
,.,, __ _ AIIM "
,_, ,,_ --c,.,,oo,o.,n,o.m.t,.n.od,..,.,.n.,e..o,_ ,<,_,_._,_

Centimeter
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 mm

,,I,,,, I "'l""l'"'l'"'l""l""l""l'"'l'"'i'"'l
1 2 3 4 5

Inches iiii1,.o1113-_2Iiii1_._

11111"IIII1_

Itlll_Illll_tlltl_

_NU_O_TU_OTO_T__T_ND_O_"_ %_"BY0PP_OT_O0_.TN_,.





UCRL-JC- 118133
PREPRINT

Results of the Reacceleration Experiment:
Experimental Study of the Relativistic Klystron

Two-Beam Accelerator Concept

G. Westenskow And To Houck

t

• Lawrence Livermore National Laboratory, University of California

" P.O. Box 5508, L-440, Livermore California 94550, USA

This paper was prepared for submittal to the
Proceedings of the lOth International Conference

on High Power Particle Beams (Beams "94)
San Diego, CA, USA

June 20-24,1994

July 12,1994

\

This is a preprint of a paper intended for publication in a Journal or proceedings. Since
changes may be made before publication, this preprlnt is made available with the
understanding that it will not be cited or reproduced without the permission of the
author.



q

DISCLAIMER
d

Thisdocumentwasprepan_dasanaccountofworksponsccedbya_agencyofthe
United_atesGovenunent.NeithertheUnitedStatesGovernmentnorthe

UniversityofCalifornianormy oflhe/remployees,makesanywarranty,express
orimpl/ed,orassumesanylegalliabilityorresponsibilityfortheaccuracy,
completeness,orusefulnessofanyinformation,apparatus,pr,xluct,orprocess
disclosed,or"n_vesentsthatitsusewouldnotinfringeprivatelyowned_,hts.
Referencehereintoanyspecificcommercialproducts,process,orservicebytrade
name,trademark,manufacturer,orotherwise,doesnotnecessarilycomtitmeor
implyitsendorsement,recommendation,orfavoringby theUnitedStates
GovernmentortheUniversityofCalifornia.Theviewsandop/nionsofauthors
expressedhereindonotnecessarilystateor_']ectthoseoftheUnitedStates
GovernmentortheUn/versityofCalifornia,_d shallnotbeusedforadvertising
orproduct endorsement purposes.

, ¥



Results of the Reacceleration Experiment:
Experimental Study of the Relativistic Klystron Two-Beam Accelerator Concept*

Glen Westenskow and Tim Houck
Lawrence Livermore National Laboratory

P.O. Box 808
Livermore, CA 94550

Abstract

We recently demonstrated the reacceleration of a bunched beam through an
induction accelerator cell in support of the two-beam accelerator concept. We
present the results of this experiment including amplitude and phase measurements
of the extracted microwave power at 11.424 GHz. We also describe progress in
achieving a two-beam accelerator microwave source design that is efficient and cost

." effective for linear collider applications.

• Relativistic klystrons are being developed Table 1. Parameters for the output structures.

erators applications that include compact aecel- Parameter #1 #2 #3
erators, large linear electron-positron eolliders, # of Cavities " ............
and FEL sources. In a relativistic klystron (Undamped) 4 5 6
two-beam accelerator (RK-TBA), the drive # of ca_ties ......

beam passes through a large number of rf (Damped) 2 2 0
output structures. High conversion efficiency Aperture (ram) 13 14 14
of electron beam energy to rf energy can be Fill Time (ns) 1.35 1.22 1.05
achieved in the relativistic klystron by using
reaeeeleration of the bunched drive beam. ' Group Velocity 0.13 c 0.167 c 0.167 e

The Reaeceleration Experiment was de- output. The "fiat top portion" of the pulse lasts
signed to study the RK-TBA concept. Figure 1 about 25 ns. This time is the length of the
is a photograph of the beamline and Figure 2 is current pulse minus both the transient time of
a schematic of the experiment. A 5-MeV, 1-kA the drive cavity in the modulator and the fill
induction beam is modulated by a transverse time of the output structures. Linear collider
deflection technique (Chopper) to generate applications place severe constraints on ampli-

" several hundred amperes at 11.4 GHz. The ex- tude and phase variation. The anticipated
, traction section is comprised of three traveling- requirements are for phase to be within +1 °,

wave output structures and two induction cells and for amplitude to be within 5:1% over the
• located between the outputs. The output struc- power pulse.

, tures operate at 11.424 GHz in the TM01 mode Output power was limited by the vacuum
with a 2n/3 phase advance per cell and phase pressure and hydrocarbon contaminants in the
temperature sensitivity of about 0.1 °PC. Addi- vacuum system. The induction cells use
tional parameters are listed in Table I. The neoprene o-ring seals and insulating oil. These
induction cells used for reacceleration of the cells represent the major source of the
modulated current are each pulsed at 250 kV. contaminants. The operating pressure was in
The design of the modulator and the experiment the mid 10-7 torr range at the vaeion pumps in
has been described in detail elsewhere., the output waveguide. The highest rf output
Here, we report on the results, power levels obtained were about 20% greater

Figure 3 shows the maximum power than those shown in Figure 3. However, these
achieved, with no pulse shortening, from each higher power pulses exhibited pulse

shortening. Table 2 lists power levels and
maximum sustainable surface electric fields.

