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Abstract where x 'is equal to:
, dx
In this paper the measurements of current, emittance X (Z): dz’ @
and brightness of the electron beams photoextracted fro({ﬂalo
Cu (Imm thick) and diamond film (dm thick) cathodes
are reported. Two excimer lasers, Kr-Cl and Xe-Cl Let us denote the density functiofy’ = f;(x, p,) in
working at 222nm (5,6eV) and 308nm (4,02eV), werghe phase-plane [PP[.. The area occupied by the

used to illuminate the cathodes. In order to estimate tRectron beam in this particular PP satisfying the
beam emittance a slit-slit system was developed. Thé:%ndition £920 is[5] :
2 .

system allows to value the electron beam distribution o

function in a transversal trace plane. The laser beams A= [fioz0dXdR = PLA (3
WE_rIe I(r)]cgsed in a 4mzrrsfpotdontt8% e>3trac(t]|i02n53u‘;f:;lce.?r,]\,\,herepZ is particle invariant.

while their energy were fixed at 0,5mJ and 2,5mJ for thg ,p titutinan.=m.cBv in the Eq. (3) we have

Kr-Cl and Xe-Cl lasers, respectively. For both Cathodesu TAnge =~y Ey_l a @) w v

the highest current was obtained with the lowest laser A = M, (4)
wavelength, 370mA and 410mA for Cu and diamonavheremy is the electron rest masg,= v/c with v the
cathodes, respectively. The corresponding emittandengitudinal electron speedthe light speed and
values resulted to be 18t[mm mrad] and 271 mm y:]/ /1_ B2 . )

mrad]. From these current and emittance values, the , )
normalized brightness beams resulted equal to |he emittance values have an important property

4.6x1GA[Tt m rad]? for the Cu cathode and 2.3X20m which can be deduced from Liouville’s theorem in the PP
m rad]? for the diamond film. To obtain a more larger*P With px the canonical momentum correspondingto
intensity electron beam from Cu cathode, we fixed th osition coordinates. The areas occupied by the electron

Kr-Cl laser spot at 70mfwhile its energy was increased. eam in PP are invariant quantities and the emittances

In this way, the maximum extracted current was 16,4A 421y In inverse proportion tp;, therefore if the beam is
36mJ laser energy not acceleratedpf{ = constant) the emittance is also

invariant quantity. Commonly the beam is accelerged,
1. INTRODUCTION is not constant, and it is possible to define an invariant

quantity &_,, nominated «normalized emittance»,

In order to obtain electron beams of low emittance andefined as:
high current intensity, metal photocathodes are used. Enx = Byey. (6)
With the excimer lasers, tanks the|r_ hlgh.ph.oton energy Analogously, is possible to define the BE and the
values, the one-photon photoelectric emission from allormalized BE in thg transversal direction.

metal cathodes is possible. Furthermore, the emittance The beam-brightness [BB] is defined by the following
values of the photoextracted electron beams are loWgymula:

than the thermionic ones[l]. The technique of |

gously for thg-plane emittance, .

photoextraction allows to obtain higher quality electron B= , (7a)
beam than the thermionic one. The particle beams with ExEy

emittance values equal to zero, namely laminar beamshile the normalized BB is defined by:

represent the ideal situations. In actual beams thermal |

velocities at the source, plasma generation and surface B, = (7b)

- . . - . . 8 .
imperfections, always, give rise to no laminar behavior. . ”’_‘gny_ _ _
Then, an important parameter to quantify the bearhhis is another beam motion invariant quantity that for

quality is the beam-emittance [BE]. axial symmetry beams,, =&, =¢,, is equal to:
We define thex-plane emittances, as 1/t times the 5 I g
area A  in xx' trace-plane [TP] occupied by the points n _s_rf' ®)
represented by the beam particles at a given valae of The characteristics of the extracted electron beam can
. A ) be determined valuing the current direction distributions
o of the selected beamlets.
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To analyze the current intensity Faraday cups and/or
Rogowski coils are used while the slit-slit method[2] can
provided the beamlets direction spreads which are x
utilized to estimate the emittance value.

