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S. Chnttopndhyny. Y.J. Chen (LLNL). D. Hopkins. K.J. Kim. A. Kung (UCB). R. Miller (SLAC). A. Sessler. T. Young 
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Abstract 

Conceptual design of a bright electron injector for the I GeV 
high gradient test experiment. envisaged by the LLNL-SLAC-LDL 
collaboration on the Relativistic Klystron is presented. The design 
utilizes a high-brightness laser-driven RF photocathode electron 
gun, similar to the pioneering LANL early' studies in concept 
(differcm parametrically however), together with achromatic 
magnetic bunching and transpon systems and diagnostics. The 
design is performed with attention to possible use in an FEL as well . 
A simple but realistic analy tic model including longitudinal and 
transverse space·charge and RF effects and extensive com pUler 
simulation fonn the basis of the parametric choice for the source. 
These parameters are used as guides for the design of the pica· 
second laser system and magnetic bunching section. 

Introduction 

A preliminary physics design of a bright electron injector based 
on a laser·driven-phorocathode RF gun has just been completed at 
LDL. This work was perfonned as pan of the LLNL·SLAC·LBL 
collaboration on the Relativistic Klystron. One of the immediate 
goals of this collaboration is to demonstrnle the fensibility of an 
ultra-compact linear RF accelerator providing "bright" electron 
beams of I GeV in energy and not exceeding 5 meters in length. 
This is the so-called "I GeV Test Experiment" This goal is 
motivated by various interes ts: (a) high energy physics (linear 
colliders), (b) compact linear coherent light sources (FELs), (e) 
propngation of intense bright beams, (d) coherent x-ray hologrnphy, 
elc. The principal components of the experiment would be: (I) an 
efficient power source (peak power> 500 MW) such as the 
"relativistic klystron," feeding (2) a high-gradient accelerating 
stnJcture, injected by (3) a bright electron source. We nre concerned 
with the last component in this report. 

The injector beam requirements for the I GeV Test Experiment 
are special, specific to the panicular use of induction linacs at LLNL 
and the chosen frequency of the high·gradienl Iinac. The basic 
requirement is to provide a 300-600 Amp peak current, low· 
emittance electron beam within 15 degrees of RF phase in a high· 
gradient 11.4 GHz Iinac. There should be at le:Jst :J few pulses (5· 
10) in the useful time of 20 nanoseconds or so left after filling the 
high-gradient structure with microwave power generated with 
ETA-II pulses (typically 40 nanoseconds long). 1lle required pulse· 
tmin characteristics is depicted in Fig. I. 

A comparison of different electron guns, e:< isting or planned is 
shown in Table I. 

Our beam dynamics studies described in the next sec tion im.licate 
that for square bunches, both a 2 ps half-width bunch and a 6 ps 
half· width bunch with the normalized transverse emiltnnce of 
roughly 8·15 Illm-Illrad with I nC charge/bunch can he generated by 
guns wilh (I) f = 1269 MHz. Eo = 30 MV/m; (2) f = 1269 MHz. Eo 
= 60 MV/m; nnd (3) f = 2856 MH7. Eo = 60 MV/Ill. Here f is Ihe rf 
frequency, and Eo the peak accelerating field. Our prelimin:Jry 
physics design has focussed on a (2 + 1/2) ce ll 1.269 GHz RF 
cavity with Eo = 30 MV/Ill, a 6 ps hl ser system compntible WiTh 
cesium-antimonide photocathode surface with a high <Iuantum yield 
of I % and a magnetic compression scheme. 
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Fig. I Required Pulse Train Charncteristics for I-Ge V Text Expl. 

