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Summary 

An R&D programme was launched at LAL, ORSA Y 
at t he end of 19S5 as a contri but.ion to t.he fut.ure of £ + £­

linear colliders. 
This programme includes beam dynamics simulat.ion, 

generation of short pulse high peak currents, Lasert.ron type 
RF power source, and high gradient warm structures. 

To fit with the experimental programme, two test facil­
ities have been built and are now operating: a 3 G Hz high 
gradient test facility with beam, and a photocathode test 
facili ty. 

A desniption of the facilities will be given, as well as 
the first experimental results. 

I Introduction 

Though noticing that it is desirable to go to higher 
RF frequencies for future linear accelerators to innease the 
power efficiency, it is believed that still much development 
can be done at t he standard freqllency whne power sources 
and instrumentation ('xist. 

Quite high accelerating gradients have heen obtained in 
different places on SW ca\'ity samples, L2] but operating all 
accelerator lInder such condition still relllained to lw dOlle. 

Thf' test facility, at LAL, can provide a lltlnched beam 
at :l (;Ih alld at an f'llf'rgy of 4 'II"V which can then he ac­
Cf'·lerated through allY aceelerat ing strue! ure under high gra­
dient test. The facility comprises alw a modulator-klystron 
with an RF peak power of 37 :\I\V, and the necessary beam 
instrumentation for beam dynamics tests. (Tp to now two 
different types of T\V ac('t'lerating structures have been ex­
perinlt'nted with heam at a gradient level less or (',[ual to:)O 
1\1 \' / m. 

The relatively recent interest about laser triggered RF 
SOIlfCt'S, bdter known as Lasertron ::3-,,-, led up LAL to 
design a Ii GHz prototype Lasertroll. A computer code 
named Hl:.l(; iG] was writ.ten to simulate the dynamics, llll­
der spact' ch<trge conditions, of short and high peak current 
hunc hes pilOt o-t'mi t ted and accelerated in t he gun part of the 
Lasert ron. Ani mproved version of t he code, named 0 A I\: 
17i, can handle RF cavities such as the extraction cavity. It 
can he also used for designing RF guns. 

The t'xperilllental work on the Lasertroll started with 
photocat.hod., studies and led to build a specific test facility. 
This facility comprises an ultra high vacuum gun region fed 
b.va lr,o kV d.c. power supply, and a high voltage tank with 
freon at normal pressure, matched to !'i0 ohms to avoid res­
"nitn('t's under short pulse pllOtoemitted current. Prest'lltly 
the facility is operated with no extraction cavity. Inst.ead 
of t his cavity one uses short pulse instrument.ation such as 
broadballd coaxial faraday cup or t.ransient. radiation Illon-

itor, in order to study the dynamic behavior of t.he short. 
emitted pulses. 

Essentially high quantulll yield metallic photocathodes 
such as tungsten needles or arrays of needles have been tested 
since the facility exists, but it is intended to study other 
cathodes before making t he final selection. 

As it is the facility is a laser triggered gun. Laser devel­
opment is lInder way to produce st able t fains of short light 
pulses at high lllodulation frequemif's (5 alld X bands). 

II High gradient st udies 

TIlt' layout of the test facilit y is shown on Fig.I. Presen­
tly the klystroll operates wit h a uOfmal reel angular pulse. 
the maximulll puis,' lengt h being ,I.", liS, but in t he near 
future storagt' ca\-itit's will {'liable to compress t.ht' pulse down 
to :\00 liS and raise the peak power up to 210 I\IW. 

The linae part consists of a 5L.\(' t_vpe gun which pro­
vicles a nominal 2ns. L\ peak cllrrent (the puise length can 
be increased to a few I" lIsi ng a differt'nt grid pulser} and 
a L1L typt' 4 1\[(' V. :l C; Hz huncher. .-\ :2 I\l\N RF power is 
diverted from t he klystron, through directional couplers. to 
f('ed this hunching section, while the remaining power can 
be used to feed auelerat ing sections under test _ Since the 
bUIlcher is a S\\' section with long filling time, the pulse 
c()mprt'ssion ,,-ilf'nlt' will not allow to use it during vt'ry high 
peak powt'[' tests. 

Present Iy the availa hie beam diagnostics only permit to 
Illl'ilSUre tilt' accelerated b",tlll cutTent as well as the field 
{,lIlitlt'd current in the high gradient strndnre. the beam 
energy and the ent'rgy spread_ It is intended to add an emit­
tance Illf'asuring syslt'lIl. 

