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Abstract 2 EXPERIMENTAL SYSTEM

Varlous' photogmlsswe materials, 'among/h|ch The bunch length isneasured by &nown technique [4]
ferroeleptrlc ceramics are testedpdmto emitters alNEN similar to that used in streak cameras. The beam,
Frascati Laboratories. larder to understanthe physical generated byhoto excitatiorand accelerated tabout 30
processes involved irthe emissionand to characterize keVv in a DCgun, isdeflected bytwo sinusoidalcrossed
them asphotocathodes fouse in linac injectors, it is magnetic fields, in time quadrature wigachother, which
important tomeasurghe temporal shape of themitted impress aransversamnomentum to the various slices of
current. As theduration ofthe laser pulse is 2ps, the the bunch. The image seen on flaorescent screen
required resolution is of the order of fg)s An apparatus downstrga_m othe deflector IS asector of a. Circle_ whose
has beerset up for the purpose, consisting of a 30 kJength, divided by the full circumferencegives directly
electron gun, amicrowave transverse deflecting cavityh® bunch length in units of the Rgeriod. A sketch of
which translates the temporal distribution of tectron the system is shown in Fig.1.

bunch into a spatial one, fuorescent screen on which A oe

the deflectedbeam traces a sector of a cireled various M s

focusingand chargemeasuring items. The image on theL-——}i IX, SCREEN
screen is detecteda a CCDcamera and &rame grabber. /

/ [ P
We describethe performance ofthe apparatusand some |} _____ e : N
preliminary temporal distribution measurements.

1 INTRODUCTION CAMERA |f|

The measurement of thiame correlation betweefaser
pulse and emitted currentfrom a photocathode is Figure 1: Measuring system. C=cathode,L=laser beam,
important to characterizethe cathode itself and the M= mirror, A=anode, S=solenoid, DC= deflecting cavity.
suitability of the generatedelectron pulse for further
acceleration ininjectors. In ourcasethe photon pulse is  The deflecting fields arereated byexciting the TM110
obtained from a mode locked Nd-Yadaser and has a Mode in a microwave resonateowered a2450 MHz by
duration of 25ps. Thecathodes to be tested arade of two loop antennasspaced by 90 degrees e azimuth.
eitherferroelectricPLZT ceramics [1] ordopedDiamond The loaded Q ofthe Aluminum cavity in matched
[2]. The ceramicsare expected t@xhibit a multiphoton condition is 5000and the microwave powerequired to
response starting from thgreen wavelength range (532impart adeflection of 3 cm at a distance of 40 cm to a
nm) while thediamondsamples start emitting in the Uv beam having arenergy of 50 keV i250 W for each
range. The measuring system has been initially set up fsitenna. The duration othe microwave pulse is
the greenlight (seconcharmonic of thdaser)but can be determined bythe jitter in the starting time of thiaser
readily adapted to U\tadiation. Theceramic cathodes are Pulse with respect to the trigger, which is about 4 ps. An
disks of 16 mm diameter).7 to 1 mm thickness, RF duration of 10 pdas been chosen. A sketch of the
provided with a uniform metallic film electrode on tear Microwave system is shown in Fig. 2.
side and with a gratininterconnected by an exterrig The microwave signal does not need tosiechronized
on the front (emitting) side. This configuration allows thavith the laser pulsebecausevarying phases of thieunch
application of a bias to improve the emissiefficiency ~With respect to the RF waveform produce only an azimuth
[3]. For the same reason the sample can alsbebted by shift of the image, whicltan beinstantaneouslgrabbed
a resistive wire. Thecathodes are ruggeand need no Pulse by pulse. This means that theerowavegenerator
special precautions in handling. The vacugmuirements €an be aroscillator (magnetron), which is muatheaper

are dictated by the high voltage used in the gun. than a klystron amplifier.
The diagnostic devicesonsist of themicrowave cavity

itself, a wall currentmonitor and afluorescentceramic
screenplus a CCD camerawith frame grabber. The
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signals induced irthe monopolemodes ofthe cavity can
be used as a very sensitive indicator of phesence of the
beam in the initial setting up of the instrument. Tl
current monitor can based toestimate the buncbharge
and the bunch length of vetgng bunchegexceeding the
RF period).

