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We present the basic concepts of a new arvangement for high intensity
electron enission from metal photocathode 1t conjugates the actiouns
of two lasers t the first is 2 Jow frequangy (oo ﬁﬁQ ot FIR laser)}
with relatively high intensity (> 10 aﬁécmz) at grazing incidence on
a surface to enbance the potential energy of the electrons in the
conduction band and then the ef fective photoelectric guantum effi-
ciency ; the second is a vizible or near~lUV pulsed laser with a lo-
wey peak intensity (= 30 kﬁf&mz} producing a high photoelectron
density. Thig arrangement could also give us some better undepstan
ding of the basic interaction phenomena of a high intensity electzo
magnetic wave with a selid.

Lo INTRODUCTLON

tur object is to produce a8 very high density electron beam by lsser action on a solid
target. Such electron beams find their applications in different domains as Free-Electron
Laser (P.E.L.) for instance

High~current photocathodes yielding current densities larger than 1 A!cmz bave several
advantages over conventiopal thermal and field emicters ¢ (I} the electron beam intensity
can be modulated by modulation of the light source ; {2} the beam can be shaped by patter-
ning the photocathode 3 (1) the emergy spread of the electrom beam can be reduced by seleu~

1}

ting the wavelength of the incident light ; (4) ass radiation sources can uperate at high

average power, it is then poussibie that beams show high luminosity {B_ > 1010 Ai{mg ra&a}}
1

2’3}. Inereasing the brightness of the high current electron beam used in FEL amplifiers,

increases markedly the amplifier gain and the energy conversion effiaienuy&}'
In the next section, we give priseipal reasons of our choice of metallic photocathodes
connected to laser interaction effects. The quantum efficiency of classical photoelectric
emigsion is reviewed in Section 3. Arguments to achieve conditions for a very high current
density production are presented in Section 4. In Section 5, principles of a new idea of
phivtoeiectron emission assisted by two lasers (PEAL) are described and a new experimental

srrangement is proposed
4. GHOICE OF PHUTOCATHODE

The following factors have to be considered when a photoelectron source is made : (1)

cathode 1ife § (2) operational environment; (3) performance of the cathode and {4) cathode
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replacement Points (1), (2) snd (3) are inter related and the cleaniiness of the system is

5

very important” . The problem of photocathode lifetime is bound to the optimal conditions.

These conditions are directly dependent on the vemporal snd energetic characteristics of the

2

light source and un the limits of damage due to interaction between the beam and the cathode

P

surface, apd they are critical with a high power laser as light source

The laser damage inteosity Iﬁ, ar fluenoe ?U’ depends op numercus parameters @ (1) geo-
metrival (rugosity) and chewmical!l (adsorbed atoms or melecules) surface states ; {2} lasex
frequensy w (it seems that Iy is higher when « is reduced) ; (3} lasex pulse duration
{for nanosecond snd subnanvsecond pulses, iﬁ is proportiomal te w ‘p tfz}; {4) the angle of
incidence of the laser beam and (5) the spot disension B ty, is lowered when § increases).
However, precise limits for laser damage on materiasl asre not well-known. Unly hypothesis
is possible on the 1es! mazimal values of Eﬁ, As a FEL osclllator reguires a train of high
density electron bunches, with high peak current (ig > 100 AY and 8 low transverse bean
emj ttance, this implies lighting the cathode by a tyain of bigh peak iotensity laser
pulses with approximatively the same temporal characteristics, i.e. :? < 200 ps and pulse
repetition rate a? = 100 MHz. 1p such conditions, a lavge part of the absorbed laser energy
is converted to beat, which causes a rapid rise of the surface temperature and then the ap-
pearance of damagesd)

The cleanliness of the system is another drastic condition. Pheotocatbodes with adsor
hed atoms such as Us or Na offer the great adventage of smaller work functions, but the
action of & high power laser on the surface amplifies the scatrering of these atoms outside
the material, polluting the high vacuum chamber. Moreover, the adsorbate’s migration mod i

fies the quantum yield

from this point of view, pure metal photocathodes present pbvious adventages. Also, the
preparation of bigh-yielding semi~conductor photocathode needs, generally, a sophisticated and

expensive technology, while the preparation of a pure metal target is much more simple

Finally, metal disposes of a large reserve of electrous in the conduction band

22 %

{=107" om 3} greater by a factor = [ ;03 than semi~conductors aund presents an op

pottunity for the production of very high electron density.