The first accelt'rating section tested with the facility pre­
\-iously described is of the LlL type 'K] hut with a shorter 
length of 0_" III corresponding to the last landing of the 
quasi constant LIL structur('. The aim was to determin(' 
the operational gradient lilllit. !lowe,,{'f. up to now, the 
tests han' been carried out at it gradient leyel of :lO :\IV/ m 
only, due tn a klystron failure (notice that L1L operates at 17 
~IV 1m). The characteristics of the test structure are Slllll­

IllU ri zed hereafter : 

('g/ C G.4 to 3 

I'/Q 4700 !ljm 

Q !flOO 
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At 30 MeV 1m t.he st.ructure behaves quite well; an RF 
power (25 l\IW, 4 .. 5 fLs) at 100 Hz repetition rate is injected 
in the structure without breakdown during time intervals 
greater than 1 hI', after a conditioning period of approxi­
mately 100 hrs. lT nder these candi tions the maximum wall 
field is 60 MV 1m and a clark current is observed with the 
time distribution of Fig.2. There is a peak intensity with a 
duration of approximately twice the filling time of the struc­
ture, followed by an equilibrium charge emission correspond­
ing to a 40 11.4 current. This steady state current as well as 
the head peak current are plotted on Fig.3 as a function of 
the maximum surface field. The energy spectrum of the dark 

ClllTf'nt ext ends from 2 to 18 MeV. The enhancement factor 
corresponding to the steady state field emission is obtained 

from t he following formulae [D I : 

d (log Ii £,25) 

d (1/ E) 

-5.S 109 
d>15 

d 

where E is the Illaximum surface field and I the measlll'ed 

steady state dark current. 

With 6 = ,1.6;, eV . one gets d = 140 .. ~ 
The second accelerating ,tructure which has \wen tested 

was designed and built within a CGR-\IeV /LAL collabora­
tion [10,11j. It is a:3 GHz, ·hl!', backward T\\, mode, struc­
ture in which noses together with maglwtic coupling slots in 
the irises permit to increase the shllnt impe(litnce with still 
high values for the grollp velocity (FigA). 

This prototype is made of 29 cells (Fig.!',) gi ving a tot al 

accelerating length of 1.27 metres. Low pown le\'el measure­
ments havf' shown 1'00(1 agrepl\wnt with theoretical f'xpeda­
tions for the RF characteristics ilnd emphasized the choice 
of the tuning Illethod. At a LUj MW peak power lewl, 
wit h an accelerat ed beam, an energy gai n of 1 D.l :\Ie V was 
measured corresponding to an effective shunt impedance of 
77 l\II1/m , whereas the expected value froIll cold nlt'"sure­
ments is 8·!':i l\111/m (at vg/c " 2.17 10- 2

). Power test will 
be performed in the near future ill the :l7 :\I\V kvel. ,\Iotice 
t.hat the present. structure is considered to become an int.l'r­
esting candidate for short RF pulse opl'ration considering its 
high group velocit.y 

III P1totocilt.hode st.udies 

The original Lasertron programme led to specific fun­
damental and applied research in the field of high carrent, 
short pulse, photoelnission and to t.he development of robust 

and efficient photocathodes [12,131. 
A t.est. st.at.ion was built which now consists of : 

- A picosecond ,\I d- YA G la.ser providing 15 ps short 
pulses in a c,O ns burst which repeats at 10 Hz (in most. 
of our present work a. single pulse is selected). The laser 
can be operilt.ed in the LB.., the green and the LV.with an 
energy per burst (a burst. comprises / microPlllses) of 50, 20 
an(l K Ill,} respectively. 

- A small ultra high \"lcuam titnk in which the distance 

bet ween anode and C,tt hode is ,uljast able down to a few lIUll 

and fitted with a 25 k\- high \'"Itage supply. One of the pe­

cnliarity of t his tank is t hat the cat hode sapport is ('specially 
design('d to handle metallic !l('cdles ilnd that the emitted car­
rent fro III tlH' cathode is directly measarahle in the cat.hode 
cOIllH'ction . This is particularly usefal to determine fidd 
('mission t hr('s hold wit h or wi t hoat laser t rigg('ri ng. 

- A big ultra high vacuum tank (fig. 6) presently fitted 
with a 1.50 kV d.c. power supply, which could handle an even 
higher voltage, and which has been designed to allow easy 

access to the anode region for special measuring e(luipments 

such as broadband coaxial faraday cup, transient. radiation 
monitor, cerenkov monit.or or resonant cilvit)'. As it is the 
tank could eit.her be operated as a laser-trigger('d gun or as 
a Lasert ron as soon as cat h()(le performances wOllld perIni t 

it. 
- A bench for preparing cesiated typ('s plwtocat hodes. 

3.1 Photocathodes tests with the small tank. 

Considering that cesiated photocathodes have poor life­
time when operated at high CUIT('nt it was decided to look 
at metallic cathodes. However, to increase t.he quantum ef­
ficiency it was suggested by H. Bergeret to use vpry sharp 
met allic needles, s('t the accelerati ng voltage just below the 
fi('lel emission threshold, and t riggf'r t he electron emission 
with a short pulse laser, prf'ferenti'llly operating in the L\'" 
This kind of emission is often referrerl to as photo-fidel emis­

sion .though in "\l r ,'xperiments we have not yet discrimi­
nated between a photon effect ilnd a macroscopic field effect 
from t lw laser (field emission t riggen:d by laser). 

