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UCLA AcceleratorResearch_zDevelopment DE92 018762

DOE Grant No. DF_,-FG03-92ER40695

Principal Investigator: David B. Cline ....................

This progress report covers work supported by the above DOE grant over the
period November 1, 1991 to July 31, 1992, The work is a progran_ of experimental and
theoretical studies in advanced particle accelerator research and development for high
energy physics applications. The program features research at particle beam facilities
in the United States and includes research on novel high power sources,, novel focussing
systems (e.g. plasma lens), beam monitors, novel high brightness, high current gun
systems, and novel flavor factories in particular the ¢ Factory. The program is carried
out by members and students of the UCLA Center for Advanced Accelerators (CAA).
Members and students of _he CAA participating in this work are D. Cline, Director, W. |
Gabella, A. Garren, 3. Rhoades, X. Wang, J. Kolonko, C,H. Ho, F. Keyvan, P. Kwok, |
C. Nantista, S. l_ajapopalan, and D. Ramachandran. _-

.Center for Ad_ce_d Accelerato_

The Center continues to be supported by UCLA. The new building on the South-
west campus which will house the CAA in 1995-1996 is still on schedule. New activities
in the Center include medical imaging studies, liquid Krypton studies for the ¢ Factory
detector, and studies of the ¢ storage ring as a light source. Also, studies of novel x-ray
sources using RF guns and beam deflection by crystals (FNAL E853) as well as a study
of particle acceleration in crystals are bring carried out. The 5 million dollars which
UCLA committed for ¢ Factory equipment is now endangered given the DOE position
on the ¢ Factory project.

£High Cd.u_gttL.._mr;t_Fu,!Is_gElectron So.uLq.¢.

_9.L_W_g_e_dAccelerators at Argonr_e N_tioD.al _,abo[_a_

UCLA graduate student, Ching-Hung Ho participated in the Phase I construction
of the Argonne Wakefield Accelerator this pa,st year. Most of the effort was devoted to
the experimental investigations, with the main task to conduct high power tests of the.
gun cavity. Preparation and conditioning of the gun cavity was the main objective of
the experiments. A series of low power level RF measurements on the gun cavity were
conducted to obtain cavity characteristics and to investigate the resonant frequency tun-
ing and RF power coupling. The cavity was optical polished and then brazed together
before high power tests were performed. The result of the test showed an electric field
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of80 MV/m on thecenterofthephotocathode.This resultis87% ofthe designgoal

of92 MV/m. _3atureimprovements,which includea longerperiod(atleastone week)
of RF processing,a thoroughchemicalcleaningofinnercavitysurfaces,and a better
vacuum condition,shouldreducethedarkcurrentand attainhighersurfacefields.
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Other activitiesduringthe yearincludean analyticalestimationforspacecharge :_
forcesand a calculationon thebeam loadingby dark current.Finally,C.H. Ho com-

pletedhisPh.D dissertationin June 1992 culminatingseveralyearsofeffortin this -*
area.

UCLA ResearchActivitiesatBNL

In the pastyear,the UCLA group wa_ involvedwithboth th,_BNL ATF facility
constructionand the physicsexperiments.The major achievementsare summarized
below.

• Smith-PurceURadiationExperiment

Aftera two week testrun inearly1991,itwas found thatbackgroundnoisewas
the major problem forthe Smith-Purcellexperiment.A major improvement of the
detectorwas undertaken,a fiberopticssystemwas testedand installed,aridtwo new

PMTs were purchased.A firstround experimentfinishedinearlyJulyof 1992. Two

typesofgratingwere used fortheexperiment.The firstone was commercialgrating
with a period0.8.3/nn.The gratingisa quartzsubstratecoatedwith allumina.The

synthesizedlightgenerated,when an electronbeam was interceptedby the grating
dominated thesignal.The secondgratingusedisthe gratingdesignedforlaser-linac
accelerationexperimentswithperiod10.6pm. InitialdataanalysisshowedthatSmith-
Purcellradiationexperimentisverypromising,and a reportisunder preparation.

We have obtainedfrom the ATF management permissionto continuethe Smith-

Purcellradiationexperimenta_'tersome upgradesto the equipment.We proposedto
purchasetwo coppergratingswith a period2 to 3 /_m. The laser-linacgratingwith

a largeperiodisnot suitableforvisibleSmith-Purcellradiation.The smallangular
separationbetweenthedifferentordersofS-P radiationand largeamount ordersallowed

make detectionverydi_cultand the signalveryweak. The new gratingswilladdress
theseproblems.The new gratingswillhavethesame period,but havea differentprofile.
The motivationforthisexperimentistostudythe dependenceofS-P radiationon the

gratingprofile.A new computer isneededtospeedtipthedataaquisitionprocess.