To measure the beamlet divergencexalirection the
two slits must be parallel to theaxis and to move along Slit array # 1
the x direction. The first slit, at thg position, allows to ‘
pass those electrons having the sanoeordinate, while
the second one allows to value the distribution function
fo(x,x')in the x' dimension. For an ideal beam and slits

of d width, the beam distribution function has the
triangular shape with the base equalth while it ought f
to bed at FWHM. Comparing these last parameters with 7 Slit array # 2

the experimental ones, we can determine the beamlet Laserbeam

angular spread. By plotting the distribution function on ~ Fig.1: Emittance meter: K cathode; EB: electron
xX plane the BEe, can be valued. beam; R: Rogowski coil.

2. EXPERIMENTAL SET-UP An -HV power supplier fed the cathode. The

) accelerating voltage can vary up to 50 kV. A Rogowski

The UV light was generated by two home madeyj|[g], having an attenuation factor of 14.8 A/V, allowed
excimer lasers utilizing an Xe-Cl and a Kr-Cl mixtureiq record the total output current.
having photon energy 4.02 and 5.6 eV, respectively. The UV laser beam was focused on the cathode by a
These energy values are close to the work function @pcm focal length lens at a grazing incident angle 8f 20
copper (4.5 eV). The excimer laser utilized was homex pove prism along the laser beam path and near to the
made and its characteristics were described in a Previoggtput laser beam coupler was used to turn the beam by
paper[3]. The emittance meter is composed by 8¢° in order to reach a low horizontal divergence of the
slits made of stainless steel and 20mm distant each othgyeysed beam on the target. In this way the minimum

how the Fig. 1 shows. laser spot area used on the cathode was small less than 4

The first slit array is placed at 160mm from themn? A turbo-molecular pump evacuated the chamber
cathode while the second one is placed at about 1 mghwn to 10 Torr.

from the cup flange. All cups are inserted into the
grounded flange, insulated and connected coaxially to a 3. RESULT DISCUSSION
50 Q BNC. So, the cups are able to detect only the '

electron curre_nt e_md they are not subje_ct t_o the The cathodes used in this experiment were a 1 mm
electromagnetic NOISE. The cups are 9 mm in d'amet%ick Cu and a 4m thick diamond film. To determinate

and 11.5 mm d'St".’mt from.each. other, and each_ °"fie beam emittance the beam spot was fixed at 4 mm
corresponds to a slit of the first slit array and to a slit Oarge and the laser energy was 0.5 and 2.5 mJ for the KrCl

the second slit array. This facility allows to record NiN€,d XeCl laser, respectively. Under these conditions

Q|ff_erent currents on laser shot. In order.to overcome th@nort-circuits due to the plasma formation were avoided.
limit on the lowest detectable current imposed by thé For the Cu cathode, with the maximum accelerating

noise O.SC'HOSCODe level, the slit W'.dth have to b. oltage applied (50kV), the output current was 370 and
appropriately large 1mm. Another requirement on the s 0 mA with the KrCl and XeCl laser, respectively. This

width was also dictated by the mechanical step advanQ,

flues resulted larger than the Child-Langmuir law
of the movable slit array, which fixed the tolerance of the ) . :
slit width. Being 0.127 mm the lower mechanical ste calculates[4-6]. The higher value current was obtained

advance, the siit sides have to present a lower toIeranRNith KrCl laser. This result can be ascribed to the high
So, the slit dimensions were analyzed by a HeNe las oton energy (5.6 eV) of this laser that applied the one-

lluminating two  correspondin slits Substantial oton photoelectric process, while, with the XeCl laser
9 P 9 ' (4.02 eV) the two-photon photoelectric process was

diffraction .phen.omenon were obFamed when twg ecessary. When the KrCl laser was used the output
correspondmg slits were positioned in f5uph an way th% rrent pulse was as wide as the laser pulse duration,
th; d!ffract|on cond|t|cr)lns V}/'ere .satlsﬁ.ed. By Ithewhile when the XeCl laser was used the output current
d|+ract|on patte_rns the slit d'r_"e”S'O”_ resu tedresulted about 85% narrower than the laser one. These
1% 0.02mm. In this case the uncertainty provided by thgepayiors point out that the photoextracted current with
slits in the x "value was 1 mrad. the KrCl laser was due mainly to the one-photon
photoelectric process, while the photoextracted current
with the XeCl laser can be expressed by an order higher
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than 1 on the laser intensity, implying that a multi-photon
mechanism took place[7].