3. BFFICIENCY OF PHOTUELECIRIC EMISSION

To avoid melting and damage to the cathode surface, it seems reasonable to limit the
peak intensity of each micro~pulse to a relatively low value, typically 0.5 ~ | Sﬁfmﬁg,
maiﬁig when a very bigh~frequency repetition,short laser pulse, train is considered. Usleula
tian&g) of temperature variations on the fungsten surface for a pulsed laser train of 530 wm
wavelength and | ps duration, composed of micro-pulses with peak intensity 1& = 50 k%!cmz,
duration t? = 95 ps and 2 repetition rate ﬁp = 3 GHz, indicate 4 rise of temperature from
Ui K to 1500 K in less than | sminute.
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For many conductors, the damage intensivy 12} is vertainly lower than the futensity L
needed bo entirely remove the electrons From the cenduction band. However we nobe some
results incousistent with this assertion. The saturation phenomena takes place at intensity

L 8
Ia} ’ EE} '

The photoelectric guantum vield for metal photocathode being limited to abeut Ny ¥
17 R i+ 3, it is then evident from Figure | that pesk current intensity camonlybe in the
aorder of ik = FOH &!(:'mz for I = 50 W!c:mz

5
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Fig 1 Photocurrent density versus laser absorbed intensity and guantum yield ",
for 2 = (.35

From the classical expression for photoelectric guantum yield

- ik (n
% @ ?w

we observe that ik depends essentially on two physical parameters : the absorbed laser in
tensity and the guantum yield. e is the electron charge and by the photon energy Then,
production of higher current density From a metal photocathode without increasing the peak
laser intensity needs the creation of new slectronic conditions at the surface, ompared te
the vlassical approach, these conditions will correspond to a non lineax photoelectric beha
viour of the material. To summarize, the ides is to look for such conditions that mets!
offers a photoelectric quantum efFiciency as high as semi conductor yield, while copgserving
itg higher laser damage limit,

4 ACHIEVEMENT FUR VERY HIGH INTENSITY PHOTOELECTRON EMISSION
From simplified electroniv representation of a metal, electrons with low potential
energy are weakly bound and occupy approsimatively all the levels below the Fermi level in

the copduction band 1In the absence of any external field or thermal excitation, the surface
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constitutes for the electyons an impassable border From the Binstein condition in mous photo
electric effect, electrons are removed from the metal only if the photon energy is greater
than the work Fumetion ¢, defined as the difference between the Formi energy and the poten
tial energy of the surface Application of a sufficiently Wigh electrical fileld on the ca
thode From an external asode can lower the potentisl barrier and elections leave the metal
by "tunnel!ing™ through the barrier Knmownas "field emission®, the current density is however
timited to less than QD ﬁ!amz bevause of electyical break down.

S0, the principal counditions to achisve very high intensity photeelection emission from
metal are: (1) to apply an external electrical field with an amplitude safficlent to drag
away the electrons when they leave the surfacej {23 to obtalua higher photoelectr ic guaning
vield., As e depends on the helght of the potential barxier, this condition will be realized
only if the apparent amplitude and width of this barrier are lowered. An equivalent situa
tion could be realized by transfer of conduction electrons in bigher energy levels ; {3 1o
increase the coupling between the incident laser beam and the surface In the timit of field
break down, this reguires the choice of a convenient roughness to reduce the opt jeal reflectivity

Bevent experiments of COz taser action on gold photocathode by Chin and ?axkagg’§ﬁ}
show the pessibility of medifying the energy distribution of conduction electrons and also
the potential barrier at the surface, so that emission of relatively high current density
becomes possible although the Frequency of a GOy laser is theoretically not well adapted
These results can be fnterpreted by early theories of Keldysh!l) and Bunkin!4), whe studied
the influence on atoms and solids of a high amplitude e.m fietd with frequency w < ¢/b

