m in a conventional 3 m constant.
gradient section withous BLED, ooe would need a klyatron with
a peak power ouiput of $00 MW, Since such a tube is not avail-
alle, we decided to use u sbort standing-wave section in which
the resonant flelds can bulld up, The design criteria for this
section, the fabrication, matching and tuning, the experimen-
tal set-up and the results ars described helow.

Design Criterla

Standing-wave accelerators are generally built in the #-
mode or soms variation thersof so that both forward and re-
flected waves contribute {0 the acceleration of a eynchronans
particle. Iu the case of this experiment, however, our primary
goal was not to accelerate electrons but rather, to test a 2¢/3-
mode SLAC-type ¢f sectivn to Its maximum attainable field.
We ¢ ok advantage of 1be availability of short six-cavily stacks,
already brazed onto a coupler, to speed up the experiment (nee
Fig. 1). These stacks wers actually the input and output seg-
ments of the SLAC 38 m sections. The complete sectiona conaist
of a iotal of 84 regular cavities and two coupler cavities. In the
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Fig. 1. Reaonant structure used for thess experiments. Test
points indicate locations of thermocouples used to mositor
temperaturea during operation.

gradient stack, The calculation? is performed for Neuman-
Neuman boundaries acroas one aad oae-half cavity (L & 6.25em
and the normalising condition given by

U | Bulz) | do)/L w 3 MV/m,

The cavity dimensions and caleulated field parameters ore sum-
marized in Table I below,
Table [

original manufacturing process, the short stacks were brased
separately and then joined coto the ceater portion of the sec-
tion (74 cavities). We chase the output stack becanse it haa
a lower group velocity and a higher field intensity for 2 given
power input, 2nd we capped it off with a disk at the cnd oppo-
site to the coupler to make it rescnsnt. Thus our slanding-wave
section cousists of seven cavitles,

The conceptual passage from standing waves to traveling
waves and vice versa has been studied in detail elsewhere.? One
of the main differences is that in the traveling wave the £ and
H fields are Iu time phase whereas in the standing wave they
are in time quadrature. To calculate the field parameiers in our
standing-wave section conservatively, we used the SUPERFISH
program on the lowest fiold cavity (No. 79) of the conatant-
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Iris diameter 2a 1.99 ¢cm
Cavity diameter 25 6.192 ¢m
Traveling-wave r/Q per unit length 474 O/em
Q 13,712
Renonant frequency f 2855.76 MHz
Standing-wave R/Q for length L = 5.25 em 12440
1 I Bi(z)e 4z | 0.038 MV
Energy stored W 6453 % 1047
Power dissipated Pp = wW/Q (7784
Max. axial field at £ =0, | B, 0 Imos 1.916 MV/m
Max. surface field at disk edge, | B, s’ oy 2.81 MV/m
Average accelerating field B, 0.123 MV/m
| Be.sw lmar /Baee 265
I E'-S“' I-ll , &« 3.59
Note that the standing-wave £/Q is half of that for the

traveling wave because twice the ecergy is stored for the same
accelerating field. Note alse that the above | E |nay are max-
ima reached by the standing wave which can be viewed as the
sum of {wo traveling waves, one traveling to the right, the
other to the left. For a pariicle traveling 1o the right on crest
at the velocity of light, the frst wave alone produces accel
eration. Given these conditions, we see that o create fislds
in our etanding-wave structure that elmulate aceelerating
fields of 100 MV/m in a travaling-wave structure, it is enough
to supply the 1-1/2 cavity ¢all with that power which yields
£ = 50 MV/m. For onr stusk of seven cavities, that power
was calculated to be 17.06 MW. Note that the 100 MV /m con-
dition is only fulfilled in every third cell, as we will see illus-
trated below. The equivalent traveling-wave fields for a power
input F., in MW are:
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Fabrication, Matching and Toning

Four mechanical medifications were made to complete the
fabrication of the standitg-wave section. The first was to braze
sixteen (inatead of the usual eight) cooling tubes around the
section to imp the cooling. The d was to drill small
holes (by EDM) into the wall and disks of the section (see
Fig. 1) to insert thermocouples for temperature monitoring.
The third was to terminate the last cylinder {cavity 78) with
s disk of diameter 20 = 0.7617 in., and to cap off both ends
with 1.2 mm stainless steel plates to provide vacuum seals.
The fourth was 1o brage an extra matching iris inta the input
coupler to critically couple the section for maximum power
delivery. A coupling coefficient of § = 1.08 was obtained for
an iris opening of 0,78 in. Tuning of the section was done by
the usual acdal ehift techaique® A dielectric bead was then
pulled along the axis of the section and the power reflected by
tbe bead was ploiied, as shown in Fig. 2. Note that cavities
B3 and 80 are the ones that reach maximum feld; the coupler
and the other cavities do not.

Experlmental Set.Up and Resnlts

The RF syetem used to petform the measurements consists
of a low-level variable frequency oscillator, a pin-diode modula-
tor, 3 pulsed driver amplifier and a SLAC XK-5 klystron which
supplies up to about 30 MW of peak power to the accelerator
section. The variable frequency oscillator is needed because
the temuerature of the section changes as the ipput power is
increased, and the oacillator bas to he retuned ta keep the
section resonant. A 60 £/sec vazion pump is used directly on
the eect 'op, a residual g2s analyser monitors the gasses emitted
during RF processing and operation, and a multipoint thermo-
couple reader gives the temperature of the section at the points
shown in Fig, 1. The cooling water flow is set at 15 gpm with
an input temperature of 83° F which corresponds to a resonant
frequency of ~ 2658.8 MHs at low power Jevel.