Analyzing the electron beams having the higher
current (KrCl laser) we can observe, that the beam was in
saturation regime for accelerating voltage major of 40
kV. The output current obtained with the XeCl laser was
very low and the electron beam was not affect by the
space charge for accelerating voltage higher than about
10 kV. For investigating the BE at 50% of the peak
density, we consider the beamlet width at 50% of

- - N
(=] (3] o

Output Current (A)

(5]
T

| | |

maximum current recorded. The BE value, utilizing the 1 KrCIZEDnergy (meo 40
KrCl laser and 50 kV accelerating voltage, wasmiénn Fig.2 Current extracted from the Cu cathode with
mrad] and the corresponding BB was 1.14x2m m 70mnt laser spot and 50 kV accelerating voltage.

rad]?. Applying the Egs. (6) and (8) the normalized BE
and the normalized BB values resultedmOnim mrad]

and 4.6x18& A[m m rad]’, respectively. In order to
estimate the bending due to the space charge of the Or?'|¥t

beamlet, we considered the influence due to MaxiMUip coems that the space charge effects, which are present

currgnt density. on electroln directions. In thi.s way th%lso at highest accelerating voltage, contributed to
maximum bending was estimate to be(ad. This value  jocrease the quantum efficiency. The total extracted
is two orders lower than that obtained by the uncertaint harge was about 200 nC.

of the slits and we can say that the beamlet transversal

propagation was not influenced by space charge effects.

The BE value, utilizing the XeCl laser and 50 kV REFERENCES
accelerating voltage, was 28 fnm mrad] while the BB

By the Fig. 2 we deduce that the quantum efficiency is
a constant but it decreases as laser density increases.

2 . . [1] D.W. Feldmann, S.C. Bender, B.E. Carlsten, J. Early,
value was 0.08xTOA[m m rad]. Also in this case, R.B. Feldmann, W. Joel, D. Johnson, A.H. Lumpkin,

applying the Egs. (6) and (8) the normalized BE and the PG O'Shea WE. Stein. RL. Sheffield and L.M
normalized BB resulted 15tmm mrad] and 0.34x20 Y;Juﬁg'IEEE 5 QI.E-é7(199’1) 2636 ’ T
A[Ttm rad]?, respectively. Analyzing the electron beams ’ ' '
obtained with KrCl laser on the accelerating voltage th
BE decreased versus the accelerating voltage while t e]
BB increased, how preview theoretically. The
corresponding normalized BE and BB values versus t};@ A. Luches, V. Nassisi, and A. Pecorafqpl. PhysB
accelerating voltage were not constants contrary to t 5% (1993) 163 ' ' '
theory. These behaviors can be ascribed to the space '

charge regime at low accelerating voltage, to no-paraxi 11] D. Charalambidis, E. Hontzopoulos C. F Fotakis, G.

approximation of the beam and to no-monoenergeti i
particles that contributed to increase the transversal Farkas, and C. Totld. Appl. Phys65 (1989) 2843.

electron temperature. . .

Analogously we determined the electron BE and B&°l M-S. Causo, M. Martino, and V. Nassisippl. Phys
values using the diamond film and the two lasers. Also in B 59(1994) 19.
this case the BE value decreased versus the acceleratin]g i ]
voltage, while the extracted current and BB valuetol A- Beloglazov, M. Martino and, V. Nassiskppl.
increased. At the maximum accelerating voltage (50 kV) Phys B. 62(1996) 527.
and using KrCl laser the BE and BB values, were127 [
mm mrad] and 0.5&10° A[1tm rad]’ respectively while
with the XeCl laser these values were 32njm mrad]
and 0.1x10° A[rtm rad]’. Applying the Egs. (6) and (8)
the normalized BE and BB values resulted i3nim
mrad] and 2,3x1DA[ 1t m rad]?for the KrCl, while using
the XeCl laser these values were I6nim mrad] and
0.39x16 A[Ttm rad]>.

In order to obtained electron beams of larger intensity
from the Cu cathode, we fixed the KrCl spot laser at 70
mn? and the accelerating voltage at 50 kV. Figure 2
shows the photoextracted current versus the laser energy.
The maximum extracted current, 16.4 A, was obtained at
36 mJ laser energy.
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