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Abstract 2 THE EXPERIMENT
We have built a high-DC-voltage photoemission gun and %‘1 Experimental Apparatus

diagnostic beamline permitting us to measure rms tran$he apparatus used in this experiment consists of the elec-
verse emittances() and rms momentum spread) (of tron gun and diagnostic beamline. The layout of the gun
short-duration electron pulses produced by illuminating thand beamline is shown in Fig. 1.

cathode with light from a mode-locked, frequency-doubled The electron gun operates in a horizontal position. Its
Nd:YLF laser. The electron gun is a GaAs photocathodkigh voltage terminal is isolated by two ceramics stacked
source designed to operate at 500 kV. We have measuriadseries. The GaAs cathode wafer resides just inside the
&, andé for conditions ranging from emittance-dominatedlattened end of a ball-shaped cathode which is supported
to space-charge-dominated. We report these measuremenisn the high voltage terminal by a tube. The gun has pla-
as functions of microbunch charge for different beam radiinar anode-cathode geometry so that the field on the surface
pulse lengths, and voltages/field gradients at the cathod#,the GaAs wafer at 500 kV is 10 MV/m, uniform to 1%
and compare them with PARMELA calculations. over a 1 cm diameter. Optional inclusion of a spacer nip-
ple at the base of the ceramic stack reduces the cathode
field to 6.0 MV/m at 500 kV. A large-bore, water-cooled
solenoid and RF-shielded gate valve immediately follow
the gun vacuum chamber.

The beamline extends about 2 m beyond the valve. Im-
We have designed a 500 kV GaAs photoemission gun withediately after the valve is the light box, a device that di-
the intent of exploring the limits of high-DC-voltage photo-rects incident laser light onto the photocathode and out-
cathode sources. The aim is to demonstrate that such a 8uples light reflected from the wafer into a beam dump.
can work reliably, to investigate experimentally the transThe beam diagnostics reside in three vacuum crosses.
verse and longitudinal properties of the beams producef, six-way cross houses a beam viewer and a scanning,
and to compare the measurements with PARMELA pre<50 ;m wide vertical slit that renders transmitted beam-
dictions to ascertain the validity of the code in the chargfets emittance dominated. A 48ipole magnet follows the
and energy regime explored. The highly uniform cathodslit cross. After the magnet, the straight and branched sec-
field, the ability to decouple beam energy from acceleratingons of the beamline contain a five-way cross holding a
gradient, and the ability to control both radial and tempobeam viewer and wire scanner, and terminate in an isolated
ral beam profiles (including beam length) through the drivearaday cup. The dipole horizontally images the slit onto
laser makes this gun a platform uniquely suited to suppofire scanner 2, yielding a spectrometer with 22.5 cm of
our studies. Once characterized, the gun will serve as tiligspersion. Current readouts for the Faraday cups and wire
electron source for the FEL currently under construction &canners are provided by Keithley 485 picoammeters.
Jefferson Lab[1]. The beam is centered through the solenoid and beamline

We have built the gun, measurég and§ at 250 and and the average charge per pulse is determined from the
300 kV (after processing to 300 and 335 kV, respectively)gurrent intercepted in the straight-ahead Faraday cup. For
and analyzed the data to compare with those values prée emittance measurement, we use a variant of the two-
dicted by PARMELA. The reduced voltage was necessa/it method[3, 4]. We scan the slit horizontally (in the
due to ceramic punch-throughs that occured at 400 kwirection) across the beam, stopping-4t3 locations, and
The punch-throughs, believed due to a combination of fielgecord the current profile of each transmitted beamlet with
emission (from the cathode support tube) and an improp#fire scanner 1. After background subtraction, these cur-
choice of ceramic material, were easily sealed, but réent profiles are used in conjunction with the slit locations

opened at voltages of 300-350 kV. to calculatez, usingé, = \/ (x2) (22) — (z,})°; where

New ceramics[2] and a new cathode support tube re;, andxj, are, respectively, the beam’s horizontal coordi-
cently allowed the gun to process to 400kV and run atate and angle of divergence at the slit, ghdignifies a
350 kV. In the remainder of this paper we describe the excurrent-weighted average. The rms normalized emittance
periment, simulations, and results of our measurements. is obtained in the ordinary manne¥; ,, = 8~v&,, with 3

1 INTRODUCTION
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Figure 1: An overhead view of the gun (6 MV/m configuration) and the diagnostic beamline.

