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{ INTRODUCTION bunch charge some optimum values for the bunch lenglh
FELs require very good qualily electron beams. A and radius can be found which minimizes Lhe emitlance
low emittance is necessary to obtain short wavelenglh, growlh
A high peak currzat provides a good gain The qualily There arc several types of RF gun according to Lhe
of eleclron beam is mainly decided by injector ol acc- calhodes and cavilies that are used

elerator. Since conventional injeclors have nearly re-

ached their limits,a new RF gun was used as & bright 2.1, Thermionic RF gun
eleclron source. C.H Lee el al. (1) reporied thal very in Lhermionic RF gun , electrons are conlinvausly
high current densilies coulde he obtained frocm photo-. emitted by a thermionic cathode bdul can onty be extra-

rathodes. The first demonstration of a FEL driven by cled and accelerated during the accelerating hall an
etlectrons RF gun with photocathode was made in 1948 rf cycle. The eteclrons,emilled during the accelerat-
at Slanford (2). Since that time many laboratories have ing halt cycle bul wilh a too large phase do not have
undertaken the oecessary effort to design and build an  encugh energy Lo reach the cavily oulpul and are acce-
RF gun wilh or without a8 photocathode. In order to lerated backward to the cathode, which would deslroy
further increase the brightness of eleclron beam, Lhe Lhe cathnde and shorten the filetime of calhode
RF guns with superconduciing cavilies have been used. The electron pulse that actually comes out Llhe
cavily is very longlabout one fourth of Lhe rf periad]
2 SEVERAL TYPES OF RF CUN

The electric accelerating fields oblained in an RF

and has a very large energy spread. It is Lhus must to
place beMitnd the gun a momentum analyzer (e g an “ o~

cavily are much higher Lhan DC fields. This property magnel™ ‘Lo reduce Lhe pulse length, increase Lhe peak

is very favourablie since at low energy., Lhe brighiness current and select a given speclrum. The thermionic RF

produced by RF gun is mainly !imiled by Lwo effecls: gun wilh L,Be cathode 15 celected by lasiitule of High
The emittance growlh due lo space charge [nrces, Enrrgy Physics Lo provided electron beanm lor BFEL This
caused bolh by the non linear transverse component af RF gun, aller being momentum analyzed, has pulse widih
the space charge field and by its variation versus lhe ol a Tew picoseconds, so Lhal lhe lime-dependent RF
longitudinal position inside the bunch. field effecls can be minimized Jn order Lo reduce em-
The emittance blow-up due lo Lime (or phase) depe ittance growth, high rf field with binear radial Tield
ndence of the HF lransverse forces, which grnerate a dislribulion has been used. In order Lo 1ncrease Lhe
transverse momentum at the gun exit slrongly correfet- Tife-Lime ol calhode by reduce electron backbombard-
ed to the longitudinal positian inside the bunch (i e. menl 4 transverse magnelic [i21d al the anode 15 used

{he phase). This correlation is responsible for Lthe <o The physical parameters of BFSLs HF pun are shown as

called fan-like shape of the transverse phase. follow

It must be noliced Lhat the non linear transverse l. = 10/20 A €0 30 rmm - mrad
components of the RF field give also a conlribution lu T FIR/220 mA I = 2850 MH2
the emittance blow-up, introducing a dislorlion of the 2 0.9 4 0.1 MeV AT/ «= 107"
ohase space distribution Therefore, the genera! scaling Toicr =41 ps sVy < 50y
laws [or the tolal cmillance growth in RF guns tell us Tomace = 4 A3

thal,nnace chosen the frequency and field, for a [ixed As menlioned earlier, thermionic RF gvn suffer from
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Lhe backbombardmenl problem The ewtra heal dur Lo Lbe
backbombarded current

during the HF macropulse which is nol

operation. 14 also limits the duly cycle Adding a lran-

eleclrons increases Lhe peak
gnod [or FEL

sverse magnetic field improves Lhe situaliun since lhe
most energetic electrons come back on Lhe cavily wall
beside the cathode !f more current and Thigher duty

cycles are needed, Lthe backbombardmenl problem will

still be a limilation

2.2 Llaser-driven RF guns wilh convenlional cavily

The photocathode RF gum is illuminaled by a laser
which delivers shorl pulse. Therelore as elcclron beam
leave Lhe cathode, eleclrons are already bunched.

