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Abstract

The operation of a free electron laser working in the Self Amplified Spontaneous
Emission mode (SASE FEL) requires the electron trajectory to be aligned with
very high precision in overlap with the photon beam. In order to ensure this
overlap, one module of the SASE FEL undulator at the TESLA Test Facility
(TTF) is equipped with a new type of waveguide beam position monitor (BPM).
Four waveguides are arranged symmetrically around the beam pipe, each chan-
nel couples through a small slot to the electromagnetic beam field. The induced
signal depends on the beam intensity and on the transverse beam position in
terms of beam-to-slot distance. With four slot-waveguide combinations a lin-
ear position sensitive signal can be achieved, which is independent of the beam
intensity. The signals transduced by the slots are transferred by ridged waveg-
uides through an impedance matching stage into a narrowband receiver tuned to
12 GHz. The present thesis describes design, tests, and implementation of this
new type of BPM.
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Zusammenfassung

Der Betrieb eines Freien Elektronen Lasers (FEL), bei dem die spontan emit-
tierte Undulatorstrahlung iiber Wechselwirkung mit dem Elektronenstrahl selbst
verstirkt wird, setzt eine prézise Ausrichtung des Elektronenstrahls mit dem
Photonenstrahl voraus. Um den Uberlapp von Elektronen-und Photonenstrahl
zu gewahrleisten, wurde ein neuartiger Typ von Wellenleiter—Strahllagemonitor
entwickelt, der in eine Vakuumkammer des Undulators des FELs der TESLA Test
Facility (TTF) integriert ist. Vier um das Strahlrohr verteilte Wellenleiter kop-
peln iiber schmale Schlitze einen Bruchteil jenes elektromagnetischen Feldes aus,
welches den Strahl begleitet. Die induzierten Signale héngen von der transver-
salen Strahlposition und der Strahlintensitdt ab. Mit vier Schlitz—Wellenleiter
Paaren 148t sich ein lineares Signal ableiten, anhand dessen die Position des
Elektronenstrahls bestimmt werden kann. Die induzierten Signale werden mit-
tels eines stegbelasteten Wellenleiters in die erste Stufe eines bei 12 GHz arbei-
tenden Empfingers zugefiihrt. Die vorliegende Arbeit beschreibt Design, Tests
und Implementierung dieses neuartigen Typs von Strahllagemonitor.

Sclagworter:
Teilchenbeschleuniger, Strahldiagnose, Freie Elektronen Laser, Mikrowellen
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Chapter 1

Introduction

Particle accelerators play a vital role in modern research. The fundamental con-
stituents of matter and their interactions are studied with high energy colliders.
Synchrotron light sources utilizing the radiation emitted by accelerated particles
cover a wide range of applications from solid state physics, life sciences, medicine,
to materials research.

The international TESLA! collaboration proposes the construction of a super-
conducting linear collider with an integrated X-ray Free Electron Laser (FEL)
facility. The high quality of the electron beam delivered by the TESLA linac is
well suited to drive a FEL based on the principle of Self Amplified Spontaneous
Emission (SASE). To study the feasibility of the TESLA concept, the TESLA
Test Facility (TTF) has been planned, set up, and is now in operation. This
facility comprises not only an electron linear accelerator, but also the complete
infrastructure for cavity treatment. In order to include the FEL option in an
early stage, a SASE FEL for the VUV? wavelength regime is also integrated into
the design and is now in the phase of commissioning.

Coherent light emission in a SASE FEL is achieved by the interaction between
the density-modulated electron beam inside an undulator and the spontaneous
undulator radiation.

The overlap between the photon field and the electron beam over the complete
length of the undulator region is essential for the operation of the SASE FEL. To
ensure this overlap several position—sensitive diagnostics devices are mandatory
along the FEL beamline. In the present work, a new type of waveguide beam
position monitor (BPM) has been developed providing high resolution position
measurements with negligible influence on the electron beam. The position of

!TeV Energy Superconducting Linear Accelerator
2Vacuum Ultra Violet



the electron beam is reconstructed by comparing signals induced into four waveg-
uides arranged symmetrically around the beam pipe. Each waveguide couples
to the electromagnetic field co-propagating with the electron beam by a small
aperture in the beam pipe wall. Transduced signals are then transported through
matching stages into the first element of a narrowband receiver tuned to 12 GHz.

