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Abstract 

The physics and technological issues involvetl 
in high gradient part.icle acceleration at high mi- 
ccowave (RF) frequencies are under study at hIIT. 
The 17 GHz photocathode RF gun has a lf cell 
room temperature copper cavit,y wit,h a peak ac- 
celerating gradient, of about 250 MI//n-r. The an- 
ticipated beam parameters. when operating with a 
photoemission cathode, are: energy 2 MeV: nor- 
malized emittance 0.43~ mm-mrad, energy spread 
O.lS%, bunch charge 0.1 nC, and bunch length 0.39 
ps. The goal is t,o study particle acceleration at high 
field gradients and to generate high quality elect,ron 
beams for potcnt8ial applications in next, generation 
linear colliders and free elect.ron lasers. The expcri- 
mental set,up and status are described. 

I. INTR.ODUCTION 

To meet the stringent, requirements set by fu- 
ture applications such as high-energy linear colliders 
and next generat,ion free electron lasers, efforts have 
been made recent,ly t,o creat,e novel electron beam 
sources.[l] While existing RF guns operate 144 MHz 
to 3 GHz, a 17.136 GHz photocat,hode RF gun has 
been constructed and is current,ly under cold test 
at MIT.[2] The 17.136 GIIz operat,ion is very at- 
t,ract.ive despit,e pot,ent,ial t.echnical difficult,ies and 
physics issues associated with high frequencies. It 
allows us to achieve a high accelerat,ing gradient, 
to ma.ke the system compact 1 and t,o generate high 
brightness beams. In this paper, t,he status of the 
17 GIIz photocathode RF gun experiment is pre- 
sented in det,ail. A general layout, of the experiment 
is shown in Fig.1. It c0nsist.s of t,hree parts: (1) the 
RF gun cavit.y and the transport, lille (including the 
power source and the vacuum systeni), (2) the laser 
and timing system, and (3) t.he beam t.ransport and 
diagnostic line. Each of t,hese subjects is described 
successively in Sections 2, 3, and 4. Sect.ion 5 sum- 
marizes the status of t,he experiment,. 

II. R,F CAVITY AND TR.ANSPORT LINE 

A. RF Cavity and W’awguidc Couplirlg 

Figure 2 shows t,he vacuunl assembly t,liat houses 

the RF gun struct,ure and the coupling waveguide. 
A vacuum of lo-’ Torr has bern achieved inside the 
RF gun chamber. The peal; accelerating gradient, is 
chosen t,o be 250 AW/ ATE, corresponding t,o a peak 
surfact> field around 300 ,21 V/m. 
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Fig. 1: Schematic of f.11~ 17 GHz photocat,hode 
RF gun experiment 

The beam dyna.mics and t,he interplay between 
time-dependent RF forces, space-charge forces, and 
nonlinear RF forces have been st,udied using the sim- 
ulation code MAGIC [3]. The main operating pa- 
rameters at 17 GIIz are summarized in Table 1. 

Table 1: 17 GHz RFG Desigued Beam 
Parameters 

Peak accelerating gradient 250hW/m 
Laser pulse length 1.4ps 
Final bunch length 0.39ps 
RF phase for laser pulse 120 
Current density G.7kA/Cll12 

Cathode radius 0.525mm 

Bunch charge 0.1 nc 
Emittance 0.437r mm-mrad 
Energy spread 0.18% 
Current, 258A 
Brightness 1.43 x 1014* 

The TElo waveguide mode is coupled to the cavity 
through two rectangular apert,ures, one on each cell 
of 
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Fig.2: RF Gun Vacuum chamber. The gun 
structure is located at the center of the chamber. 

the cavity, to excite the K mode resonance. An 
intensive study of this waveguide sidewall coupling 
scheme has been conducted both t,heoretically and 

experimentally.[4] W ‘e 1 lave cold t.ested both electro- 
formed and machined/brazed OFHC copper cavities 
with similar results. The reflected power from the 
waveguide-fed RF gun cavities was measured using 
a network analyzer. Fig.3 shows the reflect,ed power 
as a function of frequency of an untuned gun cav- 

ity. The two resonances are about 100 MHz apart 
and each cavity has a Q value of about 1000. Each 
cavity absorbs over 80% of the incident power. 
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Fig. 3: Reflect,ion as a function of frequency of 
an untuned gun structure 

