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RESULTS OF TliZ UCSZ TEL ELECTRON BEAM RECIRCULATION EXPE22AMIET
L. Elias, G. Ramian

Quanum Institute. University of California. Santa Barbara

Experiments demonstrating the generation and recirculation of a high-current low-ernittance electron beam
through the terminal of a Van Degraph type accelerator are described. Be&m einittance appro c ilng the

theoretical I it for a thermlonic cathode was achieved and a recirculation Level of 96% was observed.

Introduction

The UCS2 Free Electron Laser project has the objective of producing high efficiency tunable coherent
radiation sourcee suit4ble for scientific research. Initial.ly. a single stage submilLmeter device (currently
under construction) and eventually a two stage device, whose parameters are shown in table 1, will be built.
A unique feature of both devices is the recirculation of an electron beam through a Van Degraph type

accelerator.

Table 1. UCS3 F.L Parameters

Single Stage Two Stage

PuMP Laser

0 Wavelength 380 microns 600 microns L micron

Output power is KW l0a - logwstts/cm2  - KW

Efficiency 50% 50% 1,

Period 3.6 cm Z0 cm 600 microns

No. Periods 160 10 1000

Interaction length 5.7 M ZM 3 .6M

Pe" magnetic field 500 gase ZO gase ZOO-500 gauss

*E. Beam energy 3 bAZY 6 MV6 MEV

E. Beam current 2 amp 10 amp ZO amp

E. Beam A /E C.3% -Z.5% C.05%

X. Beam transverse -C lvhM-NCR c 43 ir MM MR <4. 3 iM -MR

Emttance (100 norm.) (c550 norm.) (c 56 norm.)

E. Beam max rad .5
.- wiggier (Y plane)

From its inception. the succee of the program was recognized to be depedent on the generation of an

electron beam meeting relatively severe requirementa. Some early studies" even suggested the existance
of fundamental limits on the quality o beam attainable at high currents hat would have imposed severe re-
strictions on the lasers we were proposing - especially the two stage Laser where the requirements for low _

emittance and energy spread is particularly severe.

:t was therefore logical to perform our first experiments with the generation and recirculation of an
electron beam before attempting actual laser operation.

, ,veimental A ppezratue

Figure I is an illustration of the experimental apparatus used durng a series of experiments performed
between May of 1981 and August of 1982. Thee. experiments were conducted at the facilities of National S ..

Electroetatics Corporation in Middleton. Wisconsin uing a test accelerator modified for our purposes. .

Basically this accelerator consists of:
- A pressure vessel containing 80 PSI of Suaur Hexafluoride am an insulating gas. This pern-rts electric

feide up to 100 ICy/C. .
* - A polished AlunTinum terminal shell on which charge is stored tip to 3 million volts potential. """.. .

.-. - A set of peLletron chains that carry charge up to the terminal at a rate ip to 400 mrou" -amps.
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Tort'zinal patenti-l is moni ored, by capacitive pickup places located on the pressure tank sidowals ad
connected to charge sensitive amnplifiers. By monitoring the time derivative of teorinai potential. term-
inal chazge and hence collection efficiency can be determined with a high degree of accuracy.

Results

* TFigure 2 shows photographs taken during recircualation operation. The first photograph shows signals
* from the capacitive ickups that represent terwial1 potentials. The upper trace shows the change in
* terminal potentieal doring polsing with the electron be&= physicsally interrupted. The lower trace shown
- the potential with fall recircujatiam. The ratio of the slopes indicates 9647 of the electrons being collected.
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The second and third photographs show the beam impinging an fluorescent screens justa prior to the first
90 degree bend and Lfter being turned around through 180 degrees respectively. A quadrupole apstreamn
restores circular symunetry to the beam before injection Inito the decelerator tube.

The fourth photograph shows the electron beamn current collected in a Faraday cap at the bottom of the
expertment. The 1. 1 amp. 4 microsecond poise. with reasonably fast rise and fall times, is typical of the
beam used during recirculation.

able Z shown the electron beamn paraineterm achieved during the extperiments. Fairly consistent and
stable 9611 recirculation levels were observed but that is not a limt. A few ouLses exceeded 11?% but were
.instabL. and 4nropeatable. We feel that careful allument. additional shieiding of stray AC magnetic -

Ifields, and more careful tuming of the apparatus would allow consistent 991 figures.



Table Z. TEL Electron Beamn Recirculation Toat Results

Beamn recirculation 96% *

Beamn energy Z.S MEV
sean current 1.2 amp
pulse lsngth w /WScLc. 40 M5

we/oirc . 4 as

Period .5 s

cherging current 130 us
(limited by Corona triode)

diamtertan at ant. B beasur emit operatonme bt F e otetal.W

dimter. taekoad Sedand a 130 pramiperhatgin cat erpoeniale.yte ooatid.caatr

Thea Thcee orna tplde lengt fiomld emston demiceseods t recireatinl deotats they imortne
Un ercracteitc em h eulation inaheighg uycceoeaton.y 130 mrapdscarte .f the tental. peat uhih
vatg3. powe wouly llow high current nd = shmrte pulse epe tion erod.mcoeonsi hasneo

reicltiompenn. h eiclto ess h xeietLaprts a undoe oag nfo

e.5 secniperitod a~nd 1 0 -Hraa beadedn by Fredtwr limite bay Cth. adcaro tia toaraperr
antics.Thne caom ad is Thfelr eissiona deic ~se tion culae tems fomtil t veefr man-o

attc .0M ighLdalo g current bem r crnd bhea colsg reprtton pinod.ehiheegysoae as
ter eopeletin consited reciaculationtstr thermenta appteabatu enaeopenat ter0 pont ju beyond

the fis 90 dereet bed, the frstintrz eadea beamro Maist. Bea eine. and spCeharge ut efrca
thn be unfoled banaysig tebam nee intisrrowth. tion sch~iee oentfroem easnee fo elow
athanc high-~ currente an&fo elctone& oaing the pthrasl ine hiahlergy ateerngas.d

Thi exprcan isise or aasan cr~rnrmaueent ditrbtn Th t-e cur=eneop ditbthron ont ourt beysond

theu n a unarlerb nalyerifo thermoaly Limiteds groth. bprnmaieaitnamaseetofle

th is worth noing -thean e aonPennpprchiin cal th rlyiitdvuefrateznicthe

:t .095 CMr 7.6 MMafrlm

This expresmotn ifore of Gassan urerer dsrtion easred flt-to creto sdggstthto the ouaiso- unne
conditin a warogr nube for an emiall rlamtend eie rme.tn cclrtrsntncesl

p optimized for low emintance and is still useful for analysing these types of electron sources.

Our conclusions from these experiments are that-
I. An electron source approaching theoretical thermalJ.ly limited einittance can be built.
2. A high current beam tan be recirculated through the terminal of a Van D*Sraph type accelerator.

p3. The electron beam requirements for a high efficiency high power tunable free electron laser can be
met with currently available technology.
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