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Pbstract 

First outstanding results of ADELE expenment are 
presented. They concern the electronic emlssions produced 
separately bkj a CO2 and a trlpled-frequence Nd-YAG laser on 

a gold photocathode. The data are analyzed in connection with 
the effective laser coupling with the metallic surface. 

k Introduction 

A gun-test stand built at C. E .B. [I 1 was used to 
validate the hypothesis suggested by one of us [2,3] about the 
simuhaneous artinns of two lasers on a metal-photocathode 
in order to improve the photoelectric quantum yield and 
t.herefore the photo-currerbt intensity. Frorn a previous 
experiment [4], it seems that it is possible to generate 
a siqnifliant reduction of the work function at the 
surface of a metal with a very high-peak-IR-laser intensit.9 

1*! x 1 Gw/cm~. So, the classical photoelectric action of a 

visible radatlon will be assisted by the IR-laser action. 
Because of their high thermal and stress resistances to the 
high-levels of radiatwe exposures [5l, metal photocathodes 
can be competitive with sem-conductin materials. However, 
some experimental conditions described below have to be 
satisfied. 

2 - ExDerimental set-w 

As showr: on the Figure : of ref. [ 11, the emitting diode 
is, located in ,a large vacuum chamber, with various diagnostic 

devices. The pressure could be only lowered to 8 x IO-* torr, 

but it will be improved to 10mq torr in a next future. From the 
test of gold photocathodes with various substrates, we found 
that the more resistant to high irradiation is a system 
constituted by a 0.2 &rn gold layer on a massive Ni piece. The 
cathode, insulated from the chamber is maintened by handle, 
its voltage varying down to -50 k.V. The anode, at 5 mm from 
the cathode, is connected to the ground while the electron 
beam is extracted through a hole of 6 mm-diameter. 
Therefore, the applied electric field is limited to 100 kV/cm 

so that the space charge is less than 9 nC/cm2. A focuslng- 
lens, with a supplied current ig = O-l .5 A, is placed just 

behind the anode and limits partly the dispersion of the 
electrons. The photocurrent produced separately by each 
laser IS detected with a 50 R-Faraday cup of which the 
opening is limited by an arcing-ring. Because of the 
divergence of the electrons, it is possible to measure two 
correlated current intensities : one from the isolated disk in 
front of the cup and one from the Faraday cell. Their 
recordings are done with a Lecroy 9450 oscilloscope 
(350 MHz). 
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The principal characteristics of the two laser beams are 
the following : the IR radiation, provided by a CO2 laser 

(10.6 pm), is polarized so that its associated electric field E, 

is at right angle with the surface while the beam direction is 
at near-grazing angle (- 85’). The pulse energy is limited to 
0.5 J on the photocathode, the irradiated surface being 

- 2 cm2, the peak intensity is 4 50 MW/cm2 i.e. EolmaX 

-d 20 kV/cm (Figure 1 a). The second radiating source is a 

tripled-frequency Nd-YAG laser emitting only few kW/cm2 at 
353 nm, during u 7 ns (Figure 1 b). It illuminates the cathode 
at near-right-angle (5”), the spot diameter being for most of 
the experiments N 0.9 cm (Note that it varies with the laser 
energy). Also, the stability of the peak intensity is only 
-15%. 



3Main exoerimental results 

We tested the good working order of our system by a 
preliminary Series of experiments using principally the Nd- 
YAG laser. We first controlled that when no laser beam 
arrived on the photocathode, we observe no sIgnal, The same 
situation was realized when the cathode was illuminated by the 
laser, with an interelectrode applied voltage V,-, = Ct. 