Outline

The TTF FEL is introduced in chapter 2, together with a brief review of the
SASE operation principle. The need for a high precision beam orbit observation
and correction system is motivated by performance considerations of the SASE
FEL. This chapter also includes a presentation of the electron beam diagnostics
and the general strategy for the alignment of the electron beam is presented.

Chapter 3 deals with a more detailed analysis of the operation principle of the
waveguide BPM derived from microwave principles. Beside that, numerical cal-
culations and an analytical model are used to study the reactions of the BPM
on the electron beam.

Measurements performed with prototypes of the waveguide BPM are presented
in chapter 4. A testbench for laboratory measurements is described together
with measurements of intrinsic monitor parameters. Tests and results obtained
under beam conditions at the CLIC Test Facility 2 (CTF2) and at the S-Band
Test Facility (SBTF) are reported.

Chapter 5 is devoted to calibration techniques. In addition to that, estimates
concerning the resolution and accuracy of the waveguide BPM are presented.

This thesis closes with a summary and an outlook on future development issues
of the waveguide BPM.



Chapter 2

TESLA Test Facility
Free Electron Laser

In this chapter the TTF FEL is introduced together with a brief review of the
SASE operation principle. Furthermore, the electron beam diagnostics compo-
nents of the FEL undulator are presented together with a report of the beam
based alignment procedure.

2.1 TESLA Test Facility

The SASE FEL proposed by the TESLA collaboration [1,2] and currently under
commissioning is driven by the TTF linear accelerator [3]. The TTF linac is based
on superconducting cavities made of Niobium working with an accelerating mode
at f = 1.3 GHz. The complete facility not only includes a linear accelerator,
but also the required infrastructure for cavity processing. The research and
development effort is carried out within an international collaboration with the
aim to build a linear collider with integrated X-ray laser facility [4].

In Fig. 2.1 the layout of the two phases of the TTF FEL project is illustrated.
Electrons generated in a 4 MeV laser driven photoinjector, are captured by a
superconducting nine—cell cavity providing an energy gain of 13 MeV. The elec-
tron bunches with the desired time structure are accelerated further in the first
cryomodule by eight nine—cell cavities with an average gradient of more than
15 MV/m. Since FEL operation requires a short bunch length, the electron
bunches have to pass a magnetic chicane which reduces the root-mean-square
bunch length from 1 mm to 250 pym. Additional modules accelerate the elec-
tron bunches up to an energy of 500 MeV. In Tab. 2.1 design electron beam
parameters of the TTF linac phase I are listed.
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Figure 2.1: Development stages of the TTF FEL project.

200 up to 500 MeV
2 m mm mrad
0.1 up to 1.0 nC

Beam energy
Normalized emittance
Charge per bunch

RMS beam radius 80 pm
RMS bunch length 250 pm
Bunch repetition rate 1 MHz
Macropulse rep. rate up to 10 Hz
Macropulse length up to 800 us

Table 2.1: TTF FEL phase I in numbers [2].

In phase II of the TTF FEL project the linac will be equipped with additional
cryomodules, a second magnetic chicane for further bunch compression, and a
two times longer undulator. The electron energy delivered by the linac is then
upgraded to £ = 1.5 GeV and the root-mean-square bunch length is compressed
by a factor of five to 50 ym. The completion of a VUV FEL user facility is
planned for the fall of 2001 [2].

2.2 SASE FEL at the TTF

The operation of the FEL at the TTF is based on the SASE principle [5]. In the
SASE process the spontaneous undulator radiation is amplified in the single pass
of an electron beam through an undulator. Because no optical cavity is needed
for the operation, wavelength from VUV to hard X-rays are in reach for such a
device.

