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RESULTS OF THE UCSE FEL ELECTRON BEAM RECIRCULATION ZXPERIMENT
L. Elias, G. Ramian
Quantum Institute, University of Californis, Santa Barbara

Abetract

Experiments demonatrating the generatiocn and recirculation of a high-current low-emittance electron beam
through the terminal of a Van Degraph type accelerator are described. Beam emittance approaching the
theoretical Umit for a thermionic cathode was achieved and a recirculation level of 96% was observed.

Jatroduction

The UCSB Free Electron Laser project has the objective of producing high efficiency tunabie coherent
radiation scurces suitable for scientific research. Ilaitially, a single stage subrmillirneter device (currently
under construction) and eventually a two stage device, whose paramaetars are shown in table 1, will be built.
A unique feature of both devices is the recirculation of an elactron beam through a Van Degraph type

accelerator.
Tsble !. UCSB FEL Parameters
Single Stage Two Stage
Pump Lager

Wavelength 380 microns 600 microns ! micron

Qutpat power 18 Xw 108. 107 watts fem? ~1 KW

Efficiency S0% 50% 1L

Period 3.6cm 20 cm 400 microns

No. Periods 160 10 1000

Interaction length $.7TM 2M .6M

Peak magnetic fleid $00 ganss 20 gauass 200-500 gauss

E. Beam energy 3 MEV 6 MEV 6 MEV

E. Beam current 2 amp 20 amp 20 amp

E. Beam AE/E <.3% <2.5% < .05%

E. Beam transverse < 1S MM-MR <43 * MM-MR <4.3 7 MM-MR
" Emittance (€100 norm.) (€550 aorm.) (€56 aorm. )

- Z£. Beam max radius

2.5 mm 2.5 mm 2.5 mm

in wigglar (Y plagne)

;
L From its i.nc.pdul.ltha success of the program was recognized to be dependeat on the generation of an
t electron beam maeeting relatively severs requirementa. Some early studies~ even suggescted the existance
of fundamaental limits on the quality of beam attainable at high currents that would have imposed severe re-
® strictions on the lasers we wers proposing — especially the two stage laser where the requirementa {or low
[’ emittancs and energy spread is particularly severe.

1t was therefors logical to perform our first experimaents with the generation and recirculation of an
electTon beam bHefore attempting actual laser operatiom.

—

¢ Experimentsl Apparatus #___J
®
8 Figure | is an illustracion of the oxpoz;iunntu appsratus used during a series of experiments performed
- between May of 1981 and August of 1982.° These experiments wers conducted a¢ the facilities of National 0
- Electrostatics Corporation in Middleton. Wiscousin uaing a test accelerator modified for our purvoses. 0
,: Basically this accelerator consists of: —
- A pressure vessel comraining 30 PSI of Suifur Hexafluoride as an insulating gas. This permits electric
" fleids up to 100 KV/CM.
@ - A polished Aluminum terminal shell on which charge is stored up to 3 million voits potential.
::_ - A set of peiletron chains that carry charge up to the terminal at a rate up to 400 micro-amps.
p. .
-
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fiqure l. Experimantal Set-up.

- A enerator within the terminal driven by a rotating plastic shaft and a 30 hp motor prowidiag up to 20
kilo-watts of power.

- A pair of accelerator tubes, one of which is used as a decelerator.

At the top of one tube is an eiectrom gun. [t uses a dispenser cathode in a low area compression Plerce
geomecry [t also has an aperture control electrode connected to a high voitage pulse generator for pulsed
operation. The gun design was dons by William Herrmannaseldt of S.L.A.C., who expended considerabls
effort in optimizing its propertiss. Hls use of carefully shaped electrodes and minimum focussing fields
eliminated most of the spherical abberation normally present in Plerce guns. Construction and testing of
the gun were dome by Hughes Research. Tests performed on their gun test stand show a normaliized
emittance of lese than (27 MM-MR.

After acceleration, a solencid and drift space provide phase-space matching t0 an achromatic transport
1ystem that turns the beam through 180 degrees and returns it to the decelerator tube. After deceleration
it is received by a muiti~-etage collector designed by Richard Hechtel of Litton Industries. The collector
plates are operited at various positive potentials with respect to the cathode. Power {rom the generator
is used through the collector power sapply to boost the electroms bacik to cathode potential, thus making up
the energy lost from the beam.

