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ABSTRACT 

Vk have successfully operated the photoinjector and rflin
ear accelerator for the Los Alamos APEX free electron 
laser(FEL) at design energy, average macropulse current, and 
emittance. The accelerator, which operates at 1.3 GHz, con
sists of a 6 MeV photoinjector and three standing-wave struc
tures with a total beam energy of 40 MeV. 

This paper presents performance characteristics of the 
APEX system. The results show that this technology is capa
ble of providing reliable, high-peak current, ultra-high bright
ness electron beams. 

INTRODUCTION 

Accelerator research in the Los Alamos free electron laser 
program has focused on the theoretical and experimental devel
opment of high-current, low-emittance systems that can serve 
as drivers for high-power, high-efficiency FEL's. This research 
has led to the construction of an accelerator and beamline based 
on a photoelectric injector. 

This technology was shown in earlier LANL experiments 
and simulations to be superior to conventional injectors in 
high-current regimes[ 1 ,2]. As a result, the photoinjector is 
now becoming the design of choice for high-current, low-emit
tance devices. 

We have successfully operated the accelerator for the Los 
Alamos APEX free-electron laser facility at its design parame
ters, and measured a number of relevant characteristics, includ
ing emittance, peak current, energy spread, and wakefields. 

This paper presents a brief description of the APEX sys
tern's components and provides an update on research complet
ed so far. 

COMPONENTS 

Figure 1 shows the APEX systems layout. The FEL 
components will not be discus~ here. 

Photoinjector 
The photoinjector/accelerator consists of six high-gradient 

accelerating cells with on-axis coupling cells between them. 
The accelerator operates in a rc/2 mode at 1.3 GHz and 6-7 
MeV. The first accelerating cell is a half cell with a photo
cathode on the half-plane surface. The photoinjector/accelera-

*Work supported and funded by the US Department of 
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tor is followed by three more accelerator structures to bring the 
beam energy up to 40 MeV. The four accelerator structures are 
powered by four Thompson modulation-anode klystrons. The 
electron source is a photocathode consisting of a multi-alkili 
film that is produced in situ and irradiated by a frequency dou
bled Nd: YLF laser. 
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Fig. 1 APEX Accelerator and Bearnline 

Table I shows the design parameters for the APEX acceler-

TABLE I 
Design Parameters for APEX Accelerator 

Energy, 
~E/E 

Emittance (rms) 

Micropulse Charge 
Micropulse Width 
Micropulse Rep. Rat 
Peak Current 
Macropulse Length 

Normalized Brightness(rms) 

40 MeV 
0.24% 
:5;13rc mm-mr@350A 

3.3rc mm-mr@130A 
0-5 nC 
7-16 ps 
21.7 MHz 
0-350 A 
0-100 Ils 
3 x 1012 N(m-rad)2 
@ 135 A 

We have met these design goals. 

Beamline 
The beam transport line was modified to minimize the 

discontinuities seen by the electrons between the photocathode 
and the wiggler. Calculations indicate that the expected emit
tance of the e-beam will not be appreciably degraded by the 
beam transport [2]. 

For the measurements reported here, we operated the 
beamline as far as the first spectrometer after the wiggler. The 
remaining beamline will consist of a 1500 bend and a second 
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wiggler (Fig. 1). In future experiments, we will use this ar
rangement to test the validity of transport codes, to demon
strate bunching in the bend, and to demonstrate the operation 
of a single accel-erator master oscillator-power amplifier [3]. 

Photocathode 

The photocathode is formed on a molybdenum plug which 
is pulled back from the first cell of the photoinjector/accelera
tor into a preparation chamber. The cathode is prepared by suc
cessive evaporation of antimony, potassium, and cesium. 

Photocathode Drive Laser 

Electrons are produced from the photocathode by illumina
tion from a frequency-doubled Nd:YLF laser operating at 527 
nm with nominal pulse-width of 10 ps. 

Diagnostics 

Beam profiles are observed by optical transition radiation 
emitted at aluminum surfaces of insertable screens. In our ex
periments, we used Cerenkov light with a streak camera to 
measure variations in e-beam pulse width and transit time. 
The streak camera was also used to study micropulse wake
field effects. 

We used a spectrometer at the end of the beamline to mea
sure energy and energy spread. We monitored the amplitude and 
phase of the rf voltages in each of the accelerator tanks for each 
macropulse. 

MEASUREMENTS AND RESULT S 

Component Operation 

Injector. We observed three unanticipated effects in the 
newly designed injector/accelerator: (l)oscillations in the am
plitude and phase of the rf fields in the accelerator caused by 
multipactoring, (2)field emission from the low work function 
photocathode caused by the high field gradients in the first cell, 
and (3)focusing effects caused by the on-axis coupling slots. 
These effects and their impact on operations are described in 
more detail by Feldman et al. [4]. 