Table I . CDWtmOSQD Qf Djff!:[Cnl ~hlns 

£lunch 
Emittance Charge Length 
(m-rod) (nC) (p,ec) 

INommlized 
YCJltCJlt '} 

1 Ge V experiment 
(12 Gflz) ]x 10.5 1-2 3.5 

SLACGun 1.5 x 10.4 12 2500 

SLAC Gun after 
buncher 2-3 x 10-4 12 15 

SLAC Gun artcr mag. 
compressor 2-3 x 10-4 12 5 

LANL RFGun 0.5-1 x 10-5 5-10 60-70 
(now 15) 

BNL RF Gun 
(plnnned) 3-6 x 10.6 .1-5 

Stanford Microwave I-lOx 10.6 < 0.1 4 

Deam Dynamics 

The evolution of the electron beam phase-space distribution in a 
laser-driven RP gun has hcen sttH..Iied by taking illto m;collill hoth the 
time-variation or the RF fie ld and space-chnrge effects. A simple 
:Jnalyticai model has been developed that provides simple rormulae 
for the transverse and longitudinal eminances at the e:<it or the gun 
and agrees reasonably well with the simulation code PARMELA. 
This is reported elsewhere in these proceeding!; !. In summary, the 
rf and space-charge contributions to the transverse emillance are 
given by: 

• 1llis work was supported by the Office of Energy Research, Omce of Basic Energy Sciences, Department of Energy unuer Contract 
No. DE-AC03-76SFO(X~)8 nnd W-7405-ENG-48. 
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" l:!k.' " e ~ = f1 ax (k07.f 

" E, = _1- . 1l.. _I -' -II A ~,(A) 
2nk 2 sin $0 

where uk = eEoI2mc2 is the nomlulized maximum electric field 

gradient. ax and 07. are transverse size and length of the electron 
beam at the c,uhode, IA the Alfven current, I the peak current in the 

beam. 410 the phase of Ihe laser pulse with respec! to Ihe RF pulse as 

it hits Ihe cathode and J.i.x(A) is a space-charge fonn factor depending 
on Ihe beam aspect ratio, A. The sum 100ai emitlance of the beam is 
expected to be given by: 

v (,," (")' (" "~I Ex.} + Ex :S: Ex s: Ex +e", 

The RF photocathode gun parameters for various scenarios that 
will satisfy our I-GeY injector requinnenls have been obtained by 
extensive PARMELA simulmions2 and analysis as above. These are 
listed in Table II. In the following we describe the RF, laser system 
and magnetic compression design for the case outlined by the 
second column in Table-II. 
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Fig. 2 Electric field distribution in BES cavity. 

Tnble 11 - Rf PhotocrHhcxJe Gun Pnrmneters 

cnse I 

rHrequcncy (Mllz) 1269 
field on c.thode (MV/rn) 30 
optimal injection phase $0 580 

laser spot Tildius· (mm) 3 
laser pulse half width· (ps) 2 
chorge per bunch (nC) I 
peak current (Amp) 133 
emitting r.m.s. Ex (mm-mrad) 0.56 

nOnTIalized E x at the exit (mm·mrad) 17.43 

5 E x/E x due to 1 ps jiuer (%) 20 
be.m energy (MeV) 5.0 
energy jitter (x 1()4) 4 
energy spre.d l1y/y ('70) 0.7 
exit beam angulilf divergence x' (mrad) 8.8 
exit r.m.S. bunch radius (mm) 4.1 
exit r.m.s. bunch length (mm) 0.8 

• for a unifonTI cylindrical laser pulse 

RF, Magnetic Compression & Lnser Systems 

A feasible RF design would involve a 1.269 GHz RF cavity, 

cOlJlaining 2 + 1/2 cells. driven in the Tt-modc configuration 
externally by a klystron. When driven through the first half·cell, the 
e lect ric -field configuration would look li,ke as shown in Fig. 23 
below. 

11le early design J has achieved a ratio of peak to cathode surface 

maximum electric field of 1.12. 1\ shunt impedance of 13 Mil/m 
(ZT2) is obtained without allempls to optimize it. The maximum 
field on cathode is 60 MV/m with average fields of 30 MY/m. The 
exit beam energy wou ld be about ~ MeY. rrequency, amplitude and 
phase stabi lity. synchronization and beam loading compensation has 
been looked al and found entire ly feasible to implement. 

The exiting bunch from the gun would have an rms length of 6 
ps nnd .6% energy spread. The incoherent energy spread is about a 
quarter- of the full coherent ene rgy spread (correlaled energy tilt of 
the bunch) and so one can expect a magnetic bunch compression by 
a factor of four at best. A possible magnetic compression scheme. 