The first cathorle which has Iwen experimented is a sin­
gle tungsten needle (Fig. I). Peak CllI'rents up to 2 A were 
obtained in a single pulse. The currt'nt was measured with 
a 1 GIIz bandwidth oscilloscope and the observ('d current 

pulse length was of the order of 1 ns, thought the laser pulsf' 
was expected to \w less than 60 ps. 

The lack of ps measuring equipIllf'uts does not yf't per­

mit to conclude about real villues of peak carrent but set a 
lower limit on it.. 

The second ph"tocathode was an array of silicon Illicro­
emitters, obtained hy lithography techniques, an(l coated 
with tangsten. 

This array was made at BKL, and consists of 2!',O rows, 

2 .. '\ IllIll I"ng, wit.h a 10 Illn separation between rows which 
t hie kness is of the ordcr of 0 .. '; I/lIl. 

For this cathode the field emission threshold was hight'I' 
as compare to it single \V needle, and at th(' lilllit of the capa­
bility of the small tank. Ho\\'e\'('!' with a small anode cathode 
distance, setting the \'oltage just below the (I.e. field emis­

sion thresh"ld, carrent pulses \\'('['e observed under G~een 
and F.\'. laser illllluination. Peak currents of the meier of 
a fl'w Alllp were ,dso mea,urt'd with the saIll(, ('xperiuwntal 
conditions as previously mentiOllPd. 

Peak currents much higher ha\'e been reached by in­

creasing the laser energy hut led to a partial destruct ion of 
the cathode, probilbly due to thermal effects aud breakdown 
(Fig. 8). As a Illat tel' of fact above a cert ai u elui t ted current 
t he pulse shows a long tail. characterist ic of a t h,'rmal efff'ct. 

3.2 Photocathodes tests in the high v"ltilge tank. 

The previolls Si\'\' array was then put in the ncw liV 
tank ilIlCI progressively conriitionned under high d.c. \'olt­

ages, up to UO kV with cathode-anode distances "f ~ to :1 
cm. 

In this tank the pea.k (,llITt'nt is measured ]'('hind the 
anode with a hroadband coaxial faraday cup, bat ,till limitpd 
to it few Cllz. Fsing it 7 GHz oscilloscope, CllrICllt pills" rise 
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time as low as 70 ps were observed at low emitted photo 
currents. ~otice that since there is still no magnetic field 
t () focus the emitted beam through t he anode hole. only an 
unknown fraction of tIlt" total emitted current is captured on 
the coaxial pick np. 

Qnalitativp hehavior of this enutted current has been 
st udied sys t pmatically and t he preliminary result s can be 
SUIlllllarized as follow: 

- The highest pulsed emitted current is observpd for in­
cident light angles c10sp to !)Oo. as measnred from the tank 
aXIs. The pffect of polarizpd light will be studied in the fu­
t urp. 

Setting the d.c. accelerating voltage close to the field 
(,Itlission t hresllOld, pulsed currents. triggeft,d by the laser, 
show a linear variation with laser pulse intensity for U.V. 
light (Fig. !)) and a lIluch faster \'ariation for green light 
(Fig.10). The first case would 1)(" compatible with photoe­
mission. For t hp second casp a Fowler ;\Iordheilll plot has 
heen tried successfully using tlIP laser electric field, which 
c()ltld indicate a pulsed field emissioll triggered by the laser 
though tIlP corresponding computed elect ric field is much 
helow the applied d.c. accelerating field. 

The maxiIlluIII Cl1rrE'nt obtained ullder these condi­
tions is essentially' limit.ed hy breakdown. Cenerally when 
the accelerating voltagE' is increased the hreakdown occurs 
at a luwer laser intellsity. It is also observed that the cur­
rent pulse st art lengt Ilt"ning prior to the breakdown. After 
a certain amoullt of hreakdown the cathode. nhsel"\'ed with 
an electroIl microscope. was badly damaged and I1ppded to 
he rpplaced. 

IV Conclusions 

l\Ietallic photocat.hodes have shown high quantum yield 
in the short pulse re!!;ime when used as sharp nepdles. How­
ever. t he step which consists of increasing the current by 
\Isin!!; an array of needles is st.ill not satisfactory in many 
ways. 

A particular attent ion need to be given to thermal ef­
fects alld breakdown. In this respect pfforts will be made 
towards pure HlPt a!lic arrays of needles. 

Clearly. at the moment the short pulse currents are two 
low to he uspful for a Lasertron. In addition more work need 
to be done to characterize t he exact pulse current and pulse 
length beyond the anode. IIence it is envisaged to use a 
solenoidal field to focus the beam, and to replace the coaxial 
pick up with a transient radiation monitor (or a low energy 
cerenkov Illoni tor) followed with a streak camera. 
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Fig. 2 : Time distribution of dark current 
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Fig. 4 : 4rr j.S H-collpled cell design 
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Fig. 6 : General view of th~ photocat hode test bench 
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Fig. 7 : Single microscopic W needle 
(enlarged by a factor ::: 400) 
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Fig. 8 : View of a locall y destructed region 
of the SiW photocat. hode 
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