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Abstract The first prototype gun was intended for a low duty cycle
A photoinjector is being constructed in order to producé~10~*). However, it was operated with a peak surface
a pulse train of up to 800 electron bunches, each with feld on the cathode of. = 39 MV/m with a pulse length
nC of charge and a 3.5 ps rms bunch length. The spaci®§ up to 400us at a 1 Hz repetition rate; a 1 ms pulse was
between bunches within a train isus and the train repe- reached withZ, = 36 MV/m at 0.1 Hz. The gun was used
tition rate is 1-10 Hz. The desired transverse emittance i@ produce beam at Argonne [2, 3] and Fermilab g8
<20r mm- mrad. An rf photo-gun delivers a bunched 4-5 A second generation gun has been designed for a high
MeV beam which will be accelerated 1d—-18 MeV by a9- duty cycle (1%). The design parameters were (i) a beam
cell superconducting cavity and compressed magneticallgnergy of 3.9-5.5 MeV, which correspondsBp = 35-50
Measurements have been done on the beam delivered bii&//m and a peak power dissipation of 2.2—4.5 MW, (ii)
first prototype rf gun; installation of a new rf gun, the 9-cellan rf pulse duration of 80fs; (iii) a repetition rate of 10

cavity, and the bunch compressor is in progress. Hz. The high average power (up to 36 kW) is removed
by cooling channels machined into the walls of the cavity,
1 INTRODUCTION with ~4 L/s of water flow. The first of the new guns has

A high-brightness electron source is being constructdageen fabricated and is presently being conditioned. To date,
at Fermilab as part of an ongoing collaboration with thét has been operated with, = 40 MV/m (2.7 MW peak
TeSLA Test Facility (TTF) [1], and to provide an R&D power) with a 80Qus pulse length at 1 Hz. Dark current
facility for advancedaccelerator research at Fermilab.measurements have also been done{sk2).

The facility consists of a high quantum efficiency photo- . .
cathode in a 1.3 GHz normal conducting rf gun, a 9-ce|?'2 Nine-cell Cavity

superconducting cavity foacceleration, and a magnetic The superconductir@ccelerating cavity is a 9-cell struc-
bunch compressor (chicane). Thus far, an initial test witfire made from sheet Nb [1]. Sub-systems include a high-
an rf gun has been completed. In particular, the impoiower coaxial input couplef..; = 10° to 9- 1¢°), a cold
tant operational issues of dark current production and beaftiner (rangex =+ 400 kHz), and 2 coaxial higher-order
transport through the rf gun were studied. In this paper, w@ode couplers. The current cavity, named S12, is a proto-
outline the results of the gun and beam studies thus fdype fabricated by industry for TTF. It was etched, rinsed,
When completed, the facility will be used to study beanfeat treated, and tested with rf at DESY. The cavity is one
transport through the cavity and the physics of compressié @ batch with a low quench field (13 MeV/m in CW), at-
with the high brightness beam. In the longer term, the faributed to contamination in the electron beam welds at the
cility will be used to explore a number of neaeceleration equator. The horizontal cryostat was designed at Orsay [4]
schemes and to provide an R & D tool for a variety of newWor the TTF capture cavity and built by industry. After ship-
concepts relevant to high-energy, high-intensity machineg}ent to Fermilab, the cavity and cryostat were assembled,

as will be described herein. cooled to 1.8 K, and tested (without beam). With §a0
useful pulse length and 1 Hz repetition rate, the cryogenic
2 DESCRIPTION OF FACILITY load was tolerable at a gradient fl2 MeV/m. Further

The beam line consists of a normal Conducting rf gun, g tests are needed to Vel’ify the field level calibration and
superconductingcceleration cavity, a magnetic chicane, gneasure the cryogenic losses versus field level.
low-3 section, a spectrometer, and diagnostics. In addltloQ,_ Laser System

there is a separate chamber for coating photo-cathodes an )
The ultra-violet (UV) laser for photo-electron produc-

transferring them to the rf gun. The upstream portion ofthe " 2 :
beam line is shown in Fig. 1. tion is a phase-stabilized mode-locked Nd:YLF oscillator

(A = 1054 nm) and a chain of Nd:glass amplifiers, using

2.1 RFGun chirped pulse amplification [5]. Seed pulses from the os-
The rf gun consists of a 1.625-cell 1.3 Giimode cop- cillator are stretched and chirped in an optical fiber, then
per cavity side-coupled to a waveguide in the full cell [2, 3]selected by a fast Pockels cell (PC). A second fast PC is
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Figure 1. AO beam line layout from the cathode preparation chamber through the chicane.
used to trap and eject the pulses into a multi-pass amplifier oulse picker optical fiber
(see Fig. 2). After a 2-pass amplifier and spatial filtering, a mode-locked
grating compressor achieves a short, selectable pulse Iengg'l\ Nd:YLF oscillator
(1-20 ps). Two stages of second harmonic generation argiises rejected light A
used to reach the UV wavelength (263 nm). The system to photodiode tsitr;‘gﬂ?ze, l—ref
is designed to produce AJ per pulse of UV, in the fol- S,
lowing temporal pattern: pulse repetition rate of 1 MHz, @ multipass M2 Ndglassrod A4

pulses grouped into trains of 800, with 1 Hz repetition rate
for the trains. The amplitude across the train is shaped via
a third (slow) PC prior to amplification, to compensate for
the time-dependent gain of the amplifiers, in order to pro-
duce a pulse train with a flat envelope.

