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Different measurements were performed at the RF Photo Injector Test Facility at
DESY Zeuthen in order to investigate the influence of the focussing magnetic field
(B) on RF phase scans. The total charge of the outcoming beam depends on the time
of electron production and the time dependent amplitude of the accelerating electrical
field in the cavity. The relevant laser parameters for the simulation were optimized for
a magnetic field B=0. Phase scans were simulated for varying field strengths and two
different transversal laser profiles. A good agreement was found between experiment
and simulations. However, both profiles lead to a systematically higher emittance
than expected although the deviation is in general less for a radial distribution of the
transversal laser profile than for a symmetrical gaussian profile.

1 Introduction

1.1 What is PITZ?

The acronym PITZ stands for Photo Injector
Test Facility at DESY Zeuthen. PITZ is part
of the preparation programme for TESLA as
well as the X-ray Free-Electron-Laser. Such
accelerators, unlike synchrotrons, need excellent
beam conditions right from the beginning, since
there are no mechanisms to improve beam qual-
ity during the run. In order to satisfy the needs,
an electron source that extends to the technical
limits, is requested.

It was agreed to build PITZ, to overcome ex-
isting problems on the RF gun and to find op-
timum settings for the Tesla Test Facility, be-
cause “experience shows that without an exper-
imental program no significant progress can be
expected”[?].

1.2 Generation of the electron beam

The RF photo injector test facility was installed
at DESY Zeuthen under the objective to pro-
duce a stable electron beam with a repetition
rate of 10 Hz. The bunches should have a nomi-
nal charge of 1 nC (≈ 1010 electrons per bunch)
with less than 1% energy spread and a small
transverse projected emittance of about 1π mm
mrad.

Conventionally, electrons are produced and
accelerated by heating up a filament in an elec-
trical field. This is a plainly statistical process,
hardly capable of fulfilling the needs of modern
accelerators such as TESLA or the X-FEL.

The RF photo injector uses the combined pro-
duction and acceleration: A laser-pulse hits a
caesium-telluride-cathode from which via pho-
toeffect a, in space and time well defined bunch
is emitted. To prevent the bunch from diverg-
ing dramatically due to high coulomb forces, the
electrons have to be accelerated at once. There-
fore the cathode is situated right inside a 1.5
cell copper cavity. The accelerating field in the
resonator is a function of z and varies in time as
shown in Eq. (??).

E(z, t) = E0(z)sin(ωt + φ). (1)

Assuming a laser pulse hits the cathode at
t0 = 0, the phase difference between the RF-field
and the laser input is φ. The electrons only leave
the cavity for a narrow range of phases, other-
wise they are accelerated backwards onto the
cathode or oscillate inside the resonator. For an
optimum phase the electrons reach almost speed
of light, because the electron mass of 0.5 MeV
is negligable in comparison to an energy gain
of about 40 MeV/m. With increasing momen-
tum the transversal Lorentz forces decrease, and
the electrons move along the beampipe within a
compact bunch.
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Fig. 1: PITZ setup[?]: (1) Laser input port; (2) Cathode system; (3) RF source and solenoid magnets;
(4) Diagnostic section; PP - pepper pot; FC - Faraday cup

1.3 Diagnostics and beam tracking

PITZ consists of different parts. The laser
is produced externally and guided via an ad-
justable mirror system into the beam pipe onto
the cathode ((2) Fig. (??)). The Cs-Te-cathode
is very sensitive to pollution, so a good vacuum
(≈ 10−9mbar) has to be provided. Radio waves
with a power of 5 MW and a frequency of 1.3
GHz are produced externally by a klystron sys-
tem and coupled into the cavity by waveguides
((3)Fig. (??)). Since a part of the power is con-
verted into heat, the cavity has to be constantly
cooled by a water cooling system, in order to
prevent thermal deformations, which would re-
sult in the resonator going out of tune.

Two solenoid magnets for beam focusing sur-
round the resonator. The main magnet is
mounted on micromovers, because an exact po-
sitioning of the solenoids is crucial for a stable
beam.

The first diagnostic part consists of a pepper
pot (PP) for transverse emittance measurement
and a Faraday cup to determine the charge. In
the diagnostic section ((4)Fig. (??)) the beam
is focussed by a quadrupole triplet. The field
of the dipole magnet allows to measure beam
energy and energy width.

For further details see [?].

2 Phase Scans

The experiment was performed at a klystron
voltage, corresponding to an energy gain of
about 41.8 MeV/m at the cathode. The laser

intensity was adjusted as such, that 1nC is de-
tected at the Faraday cup for φ0, the phase of
maximum energy gain. The charge was mea-
sured by a scanning programme, for phases from
-180 deg to +180 deg in steps of two degrees, for
solenoid currents ranging from 0 A to 400 A in
steps of 20 A (Fig. (??)). To estimate the statis-
tical fluctuations, the charge was measured for
each point 2-3 times.

