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Nowadays, different applications required short bunches,
2 with low energy spread and low emittances. On EXALT
£ facility, we perform an experiment with a short (=100 fem-
2 tosecond) laser pulse on a photocathode in a 3 GHz RF gun.
& We perform the measurement of the single photon emission
2 process with a copper cathode. We show that the longi-
% tudinal photoinjector model via transfer matrix is suitable
& for the reconstruction of the bunch duration even in short
‘g pulse model with an increased accuracy charge below 20
£ pC. We clearly measure the parabolic profile in the energy
2 spectrum resulting from blow out phenomena at the cathode
E due to strong space charge forces. Measurements are also

St

& compared with the Astra simulations.

DRUM EXPERIMENT AT EXALT
FACILITY

EXALT is a merging of two installation : PHIL test line
:Z photoinjector [1] and LASERIX [2] high power Ti:Sa laser.
>The aim of the facility is first to explore the beam dynamics
< for low energy short bunches (DRUM experiment), and sec-
& ond, to have a unique facility where experiment combining
& high power lasers and short bunches are available, one of
Q the goal being the laser plasma wake field acceleration [3].
§We first use a leakage of a high power Ti:Sa laser LASERIX
& for the photocathode of the PHIN 3 GHz RF gun. One of
S the goal of the facility is to explore the beam dynamics and
[ap] . .

> the multiphoton process. Then, we managed the duration
S of the laser pulse with an optic compressor (100fs - 2 ps)
% and the wavelength with frequency doubling stage (Ultravi-
f olet, infrared or visible) as shown in Fig. 1. We can set at
© the cathode different wavelength and laser duration. We re-
E cently solve the synchronisation issue of the two independent
‘:j) synchronisation systems of the equipment [4]. The DRUM
f experiment started after this achievement (see Fig. 2 for a
"qé schematic of the test line). The objective is to explore the
= beam dynamics in the blow out linear expansion of the short
%bunches at the cathode, to explore multiphoton emission
8 process at the cathode, and to measure the bunch duration
zof a 3 to 10 MeV electron beam. To quantify the photoe-
2 mission, the charge extracted from the gun is measured with
§ an ICT. We dispose also of different YAG screen station to
£ measure the transverse spot profile of the electron bunch.
= Different solenoid are in the line to focus the beam at the
£ photoinjector exit and at the entrance of the spectrometer.
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Figure 1: Schematic of the pulse compressor and the fre-
quency conversion of the Ti:Sa laser LASERIX for the 3GHz
RF gun cathode
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Figure 2: schematic of the PHIL test line used for the DRUM
experiment. The laser pulse is send to the cathode in the RF
gun. Different solenoids are allowed for focusing a spectrom-
eter combined to a YAG screen and imaging are available
for energy spread measurements

|

In fact, one of the goal of the DRUM experiment at EXALT
facility is to retrieve the electron bunch duration with the
3 phase measurement. The method is detailed in the next
section and is based on the energy spread measurement.

BUNCH LENGTH MEASUREMENT
METHOD

Short bunch duration measurement can be done in dif-
ferent ways : electro optic sampling, transverse deflecting
cavity, smith purcell radiation. At an energy of 5 MeV, the
electro optic sampling and smith purcell radiation have a
resolution which is in the ps range and are not suitable in
our case. Concerning the transverse deflecting cavity it re-
quired additional klystron, which required large funding.
We choose a robust, low cost and simple method to measure
the bunch duration : the 3 phase method. This method is
equivalent to the transverse emittance measurement with
the 3 gradient method, but for the longitudinal emittance. 3
phases is a rather simple method to reconstructed the initial
bunch duration with a least 3 measurement of the final en-
ergy spread. We consider there an element R, which acts
on the longitudinal parameters of the electron bunch. Then,
the energy spread at the element exit ogy depend on the
transfer matrix term of the element R and of the longitudinal
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bunch parameters: the initial bunch duration oy;, the initial
correlated energy/duration term og; and the initial energy
spread o-él.. In fact, from the envelop equation, we have :
O-tgif = Réso-tzi + 2Re5Re60Eri + Ré60-125i . (1)
The goal now is to measure the final bunch energy spread
og, for n (at least 3) different values of the matrix R. Vary-
ing phase of the accelerating section during experiments is

the simplest way of changing the Rgs5 element of the matrix
R for the photoinjector accelerating structure. Thus,

2
TEry REs, 2Res1Resr 1 o}
. = . . . OEt; . (2)
o2 R 2ResqResy 1 )\ O
Efn 65n 65n1'66n i
v X
Y A

Solving for X using the least square method, we obtain X =
(ATA) ' ATY.

We choose here to measure the bunch length at the cath-
ode emission. Then, we measure the energy spread at a
photoinjector exit with the spectrometer.