Figure 4 shows the reflcct,ion as a funct.ion of 
frequency after the gun cavities are t8uned. The sin- 
gle resonance absorbs more than 90%’ of the input 

power. The theoretical modelling of the waveguide- 
cavity coupling is presented in a companion paper 
in tllis volume[4]. 
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Fig.4: Reflected Power as a function of fre- 
quency of a tuned gun struct.ure 

B. RF Source and Transport 

The power source used to feed the RF cavity 
is a gyro-amplifier under development8 at, MIT [5]. 
The RF source will deliver 5-10 hlW peak power in a 
pulse of 30 ns at a repetition rat,e of 10 IIz. The out- 
put RF is in a circularly polarized TE31 mode and 
must be converted to the TEIII mode in t,he rectan- 
gular waveguide that couples t,o the RF cavity. The 
RF transport line consists of a long overmoded 2” 
guide, a 2” to 1” taper, a T&l to TE11 convert.er, a 
TEll (rotating) to T&l (linear) polarization con- 
verter, and a circular to rectangular transition The 
line is followed by a dual directional coupler, a high- 
vacuum RF window, a flexible waveguitle, and (op- 
tionally) an arc sensor. The Tl?zl to TEll converter 
is under fabrication. The RF source is transit time 
isolated from the gun cavity by the 10 ft transport 
line. 

The complete RF line, less the T&l to TEll 
converter, has been assembled and vacuum leak checked 
at 10e5 Torr. The VSWR for the flexible waveguide 
is 1.23. The VSWR for the high power window does 
not exceed 1.2 between 16.9 and 17.1 GIIz. The ef- 
ficiency of the mode convert.er is at least, 98 ‘r(l. 

III. LASER AND TIMING SYSTEM 

A. Laser 

The paramet,ers of t,hc laser systcln are summa- 
rized in Table 2. 
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Table 2. Parameters of the Laser System 

Wavelength 220-280 nm 
Repetition rate O-10 Hz (adjustable) 
Energy 200 /IJ 
Energy fluct,uation < f10 % 
Pulse Length <2 ps 
Phase Jitter <l ps 
Timing Jitter <3 11s 

Polarization > 99 5% 
Beam Divergence 0.5 to 1 tnrad 
Beam Pointing Errol < 10 prad 
Mode-Lock Frequency 82 MHz 

An Argon Ion pumped Ti:Sapphire laser oscil- 
lat.or produces a rcgetierat,icly ~~~od~lockctl CM’ t.raiti 
of tnicrojoule pulses which cuter a. pulsed Ti:Sa.pphire 
laser amplifier. The amplifier is pumped by a 1J 
Nd:YAG laser. The amplified IR pulse is then fre- 
qucttcy tripled int,o t,lte ult.raviolet by an I<DP/BBO 
combination and is direcded into t.he RF cavity. 

B. Timing 

As shown in our simulation studies [3], the elec- 
tron beam quality is strongly dependent on t,he RF 
phase of ptrotoetnission. The phase jitt.er is required 
to be less tha.n 1 ps in our experiment,. The highly 
st,able Ti:Sapphirc laser sysIe~u serves as thr system 
clock in t,he timing cha.in. ‘l’lt~~ ntodtllock frequency 
of 82 MHz is defined by t.hr round-t,rip t.ime of t.he 
laser cavit,y. The laser oscillat,or cavity mirrors are 
tnounted on Invar tubes to tninintize lengt,h vari- 
ations. The 82 MIIz signal is mult.iplied up by a 
solid state frequency mttlt,iplier (x 204) int.o 17 GHz 
to drive the RF amplifier chaitt. 

