
Measurement of Space Charge E�ects and Laser Pulse

Length in the TTFRFGun using thePhase Scan

Technique

S. Schreiber a, D. Sertore a;1, P. Michelato b, M. Ferrario c, G. von Walter d,

N. Walker a

aDeutsches Elektronen-Synchrotron, D{22603 Hamburg, Germany

bINFN Milano LASA, I{20090 Segrate (MI), Italy

cINFN Frascati, I{00044 Frascati, Italy

dRWTH Aachen, D{52056 Aachen, Germany

The new injector based on a laser driven rf

gun at the TESLA Test Facility Linac (TTFL) at

DESY is in operation since Dec. 1998 [1]. Its aim is

twofold: to provide beam for experiments related

to beam dynamics, where high bunch charges of

8 nC are required, and to provide a low emittance

beam with reduced charge to drive the free elec-

tron laser TTF-FEL. To generate electron beams

with high quality, it is important to understand

space charge e�ects, especially in the rf gun. High

space charge may lead to an unacceptable emit-

tance growth. This report briey describes space

charge related measurements in the rf gun. Fur-

thermore, a method to measure the laser pulse

length with the phase scanning technique is pre-

sented.

An important tool to evaluate space charge ef-

fects in a laser driven rf gun is the phase scanning

technique: the charge transmitted through the gun

is measured as a function of relative phase be-

tween the gun rf and the laser pulse. The charge is

measured with an integrated current transformer

1
on leave from INFN Milano LASA, Italy

(Bergoz, France) directly at the gun exit. The

phase and amplitude of the rf pulse in the gun is

controlled and stabilized with a low level rf con-

trol system based on digital signal processors [2].

It analyses the signal of a pick-up electrode in

the gun to perform a feedback and to adjust a

feedforward table. This system allows to change

consistently the gun phase in steps of 0.5
Æ
. The

phase stability of the laser is 0.5
Æ
as well [3]. The

phase scans are performed for various charge den-

sities on the cathode. Charge densities are either

changed by varying the laser pulse energy (1 to

8nC) or by changing the laser spot size on the

cathode (r = 1.5mm or 5mm).

Figure 1 shows several phase scans for di�erent

charge densities. At low charge densities (around

5nC/cm
2
), the phase scan shows a steep rise and

a at top of about 80
Æ
. The rise time, as explained

later on, reects the length of the laser pulse. A

at top is expected, since all electrons are acceler-

ated and transmitted through the gun during the

�rst 90
Æ
of rf. For high charge densities (above

10nC/cm
2
) a much slower rise of the transmission

is observed. This is explained by the screening ef-
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Fig. 1. Phase scans for several charge densities on the

cathode.

fect due to space charge: while part of the bunch

has already left the cathode, it shields the accel-

erating �eld. For small phases, the shielding is

strong enough to fully compensate the accelerat-

ing �eld for the residual electrons. The data are in

good agreement with beam subamics simulations.

To investigate this further, the charge trans-

mitted through the gun is measured for di�erent

accelerating gradients for constant phase, charge,

and the charge density. Figure 2 shows the trans-

mitted charge as a function of the accelerating

gradient. At 40MV/m, the full charge of 2 nC
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Fig. 2. Transmitted charge for di�erent accelerating gra-

dients in the gun. The lines indicate the space charge

limit calculated with Gauss' law for two laser spot radii.

(28 nC/cm
2
) is transmitted through the gun.

Lowering the �eld, the screening e�ect due to

space charge take over and reduces the transmit-

ted charge. Figure 2 also shows the space charge

limit calculated from Gauss' law for two di�erent

radii of the laser spot on the cathode. The spot

size radius of the laser was adjusted to 1.5mm.

Taking the space charge limit in the rf gun into

account, the phase scanning technique is also used

to evaluate the longitudinal pro�le of the laser

pulse. The zero crossing of the accelerating �eld

acts like a sharp edge: only the part of the bunch

which sees acceleration is accelerated to full en-

ergy and transmitted through the gun. The shape

of the rise in the phase scan plots is just the in-

tegral of the longitudinal laser pulse shape. Dif-

ferentiating the rise yields the longitudinal laser

pulse shape as shown in Fig. 3. To con�rm the

validity of this method, the laser pulse shape was

also measured with a streak camera (resolution

2ps).In Fig. 3, the measured pro�le is overlaid

to the di�erentiated rise of the phase scan plot.

The agreement obtained is reasonable. Integrating

the pro�le measured with the streak camera also

matches well with the recorded rise of the phase

scan plot. In this example, the laser pulse has a

length of 8.0 � 1 ps.
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Fig. 3. The rise of the phase scan plot (upper left) taken

at a low charge density is di�erentiated to obtain the

longitudinal shape of the laser pulse (lower left). The

shape is compared to the pro�le taken with a streak

camera (dots). The integration of the streak camera laser

pro�le (upper right) �ts well with the rise of the phase

scan plot (lower right, dotted line).
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