The wavelength of the radiation is tunable by varying the electron beam energy.



2.2. SASE FEL at the TTF )

In phase I of the TTF FEL project the radiation band will cover wavelength
from 120 to 40 nm for electron beam energies between 230 and 390 MeV, while
in phase II, with a beam energy of 1 GeV and a longer undulator, wavelengths
down to 6.4 nm can be reached.

2.2.1 SASE FEL Process

The SASE FEL process is based on the interaction between the electron beam
and the radiation field emitted by the electron itself [6,7]. The key element
of the SASE FEL is an undulator which forces the electrons to move along
a curved periodical trajectory. The undulator of the TTF FEL is formed by
a sequence of dipole magnets with opposite polarity and produces a transverse
magnetic field forcing the electrons to move along sinusoidal trajectories. Because
a transverse velocity component exists the longitudinal velocity component of
the electrons changes periodically. In consequence the electrons emit radiation
with wavelength A, and higher harmonics, called undulator radiation, which is
sharply peaked and confined in cone with small opening angle in the longitudinal
direction of the electron motion. The radiation field is a plane electromagnetic
wave with only transverse field components and a wavelength much shorter than
the undulator wavelength. Now this radiation field and the undulator field Hy
act in tandem on the electrons. Energy is exchanged due to the transverse
component of the electron velocity §, = v, /c with a rate

MmeC

where e and m, are the charge and mass of the electron, respectively; v the
relativistic factor of the electron, E, = E,sin(k,z — w,t) the horizontal field of
the electromagnetic wave with k, and w, are the wave number and frequency
respectively; and ¢ the speed of light in vacuum. Both, the electron beam and
the wave are propagating in z-direction. To achieve effective energy exchange
between the electron and the wave, the scalar product (3, - E;) should be main-
tained to be constant during the undulator passage. This is given, when the wave
slips against the electron with the relative velocity (¢ — v,) = ¢(1 — 8,) by one
wavelength per undulator period as illustrated in Fig. 2.2, where the longitudinal
electron velocity is 3,. This synchronism condition can be written like

_ w/c
B kr+kU’

B (2.2)
i.e., the electron velocity equals the phase velocity of the ponderomotive wave,
a wave with frequency w, but with a wavenumber k, + k. The absolute value
of the phase determines whether the electron gains or looses energy from the
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UNDULATOR ® ® ®

ELECTRON v, f/\ Vy f !
TRAJECTORY ; W— %

RADIATION ' \ Lo
FIELD . ! RN

vl

1)\r

Figure 2.2: Tllustration of the synchronism condition. The horizontal veloc-
ity component of the electron trajectory v, is always continuously in phase
with the radiation amplitude as experienced by the electron [8].

radiation field. This can be described in the longitudinal phase space of the
electrons inside the undulator by two variables

Y — R

0 = (ky + ky)z — kpct and n=
TR

(2.3)

where g is the relativistic factor for the synchronized electron and 6 describing
the phase difference between the electron trajectory and the ponderomotive wave.
The dynamics of the electrons in the ponderomotive potential of the undulator
and radiation field is illustrated in Fig. 2.3. The separatrix region in Fig. 2.3a is
the phase space surface which separates the bound and unbound motion. Any
electron within the separatrix is trapped in the sinusoidal potential and oscillates
around 6 = 0.

An analogous example is the motion of charged particles in the longitudinal phase
space of the accelerating voltage in a RF cavity. Particles are either accelerated
or decelerated depending on their phase with respect to the nominal phase.