3eam diagnostics consgist of {luorescent screens and profilometer wires at strategic locations around
the deam line.
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Terminal potential is monitored by capacitive pickup plates located on the pressure tank sidewalls and
connectad to charge sensitive amplifiers. By monitoring the time derivative of terminal poteatial, term-
inal charge and hence collection efficiency can be determined with a high degree of accuracy.

suits

Figure 2 shows photographs taken during recirculation operation. The first photograph shows signals
{rom the capacitive pickups that represent terminal potentials. The upper trace shows the change in
terminal poteatial during pulsing with the electron beam physically interrupted. The lower trace shows
the potential with full recirculation. The ratio of the siopes indicates 96% of the electrons being collected.
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Tiqure 2. FEL Recirculation tast. July 19, 1962.

The second and third photographs show the beam impinging on fluorescent screens just prior to the first
90 degree bend and after being turned around through 180 degrees respectively. A quadrupole upstream
restores circular symmatry to the beam before injection into the decelerator tube.

The fourth photograph shows the electron beam current collected iz a Faraday cup at the bottom of the
experiment. The l.l amp, 4 microsecond puise, with reasonably fast rise and fall times, is typical of the
beam used during recirculation.

Table 2 shows the electron beam parameters achieved during the experiments. Fairly comsistent and
stable 96% recirculation levels were cbserved bur that is not a limit. A few dulses exceeded 9% but were
anstable and unrepeatadle. We feel that careful alignment, additional shieiding of stray AC magnetic
fields, and more careful tuning of the apparacus would allow consistent 99% figures.
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Table 2. FEL Electron Beam Recirculation Test Resuits

Beam recirculation 96%

Besm energy 2.5 MEV

Beam current . 1.2 amp

Pulse length w/recirc. 40 us
wo/recirc. 4t ys

Period .5s

Charging current 130 ys

(lirmited by Coroana triode)
Beam emittance™ <27 MM-MR

Normalized <127 MM-MR

* Measurement performaed by Fermilab-UWM-
Harvard group.

2.5 megavoits was the highest terminal potential used because of damage sustained by terminal elec-
tronics whanaver high voltags arcing occurrad. Future improvements in shielding as well as a larger
diamaeter tank at Santa Barbara will permit operation at highsr potential.

The increase in pulse length {rom 4 to 40 microseconds with recirculation demonstrates the importance
of recirculation in achieving high duty cycle operation. The rapid discharge of the terminal and gun high
voitage power supply by the high current besam lirnited pulse duration to 4 microseconds in the absence of
recirculation. .

Ths .5 second period and 130 microamp charging current werse limited by the corona triode charscter-
istics. The coroma triode is a fleld emission device used to regulste terminal potearial. Its very non-
lnear characteristics permitted the regulation of caly 130 microamps at the 2.5 MV potential. Operation
at 3.0 MV would allow higher current and shorter puilse repetition period.

After completion of the recirculation tests, the experimantal apparatus was turned over 0 a group from
Fermilab-University of Wisconsin~Harvard headed by Fred Mills, Dave Cline, and Carlo Rubia to perform
an emittance measurement.? Their interest in this recirculation schemae stems from the need for a low
emittance bigh current beam for elactrom beam cooling of protons in {uture high energy storage rings.
Their experiment consisted of a profilomaeter measuremant of the beam envelope at three points just beyond
the first 30 degree bend, the first point being a beam waist. Beam emittancs and space charge effects can
then be unfolded by anaiysing the beam enveiope growth. Thair asormalized emittance measuremaent of less
than IZ;SMM-MR indicates an emittance approaching the thermally limited value for a thermiomic cachode
given b

(4 r=7.6 MM

T
s 2z '
S Ve
2 6.89 MM-MR

This expression is for a3 Gaussian current distribation. The flat-top current distribution of our gain shouid
result in a larger number for tharmally limited emittance.

It is worth noting that the Lawson-Penner coadidcnz calle for
«©* .3,/T# CM-R, | in kdlocamps
2 .0095 7 CM-R = 95y MM-MR for | amp

This is almost an order of magnitude (arger than messured. This is not o suggest that the Lawson-Fenner
condition is wrong. It is an empirical relationship derived from existing accelerators not necessarily
optimized for low emittance and is still useful for analysing these types of eiectron sources.

Conclusion

Qur conclusions {rom these experiments are that:
l. An electron source approaching theoretical thermally limited emittance can be built.
2. A high current beam tan be recirculated through the terminal of a Van Degraph type accalerator.
3. The electron beam requirements for a high eificiency high power tunable {ree electron laser can be
maet with currently available technology.
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