Besides Lhe obvious advanlages{ high field.bunched
beam ), faser-driven guns have olher good [ealures. The
pulse format is more flexible Lhan that of convenlion-
al injeclors and that of thermionic RF gums. Il mainly
depends on Lhe laser putse formal which can be varied
over a wide range. Photocathodes can deliver much high
current densities than thermionic calhodes: more Llhan
500 A/cm? has been oblained.

The opltimum pholocalhode {(good quantum efliciency
long tife®™me, good ability to withstand high lield)has
not yetl bees found. An importan! issve (or any Lype of
photocathade is the dark current {currenl due Lo [jeld
Lhe pholocathode

emission). This curregl depcnds on

malerial and the field tevel in the cavily In case of
cw operalioa, this dark current could carry a csigmili-
canl pawer,

The laser used Lo illuminate the ophotocathode

should provide very short pulses, at Llhe wavelenglh

corresponding to the photoncathode spectiral response,
aad shou!d be synchronized to the HF,i.e Lhe lacer wmi

cropuise should correspund ta a determined phase ol RF
This phase should he

signal. repcaled [rom pulse Lu

puise with a timing jilter much less thjn Lhae pulse
length. The laser micropulse sheuld be as wniform as
direc-

pacsible in bolh tramsverse and longitudinal

Lions. Recently, tasers suitalble for RF gun operation
have been developed. A lot mnre work ic required Lo
improve some of the performances. The most crilical
issues are Lhe uniform pulse shape,the phase and amop

litude stabilily and the very high micropulse repeln

Lion rale

Far laser-driven guns, the micropuise tenglh s
Laken as 4G, where &, is Lhe rms bunch length Recause
Lhe laser pulse was quile long{ 60~ 100 ps ). the “ok=
pagoel” was slilt necessary. In 1989 LANLdemonsiraled
the possihilily uf extracl high current dencity drom
doubled

Nd YAG Taser, The cavily shape was designed Lo minimize

Usa3b phatorathode ifluminated by a {iequenry
the radial cleclrvie ficld. This gun produced a | MeV

beam of 70 ps pulses with a peak current of 200 A and
a normalized brightness of 2.5X|0'® A/{m?2 - -7} (@ A
second cavily independently powerrd and phased Lhes
was added Lo Lhe original one Meanwhile, the adjunclion
nl & pulse compressor to the laser allowed Lo generale
16 ps oplical pulses. This new gun lesled in |987 ~ 1988
provided a 2.7 MeV beam with peak currenl of GO0 A. Bul
the Titelime of Css3b pholocathode was very short and
dependent on the operating condilinng. The photocathode
Fifelime was significantly improved by replacing CsaSh
wilh CsK,S5b. Though the lifetime remained very depen-
denl on Lhe operating condilions, cspecially the vacrum

condilions

2% lLaser-driven R¥ guns wilh superconducling
YlaPities

In neder Lo improve the operaling condilions and
tnervase the electric accelerating (reids, Lhe super-
condiching fF cavily was uwsed

As SC pholoemission source appears to he promising
in producing hegh current low emitlance . law energy
spread, it s suggested to develop a high

SCORF gun wilh pholocalhode by

brightness
foint eflorls of China
Academy ul Engineering Physics and [HIP of Peking Univ,
The praopysced paramelers of this SC.RF gan 18 presenled
in table |