Since the radiation field wavelength is much shorter than the electron bunch
length, the initial phases of the electrons are almost uniformly distributed over
2m. Particles in the region —m < € < 0 gain energy from the radiation field
while particles in 0 < § < +7 are decelerated and loose energy to the field (see
Fig. 2.3a). Electrons captured in the separatrix execute less than one oscillation
in the ponderomotive potential during one pass through the undulator while
performing hundreds of transverse oscillations. The amplitude of the radiation
field depends on a number of FEL parameters including the period length and
field strength of the undulator and the electron energy. The movement of the
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a) ELECTRON PHASE SPACE b) PONDERMOTIVE POTENTIAL

PARTICLE TRAJECTORY
SEPARATRIX
+2 | +2

L

ENERGY SPREAD N
o
1
POTENTIAL

I I I 0 + I
-7 0 T -1t 0 T
PHASE 6 PHASE 6

O PARTICLE AT UNDULATOR ENTRANCE

® PARTICLE INSIDE UNDULATOR (SNAPSHOT)
Figure 2.3: Longitudinal phase space representation of the electron motion
in the radiation field potential. Injected particles are represented by empty
circles, location of these particles after certain undulator length by filled
circles.

electrons in the potential well is illustrated in Fig. 2.3b. The energy released by
the electrons increases the radiation field and consequently lowers the minimum
further. Conversely, electrons moving away from the potential minimum up the
potential well decrease the radiation field.

In consequence the electrons start to bunch at a certain radiation phase as illus-
trated in Fig. 2.4. For a bunched beam the radiation emitted is in phase and the

INJECTION ——~ BUNCHING — - SATURATION
PARTICLE
DISTRIBUTION
>
6]
@
L
=z
. N\
SEPARATRIX
[ T ] [ T ] [ T ]
-t 0 T -TT 0 T -TT 0 T
PHASE

Figure 2.4: Longitudinal phase space representation of the bunching process
in a high gain FEL amplifier.

total intensity can be strongly enhanced. The stronger radiation field pushes the
electrons to bunch even faster and the coherent emission is enhanced even further.
The change of the electron energy and the emission of coherent radiation is the
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source of a collective instability resulting in a collective bunching on a resonant
frequency and a strong amplification of the radiation field. In the last picture of
Fig. 2.4 this process is saturated, the electron beam is completely bunched and
the field amplitude is at maximum. After this maximum the electrons start to
debunch and the field amplitude decreases.

2.2.2 Electron Beam Requirements

The SASE process imposes strong conditions on the quality of the electron beam
delivered by the linac such as a small transverse emittance and a low energy
spread. Essential for the operation is the overlap between the electron beam and
the radiation field over the entire length of the undulator. If the electron tra-
jectory deviates from the radiation field, an additional SASE field may be build
up, while the output power of the former field would decrease. In consequence,
the electron position has to be observed and corrected at several positions along
the beamline. In Fig. 2.5 results from numerical calculations [9] are depicted
for the decrease in output power caused by missing overlap. In order to keep
FEL PERFORMANCE DEGRADATION

1.0

0.8 —

P/P,

0.4 —

02— —

0.0 L . . . . I . . . . I . . . . T
0 50 100 150

AXms [UmM]

Figure 2.5: FEL output power close to saturation versus root-mean-square
orbit deviation from a straight line. The output power is normalized to
output power P, from a perfect aligned beam [9].

the degradation due to missing overlap below 10%, the root-mean-square orbit
deviation has to be kept under a level of Az, < 10 um [10]. Thus electron
beam position monitors with a resolution of a few pym and correctors together
with electron beam alignment techniques are required to guarantee the operation
of the SASE FEL at high power.
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2.2.3 Undulator

The undulator is the most prominent FEL specific component. It provides the al-
ternating magnetic field so that the FEL process can take place. In order to keep
the transverse beam size small, the undulator has a superimposed quadrupole
FODO! lattice [11]. The undulator is a planar hybrid type with soft iron pole
pieces in conjunction with permanent magnets. For the quadrupoles, the main
magnets are retracted by 2 mm from the pole tips to get space for four addi-
tional focusing magnets per halfperiod. To simplify production and installation,
the 15 m (30 m for phase II) long undulator is divided into 4.5 m long modules.

The complete undulator is illustrated in Fig 2.6. The entire setup consists of
three modules separated by drift regions where diagnostic blocks and vacuum
pumps are placed. In Tab. 2.2 undulator parameters are listed.