• Laser-lnducedExplosiveElectronsEmissionStudies

Thispastyearwe observedlaser-inducedvacuum breakingintheRF cavityatthe

BNL ATF. We devoteda major efforttostudythiseffect.We identifiedthisphenomena
: as laser-inducedexplosiveelectronemission.Explosiveelectronemissionisone ofthe
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major sourcesofthevacuum break,ltcan playan importantroleinthedevelopmentof
highgradientlinacstructuresforfuturelinearcolliders.We haveme_ured laser-induced
explosiveelectronemissioninboth RF and DC fieldsworkingwithDr. T. Tsang.The
experimentalresultswereaz.ceptedforpublicationinthe Journalof AppliedPhysics.
The resultswillalsobe presentedat the InternationalSymposi_m_on Dischargeand
ElectricInsulation.

® ATF RF Gun Studiesand ConstructionofRF Gun 1B

Working withDr. K. Batchelor,we have developeda procedureoftl.mingtheRF

gun in the beam line.This procedureisused tostudy the differentconfigurationsof
theRF gun pickloopinordertoreducethepossibilityof the pickloopand tuneras
thesourcesofthebreakdown. :_

z

We were alsoinvolvedintheRF testingofthesecondBNL RF gun which isnow
under construction.

• Automatic Diagnostics of RF Gun

IncollaborationwithDr. IlanBen-Zviand Bob Molone ofBNL, we axenow devel-

opingon-lineemittanceand RF gun phasemeasurements.One ofthecrucialparameters
affectingtheperformanceofthe RF gun isthe RF phase.A constantamplitudephase
shifterhasbeenconstructedusinga two voltagecontrolledphaseshifter.Thisdevicehas

= been tested and calibrated. The absolute RF phase will be automatically determined
by measuring the energy dependency of the RF phase.

The main feature of the on-line emittance measure is sp_d so we can study the
relation of emittance to the laser spot size, RF phase and RF field.

The UCLA activity at BNL is largely carried out by X.J. Wang. Dr. Wang com-
pleted his Ph.D this past year and currently holds a postdoctoral associate appointment
with the UCLA group.

Radio F_equency Pulse Compression System Developmen_t_L_A._':

The next generation of linear colliders wiU have beam energies on the order of a
: TeV. They will operate at X-band frequencies with short structure ftU times. The latter

characteristic makes feasible new methods of compressing RF power pulses to drive
: them. Limitationson klystrontechnology,in view ofthe high gradientsrequiredfor

suchlinacs,make pulsecompressionan indispensiblepartofany nextgenerationlinear

colliderscheme.Furthermore,theneedtoacceleratelongbunch trainsmakes thewidely
usedSLED (SLAC Energy Development)techniqueapplicabledue toitsdecayingpulse
shape.
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Binary Pulse C_mpression is a technique by which RF power pulses are bisected in
time by phase coding and 3-dB couplers, the halves then being superimposed after the
leading ha_ goes through a trombone-like delay line. The three-stage BPC we built at
SLAC, in collaboration with the SLAC Accelerator Theory and Special Projects Group,
has yielded up to 120 MW of output power and a power multiplication factor greater
than five. It has recently been used as a driver to test new accelerator structures for
the proposed Next Linear Collider Test Accelerator (NLCTA).

Another method of pulse compression, referred to as SLED-II, is similar in concept
to SLED, but replaces the storage cavities with resonant delay lines, shorted at one end
and coupledby irisestoa 3-dB couplerattheother.UnlikeSLED, ityieldsa flat-top
outputpulse.A low-powerdemonstrationhas been done,and much work has goneinto
planningand designingcomponentsfora high-powerSLED-II systemat SLAC.

Sincethe system willoperateinover-modedcircularwave-g_fides,Norman Kroll
ofUCSD and UCLA graduatestudentChristopherNantistahave designedand builta
3-dB couplerwithcircularports.The testsshow thefirstprototypeto work about as

wellas therectangular/circularGeneralAtomicscouplesusedin the BPC (_ 0.IdB
loss).As a necessaryaccessoryto the coupler,C. Nantistadesigneda pairofoffsets
or s-bendsto separatetheoutputportsenough tofeedintothe largerdiameterdelay

lines.The ones thatwere fabricatedseem somewhat lossierthan theorypredicts,but
willsufficeforthe initialhigh-powertests.