Therefore, the electronic pulses, observed in all others 
situations are supposed to correspond to photoelectrons. The 
amplitude of the measured current intensity depends only on 
the focusiy of the electron beam. So, for lB = 0, the 

electrons are essentially collected by the arcing-ring, while 
for ig = I. 5 A! they are collected by the Faraday cup. The 

both currents being recorded simultaneously (Figure 3, the 
maximum Intensity produced by the 353 nm laser beam is 
* 36 mA, with a pl.rlse duration ‘- 6 nsec, that corresponds to 
an extracted charge b 0.2 nC (approximately I/lIy? of the 
space charge densItyI. As the electronic pulse duration is 
clearly smaller than the duration of the laser pulse, we thlnh 
that such a current corresponds to a bi-photonic emission 

(tw - 3.4 eV, $A,, lu 5 eV). The photoelectric sensibility is 

apparently high : S, - 3 x 10m6 A/W. The laser pulse- 

repetition-rate being very low (c 1 per mn). We observe no 
destruction of the surface of mate~lal due to the laser 
interaction. But, as the multiphoton effect IS typically non- 
linear -the peak current intensity depends ori the peak laser 

density &,,- we think that for L, 4 100 kWicm? at 353 nm, It 

must be possible to produce a charye of some nC/cm2. 
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Concerning the actton of the CO2 laser, we decided to 

llmit the pulse laser energy on the photocathode to -0.5 J 
because for higher energy a very rapid destruction of the 
surface was observed although the repetition rate was only 1 
per 5 mn. We think that such a situation was due to the Poor 
quality of the vacuum in the chamber and the presence of oil 
vapor traces. We are now putting right this situation. 

When the diode is polarized to the higher voltage, 
typically : 100 kV/cm, any CO2 laser pulse with an energy 

- 0.2-O. 5 J, drags always the same electronic charge of 
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20 nC. This charge corresponds to the space charge denslty 
and the observed peak current is - 2 A (Figure 3). The CO2 

laser beam acts here as a release mechanism at the origin of 
the diode vacuum disruption and consequently leads to the 
transfer of all the charges present on the electrodes. Then, 
the coupling of the CO2 laser beam with the surface of the 

cathode is a typical-field-couphry, while the one of the 
tripled-frequency Nd-YAG laser is a typical photon-coupling. 

Fgure 3 - C?ido&d-on wrr& 07tensft/~~ fwwJucrd 4.l 
It?.? L^L7= 13ser cY7 3 f.n?kY 1-3tbl& n?r3suFl=u’ I/ ‘(U?7 . 

(3 ) ibe fwL7dd.u cup and &I the afckpr&7 
LWI : 1. 1: c-x&‘: t. L“?/ki r.cfA. sifii, I?.? 

For a polar ~Lat.ion-volt-aye uf the dlu% II-I order i.o 12 1 V, 
no elecironlt emisslor! is observed, comforting our hypothesis 
of a Co;I laser-field action. Now, to increase Ihe field effect. 

of the CO2 laser on the photocathode, while preventing any 

disruption of the diode, it. i 5 absolutely necessary to improve 
the cleanllrtess and to obt.ain a lower limit of the vacuum In 

the chamber. We thin1 !hat. a value close to 5 r 1U9 t.orr 
would be an acceptable condition. 

4 - Conclusion 

From the prelimmary results reported here, the typical 
field and photonlc-coupling of a CO2 and a Nd-YAG laser 

respectively with a gold photocathode are consistent with OUI 
previous hypothesis. The ameliorations of experimental 
conditions and specially of the vacuum quality in the chamber 
must allow a rapid progress and provide a definitive 
contirmation of these first data. 

(*) 

[ll 

PI 

[31 

References 

ADELE IS : “Assistance par CKux Lasers de 
I’Emlssion d’&lectrons” . 
J.P. Girardeau-Montaut et al, in Proc. of EPAC 198% 
Rome, june 7-11, S. Tazzari ed. vol. 2, 1983, p. 1041. 
J.P. Girardeau-Montaut, in Proc. of Workshop on New 
developments in Particle Acceleration Techniaues, 
Orsay, 29 june-4 july 1987, S. Turner ed. CERN 87-l 1, 
1987, p. 516. 
J.P. Girardeau-Montaut et al, IEEE-MIS, Trans, Elect. 



702 

Insulat+j vol. 7, p. 1471, 1989. 
[4] Gy. Farkas et al. Appl. Phys., vol. 6 37, p. 141, 1985. 
[53 in J aser Surface Treatment C.Q. Draper and 

P. Mazzoldl eds, NATO ASI Series, n” 115, Martinus 
Nilhoff Publ. Boston, 1986. 


