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Abstract Based on the femtosecond accelerator facility at Shanghai Institute of Applied Physics (SINAP), a

conventional far-infrared Michelson interferometer was built to measure the bunch length by means of optical

autocorrelation. However, according to the preliminary experiment result, the resolution of interferometer is not good

enough, because the mirror-driving mechanism makes the moving mirror tend to tilt or wobble as it retards.

Considering of the allowable errors, we calculate the maximum allowable titling angle of the moving mirror, and

discuss the alignment plan in this paper.
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1 Introduction

The ability to measure sub-picosecond electron
bunches determines progresses in producing ultra short
pulses of electrons and radiations for future linear
colliders, X-ray FELs or development of far infrared
(FIR) coherent radiations of very high intensity[l].
Coherent transition radiation (CTR), emitted by
electron bunches upon crossing a thin aluminum foil,
is a promising method to diagnose sub-picosecond
electron beam bunches'™. If wavelength is longer than
the bunch length, the radiation is coherent and the
radiation intensity is proportional to the square of the
number of electrons per bunch. The spectral intensity
emitted by a bunch of N particles takes the form as

1,(@) = NI,()+ N(N -1, (@)| flo) )

where /j(w) is the intensity radiated by a single
electron and f(w) is the bunch form factor™*, which is
the Fourier transform of the normalized electron
density distribution p, For a relativistic bunch whose
transverse dimensions is smaller than the length, the
form factor becomes

f(@)=]p(2)expliovz / c)dz = [ cp(ct)exp(iwt)dt  (2)

By measuring the radiation spectrum, one obtains
the form factor and electron density distribution
through Fourier transform. This is often done by
examining the autocorrelation of CTR signals with a

Michelson interferometer!

% to obtain the amplitude of
the beam current’s Fourier transform.

A far-infrared Michelson interferometer has been
used in bunch length measurements of a femtosecond
accelerator at SINAP. However, resolution of the
interferometer is not as good as we expected due to its
misalignment. For a Michelson interferometer, better
resolutions can be achieved by maximizing the optical
path difference between two parts of the coherent light,
when the mirrors remain in good alignment throughout
the entire scan and the light passing the interferometer
is sufficiently collimated. In this paper, a precise and
relatively simple alignment method and an alignment
system are developed.

2 Experimental

The femtosecond accelerator consists of mainly a
thermionic RF gun, an a magnet to compress electron
bunches produced by the RF gun, and a SLAC type

accelerating tube. The beam bunches are transported to
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the linac to accelerate then to 20-30 MeV (Fig.1).
Coherent radiations are generated in the form of
transition radiation when the electrons pass through an
interface between two media of different dielectric
constants'®. By placing an aluminum foil as a radiator
in the electron path, transition radiation is emitted at
the foil-vacuum interfaces. As shown in Fig.2, an
Al-foil is placed by 45° to the beam incidence and the
transition radiation is emitted perpendicular to the
beam incidence. The divergent radiations exit through
a quartz window, and are converted to a quasi-parallel
beam by an off-axis parabolic mirror.

Fig.1 Plot of the device layout.
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Fig.2  Schematic diagram of the experimental setup to
measure bunch length using coherent transition radiation in a
Michelson interferometer. The aluminum foil is the transition
radiation radiator, and the crystalline quartz window and
off-axis parabolic mirror A are used to transport the radiation to
the interferometer.

The far-infrared Michelson interferometer shown
in Fig.3 is composed of a beam splitter, a fixed mirror
and a movable mirror. A light beam entering the

interferometer is split into two parts by the beam
splitter. The two parts traveling in two directions are
reflected back by the mirrors. Then, the two radiation
pulses combine and transmit into a Golay detector to
measure the light intensity. Preliminary measurement
result of the interferogram are shown in Fig.4'".

Fig.3 Actual picture of far-infrared Michelson interferometer
at hand.
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Fig.4 Interferogram from a bunch length measurement.