Two series of RF tests have been conducted so far, the first
in Spring 1984, the gecond in Spring 1985. Before the first se-
riee, the section was baked at roughly 250° C for 36 hours. The
pressure after bake was 1672 Torr. The RF was then turned
on gradually to let the aection outgas. Only minor RF pro-
cessing was required up to 28 MW (sce the pulses shown in
Fig. 32). The pressure was then roughly 2 x 10~7 Torr. When
the input power was somewhat abruptly increased to its maxi-
mum attainable, namely 30.2 MW, the pressure rose to about
8 % 10~7 Torr and the section exhibited the breakdown shown
in Fig. 3b. After some further processing and pumpdown back
to 2 x 10~7 Torr, the breakdown disappeared ad the stable
condition shown in Fig. 3¢ was obtained without difficulty. The
wiggles within the pulae were probably due to a combiration of
ripple ftom the PFN in the modulalor and internal reflections
within the section as it filled and emptied. The outgassing as
observed by the RGA led only the p ¢ of some water,
nitrogen, Auorine and methane.

XIMSMV/m . (1)

Cowty
No, Coupler 86 83 82 ®© BO 79

B UOUUULU

o)

. T ine .

"lExr‘ {artitrory units)
-—

-

Fig. 2. Power reflected by bead as a function of axial position
(in arbitrary units). This power, if it were measured with
a perfect square-law cryatal, would be properiicoa) to |E,}¢
because the reflection coefficient of the bead is proporticnal
to |E,]* and the reflected power scales as the sguare of the
reflectio. ec fcient.

Fig 3. Forward (top) and reflected (bottom) 1f wave shapes
uader various input conditions.

Using expressiops (1), the maximum equivalent traveling.
wave accelerating and surface fields (or these conditions were:

E.zw ~ 133 MV/m E.rw ~ 259 MV/mn .
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The klystron output power could not be increased farther.
Note that the above fields were reached and maintained after
the standing-wave structure was fully charged, roughly 1.5 psec
into the 2.5 usec pulse. The resnlts reported here are similar
to those given for the single cavity tests described in Ref. 4.

Figure 4 shows the temperatures monitored in the section
as 3 function of average power dissipated.® All variations ap-
pear to be linear. Test points 2 and 3 are in successive diske,
and test point 4 i» in the ouier wall, As we see, test point 2
rose twice as fast as test point 3 because the fields in cavity 83
were higher than thoee in cavity 82. This, of course, would not
bappen in a traveling-wave structure because all cavities wonld
undergo the same excitation and power dissipation. Figure 4
also shows the resonant frequency of the section a» a function
of average power dissipated. Note that the variation is not
quite linear.
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Fig. 4. Temperatures for the test points shown in Fig. 1 and
resonant frequency, both as a function of average power dissi-
pated in accelerator section.

During the above tests, even though RF breakdown was
easy to overcome, considerable x-ray radiation was observed in
the concrete vaull around the section at the high power levels.
Field emission waa clearly present and the resuliing radiation
as the electrons were accelerated in the section and bit the
end-plates could be monitored as a function of time within the
pulse by means of a photodetector connected to an oscilloscope.
The radiation had the same general time-variation as the fields.
After completion of this first series of tests, blue spots due to
beating from the radiation could he seen externally on the axis
of both stainless stee] end-plates.

Io an altempt to refine the measurements, the end-plate
at the end of the section opponite to the coupler was removed
and fitted with two coaxial electric probes [aee Fig. 5). The
purpose of these probes was to monitor both the RF and the
field-emitted corrent at that end. During the subsequent nine
months, the high-power klystron was used for RF supercon-
ducting tests and the drive sysiem waa entirely rebuilt. In
March 1088, after anotber period of two weeks during which
the section waa rebaked at 250" C, the RF tests resumed. This
time, another thermocouple waa affixed next to ane of the
coaxial feedthroughs. As the power input approached 19 MW
peak at 120 ppe, some RF breakd became app and in-
creased x-ray radiation was observed inside and outside of the
vault. Within a few minutes, the temperature of the end-plate
tose to 400" C and before the RF power could be turned down,
the section vacuum went up 1o air. Observation subsequently
revealed that the 1.2 mm stainless sieel end-plate exhibited a
wetl-centered 1 mm diameter hole (see Fig. 5). The evidence is

that an RF focussed beam of electrons captured and acseler-
ated up to a maximum of 10 MeV with an average power of up
to 100 W melted the stainless steel® which then imploded and
coated several of the adjacent diske. A subeequent measure-
tment, however, showed no degradation of the cavity @ at Jow
power. It iz not clear why the radiation was so much worse dur-
ing this second series of tests. As thia paper is being written,
the section is being Sited with new copper end-plates {for im-
proved thermal tivity) comprising thinned-down wdal
¢windows™ (0.015 in. thick) to permit extraction 3ud charac-
terization of the *dark™ beam.

Fig. 5. Stainless steel end-plate with probes, showing 1 mm
hole produced by *dark® beam.
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