•The work was performed under the auspices of the
U.S. Departmentof Energy by Lawrence Livermore Figure 4 shows a combined, coincident power
NationalLaboratoryundercontractW-7405-ENG-48. pulse for the three outputs.
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Figure 1. Photograph of the Reacceleration Experiment Beamline. The injector is located in the
background to the left of the raised platform. The large cylindrical cables extending from the
ceiling deliver the pulsed power to the induction cells of the injector/accelerator. The rectangular
boxes attached to the cables contain compensation resistors and bus bars. The induction cells used
for reaecelerating the beam are located just left of center in the photograph.

reaeeeleration

induction cells reacceleration induction cell #2induction cell #I| rf outout

rfoutpu, \ rfoutput #2 #3" .

I

[- 1 m ._[ collimator

Figure 2. Schematic of the Reacceleration Experiment.
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Table 2. Maximum rf output powers achieved
for each structure.

"Hattop" "Surface Peak " 80-
Output Power E-Field Power

tavtw) 0vlV/m)
............ 60- vws#TWS#1 64.5+4% 60 86

TWS_2 88.5+3% 75 I01 ""
TWS#3 50.05:3% 60 59 _ 40-

Figure 5 shows the phase of the power 20"
from the first output structure with respect to
the modulator reference. The phase is measured
by mixing the output power pulse of the first 0"
structure with the frequency doubled modulator 0 30 60 90

' drive pulse in a double balanced four-diode Time (ns)
ring mixer. The variation shown in Figure 5 is Figure 3. Maximum "flat top" power levels.

• primarily due to beam loading of the drive , . , . . , .....
cavity in the modulator. The contribution due .-, 200. 172MW +__4% IM097B04tr4
to energy (velocity) variation of the beam is _: L
negligible for two reasons: the short drift _,_,
distance from the point the beam is modulated _ 150'
to the output structure and the high beam _
energy, c_ 100"

Figure 6 shows the phase of the power
from the third output structure with respect to
the first. The phase variation can be explained O
by the beam energy variation during the pulse. "_
For this case, the energy variation is about _ '_
-I-2.5% and the phase variation is -I-3°, in 01-_--- • -" • ......, • •
agreement with the standard equation 0 30 60 90

Time (ns)
Acp= I.xo{(y.1)(y+ I)3}'I/2VA_" e , Figure4.Maximum combinedpowerlevel.

whereI.,=0.95cm isthedistancebetweenthe 4

' twooutputs,V _ 4.6MeV isthebeam energy,
. andthemodulationfrequencyis11.424GHz.

' Current transport below 500 amperes was "1 _ _e_
not an issue in the experiment. Figure 7 shows a" 0"

/

' a comparison of current entering the modulator "_'
and exiting the last output structure without
modulator drive. The two curves agree to _ -2"
within the uncertainty of the diagnostics
indicating no measurable current was lost. -4'

Measurements taken at two intermediate posi- D4098B04(1,1)
tions also confirm full current transport. -6

Beam breakup was observed for dc 10 15 20 25 30 35 40 45
current levels above 550 amperes and with a Time (ns)
beam energy of 4.6 MeV. A typical current
pulse exhibiting BBU is contrasted with a full Figure 5. Phase of the first output with respect
width pulse in Figure 8. The 550 amperes is a to the modulation reference.
substantially greater de current than when the with computer simulation. Beam break-up due
beam is modulated (-- 380 amperes) and agrees to the excitation of higher order modes in the
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accelerationgapsandtheoutputstruc-turcsisa energy.The beam isacceleratedtofullenergy
seriousissueforlong RK's. The OMICE duringthecompressionstage.The induction
Code,4 formerlycalledtheBBU Code, was modulesareconstructedofmetglasswitheach
developedat LLNL to study transverse coredrivenat20 kV for200 nsof"flattop."
instabilitiesinRK'sandhasbeenbcnchmarked Fivecoresaresleevedtoproduced100 kV
againstourexperiments, acrossan acceleratinggap. Thistechnique

eliminatestheneedforanexternalhighvoltage
6 '....'....'...."" ""'"'_'"" ...._ step-uptransformer.Wc intendtoconduct

experiments to study issues related to this new
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Figure 6. Phase of the third output with respect ._,5001

to the first output. "_400]t " .d/_'350_ <

_300_ _200 Beam Loss

0-

150 .--.-.on Entrance 0 20 40 60 80 100
ro 100 : Exit Time (ns) '

50 Figure 8. Evidence of beam bred:up.
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