IV. BEAM LINE AND DIAGNOSTICS 

The beam line consists of a quadrupole 1.riplet. 
and a betidittg magnet,. The 90’ bend forms a poinb- 
t,o-point iinaging syst,etii to IW used for energy spread 
measurement,. The position and t.hc horizont,al t,hick- 
ness of t,he fluorescent spot. give t.ltc energy and t,ltc 
energy spread, respectively. The quadrupole t,riplet 
can also be used t.o measttre the emit.tance: t,he 
bending magnet is swit.cltpd off and t.he spot. pro- 
duced by the electrons on nttot.lter scrcett positioned 
along the RF gun axis is obscrvcd. The gradient, of 
one of the quadrupolcs is varictl iii ortlcr to vary the 
spot size on the scrCcit. .A l~~aSt,-sc~ll:3tY‘ CitlillySiS Of 

t tic bram transverse tliiiti~ttsion vs. the patlic~llt in 
t,tte quad gives t.he t,rattsvrrsc c>tttit t ;III~. 

The prograru TRACKJrl was ~~sc:tl t,o obt,ain a 
preliminary design. Sitttulat iotts of t.lt(b sattt~ line 
wit,h t,he program PARhlEI,i\ show that, t,lie reh- 
olut ion of t,lir, spect roiiict,c,r slrottltl bc bct,ter t,liaii 

0.1%. The charge will be measured wit.11 a Fara- 
day cup. Several m&hods for tneasuring the bunch 
length are under investigation. 

V. SUMMARY 

A 17 GHZ photocathode RF gut1 experiment 
is under developments. The designed peak accel- 
erating gradient on axis is 250 nJV/m. The accel- 
erating structure and the RF transport, line have 
been fully cold tested. The first stage experiment, 
involves powering the structure with high power 17 
GHz microwaves. The goal of t,he initial experiment 
is to condition the cavit,y, and to study field emission 
and RF breakdown at 17 GIIz. 

The second st,age of the experiment will int.e- 
grate the laser system wit#h t,he RF source and t.he 
gun system. Detail charact,erizat.ion of t.he beam 
pr0pert.y are planned The following syst,Pms will 1~ 
int,egrated with the 17 GIIz R.F gun systrttt in t.lte 
second stage of the experimettt.. A lJV laser system 
and the related timing system are being tc:st,ed to 
getterat,e picosecond elect,ron bunches through pho- 
toemission from the cavity wall. Successful acceler- 
at#ion of t,hese bunches under high field gradient, wilt 
provide high bright,ness elect,ron beams suit,abte for 
applications in next generat,ion linear colliders and 
in short wavelength free electron lasers. 

PI 

PI 

[31 

141 

[51 

VI. REFERENCES 

For a review, see C. ‘l’ravier, “RF guns, bright, 
injectors for FE L” , Nuclear Inst.rumcttt~s :III~ 

Methods in Physics Resrarch. A304, p 285, (1991) 
and the references therein. 
S.C. Chen, J. Gonichon, C.L. Lin, R.J. Temkin, 
S. Trotz, B.G. Danly, and J.S. Wurt.ele, “High 
Gradient Accelerat8ion in a 17 GHz Phot,ocath- 
ode RF Gun”, in Advanced Accelerator Con- 

cepts, AIP, New York (1993). 
C.L. Lin, S.C. Chen, J.S. Wurt,ele, R..J. Temkin, 
and B.G. Danly, “Design and Rlotlcllittg of a 17 
GIIz Photocat8ttode RF Gun”, Proc. 1991 IEEE 
Part,icle Accelerat.or Conf., p, 2026 (Rlay, 1901) 
C.L. Lin, S.C. Chcn, J. Gottichou, attd J.S. 
Wurtele, “A Study 011 the \l’aveguitle Sidewall 
Coupling Problem for Phot~ocat.hodP RF Guns” 1 
in t,his Proceedings. 
W.L. Mennitiger, B.G. Danly, C. Chen, 1i.D. 
Penderga.st, and R.3. ‘Ibmkitt, ” CAR.RI Ampli- 
fiers for RF Accelcrat,or Drivers”, Proc. 1991 
IEEE Part,icle Accelerat,or Conf., p 75.1 (.\lay, 
1991). See also the paper iii t,his C:onfercticc> 
Proceedings. 

2577 

PAC 1993


