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Abstract The simulated horizontal radiation pattern as depic
The polarization dependent intensity distributioh oin Fig. 1 clearly reproduces the expected angular
CTR emission has been theoretically and experirtigntaProadening with increasing wavelengths of the takoed
studied at an optical beam port downstream theM@g emission profile. The asymmetry only occurs in the
SLS pre-injector LINAC. Based on these analyses, Rprizontal direction and vanishes for short wavetas
spatial interferometer using the vertically poladziobes Where our formalism converges with the Ginzburg and
of coherent transition radiation (CTR) has beerighesi ~Frank model.
and installed at this location. A successful pragf  As displayed in Fig. 1 the simulations are in good
principle has been achieved by step-scan measutemefgreement with the corresponding measurements ) an
using a Golay cell detector. The single shot cdppphif d) at the SLS LINAC. The underlying power spectrum
this bunch length monitor is demonstrated by etectrused to model the broadband CTR excitation was
optical correlation of the spatial CTR interfereqzgtern Mmeasured with a Martin-Puplett interferometer. The
with a Nd:YAG laser pulse. discrepancies particularly in the wings of the afidn
pattern can be attributed to deviations in the powe
EMISSION CHARACTERISTICSOFCTR spectrum (associated to different electron bunchedhe
Step-scan interferometer measurements, such finite detectors size, and the additional diffrantiat the

Martin-Puplett Interferometers offer excellent fueqcy vacuum port.

resolution. One of their major drawbacks howevethat ‘ h s Ginzbu

a full measurement often takes minutes and averagas

many electron bunches. Therefore, the unique eomssit "

characteristics of long-wavelength CTR is useddsigh

a novel interferometer producing a spatial autog

correlation of the CTR pulse allowing the deteration 0

of the power spectrum in a single-shot. In thecfelhg

an analytic formalism is presented describing the2

emission process of CTR. ! ]
The result derived by Ginzburg and Frank [1] isidval

only for the optical part of the emitted radiati@md/or for

g-Frank ‘i m
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infinite target diameters. At long wavelengths the o Q \{/ \Ek 2 ,;;3 [“ ﬁ;;
transversal extent of the electron field impingorgo the T e I8 S ey 0 02 o4
target screen is usually considerably larger thantarget Ofr ©) otred d)

dimension. Hence, a model for the emission . o .
characteristics of long-wavelength transition réidimhas Figure 1: Calculated CTR radiation pattern (single
been developed for a finite target screen thatisted by €lectron of 100 MeV) at a spherical distance of B08
45° with respect to the electron trajectory [2J8]such a mm for a finite target screen with r = 28 mm; aJ fo
configuration, the metallic target screen acts amuarce Millimeter wavelengths; b) for wavelengths in thiRF
aperture for the emitted TR. In our formalism th&€dime; c) measurements of the horizontal emission
magnetic field of the relativistic electron is imilng a Pattern for horizontal polarization; and d) meameats
surface current in the thin metallic target, fromish the Of the vertical emission pattern for vertical paation.
vector potential representation of the radiateddfis The simulations (solid line) are in good agreement.
acquired. When calculating the components of the
resulting electrical and magnetic fields a further SPATIAL INTERFEROMETER
formalism has been introduced that provides aceurat Based on above theoretical and experimental amsalysi
approximations for both cases the far-field and theffective optics for the spatial interferometer Haeen
radiating near-field. A complete description of thedesigned. Due to the asymmetry in the horizontal
proposed analysis will be published elsewhere [3]. emission pattern, we selected to use the verticiarized
component of the emitted CTR using a wire grid



polarizer. The beam splitting has been achieved lyolay cell. In a second experiment, the interfeeenc
reflecting the two vertical lobes in different diteons by pattern in the focal plane has been investigatadthé
two plane mirrors. Two toroid mirrors are introddce fixed phase of the interferogram minimum the
refocus the two beams on to the focal plane inttirsgat  horizontally distributed intensity is measured bgraning
an angle of 60°. the detector along the horizontal plane. Three
The proof of principle of the interferometer setwps consecutives scans are presented in Fig. 4 ¢) sgoup
accomplished using monochromatic  cw-sourcet® 50 % interference modulation. The position oé th
oscillating in the range between 70 and 120 GHzTAg toroid mirror was then altered by 0.5 mm which fesl
waveguide feed of the source was placed in the maimi in a shift of the interference as illustrated ig.H d).

focus position. A detector with a similar waveguiged T _ 7
has been mounted on a xy-scanner in the focal pkige ESO % / \
2 depicts a 2D scan taken at 100 GHz showing the* g% N
appearance of the two beam interference fringeg TH 3¢ g40 /
comparison with the simulation (GRASP) [5] showsyve £ 20~ 22
good agreement. 10 e — & ol Nt
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horizontal position [mm] C) horizontal position [mm] d)
8) measurement ) simulation Figure 4: a) Phase scan showing the interferentvecea