output \rﬂ—?—E—H
waveplate 450 2-pass Amplifier Output

Multipass Amplifier

2.4 Photo-cathode | HR  Q-switch Nd:glassrod ~ HR

The primary photo-cathode figure of meritisthequan-. ~ ~—_ ~ ~ =~~~ — — — "~ — — — ™
tum efficiency (QE), the ratio of the number of emittedF|gure 2. Block diagram of the laser system through the

electrons to the number of incident photons. The ca'[hod?e'pass amplifier.

is a CgTe film on a Mo substrate. ¢%e can have a QE 1y cycle gun, 9-cell superconducting cavity, and chicane.

of up to 10-15%; for comparison, the QE of a metal cath-

ode is typically 104-10-¢. However, the QE of GFeis 3.1 Photo-Current Measurements

degraded by residual gases, so aTescathode must re-  Photo-electrons have been produced in pulse trains up to

main in ultra-high vacuum (UHV) for its entire useful life. 50 s long, as shown in Fig. 3. At present, the limit on train

A UHV system for coating cathodes and transferring thertfength is set by the laser. The maximum charge per bunch

into the rf gun is hence required. So far, 2 cathodes hawextracted from the cathode aadcelerated by the gun was

been coated and used with the first gun. For both, the Q& nC, 15 nC, ané-1 nC for trains of 1, 9 and 50 bunches,

was>10% immediately after coating, about 0.6% after berespectively.

ing used in the gun, and5% after rejuvenation [6]. The maximum beam energy measured with the spec-
: : trometer was 4.7 MeV, with a corresponding RMS ener

2.5 Dlagnqstlcs . i ) spread of 5t0 810°3. The normalizedphorizogntal and ver%]y

The beam diagnostics include integrating current tran$i.a| emittances were®and Z mm- mrad, respectively,

formers (ICT), Faraday cups, beam position monitor§g measured via a quadrupole scan (with 10 bunches, 1.2
(BPM), screens, emittance slits, and a magnetic Spectromep inch 4.5 Mev).

eter. The BPM’'s employ a heterodyne scheme to avoid rf A scan of rf phase shows the expected peak of trans-

noise and enhance signal strength. The screens are YARyoq ourrent around the operating phase (Fig. 4). Direct

Cr-doped alumina, and Al, the latter being used for 0ptical,q g\ rements of jitter show the laser-rf jitter to be less than

transition radiation (OTR) measurements with an intensiyq s \hich is the limiting resolution of the measurement.

ﬁ?ig amerlq - The em?ttancle 52“(;5 CO”EFSLOf adrgtatablﬁlaLrayA preliminary round of measurements was done with the
of 10 um slits approximately 20 mm high and 6 mm thic ‘BPM's, ICT’s, Faraday cups, and the OTR screen. Various
3 BEAM OPERATION problems were identified, e.g. amplitude modulation in the

i . _low-level rf system and inadequate alignment of the gun
A first round of experiments was done at Argonne with, 4 focussing solenoids to the beam line.

the low duty cycle gun, a Cu cathode, and a Cu 9-cell cavit

[2, 3]. A second round of experiments was done at Ferm3.2 Dark Current Measurements

lab with the same gun (after retrofit for a s cathode), A large amount of dark current was generated in the first
without a 9-cell cavity, as will be described in this sectionrf gun after retrofit. Since field emission is strongly depen-
The next step will be further experiments with the new highlilent on the rf field strength, one would expect that the dark
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Figure 3. UV light incident on the cathode (top) and beanT he plasma is generated between the 2 coaxial electrodes.
current (bottom) as a function of time (&/division). Ver-

tical scales are uncalibrated cellent driver of plasma waves in the PWFA, and should be

the most definitive test of the achievable gradient to date.

06 ¢ A plasma of 1-310'3 cm~2 is created in a target cham-
os T E ber located in a low8 section of the beamline, shown in
el AR e ] Fig. 5. Expectations are that gradients of 1 GeV/m should

D \ ; be achievable in this plasma.
P [ 5 CONCLUSIONS
o1 ; ] A flexible, high-brightness photoinjector is under con-
of — i w struction; it will provide an intense source of electrons for
50 100 150 200 250 300 . . .y . .
relative RF phase [deg] a variety of experiments. Initial experiments with a proto-

Figure 4. Normalized beam current versus rf phase. type rfgun have shown the expected beam properties, albeit
accompanied by relatively large dark current. At
current is generated at nearly full field, and thus emerges @éneration gun has shown a promising reduction in dark
full energy, but with a large energy spread. This was corcurrent. Further work is now in progress to commission
firmed in spectrometric measurements. With the focussing chicane, and to optimize performance. Experiments on
solenoids set to image the emission on a screen downstregith concepts as the plasma wake field accelerator will
of the gun, it was inferred that the dark current was emitcommence in the near future.
ted primarily near the edge of the cathode, where a toroidal
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