#3
#2 DIAGNOSTIC BLOCK

MODULE #1 \
y
z

X

/

GIRDER

gure 2 : Three undulator modules with four diagnostic stations.

omplete length phase I 15 m
omplete length phase II 30 m

odule length 4.5 m
Inner chamber diameter 9.6 mm
ap height 12 mm
Dipole period length 2 .3 mm
uadrupole gradient 125 T m
uadrupole length 136.5 mm
FODO period 955.5 mm

e 2 2: TTF FEL undulators in numbers [2].




In this section the general strategy is outlined for the alignment of the electron
beam inside the undulator of the TTF FEL. In particular, position sensitive diag-
nostic devices in use and under development for this purpose a brie y described.

3

Ten strong focusing quadrupoles are integrated per undulator module. isalign-
ments of these quadrupoles represent a source of beam trajectory distortions.
Furthermore, orbit deviations are introduced by unknown, random dipole kicks,
due to errors in the undulator structure.

Since the overlap between the electron beam and the radiation field determines
the gain length and the spectral properties of the laser field, the beam has to
be guided along a straight line through the entire undulator. The task of the
diagnostic components and actuators is therefore to straighten the electron tra-
jectory and to keep the root-mean-square deviation to this line within a limit of
Azx s 10 pm.

For the alignment of the electron beam along the undulator, di erent stages can
be distinguished [12]

ru

At the beginning it is just needed to get the electron beam through the undulator.
All s can be used with a very rough calibration. The mean initial resolution,
determined by mechanical and electrical tolerances, of all components of a few
hundred micro meter is su cient for this. In order to protect the undulator
against radiation, the steering will be done with a reduced bunch charge of

0.1 05 n . eam loss monitors provide useful information on losses
along the beamline during this stage.

ue r € ure e

y using the wire scanners mounted together with the cavity monitors, the beam
position can be fi ed at the locations of the diagnostic blocks. The wire scanners
define a reference a is through the entire undulator with an accuracy of better
than 15 pm. In a second step the cavity monitors can be calibrated with the
wire scanners.



e e g e

igh resolution s inside the undulator beam chamber are foreseen for rela-
tive orbit measurements at di erent energy levels. From dispersion measurements
corrector settings may calculated in order to keep the electron on a straight line.

3 U d

The requirements for a system for the undulator gap of the TTF FEL can
be summarized as following

esolution around 100 um for the startup phase and less than a few micro
meter for the beam based alignment procedure.

ompact size the monitors must fit inside the undulator gap of 12 mm
taking into account the inner beam pipe diameter of 9.6 mm.

ust be compatible with the vacuum chamber built in one piece.

The monitor stations should not waste to much of the total impedance
budget.

The monitor must operate in a high radiation environment with a beam
of 0.1 1.0n (FEL operation) up to n (TTF linac operation) bunch
charge and short bunch length.

33

The backbone of the electron beam diagnostics at the T'TF FEL is the wire scan-
ner system. ith four wire scanners equidistantly positioned along the beamline,
the system provides high accuracy position measurements and spans out a ref-
erence a is for all further procedures. One drawback of the wire scanners is the
fact that they disturb the electron beam. In consequence, these devices will only
be used infrequently to calibrate the cavity monitors, which yield high resolution
non destructive beam position measurements.

In order to keep the electron trajectory straight inside the undulator one

and a corrector is required per FODO quadrupole magnet. In total, ten beam
position monitors together with five horizontal and five vertical steerers are in-
stalled per undulator module. Two kinds of s e ist  ickup type S
were build for the first two undulator modules while the last module is equipped
with a new waveguide type

In addition, it is planned to supply a beam trajectory monitor for imaging a
higher harmonic spontaneous undulator radiation.



re er

ire scanners for absolute beam position measurements were installed inside
each diagnostic block within the undulator beamline [13]. These scanners are
mounted horizontally and vertically to the diagnostic blocks, which also host
the cavity monitors. The working principle is illustrated in Fig. 2. . A carbon
or tungsten wire with diameter small compared to the transverse bunch size is
moved by a precision D motor through the beam profile. As the electron bunch