) ) ) the two beam paths; b) resulting power spectrum.
Figure 2: 2D scan of interferometer transfer fumttat  Horizontal intensity distribution measured in thecdl

asymmetric layout of the beam splitters as the seam jnterferogram minimum; d) at toroid mirror positidh
the two signal paths intersect the xz-plane fromasite m.

directions; a) measurement b) GRASP simulation. As the horizontal interference pattern is generdted

The set-up was finally installed at the diagnostation  each separate radiation pulse, this set-up allows i
(ALIDI-SM-5) downstream the 100 MeV SLS LINAC. principle  single-shot measurements of the power-

Two off-axis parabolic mirrors transmit the CTRt#t®e  gpectrum of the emitted radiation. The single-shatiout

entrance focus of the interferometer. ) can be accomplished using electro-optical techsigue
arget screen
wire grid polarizer\ ELECTRO-OPTICAL READOUT
Golay cell detector V i An active-mode-locked Nd:YAG laser (500 ps pulse

width) is guided into the radiation bunker of th&SS
LINAC and is focused on to a ZnTe crystal
(10mmx10mmx1mm), placed in the focal plane of the
interferometer. The comparatively (with respecttie
CTR pulse) long laser pulse necessitates almogeqier
extinction in cross-polarization. Extinction level$ 10°
were achieved using commercially available Glanekas
polarizer. The crystal degrades the total extimctiny

Figure 3: Interferometer test set-up at the SLSAIN ”?a”Y two orders of magnlt_ude due to_strain induce
birefringence. The best achieved extinction levais

A Golay cell detector, sensitive to (sub-) THz edidin, 4.105.

has been mounted on a xyz stage. In a first exatim  The set-up is depicted in Fig. 5. The laser pubseses
one of the toroids is displaced to adjust the ph@seeen  the first polarizer before it is deflected by a #mairror

the two interferometer arms. The interference betwtte 5ced between the two signal paths of the interfieter
two beam paths has been observed with the detecigfig the znTe crystal in the focal plane. Thus edige
placed at the interferometer exit focus. The rémylt peam splitter which is difficult to handle in respeo
interferogram and the corresponding power Specaten additional birefringence, is used. After the second
shown in Fig. 4 a) and 4 b). The sharp edge in theyarizer the laser beam is focussed in verticegation

spectrum results from the low frequency cut-off8& py 5 cylindrical lens onto the InGaAs linear imagmsor
GHz of the wave guide feed mounted in front of th%256 pixels, 5Qum pitch).
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Figure 5: Experimental set-up installed at the AL-BM-
5 optical diagnostic port.

subtracted as background reference. The minimum
corresponding to the zeroth order fringe is dispthwith
the phase as expected.

CONCLUSIONS

A novel interferometer producing a spatial intesfeze
pattern of long wavelength CTR was designed and
successfully tested at the SLS pre-injector LINAGe
readout is done using electro-optical techniqués. [dng
pulse of the Nd:YAG probe laser eases synchrowozati
between electron bunch and laser but necessitates
excellent levels of extinction in cross-polarizatio
Coincidence between CTR and laser was reproducibly
found, and a modulation of the profile was observeth
in averaged and single-shot data. The characteristi

Coincidence between the Nd:YAG laser pulse and CTRinimum of the zeroth order fringe was moving witie

was reproducibly preset by overlaying OTR and szt
signal measured by a PM tube. When coincidence
obtained, the total signal level rises by a factb8 to 5.
The signal decreases again when the screen israting
c.f. Fig 6.
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Figure 6: Averaged raw data profiles recorded wita
linear image sensor for the target screen inseated
pulled out for two different positions of the todanirror.

To resolve the interference pattern, the average ov
100 profiles were taken at different phases witll an3]

without the target screen. The difference signaivben
in and out was then normalized and subtracted fifoen
profile taken at a much smaller phase to accounthe
background. The resulting difference profiles shaw
pattern which is moving with phase, c.f. Fig. 7. this
behaviour corresponds exactly to the one showngn4;
the minimum is assigned to the zeroth order friagd

phase of the interferometer as expected.

igIn order to improve the detection of the spatiaioau
correlation for single-shot measurements we need to
enhance the interference visibility, for example by
compensating the asymmetry in the present interfeter
set-up.
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thus is proving the first observation of spatigkiference [5]
by EO readout. The modulations were not only
observable in the averages of the profiles, bub ats
single profiles, thus demonstrating the single-shot
capability of the set-up.
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Figure 7: Profiles recorded for different phasesieO
profile with the toroid mirror placed at 1.35 mm is

GRASP ,General Reflector Antenna Software
Package”, www.ticra.com.