3  The maximum allowable mirror tilting

The precision of spectra measured by the Michelson
interferometer depends both on the alignment of the
fixed mirror relative to the moving mirror and on how
accurately the moving mirror’s plane is maintained
during the scan'™. For producing the interferograms
used for spectroscopic analysis, the two lights must
converge at the same point on the beam splitter.
However, the moving mirror tends to tilt or wobble as
it is retarded and, as a result, will not be perpendicular
to the incident light all the time. This causes the light
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reflected by the movable mirror to deviate off the
optical axis of the detector (Fig.5).
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Fig.5 Schematic diagram of the Michelson’s optics showing
how tilting the moving mirror causes the recombinant beams to
diverge from the optical axis.

To calculate the maximum allowable mirror
tilting, we introduce the modulation efficiency for a

circular light spot on the mirrors. It can be written as
n(m)=2x[J(a)/ a] ©)

where #(m) is the modulation efficiency, Ji(a) is the
first order Bessel function of a, which is described by
a=4noar @)
where o is frequency of interest (cm™), a is the tilting
angle (radians), and 7 is radius of light spot (cm).
As a general rule, satisfactory modulation

efficiency must be'

n(m)=0.9 %)
2x[J,(a)/a]=0.9 6)
According to Cohen'”, Eq.(3) can be
approximated by
M ~1— Ac*a? 7
4rora

Assuming ¢=100 cm'l, r=2.5 cm, the allowable
mirror tilting can be maintained at 0<2.85x10™ radians,

or a<58.7 arc seconds.

4 The design of alignment method

It is a tough task to achieve 0<58.7 arc seconds

throughout the scan. Most of the translation stages

available to carry the mirror cannot meet such high
straightness requirement. Therefore, we can have two
choices in designing the interferometer. !''%. The first
is the cat eye or corner cube reflectors, which in turn
must be individually aligned to a high precision and
maintained at the component-subassembly level. The
second choice is a dynamically aligned system with
inherent design robustness and ability to carry out self
alignment. We chose the second solution.

Several dynamic alignment methods have been
developed for interferometer in infrared region'*"®.
However, complicated optical-electrical servo and
mechanical system are used in those systems. Instead,
we developed a relatively simple dynamic alignment
system for a scanning Michelson interferometer in the
THz wavelength range.

A schematic diagram of the dynamic alignment
interferometer system is shown in Fig.6. An expanded
He-Ne laser beam goes into the interferometer
collinearly with the THz light. After being modulated
by the interferometer, the laser beam projects on the
detector board consisting of three detectors (Fig.7).

If the plane of the moving mirror remains parallel
throughout the scan, the optical path differences for
the three detectors will be equal, and signals from the
detectors will be in phase. Tilting the moving mirror
causes phase differences between the three detectors.
Detector A is at the centre of the mirror. Detectors B
and C are placed in such a way that 4B=A4C =R and
4B L AC, where AB denotes the straight lines
between A and B, and AC between A and C. The
relationship between the phase difference and tilting

angle is given by!'"

Agy = 41t><§><a ®)

Ag., =4nX§Xﬁ ©)

where Ag,c is the phase difference between Detectors
A and C, Ag, is the phase difference between
detectors A and B, and a and £ are the tilting angle. A
phase detection circuit deals with the output wave of
the detector, picking up the phase differences of Agac
and Ag,s then sent phase data to DSP processor. The
DSP processor runs the control algorithm and
calculates the tilting angle, which in turn is used to
control the piezo-ceramic actuators that placed under
one of the mirrors and allow for tilt correction.



Fixed mirror

LIN Xuling et al. / Nuclear Science and Techniques 20 (2009) 14

PZT drive module

He-Ne laser

Beé

splitter]

J0MIW B|qEeAO

DSP control
module

Photodetectors
board

THz detector

Fig.6 Schematic diagram of dynamic alignment Michelson interferometers.
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Fig.7 Detector board of the He-Ne laser.

5 Conclusions

According to the preliminary experiment result, we
the the

interferometer. Base on the error analysis, the max

analyzed error of mirror tilting in
tilting angle is calculated, and the alignment plan is
given. We are to purchase relevant subassemblies and
improve the interferometer. We believe that better
resolutions will be obtained in our measurement of the

bunch length.
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