SCINTILLATOR PADDLE

WIRE SCANNER UNDULATOR MODULE

TO
PHOTOMULTIPLIER

gure 2 : One wire scanner assembly with scintillator paddle to detect
photons from shower electrons.

traverses the wire, bremsstrahlung photons are produced, while the scattered
electrons will in many cases hit the inner beam pipe surface and create a shower.
The bremsstrahlung photons emitted with small opening angle are detected some
meters downstream by a lead glass detector. The intensity of the shower from
the scattered electrons can be detected by a plastic scintillator paddle plus pho-
tomultiplier readout close to the diagnostic block in front of the downstream
undulator module. If this signal plotted versus the wire position, beam position
relevant information can be obtained. Another technique relies on secondary
emission of wire material. The current in the wire, as a result of this process,
can be measured versus the wire position. It is e pected that the resolution of
the wire scanner beam position measurement is in the order of 1 pym [14]. The
wire scanners will be further used to calibrate the cavity type s, which are
located inside the diagnostic block,too.

e r

ircular cavities e cited in the first dipolemode by ano a is beam (see Fig. 2. )
were chosen for the diagnostic stations because of the desired resolution of a about
5 pum and the available transverse space [15].



a) BEAM EXCITATION b) TM 110 FIELD PATTERN

ELECTRIC FIELD

MAGNETIC FIELD

ELECTRIC FIELD

gure 2 : a) eam e cited T ;3 mode in a circular cavity. b) Field
pattern of the horizontal polarization.

In resonant cavities the beam e cites special field configurations resonating at
defined frequencies. An electron beam moving on or parallel to the longitudinal
beam a is e cites Transverse agnetic (T ) modes in the cavity. The ampli-
tudes of these modes depend on the cavity geometry, the bunch charge, the beam
position, and the bunch spectrum [16]. Dipole modes T 1; (see Fig. 2. ) are
used for position detection, since their amplitudes depend in first order linearly
on the beam position and is zero for a beam in the electrical center of the cavity.
The signals e cited in the cavity are out coupled by probe or loop antennae,
or by apertures in the cavity wall. These coupling ports span out a reference
frame in which the beam position is measured. In Fig. 2.9b a cavity type mon-
itor with two opposite slot waveguide pairs is depicted. For the detection of

a) b) -]
-~ ~~-| WAVEGUIDE #1
CAVITY E.

BEAM

ORBIT

™y, E-FIELD DR WAVEGUIDE #2

gure 2 : a) E citation of the T ; and the T ;; by an o set beam.
b) Aperture coupling to the magnetic field with two waveguides.

both polarizations of the dipole mode, four slots have to be integrated into the
cavity, or two cavities with two slots in each may be used. For the cavity type

s inside the diagnostic stations, a solution with two cavities with a dipole
mode at 11 12 z was favored. The choice of this frequency was driven by



commercially available electronics components and by the fact, that the position
resolution of a cavity type improves with 1; increasing [1 |. y using two
cavities separated in beam direction the isolation between the two polarizations
of the dipole mode is significantly improved. The zero detection capability of
a cavity type is limited because of the presence of the dominant T
common mode, which is e cited by an on or o a is beam. In any case, because
of the high sensitivity resonant monitors o er, they are the device of choice
for high resolution position measurements. alibrated with wire scanners, the
cavity type s become also a high accuracy position measurement device.

e r e r r

ehind the last undulator module it is planned to install a beam trajectory
monitor ( T ) [1 ] to reconstruct the electron beam trajectory at several points
inside the last undulator module. The setup for the T  consists of a set of
pinholes and a high resolution silicon position sensor. The operation principle
is illustrated in Fig. 2.10. Electrons traversing the undulator emit synchrotron