A ma_n goallatelyhas beenimprovingon a rectangular-to-circularmode converter
designwiththehelpofour collaboratorsintheklystrondepartment.Thisisimportant

notonlyfortheefficiencyofthefinalSLED-II system,butalsoforourabilitytomeasure
theperformanceofour othercomponents withany accuracy.

In thecoming weeksa testoftheBPC withtwo klystrons(onlyone was previously
available)isscheduled.By theend ofsummer, we shouldalsohave demonstratedour

firsthighpower SLED-II prototype.This willtestthe power-handlingcapacityofthe
3-dB coupler.A future,secondprototypewillbe modifiedforgreaterefficiencyaa_dwill
need90°bends totransporttheoutputtoa nearbybunkerforfurtherstructuretests,lt

' isenvisionedthatthissystemwillprovidetheblueprintforNLCTA pulsecompression.
C. Nantistaisworkingon one ideawithNorman Krollfora waveguidebend thatusesa

modifiedcircularcross-sectionto sphtthe TEol/TM11 degeneracy.He isalsoengaged
i inotheraspectsofacceleratorphysicsand workingon hisPh.D dissertation,which will

emphasizehighpower SLED-II development.

_.q__P_P!,asma Focus_

Plasma focussing simulations were carried out by UCLA graduate student S. Ra-
jagopalan in collaboration with C.K. Ng and Pisen Chen at SLAC. A new student P.



Kwok is helping with a detailed design of the plasma lens and profile monitor for the
FFTB experiment.

The work of S. Rajagopalan and the SLAC collaborators involved a directed study
of plasma focussing by a gas target which is ionized by the beam itself. There are two
processes, '7ionization, impact and strong-field. The latter is very small until it reaches
a critical _,,_,Idstrength when it becomes very strong. The result is that the fractional
ionization is unity. The gas target is completely ionized. The focussing of a beam by
such a plasma was studied for different values of the beam density and gas density.
Theoretical results from model calculations for focussing in the two extremes when the
plasma forces dominate the beam forces and vice versa were compared to results of the
simulation. The comparisons confirm the essential correctness of the models. Focussing
of positron beams was also studied. The model calculations in this case are cruder
than for the electron beam. Nevertheless, the strong focussing of positron beams was
verified over a range of plasma densities. There is an ongoing effort to build a model
for focussing which will eliminate the need fox' simulations, by providing an accurate
basis for predicting the focussing strength, emittance growth and the final beam profile.
The most uncertain part of the model is the calculation of emittance growth. This
calculation is expected to be finished by the fall of this year.

P. Chen, C.K. Ng, and S. Rajagopalan studied the luminosity enhancement for the
beams at the SLC (Stanford Linear Collider) when the beams are focused by a plasma
and collide inside the same. The conclusion of a detailed study is that significant
enhancement in luminosity is possible with properly tailored beams. In the case of
the SLC, the presence of long tails with a large fraction of particles therein limits the
overall enhancement to between 2.5 and 3 times the luminosity without the plasma.
But the study overall was encouraging in providing evidence of considerable luminosity
enhancement with suitable beams.

The other part of plasma focussing studied was to calculate and simulate the fo-
cussing effects with a gas target or a plasma of the Final Focus Test Beam with the
goal of studying these effects in experiments at SLAC. A tracking simulation provided
evidence that even with a gas target and impact ionization it is possible to see dis-
tinct focussing beyond that achieved with the FFTB, slightly relaxed. Simulations are
being done currently to obtain focussing results for a plasma target and also to under- -
stand the measurement of these small sizes with currently proposed beam size monitors.

There are threebeam monitorsunder consideration.A plasma beam sizemonitorby :
an Orsay-SLAC collaboration,A lasercompton scatteringdevicefrom KEK. And, a

0 bremmstrahlungdeviceby Jim Norem at Argonne. A letterofintentto performthe
experimentaltestisbeingput togetherforsubmissiontoSLAC underthe directionof
D. Clineand P.Chen.



The _ Factory_ Pro Lrram

We were disappointed by the HEPAP Subpanel report but continue to work toward
the construction of a ¢ Factory. Recently we have started to study an asymmetric
Factory (see attached). W. GabeUa and A. Garren are helping with this design. A
miniworkshop on this collider will be held on October 28, 1992 at UCLA (see attached
poster).

