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Abstract

After the optimisation process of the high-end diagnostic, the main focus was on expanding the beamline further. [1] This summary reports on their status focusing in particular on
the R&D beamline branch. The additional branch is equipped with programmable mirror and lens position controllers allowing elaborate optical optimisation. This system is used for
educational purposes and for improving the source point imaging system through the study of polarisation characteristics. Test systems for an ultra-fast diode and a THz detector are
equipped with CMOS cameras and polarisation filters. Furthermore the R&D branch complements the existing diagnostics to measure bunch lengths and investigate non-linear beam
dynamics.

1. Booster Beamline & Feedback System
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In the tunnel system the beamline consists of

St;reak Camera System — photon source (predetermined bending magnet of the booster)

Labyrinth Splitter — wedged vacuum windows for compensating angular dispersion
' N (\ CCD — motorized achromatic telescope, of 400 mm and 80 mm focal length lenses
. J/ \> CMO S — THz detector [2]

1 Mirror a) :|> — seven planar mirrors (three motorized for fine tilt)

§ THz detector b) D'Odeé On the optical table the beamline is divided in three branches: the two main diagnostic tools on the optical table are a CCD camera with a 500 mm
% Diodeé focusing lens for source point analysis a streak camera with a 300 mm focusing lens for bunch length studies [3] and the R&D beamline uses a
=L Lens c) %}Q programmable motorized mirror and 500 mm lens to focus on one of the three different main set-ups:

Source a) a CMOS camera from Basler [4] with a rotatable polarizer
~~~~~~~~~~~~~~~~ irror Feedback System CMOS b) an ultra-fast diode from Hamamatsu [5] connected to a 12 GHz oscilloscope and digital multimeter
Optical Table c) an ultra-fast diode connected to a multimeter combined through a 30/70 splitter with a CMQOS camera

All lenses in the beamline system are achromatic doublets.
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only rms bunch lengths over 1 GeV (approx. 50 ps) can be reliably measured.
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3. Characterising Polarisation

o, =5 urad, o, =5 urad o

20

w100
15 - B 15 A
S 075 A | | |
101 = 10 -
[Fi]
: | g 050 -
< pas
0 : i 0 -
: \
200 5 0001 | S AU L B LA ) | | / | -
—i —i -2 0 2 4q B
350 simulation step through focus [£] 350
i
[
"E‘ 300 0., =500 prad, o, =500 urad = 300
s = 100 =
4 250 = — 750
% LE: 0.75 E
& 200 = ¥ 200
= £ 050 g
= et
150 £ p35 - 150
100 £ I\
100 200 300 400 O 10 20 £ 0.00 100 : '
| - T _'4 5 . ! : r 100 150 200 250 300 350 400 O 10 20
horizontal position {(px) horizontal (pixel)

simulation step through focus [£]

For this measurement setup a) (CMOS camera with a freely rotatable polarization filter) is used. Goal is to characterize both polarisation modes during the Booster cycle to determine working point of the source point
imaging system independent of the polarisation. Circular polarisation, visible as two distinct beam lobs, dominates the vertical beam profile outside of the focal point at high Booster energies. Assuming perfect linear optic,
beam lobs should show symmetrical behaviour either side of the focal plane. However results show a smearing effect, where the vertical profile does not show two clear maxima on one side of the focus. The smearing could
only be slightly reduced through programmable optic alighment optimisation. Simulation study to track particle distributions through drift-lens-drift optic using a particle distribution created by the pixel intensity profiles
from camera image coupled with a Gaussian spread in divergence shows the smearing effect at Gaussian divergence greater 5 yrad. Mechanical precision of the lens position limits the resolution.

4. THZ Studies

To complement the streak camera longitudinal dynamic studies, a high-sensitivity wide band THz
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detector was installed in the tunnel section of the beamline. Covering the low THz regime, this 160
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5. Conclusion

Because of its flexibility, the R&D beamline is a great tool for educating students and continually improve the high level diagnostic at BESSY IlI.

Within the first year of research, it has been possible to study the bunch length, polarisation and THz footprints over the energy ramp of the Booster. These
online diagnostics coupled with electron beam orbit improvements help to continually optimise the booster operation. High-current stable injection in BESSY Il
is now possible. Further studies are envisaged as part of a future MSc. project.
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