Photocathode. The quantum efficiency of the photo
cathodes as formed was typically ==5-10% under the 527 nm ex
citation of our frequency-doubled Nd:YLF drive laser with a 
typical variation of about 10%. 

Under our operating conditions,(i.e., O.IA average macro-

pulse current and == 10-4 duty cycle) the cathode lifetime was 5-
15 hours. The cathode lifetime is strongly correlated with the 
pressure in the accelerator during operation. 

Drive laser. The drive laser pulse width at the cathode 
was typically 10-12 picoseconds with micropulse energy out
put at the laser of 10 J..L1. The measured phase and amplitude 

jitter[5] were low enough that the measured emittance and ener
gy spread were not compromised by the drive laser. 

Rf controls. The present rf controls maintain the phase 
and amplitude stability of the rf fields to 10 of phase and 0.5% 
in amplitude over a macropulse width of 20 IJ.S. Calculations 
indicate that the rf stability is not a limiting factor for our op
eration. 

Beam Measurements 

Energy spread. The fractional energy spread of a 20 Jls 
macropulse was measured to be 0.24% FWHM at a micropulse 
charge of 5 nCo The measurement agrees with simulations[2] 
that model the accelerator. 

Pulse stretching. Using the streak camera,we mea
sured the stretching of the micropulse from the initial pulse 
width produced at the cathode and the variation of transit time 
through the accelerators as a function of the phase of the drive 
laser pulse with respect to the rf accelerating fields and the mi
cropulse charge. These measurements, and the results of ref. 
[6], agreed well with the PARMELA simulations, giving 
added confidence in the codes used. 

Space charge limited emission. We observed space 
charge limited emission from the photocathode at high current 
densities. At our nominal operating condition of about 300 

Ncm2 , we are in the emission limited regime for injection 
over most of the rf cycle. However, we can reach high enough 

current densities(>6 kNcm 2) to be in the space charge limited 
regime for the full 25 MeV/m field strength. Both a simple 
Child-Langmuir law and PARMELA describe the observed be
havior over large phase angles. 

Emittance. We give e-beam emittances for purposes of 
comparison in terms of rms values. We measured all beam 
profiles in terms of full-width at half maximum intensity and 
calculated experimental rms value by assuming a Gaussian 
shape. We measured emittance with the two screen technique, 
with optical transition radiation interferometry, and with the 
more standard quad-scan method.[7]. 

If a high-current beam traverses a part of the transport line 
or a bend off center, strong transverse wakefields can be gen
erated that produce different deflections for different parts of the 
micropulse, causing different parts of the micro-pulse to focus 
differently. As a result, emittance is increased. Misalignment 
of quads also causes an increase in emittance. Simulations 
have shown that the most sensitive regions are in the accelera
tor structures and in the bends. Therefore we took great care to 
align the accelerators and beam line components to the best of 
our ability, using optical tooling and the pulsed-wire method 
for the quads. 

Figure 2 shows the results of emittance measurements be
fore the 600 bends. The two curves in fig. 2 are calculated 
from PARMELA. The calculation of the lower curve assumed 
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Fig. 2 APEX Emittance vs. Micropulse Current 

that the components and the beam were properly aligned; the 
assumption for the upper curve was a random misalignment of 
components with our estimated accuracy and the beam centered 
between accelerators. We consider the agreement with theory 
to be satisfactory. Our results confirm Carls ten 's theory of 
emittance compensation by means of solenoids[8]. 

Although the estimated error bars are large for emittance 
values measured after the 60° bend, we apparently experienced 
little emittance growth in the bend. 

Field Emission. We found that operating with a 
highly polished surface on the photocathode reduces the field 
emission beam current by a large factor compared to operating 
with a machined surface. 

Wakefields. Using a streak camera, we were able to di
rectly observe the effect of transverse wakefields on the mi
cropulse. PARMELA calculations show that the three side 
coupled accelerators produce appreciable transverse deflections 
of the beam, and, hence transverse wakefIelds. To compensate 
for these effects, the beam must be steered so that it does not 
pass through the geometric center of the beamline between ac
celerators. The streak camera technique allowed us to steer so 
that we could minimize the net wakefIelds through the total 
structure. A detailed description of this technique, which 
should prove extremely useful in tuning the beamline, is given 
by Wilke eL al.[9]. 

We plan to use the streak camera technique to measure 
the emittance of charge slices within the micropulse. This 
"slice" emittance is an important parameter in the performance 
of a free-electron laser. 

The dependence of emittance on other parameters is dis
cussed by Carlsten eL al.[6]. 

FEL Operation. Details of the APEX system's FEL 
operations of the system are discussed by O'Shea et. al.[lO]. 

CONCLUSIONS 

We successfully operated the Los Alamos free electron 
laser photoelectric injector/accelerator and beamline at its rated 
parameters, our experiments show that this technology is capa
ble of producing a high-current, high-brightness beam for this 
and other technologies. 
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