LONGITUDINAL MODEL OF THE
PHOTOINJECTOR

On EXALT, as only the gun is available as accelerating
structure, we developed a longitudinal matrix from the model
developed by KIM [5], with improvement on the calculation
of the phase slippage of the electrons over the gun due to
fact that the energy is almost at rest of mass at the cath-
ode to reach quasi relativistic one in 12 cm [6]. We have
to note, that in this case, the bunch length reconstructed is
the one of the electron bunch at the cathode, i.e. in most
common cases, the laser duration. In this model, we con-
sider a purely sinusoidal accelerating field in the RF gun
E.(z,t) = E,, cos(kz)sin(2n ft + ®g) with E,, the acceler-
ating gradient, f the RF frequency of the field, k the wave
number of the field and @ the initial RF phase seen by of the
electron at the cathode, z is the longitudinal coordinate. The
phase of the RF field is ®(z)=2nft—kz+®, and by definition,
dz/dt = cy/y? — 1/y with the time and y the Lorentz factor.
According to the kinetic power theorem and by considering
a first zone in the photoinjector where y ~ 1 and ®(z) ~ @

. . . _ eE,, .
and by two iterations, the model is (o = T ):

D(z) = m(\/(yo + 2aksin(®g)z)? — 1
—2aksin(Po)z —yo+ 1) + Do
v(z) = vo+ alksin(®(z))z

+%(c0s((l)(z)) = cos(®(z) + 2kz)))
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Figure 3: top : image of the YAG screen after the spec-
trometer. bottom, energy distribution profile of the electron
bunch. Both cases are in the case of short laser duration at
the cathode illumined by UV light.

To end, by differentiation of @ and ¢, we obtain the matrix
element for the photoinjector as follow for A® (= 2x fAt)
and AEy:

cos(dg)
Rs = 1——— % Rsg=0;Re5 =1
> 2asin®(@g)” 0 o
Res = 2nfmec*(akL cos(Dy) — %sin((l)f)
a . cos(Dg)
+—sin(®f + 2kL))(1 - —————
2 sin(®y X Z(Ysinz(d)o))

For the 3-phase measurements, we use these matrix ele-
ments to model the beam dynamics in the photoinjector.

180 FS BUNCH LENGTH
MEASUREMENTS WITH 3 PHASE
METHOD

We performed measurements of the energy spread versus
the RF phase of the photoinjector for different laser duration
at the cathode. First we observed that the energy spread has
a parabolic shape as expected by the linear expansion at the
cathode due to the high charge density as shown in Fig. 3.

Then, we measure the behavior of the energy spread ver-
sus RF phase in the case of short bunches at the cathode.
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Figure 4: FWHM Energy spread versus the RF phase. Mea-
= surement have been done in EXALT facility with a charge of
=10 pC and a electron bunch energy of 3.6 MeV. The FWHM
m bunch duration at the cathode of 560 fs +/— 120 fs is mea-
'3 sured with the 3 phase method and the photoinjector model.
< The measurement are compared with tracking simulation
£ using a 180 fs rms laser duration at the cathode and fit well
~ with experiment.

[a)

el

g x10

555 : : :

2 0.56 +/-0.12ps ||~ — fit °
= 51 1 data r
-g O Astra 180 fs

o

o 545

— o

g —E/ -
o &

=] > 3.5 % %’

o B

—_— —

E 2

= @ 3 ’%“ N%

w2

=

S 25

E

=

é) 2

e

o

S

=

=t

tt

of this wo

« As expected by the envelop equation and the photoinjector
§ model, the behavior is almost flat versus the RF phase. The
B minimum energy spread measured for 10 pC of charge with a
£ smooth focusing toward the spectrometer is 26 keV FWHM.
EOther 80 degrees of RF phase, the energy spread increase
& by less than a factor two. As an example for two picosecond
a-laser duration at the cathode, the energy spread increases by
S a factor more than 5 other the same range of RF phase.

8 With weighted least mean square method, 560 fs FWHM
3 "5 bunch duration at the cathode has been measured with the
: 3 phase method and the photoinjector model. As the en-
5 ergy distribution is parabolic, this correspond to 180fs RMS
s value (the ratio between FWHM and rms is V10 in case
E of parabolic profile). In Fig. 4, the measurement are repre-
8 sented with dotted points with the associated rms fluctuation
2 values. The dotted line correspond to the model applied
% with the initial longitudinal parameter of the electron bunch
g reconstructed with the 3 phase method. To end, we compare
& the FWHM results with Astra [7] simulation with an initial
£ laser duration of 180 fs rms. The agreement with the mea-
g surement is encouraging, the small difference coming from
5 the weak number of macroparticle taken for the tracking
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simulations and due to the fact that we take FWHM values
for the simulated profile.

CONCLUSION

By impinging a femtosecond laser at the cathode, we are
able to obtain short bunches, which have to be used close
to the photoinjector to avoid bunch lengthening. Different
wavelength and laser duration are available. First experiment
show that the 3 phase method is suitable to measure less
than 500 fs FWHM bunch duration. A standing wave booster
section will be installed at the exit of the photoinjector to
slow down the bunch lengthening and to measure the bunch
duration at the photoinjector exit. Future experiment are
foreseen to combine short bunches with infrared high power
laser.
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