The main resclts of the Eeldysh  theory may be summarized essentially in the form of
very general vclosed Formulae obtained from the jonization probability for an atom and which

is a fupction of the atomic and lager characteristics, plus a useful parameter of both defi-
ped as 3

y o= wlug {2}
with '
35
L
We ® = &)
S i i
@ §

where Ei is the laser electric field strength, Iy is the ionization potential of the

atom {1, = ¢ for a solid) and m is the effective mass of the electron v furnishes the per-
turbation criterion condition

24 2
e (é’)
T
whare
F ez Ehzlémwg {5}

iz the average oscillation electron esergy in the laser field vy may also be expressed as



Y= T, {6}

T being the laser period and : the "runnelling time" through the potential barrier

Then twe extreme cases corresponding to very different values of laser intensity fm

have to be considered :

(1) for v »> 1 for 1 »x 1Y, we obtain the foroulae of the perturbation theory which are cha
racteristic for multiphoton effeect or guantum limit . Then the number of electrons g 1

an n

S & B3 (4
Now gl T= 0, o

B, o= {ii};’im + 1} is the minimum photon mumber necessary for ionization
{2 for vy << 1 f{or ¢ << Ty, the probability of jonization furnished sutematically the Forms

la of the non-perturbative theory in the classical limit of "eptiecal tunnelling”

N, = §{§L) exp { mtzs"ﬁi} &)

S T v .
'i, in @ recent review paper,

f{s‘é:g} depends on light polarization only As recalled by Farkaes
to achieve the tunnelling condition corresponding te higher current density ik’ we have
either to increase ,E@, that is to say E:L, or to decrease w as follows from the v < | condl
tion (Figure 2). 4s ?w is incressing during the laser puise, if the fre:;ueueyla; iz}%iig}x,

P

miltipboton ionization may first saturate before the sppearence of tunnelling Then
the use of ultra short laser pulses of low wfle.g. G, of FIR lagers) may only insure the

< b tunnelling condition during the whole pulse,

4
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Fig 2 Dpefisitions of laser assisted “multipboton" and "tusnelling” photoelee
tron emission characterized by v and n,, in the plane i, versus 1 =

Egz §2 v is the tunmelling time and T the period of invident radiation,
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When a high intensity and low Frequency, linearly polarized, ghore pulsed, laser lmpinges
ex the meta! surface, with a near grazing incidence, so By is normal to the surface, the effect
ive work function seems to be reduced doring the time of the pulse. The poteatial barrier is
sufficiently nerrowed to Further "tupmelling” of the electron as described in Figure 3. To
sharacterize this situation, Farkas introduces the new idea of “dypnemical tunnelling”. Ibe
value of dysamic scale parameter v'(t) deduced from experiments is much smaller than the one
cajonlated from Bg. {2) and Eq. (3) {y'{t) = 0,08 << | compared to static vy = 6,568}, We
will nete that in the vepionof the top of the potential barrier forapatomiv system, and proha
bly for solid, the width iz estimated to be about 20 4, while "tunnelliug time”, for elec
trops with sufficient kinetic energy is = 10 16 slﬁ}.
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Fig. 3 1llustration of the laser assisted tumnelling electron amiasieaiB)

e electric Field of a laser is ¢

#

B = W 3473t 9)