PIXEL ARRAY

SPONTANEOUS
RADIATION
S

UNDULATOR |

ELECTRON %,
TRAJECTORY

UNDULATOR |

PHOTON SIGNAL

gure 2 : Operation principle of the beam trajectory monitor with a
pinhole-type camera and position sensitive silicon pi el detectors.

radiation. This radiation is imaged through small pinholes, one for the horizontal
and one for the vertical direction, on an array of silicon pi el detectors with two
columns of 12 pi els each. One passaging bunch results thus in a streak onto
the pi el array. The streak image for an o set beam is an angle, while that from
a centered beam is parallel with respect to the pinhole a is. Thus, an image is
created from the horizontal and vertical projections of the electron trajectory on
a plane normal to the beam a is. At present, the silicon pi el detector has been
successfully tested with a diode laser [19].

roblematic for the operation of the T is the high radiation environment of
the accelerator. Electrons from dark current as well as mis steered beams can



lead to severe damage of the silicon detector.

u e r

The first and second undulator modules of the TTF FEL are each equipped with

ten broadband electrostatic pickup s [15]. These s are designed to
be in operation primarily in phase I of the TTF FEL project. Fig. 2.11 shows
the cross section of one plane of the electro static pickup . Each electrode

BEAM
BEAM CHAMBER

FEEDTHROUGH

ELECTRODE

ross section of one detection plane of the electrostatic
pickup.

consists of an open 50 coa ial line. The e tended vacuum feedthrough couples
to the electromagnetic field of the electron beam. The amplitude of the beam
induced pulse signal depends on the bunch charge and the transverse beam po-
sition in terms of the beam to electrode distance. Four symmetrically arranged
electrodes are needed to achieve a linear and beam intensity independent position
measurement. Due to the size of the electrodes the arrangement for one

was split into two symmetric pairs, separated by 3 2 of the undulator wavelength.
Each pair consists of two opposing electrodes rotated by 30° with respect to
the horizontal plane. The vacuum feedthroughs used are commercially avail-
able S A type from A A orporation with modifications of the center pin
and ange mounting. Each pin end is spherical to reduce the local electric field
strength preventing possible sparks by very short bunches. The pulsed signals
are transfered via cables to the read out electronics, where signals are processed
by a squew di erence over sum technique [20]. The beam to electrode transfer
characteristics were measured using frequency domain ; measurements. These
measurements show the e pected high pass characteristics with a roll o fre-
quency of 4 Z.

For the 250 pm long bunches of phase I of the TTF FEL project the pickup

s are believed to be safe and reliable. For shorter bunches, as envisaged in
phase II with 50 pm, these monitors may cause problems to the vacuum
system, since the high electric potential di erence between the chamber and the
pickup might cause sparks, which would destroy the electrode.



In the vacuum chamber of the third undulator module a new type of has
been installed and is presently in the testing stage. In contrast to the electro-
static pickups it uses coupling slots between the beam region and a waveguide to
measure the electron beam position. Fig. 2.12 shows schematically one waveg-

BEAM

111
Inl

X

Schematics of one head with four waveguides and four
coupling slots (profile and top view).

uide with its four waveguides. A fractional part of the electromagnetic
beam field is out coupled by four slots arranged symmetrically around the beam
pipe. Special ridge waveguides were designed to reduce their size and optimize
the coupling. Each waveguide pair (S1 S3 and S4 S2 resp. in Fig. 2.12) is posi-
tioned at 34° with respect to the horizontal a is. The cut o frequency of the
waveguide is at .99 z and the working frequency for the first read out elec-
tronics element is 12 z being identical with that of the cavity monitors
in the diagnostic blocks. At the end of each waveguide, a coa ial adapter with a
vacuum feedthrough is ange mounted to the beam chamber.

The waveguide has large potential for its use in phase II of the TTF FEL
project, when the bunch length will be reduced to 50 pm. Tests under beam
conditions as well as measurements in laboratory have proven the capability of
this monitor type.

The detailed description of this new type of , its operation principle, a
discussion of e perimental results obtained so far, and the development of a
calibration scheme are the main objectives of this thesis.
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