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Abstract� Coherent transition radiation from picosec�
ond electron bunches can be used for bunch length mea�
surement� This is done by spectroscopy at wavelengths
of several millimeters� For the TESLA test facility
linac� two types of spectrometers have been developed
and built� They use a photo�acoustic detector for de�
tection of the radiation� As an alternative� the use of
a Josephson junction as a spectrometer for millime�
ter waves and its possible application for bunch length
measurement is evaluated� It works at low radiation in�
tensity and has the potential of a fast� non�destructive
measurement�

Introduction

At the TESLA test facility linac� transition radiation
is produced by moving thin aluminum targets into the
beamline� By arranging the radiator at an angle of
��o with respect to the electron beam direction� one
can seperate the backward transition radiation from
the electron beam and make use of it for beam diag�
nostics� While the visible part of the spectrum can be
used for transverse imaging of the beam using otpical
techniques� the long�wavelength part of the spectrum
can be used to obtain the bunch length� This tech�
nique� reported for sub�picosecond bunches 	
���
���
��
and references therein� has been adapted for picosec�
ond bunch length 
���

� Observation of Coherent Ra�

diation

Since the bunch length at the TESLA test facility linac
is supposed to be in the picosecond range� coherent
transition radiation is expected at wavelengths of sev�
eral millimeters� For the detection of millimeter waves�
a photo�acoustic power meter from Thomas Keating
Ltd� was chosen 
��� It has a �at response from ��� mm
up to �� mm wavelength 	� THz � �� GHz�

Coherent transition radiation was observed using
the photo�acoustic detector without any quasi�optical

�for the TESLA Collaboration

setup� The detector output is very sensitive to beam
current and bunch length� In order to verify the non�
linear behaviour of the radiation power� the beam cur�
rent was varied and the detector output measured� Fig�
ure � shows the detector output as a funcion of the
beam current� The non�linear increase of the radiation
power can clearly be observed� This test of the theo�
retically predicted bahaviour can be used to verify that
the detector signal is really due to coherent radiation�
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Figure �� Output of photo�acoustic detector versus
beam current� The expected non�linear dependence
can clearly be seen�

� Filter Spectrometer

A set of �lters can serve� together with the broadband
photo�acoustic detector� as a spectrometer 
��� The �l�
ter spectrometer allows a direct measurement of the co�
herent spectrum� Its resolution is limited by the num�
ber of �lters available�

A periodic pattern of holes drilled into a brass plate
acts as a high�pass �lter for millimeter waves 
��� 
���
The highpass �lters are mounted on a rotatable wheel�

�
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Figure �� Spectrum of coherent tranistion radiation
measured with the �lter spectrometer� A Gaussian �t
to the spectrum yields a bunch length of � � ���� ps
in the time domain�

The wheel is driven by a stepper motor such that the
�lters can be placed successively in front of the photo�
acoustic detector which is mounted as close as possible
to the �lters� The �lter spectrometer is placed directly
at a transition radiation target such that the distance
between the radiator and the detector is as small as
possible�

The spectrum of the coherent transition radiation was
measured using the �lter spectrometer� The �lters are
moved successively between the photo�acoustic detec�
tor and the vacuum window of the transition radiation
monitor� The detector output voltage is measured for
each �lter� Figure � shows the measured spectrum�
Since the resolution of such a measurement is limited�
an assumption on the bunch shape must be made� A
Gaussian charge distribution which results in a Gaus�
sian shape of the spectrum was chosen� From a Gaus�
sian �t applied in the frequency domain� a Gaussian
charge distribution in the time domain with � � ���� ps
is obtained�

� Martin�Puplett Interferome�

ter

Interferometers can serve as spectrometers for electro�
magnetic radiation� The principle of these measure�
ments is called Fourier spectroscopy� The main advan�
tage of interferometers is their very good resolution�
Various kinds of intererometers can be used for spec�
troscopy in the far infrared� For the frequency range
of interest here� a Martin�Puplett interferometer was
used 
���� 
���� It was designed and built with a �at
e�ciency over the whole millimeter wavelength range�

From the measured interferogram� the spectrum can
be obtained using the fact that the modulus squared
of the Fourier transform of a pulse f	t equals
the Fourier transform of its autocorrelation function
cff 	t � f	t � f	t�

jFff	tgj
�
� Fff	t� f	tg� 	�

Equation 	� is known as the Wiener�Khintchine rela�
tion 
����
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Figure �� Autocorrelation of TTFL bunches� The de�
tector output is plotted versus the optical path length
di�erence of the interferometer arms� The solid line
shows the measured data� the dashed line is a ployno�
mial �t which suppresses high frequent noise�
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Figure �� Spectrum calculated from the measured au�
tocorrelation� The low frequency cuto� is found at
�� � � cm�� 	vertical dashed line� The circles rep�
resent the data obtained from the Fourier transform�
the solid line is a Gaussian �t� Assuming a Gaussian
charge distribution� the �t yields � � � ps�

�



The autocorrelation of the bunch shape was measured
with the Martin�Puplett interferometer� The step�
width was chosen to �� �m and the total travel dis�
tance of the movable mirror to � mm� The mechanical
path length di�erence can directly be transformed in
an optical path length di�erence in terms of picosec�
onds� Figure � shows the interferometer scan� Each
point was averaged over �� single measurements� The
central peak as well as two side minima are clearly
seen� In order to suppress the high frequency noise
which is superimposed to the autocorrelation� a poly�
nomal �t is applied� The �t is shown as a dashed line
in Fig� �� From the measured autocorrelation func�
tion� the spectrum can be calculated� Figure � shows
the power spectrum obtained by applying a Fourier
transform to the �tted curve� The low frequency cut�
o� is found at about �� � � cm��� Since the cuto� due
to the limited bandwith of the detector is expected at
� cm��� apparently the optical setup itself causes a fur�
ther limitation due to di�raction or highpass action of
components� Above cuto�� the decay of the �rst max�
imum can clearly be seen� A Gaussian �t applied to
the �rst maximum yields a bunch length in the time
domain of � � � ps�

� Hilbert�Transform

Spectrometer

A new method to measure the coherent spectrum was
for the �rst time used for bunch length measurements
at the TESLA test facility linac� The spectrometer is
based on a Josephson junction� The characteristic line
of the junction is distorted under the in�uence of mil�
limeter wavelength radiation� This e�ect can be used
to determine the radiation spectrum applying a Hilbert
transform 
���� First measurements indicated that the
spectrometer is extremely sensitive and fast� Based on
this technology� an ultrafast and non�destructive bunch
length monitor will be developed 
����
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