A big etiort has heen done Lo design pholocalhode
Alkaly

cesinm antimonide CsK;Sb  photocathode will be

first investigated. Il is characterized by high queantuym

efficiency and by a relalive low sensilivity to Lhe

restdual gas conlamination. In order Lo increase Lhe
lifetime ot cathode, LaBy photocathode will be investi-

galed Lau, which Nd : YAG

is iltluminated by a tripled

laser



Tabie | Projected parametlers of SC. HF pun

T PMhagr I Phase

Cathode CskaSb Lalty,
Laser Lype Nd:YAG Nd:YAG

wavelenglh (nm) 533 355

micropulse length (ps) | 60~90 60 ~90

nicropulse energy (aj) 4~10 50~ 100
Number of cavilies 1 Y2 11
Frequency (NHz) 1300 1300
Max.on-axis field (NV/nm) 25 15
Macropulse leaglh {ms) 10~50 50~ 1000
Nicropuise lenglh (ps} 15 15
Wicropulse frequency {MHz | 50~ 100 | SO0~100
Peak current (A) 100 (300} | 20 ~50
Norm. brightness (A/m2r?) g’ 5 - jy'n

The schematic tayoul of SC AF gun is presculed 1n

fig. 1.
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Fig. 1. schemalic layoul of SC. RF gun

The emittance blow-up due Lo time {or phace) depe-
adence of Lhe RF transverse forces, which gencrale &
Lransverse momenium at Lthe gun exil stronzly correlel
ed to Lhe loagitudinal position inside the bhunch (i. e
the phase). This correlation is responsibie lor the so
called fan-like shape of the transverse phase.

The general scaling laws for ithe lotal emiltance
growth in RF gun tell us thal,in &« standart RF gun it
is nol possible to reduce Lhe emitlance symply hy dec-
reasing the burch densily,since the RF field induced
emitlance blow up becomes Lhe dominant clfect

It is well known Lhat Lhe basic mechanism of Uthe
RF  induced em:Ltance blow up consists in Lhe corsela

Lion exisliag al the gun exil belween lhe lransveise
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momenlom and Lhe injeclion phase.as 2iven hy lormutaia)
[sin 4 ¢+ odcos @ - Ladsin ®) ]

whete v ote the radial posalion af a grueyi

P, =kr
rlectran

i Uhe huned,owhoese exit phasc is sunponzed Lo be
slighlly distributed around &0 average exit phase ol

the bunch @ ,such thal @ = @ + 2% The dimensiuntess
parameler o= rEg/2mc?k has been inlroduced, where Eo
is Lthe peak RF eljeciric (ield al the calhode

and k= 2/ N, . The formuia

surface
{1} represenls the lrans~
verse phase space distribulion observed st the gun

exil.

The condilion of minimum emillance s xuarantied

wvhen @ = 9U% under this condition Lhe emillance
blow up 1s due lo Lhe sccond order term which is lefl
in Lhe correlaling. This eflect on the transverse phase
space is5 accompanicd by a stromg non-tiacar

ol Lhe

bhehaviour
energy gain versus phase relationship, which
gives A sivnilicant degradalion of Lhe lonpitudinal
rocrblanee. The Fripal bongitudinal momeniom a'  Lhe gun
il Iwtien B = Y9 can be wrilten as

Pomo (GUINGL/2)U1- 45 492 - A9 ) ()
where Ht1/7 is the number of cells i Ihe HF run stru-
EIHIW\ it vanishing non linear lerms in Lhe energy

curve.a mulli mode HF gun would be investigated

3 CONRCLUTINN
The comvarison of several lypre RF pun has  heen

made. The S0 RF gun 15 a brst oawe Inp ahtainiap a high
qualily cierlron bheam [ high currenl luw emittance .
low encrgy spread Jand 18 designed by CAEP and THIP. i1
will Uhrn le pocsibie to tesl Lthe ditfercal Lypes of
pholocathades in Lhe SO avealeratng eavitoament. Il can

e evperted Lo oblain a hish hrighlness RF injectlor
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