and~ the usual relativistic factors. For the momentumever-shielding of the macroparticles. Use of POISSON-
spread measurement, we energize the dipole, place thenerated electric and magnetic field profiles for the gun
slit in the center of the beam, and record the transmitteahd solenoid assures the proper treatment of aberrations
beamlet’s current profile with wire scanner 2. After backin these elements. The radial and longitudinal profiles of
ground subtraction, the profile is used to calcutatesing the macroparticle distribution are identical to those of the
§ = +/{(x3)/D; wherex, is the beam’s horizontal coordi- laser beam at the photcathode except that the longitudinal
nate at wire scanner Z3 is the spectrometer’s dispersion,profile is truncated at-30;. Finally, the macroparticles
and we exploit the slit narrowness and the point-to-poirdare emitted with a thermal energy ékBT = 0.18 eV.

focusing of the spectrometer. This value equates the simulated and measured values of
&, in the low-charge (emittance-dominated) regime for
2.2 Experimental Conditions R=1.95 mm, and compares favorably to Dunham'’s value

We measuré, andé as functions of microbunch charge 0f 0.153+0.010 eV[3].

(¢) for different combinations of beam radius, pulse length,

and voltages (field gradients) at the cathode. We run the 4 RESULTS

gun ".ﬂ 250 and 300 kv, with 3'9 and 3.6 MV/m Cath'In this section we present some of the results of our mea-
ode field strengths. The laser emits pulses with assume‘,\g;il]rememS We estimate the statistical errorzjn ()
Gaussnan temporal proﬁle; of rms widdh. By chan_g— to be 5% (+1.5%). We determine the statistical error
ing the modelocker operating temperature or detuning ﬂbey comparing repeated measurements at selected charges
laser-cavity length, we obtain two stable pulse widths;

o, ~ 20 and 25 ps. We change the electron beam radiLtlgroughout the measurement range. We calculate an up-

0, 0 - -
(R) by imaging three different diameter laser apertures on%er bound of:10% andt-6% for the non-recoverable sys

the cathode, repeatably obtaining beam radii of 0.61, 1.0 matic errorin thes, and§ mgasurements, re'spectlvely.
o ) he bound includes contributions from baseline subtrac-
and 1.95 mm. Due to the limited amount of experimen:.

tal time (<100 hours) and the length of time-4 hour) t!on,flmte samplmg effects, determ!nat!on of slit/wire posi-
. . tions and separations, and determination of the spectrome-
required to complete a measurement at a single charge

, We . . . .

used PARMELA to generate the solenoidal field values ( & dlspe'rsu')n. PARMELA simulations of the measurement
. method indicate an upper bound of -15% for the recover-

for our experiment.

able systematic error in both measurements. Recoverable

systematic errors arise from finite slit and wire widths, and

“bent” wires. During vacuum bakeout, the wires in our

We have simulated the experimental conditions as close$ganners relaxed, resulting in-a6° inclination of the wire

as possible using the standard Jefferson Lab version with respect to the slit. These errors are deemed recover-

PARMELA[6] with a slightly modified particle generation able because future analysis will correct for them.

scheme. In our version, macroparticles are tracked us-Figure 2 shows data taken fét=1.06 mm: at 250 kV

ing the McDonald point-to-point space charge algorithm[7vith o =19 ps ands; = 25 ps; and at 300 kV witlr; =

and the Liu variable-particle-size factor[6]. The modifi-20 ps. Other data looks quite similar.

cations cause macroparticles to be emitted in an arbitrary, In terms of determining,,, PARMELA agrees quite well

user-defined radial profile with a Maxwellian velocity dis-with experiment at the lowest charges, underestimates the

tribution. value by~25% at higher charges, overestimates the value
The electron bunches are simulated from the cathode by ~50% at even higher charges, and agrees quite well

the slit using the sam® values as the experiment. Lim- again with experiment at the highest charges. We believe

iting the maximum particle size factor to 10[8] preventshe shape of the experimental curves, as well as the agree-

3 THE SIMULATIONS
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Figure 3: Results for measurements with= 0.61 mmo,
=20 ps, andy = 18.7 pC, showing the dependence&pbn
B.

In terms of predicting, PARMELA underestimates the
value by 50-60% at lower charges, improving to underes-
7 | | 7 timate the value by-10% at higher charges.

a (pC) 5 CONCLUSIONS

In this charge and energy regime, PARMELA is able to
Figure 2: Results for measurements wilt¥1.06 mm predictz, andé to within 50%. The code displays a marked
showing the effects of pulse length and accelerating potefnsensitivity to solenoidal compensation effects, possibly
tial (cathode field) variation. accounting for much of the discrepancy in predicting
Further research is necessary to determine the cause of this
ment between the data and PARMELA simulations, to bmsensitivity.
the result of differing levels of solenoidal compensation for

differentg. To support our contention, we introduce Fig. 3, 6 ACKNOWLEDGEMENTS
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From inspection of the experimental curve in Fig. 3 . S -
we see that ifB is too large for the beam space chargeWe thank R!chard Hill, Timothy Siggins, and Dawn Ven-
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solenoidal compensation is negligible and the experimenta

values exceed the simulation values. Bdrops and be-
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