whare V is the scalar potential and g she vestor potential YV £ U io medium free of charges
only. When electrons are just out of the surface, they ave subjected tothe aati:uzaf¢§L which,
alternatively during each half period (I1/2 = I/w), lowers and incresses the potential barrier,
inducing periodic modulation of the tunnelling. This view of the problem is also supported
by Jones and Rsissiéj : as nobed by Valdyanathaen and §ﬂenthetiz), an interesting consequence
of low freguency, high power, pulsed, laser intersction would be an increase of the condun
tion electron potential energy when the intensity of radiation riges, as :
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where m, is the effective massof the condnetion electrons Their theory forecasts that the ener
gy of valence electrons temains the free-field value, This theory is supported by esperimes
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tal data on semi conductors. To support again this opinion, we refer to the prediction asd
the observatiou before the advent of lasers'®) of the bunching of emitted electrons at fre
quencies ©, 20, v . . due to the simultaneous spplication on the cathoede of a static field
with amplitude just above the threshold of "field effect™ emission, and ap v.f. electromag
netic wave with frequency . Finally, we keep in misd that the action length of linearly
polarized laser eleetric field in » material is evaluated by most authors as = /2, This
yalue is always higher than the energy absorption depth of IR laser beam.

3. PHOTOELECIRON EMISSION ASSISIED BY TWU LASERS (PEAL)

From Section 4, the use of low frequemey and high intensity pulsed laser, at grazing
incidence on a surface of metal, seems to be able to lower the potential barrier and, we
hopey to increase the potential energy of electrons in the vonduction band and so enhance
tunnelling effect. Bur, the production of very high electron densities by this single process
is not realistic. It can only be an efficient assistance in creating conditions for a "super

emission™ of electrons.

High frequency
wy laser
{e.g doubled
Nd - Yay )

Low frequency
wy laser
(e.g CO,laser)

e
Thisrse

photocathode

Fig., 4 Disgran of arrangement for laser induced photoelectron emigsion
assisted by a low frequency laser (PEAL)

S0 the basis of the new system is described in Figure 4. 1wo lasers are used simulta
neously, each one baving a well-defined role to assist the production of high current densi
ties. The first laser, working in a wave-coupling mode, will be a low frequensy and relati
vely high intensity laser {e.g. €0, or FIR laser, 1 > 10 Mﬂiﬁmz} impinging on the photoca
thode surface at near grazing angle (= /2), while the second laser will be a visible or
sear-UV pulsed laser (e.g. doubled-frequency Nd Yag laser W, * 5% nm, or Xell excimer laser
wy 308 nm) with a lower peak invensity (I“z w 5 kﬁ{ﬁmz) apd subnanesecond pulse duration
at normal incidence and acting by photoelectric effect. The pulse duration Ty of the Firet
laser will be adapted to the length of the electron burst {I 1 us)while the pulse duration
592 and the repetition rate of the second laser will be adjusted to the working Frequency of

the accelerater or the ?ﬂaf93.
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The low frequency leser lowers the effective work function, raising the energy levels
Gf the electrons at the sutface, In this way, it assists the phetoelectyric provess produced
hy the second laser, ineressipp the guantum effielency of the surface Then, the peak inten
sits of the secoud, higher freguency, laser can he limited 1o a reasonabiy mesn value, far
less than the damage intensity As described in Figure 5, a grester electron dessity being
{nvolved with the second laser, the quantum yvield of photoelectriv effect and the emitted

eurrent density iy would be enhenced Iy is then supposed to be more than 104 a/ew’ and, by

adiusting all parameters of both lasers, may reach the band of kAfow?
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Fig. § Hepresentation of condiwtion election potential energy ?u snd
density 8, in a metals
{a) without laszer fleld,
(b)Y wheu bigh frequency lasser induced photoelection emigssion is

assisted by a low freguency laser.
6 CONCLUSION

We propose to improve the energetic performance of an glection suurce ngiuvg a

laser on a metallic photocathode, by use of a second laser of lower frequency, at grazing
incidence, to assist the classical photoelectric emission. From arguments developed in this
paper, we think that it is pessible to enbance significantly the cutrent density while con
serving a very low beam emittance, But this method could also give us some better understan
ding of the basic interaction phenowena of a high intensity electromagnetic wave with the
elementary constituents of a solid and it could be possible to test a wodel of the photo
electric effect and to speeify the relative importance of processes governing the eleckpon?
production. Then, Freguencies and intensities of the two lasers used in a PFAL injector

could be adjusted to produce a higher conversion effiuiency
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