2 

case 2 case3 

1269 2856 
60 60 

7fJ'J 470 

3 3 3 3 3 
6 2 6 2 6 
I I I I I 
82 212 118 212 106 

0.56 0.56 0.56 0.56 0.56 

12.60 13.39 8.30 14.30 9.64 

4.4 20 8.5 II 0.5 
5.0 10.0 10.0 4.1 4.1 
2 2 2 4 8 

0.6 0.3 0.2 0.5 0.3 
8.3 6.0 5.3 13.4 12.1 
3.7 3.0 2.8 3.2 3.0 
I.3 0.5 0.9 0.5 1.0 

providing a path length dispersion liJl./a(6p/p)l of about 2I11m/% 
and achromatic to all orders in principle is shown in rig. 3. A beam 
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with input geometic emittance (0",; 0",; ') of 1 mm-mrad, will go out of 
the magnetic transport with an output geometric emiuance of abou t 
1.5 mm-mrad. Il is absolute ly essential for achromaticity to avoid 
optica l elements in between the two bending magnets in each 18oo 
bend sec tion. 

Another alternative scheme using sec tor bends :md sextupoles 
and :1 scheme based on alpha magnets are yet to be explored in 
det:1i l. 

A Inser system has been designed4 starting from a 0.5 ~J/pul se 
532 nm Nd· VaG L1ser, yielding 2 nC of electron charge per bunch 
for a Cs)Sb pholOcatholie surface with a quantum yie ld of 10.2. 
The pulses are 15 psec FWHM, preferably square. externa lly 
synchronized to the RF driver, with a repetition rate of 423 MHz 
over a 20 nsec macropuise, repealed at 1-5 Mz with an absolute 
timing jiuer less than a pica-second. The spot size is about 6 mm in 
diameter. TIle laser is designed to be diffraction- li mitt'd with plane 
wavefront good for at least 10 m, implying a confocal parameter of 

b = 100m nnd a waist spot size of Wo = 4 mm @ 1 ~m wavelength. 
The details of the laser design will be reported else where. fiut it is 
basically aNd- VaG CW molle-locked osci ll ator, fo llowed by a 
Fiber-grating pul se compressor, regenerative amplifier/pulse 
se lector, frequency doubling by second hannonic generation, pulse 
multiplexer using multiple mirrors and additional be:1m optics. The 
block diagram of the laser system is shown schematically in Fig. 4. 
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r:ig . 4 Block Diagr;tm of Laser Source 

Detai ls of the laser system is quite complicated and requires a 
separa te presentation. We show instead -a sample layout o f the 
Bright Electron Source. including all its components and associnted 
shielding in Fig. 5. A rough look at cost and schedule indicate that 
stich a facility would lake about 2 years to build nt :10 approximate 
lotnl cost of 5 M$ wi th I I Full Time Equivnlent of man effort spread 
over the 2 years. 

Co nclusio n 

The ba$ic goal$ of this preliminary design study have been: (a) 
underst;tnding the sca ling of different parameters for optimiza tion 
via si mpJe Analytic mollels and simple computer simulation s; (b) 
independent reexamination of the requi red laser system and its 
feasibility; (c) fea sib ility of the required Magnetic Compression 
Scheme; (d) survey of photocathodes and the associated surface 
chemistry: (e) scope and su rvey of the mechanical. RF and other 

3 

engineering and hardware issues and (f) broad physics design and 
feasibility of a Bright Electron Source that sati sfies the beam 
requirements of the I Ge V Test Experiment. Not addressed in this 
study are issues reganling detailed optimization, detailed engineering 
design, ex tensive paramete r search to find the extremes (e.g., long 
pulse capability (- IO ~s). highe r peak currents (- 1 kA), lower 
emiHance. etc.), detai ls of the effect of beam distribution e.g., 
CORE vs. TAILS, detailed photollcatholle sludies, etc. These will 
be the subjec t of the next round of investigations on the Bright 
Electron Source. 
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Fig. 5 Sample DES Layout 
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