Microwave
generator

T

Fig 2. Sketch of the microwave system. C= circulator,
H= hybrid junction, PS= phase shifter, T= tuner,
DC= directional coupler.

3 OPERATION OF THE SYSTEM

The system hasbeen set operating with green
wavelength (53Zim). This makegaser beam alignment
easierbut brings serious problems of imagetection
because the emission efficiency of teramic cathodes at
this wavelength isstill very low. The laser signal to
obtain tens of pC of bunckharge is ofthe order of
milliJoules. Thegreenlight diffused by the cathodes
illuminates the targetind overwhelms thefluorescence
induced bythe beam. Weéhave solvedhis problem by
introducing a low pass filter in front of theamerataking
advantage othe fact that the Chromiumdoped ceramic
employed emits substantiallyred light. In Fig. 3 is

shown a picture of the beam taken with the frame grabb

Figure 3: Image of the beam on the screen.

The shape of the image, for a continuous beam, should g,

an ellipse due to thscreenbeing bent at 4%legreeswith
respect tothe electron beamaxis, but can also be
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deformed by armperfect balance ofhe two microwave
channels. The resolution of the timmeasurement is
given by the thickness of theace which is mainly the
dimension of the beam spfidcused bythe solenoid. The
minimum dimension of the spot isletermined by the
beam emittance and space charge.

In Fig. 4 is shown the image intensity distributiaiong
the perimeter of the elliptical figure.

image intensity distribution along the circumference
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Figure 4: Image intensity distribution.

One notices that the beanrace fills the whole
perimeter of the ellipse. This means thathis case the
bunch length is very large. fiact due tothe highpower
density of the laser beam (3 mJ on a laser spot of about 2
mm diameter)the cathode surface isvery close to
breakdown.The image of thehead of the bunch is
superimposed to a periodic pedestaé tothe tail of the
bunch and to the imperfect balance ofthe sinusoidal
deflecting fields. In order to see the perimeter partially
filled (andthereforeonly one bump on thdigure) one

“houlddecreasehe laserpower and beamintensity, but

one cannot go below the sensitivithreshold of the
ceramic screen. Welan to install a higheefficiency
cathode and toemploy an intensifieccamera. A long
bunch can anyhow beuseful to balancethe deflecting
fields by minimizing the pedestal bumps.

It is to be noticed that with this system weeasure the
bunch length at the deflecting cavity location, which is at
20 cm from thecathode.This length,for a givenlaser
pulse length, depends on gun voltage space charge. In
Figures 5 and 6 are shown the evolutions of bunch length
from the cathode tothe deflection cavity for different
bunch charges, as obtained with the HOMDYN code [5].

Spacecharge effectsesult in a bunch longer than the
initial laser pulse length <L>=%s, even inthe low
charge limit of 1 pC. For the same reason we think that a
direct measurement of thelectron distribution exiting
from the surface ofthe cathode is difficult by this
technique, unless low charge and high voltageapplied,
ertheless one&an obtain some useful information
about the cathode temporal response by comparing
measurements with computations.
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Figure 6: Evolution of bunch length from cathode to
deflector by 50 kV voltage applied. Maximum extracted
charge in this case is 33 pC.

4 CONCLUSIONS

An instrument which is able teneasurethe bunch
lengths ofelectrons emitted by a photocathodéh a
resolution of afew picosecondéias been successfully set
operating. Only very preliminary resultshave been
obtainedbut we plan toproceed inthe near future to
calibrate accuratelthe instrumentand to perform bunch
length measurements on the variougged photocathodes
that are being studied in our laboratory.
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