In addition to the substantial time spent preparing for the ¢ Factory reviews and
talks, a fraction of time was spent last year on studying the "Phase I" ¢ Factory design.
A team consisting of A. Garren and W. Gabella, with help from A. Amity, D. Cline and
D. Robin, studied the UCLA Phase I conventional (non-quasi-isochronous) ¢ Factory
as originally proposed by C Pellegrini and D. Robin. We kept the racetrack structure |•
of the lattice; it contained 3 bend magnets in each arc. We also assumed the 4 T
superconducting bend magnets as designed. With this start, we proceeded to build-
up optics involving 3 cells in each arc, and 2 cells in the "far straight" (opposite the
III straight). We kept the design of the IR straight very close to the Phase I design.
Our principal objectives were to shorten the ring circumference and to provide a -I
transformation between identical sextupoles to increase the dynamic aperature. We I
found the single particle dynamic aperture to be adequ_.te though not tremendously
robust. We also found that bunch lengths in this lattice could be made about one

centimeter allowing for slightly increased luminosity, or less current in the ring keeping
the same luminosity.

We also took a look at a modification of this design with superconducting bends
with a 5.5 T field (a maximum in one of the designs for the UCLA ¢ Factory). Our goal
was the conversion of the storage ring into a synchrotron light source. The bend magnets
give copious amounts of synchrotron radiation, and the short circumference gives a high
repetition rate. We finally found a design with good single particle dynamic aperture.
We are in the process of preparing a paper on this for publication.

Particle Acceleratior_i_n Cryst_als

We are contributing to the E853 effort at Fermilab. Thornton Murphy is the
spokesperson and Gerry Jackson is the co-spokesperson. The experiment tests extrac-

_ tion of 900 GeV protons with a bent silicon crystal. It also tests the dynamics of placing
and controlling small amounts of proton flux on the crystal face. W. Gabella worked
with Steve Peggs (Fermilab) and James Rosenzweig on their idea to put a small number
of a_nplitude modulations at discrete frequencies on the RF of the Tevatron to cause

= particle diffusion. Gabella modified a longitudinal tracking code written by Richard
Kick (Fermilab summer visitor) and developed several other utility and analysis codes.
Using these, we continued the investigations into the amplitude increase of the parti-
cles under varying schemes of modulation. We wrote this up as Fermilab-TM-1783 and

- /
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UCLA-CAA0092-5/92, "RF Voltage Modulation at Discrete Frequencies, with Applica-
tion to Crystal Channeling Extra_.tion." It has been submitted to the journal Particle
Accelerators.

Our UCLA team at FNAL is very active. In addition to W. Gabella and J. Rosen-
zweig, J. R.hoades is working on the data recording systems and other aspects of the
project and a new student, D. Ramachandran is working on the crystal extraction simu-
lations, electronic components of the systems and beam monitors. In addition, D. Cline
is working on the overall system for B physics using a 2(} TeV extracted beam for SSC
application

We also studied several other aspects of charged particle beam interactions with
crystals. At the 3rd Advanced Accelerator Concepts at Port Jefferson, we presented
our ideas for a "crystal accelerator" capable of very large accelerating gradients. One
such concept borrowed from the work of T. Katsouleas et. al. for a side-injected (laser)
plasma accelerator. It was realized in the audience that the Accelerator Test Facility at
Brookhaven might be an ideal place to test such concepts.

A Possible _+_- Collider

After the Port Jefferson meeting in June, 1992, we started to study the possibility
of a _+_- collider to discover the Higgs boson ir_ the 100-300 GeV mass range. A
recent meeting with P. Chen, A. Sessler, R. Siemann, R. Palmer and D. Cline was very
encouraging. We will hold a mini-workshop in the Napa Valley area on December 10-11,
1992 (see attached poster). This workshop will be organized by the UCLA Center for
Ad_'a_ced Accelerators. Proceedings of the meeting will be published.

• j
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclose.xi, or represents that its use would not infringe privately owned rights. Refer-
cncc heroin to any specific commercial product, process, or scrvi¢,¢ by trade name, trademark,
manufacturer, or otherwise dots not ncc,cssarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views

and opinions of authors expressed heroin do not necessarily state or retie,ct those of the

United States Gov¢rnmenl or any agency thereof.
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