For further processing, the data was shifted
and mirrored, φ → φ0 − φ, to be comparable
with the simulations.

3 ASTRA Simulation

ASTRA1, A Space charge Tracking Algorithm,
allows to simulate the evolution of a charged
bunch under the influence of external elec-
tromagnetic fields (cavity, solenoid, dipol,
quadrupol ...) and internal space-charge-forces
[?]. Since it is not possible to calculate the tra-
jectory of every single electron in finite time, the
charge Q is subdivided into N equally charged
macro-particles. Experience has shown that for
N=10000 ASTRA produces results of adequate
accuracy. 2

In order to simulate the influence of the
solenoid, ASTRA takes the magnetic field
strength B as a parameter. The correspondence
between the current I, measured in the experi-
ment, and B can be expressed by an empirical
equation (??).

1 http://www.desy.de/˜mpyflo
2 For a qualitative picture, as needed for preliminary
simulations, N=2000 is sufficient.
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Fig. 2: The experimental results are plotted for the
phase φ over the solenoid current. The colors de-
scribe the measured charges, ranging from 0 nC to
1.65 nC.

B[mT ] ≈ 0.6I [A] − 0.4 (2)

To find experimentally less accessible param-
eters such as the longitudinal and transversal
laser profile, different settings were simulated for
B=0 and compared to the experimental curve
I=0.

Shifting the data to the phase of maximal en-
ergy (Fig. (??)), φsim

→ φsim
− φsim

0
, as it was

done for the experimental curves, the deviation
∆ can be calculated (Eq. (??)).

∆ =
∑

wj(C
sim
j − C

exp

j )2 (3)

The weights wj are functions of the experimen-
tal errors with

∑
wj = 1.

FWHMRT
Fig. 3: Characteristics of the flat top laser profile

In the first run, the transversal laser profile
is assumed to be symmetrically gaussian with
an optimum value of rms size σx,y = (0.4 ±

0.05)mm. The longitudinal profile has a flat-
top shape, characterized by its rising time and
its full width at half maximum (FWHM) as it is
outlined in Fig. (??). Best agreement was found
for RT = (3±0.5) ps and FWHM = (25±0.5) ps.
An initial charge of 1.6 nC gave a good corre-
spondence.

Fig. (??) shows the simulation for the gaus-
sian profile. Although the simulated curve for
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Fig. 4: Gaussion profile: The simulated charge is
plotted for the phase φ over the solenoid current.
The colors describe the measured charges, ranging
from 0 nC to 1.6 nC.

0  

0.2

0.4

0.6

0.8

1  

1.2

1.4

1.6

−60 −30 0 30 60 90
0

100

200

300

400

φ

I[A]

Fig. 5: Radial profile: The simulated charge is plot-
ted for the phase φ over the solenoid current. The
colors describe the measured charges, ranging from
0 nC to 1.65 nC.

B=0 and the upper parameters agreed well with
the experiment for I=0 according to Eq. (??), a
second peak appeared in the lower left corner of
Fig. (??), that was not observed in the exper-
iment (Fig. (??)). This second maximum is a
result of the transversal gaussian profile.

Thus, another simulation was carried out for
a radial laser profile with a newly optimized set
of parameters: σr = 0.4 mm, Q = 1.65 nC,
FWHM = 22 ps, RT = 5 ps and Emax = 40.23
MeV/m. Fig. (??) shows the simulated results,
in which the second peak is suppressed.

4 Discussion

As mentioned before, the real transversal laser
profile seems to resemble more to a radial
than to a gaussian distribution. Fig. (??) and
Fig. (??) display the emittance for the gaussian
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Fig. 6: Gaussion profile: The simulated emittance
is plotted for a phase φ over the solenoid current.
The colors describe the measured emittence, ranging
from 0 to 10 π mm mrad. Higher emittances are
represented by the dark red colour.

and the radial distribution. Both figures reveal a
narrow band of low emittance close to the phase
of maximum energy gain. However, it was not
possible to measure the emittance during phase
scans.
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Fig. 7: Example of an energy distribution for one
phase scan using the gaussian profile.

For an optimum setting, the emmitance
should be as small as possible for a highly en-
ergetic bunch with a charge of 1nC. On the one
hand, emittance is smallest for low magnetic
field (I < 100A). On the other hand, only for
high field strengths (I > 200A) a charge of 1
nC reaches the Faraday cup (Fig. (??), (??),
(??)). In this region region, the emittance does
not become lower than ≈7π mm mrad for the
gaussian and ≈5π mm mrad for the radial trans-
verse laser profile. This is about twice the value
of the experimental emittance. Whether this is
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Fig. 8: Radial profile: The simulated emittance
is plotted for a phase φ over the solenoid current.
The colors describe the measured emittence, rang-
ing from 0 to 10 π mm mrad. Higher emittances
are represented by the dark red colour.

due to a lack of finetuning of the input parame-
ters or has some principal reasons, could not be
examined in the frame of this work.
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