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https://indico.cern.ch/event/977375/contributions/4116603/

An optical BPM for a Storage ring light source?

* New Diamond-II cell design will feature more main dipole magnets with
shallower bending radii to reduce the horizontal emittance.
« This leaves less space for direct synchrotron radiation diagnostics like pin hole

cameras.
« An optical diagnostic could provide beam data in an area of high magnetic flux

such as inside a dipole magnet or insertion device.
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Cherenkov Radiation (CR)

Medium
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Cherenkov Wavefront

.  CRis emitted when a particle moves
T S through a medium at a velocity faster than
SV AVANa the phase \C/elocity of light in that medium.
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Cherenkov Diffraction Radiation (ChDR)
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« At short impact parameters the ChDR
spectrum appears similar to CR

« At large impact parameters the intensity of e

ChDR is larger at longer wavelengths.
 ChDR intensity can be increased through

coherency of the bunch. For this the bunch

length must be shorter than the observed
wavelengths.

CR is a polarisation effect, a particle can be
outside of the medium and polarise it
causing emission. Radiation formed this
way is called ChDR.

Different radiators can be used to generate
ChDR, a key parameter on the emission
yield is the impact parameter, b, giving a
beam position dependence.
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PCA Simulations

« The PCA model developed at Tomsk is

. IR used to predict the angular distribution of
0 bR ChDR.
« Angular distributions can then be integrated
o ? over to simulate a number dependences,
e - such as spectral dependence.
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Radiator Design

* For a prismatic radiator ChDR is emitted
across the emission surface.

« To accumulate ChDR an accumulation
radiator is used where ChDR is kept inside
the target via total internal reflection.

« Vertex angle of the radiator can be
selected for the desired emission angle
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BTS Test Stand

Standard BTS Parameter Value

Beam Energy 3 GeV
Horizontal Beam Size o, 1.27 — 1.42mm
Vertical Beam Size o, 0.57 — 0.6 mm
Extraction Rate 5Hz

Max Bunch Charge (SBE) 0.2nC

Bunch Length ~ 2.5mm

Beamline

* Bunch length is too long for
coherent studies in the optical
range, hence why we examine ...
incoherent ChDR

« Other BTS diagnostics are used
to cross refrence beam
parameters during experiments.
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BTS Test Stand
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Imaging Results

Chamfer Reflector Bulk

\ \ Standard BTS Parameter Value
3 Beam Energy 3GeV

Horizontal Beam Size o, 1.27 — 1.42mm
Vertical Beam Size o, 0.57 — 0.6 mm
600 250 Extraction Rate 5Hz
Max Bunch Charge (SBE) 0.2nC
650 200 Bunch Length ~ 2.5mm
é 700 150% . . .
5 s  When imaging the ChDR radiator three
o 100 & . .
> 790 distinct areas can be seen.
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Incoherent unfiltered emission can’t be seen
P until impact parameters of 3.5mm or less

X Pixel Number are reached
« Given the beam size at these areas there
will be noise and contamination from direct
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Angular Results

Standard BTS Parameter Value

Beam Energy 3GeV
Horizontal Beam Size o, 1.27 — 1.42mm
Vertical Beam Size o, 0.57 — 0.6 mm
Extraction Rate 5Hz

Max Bunch Charge (SBE) 0.2nC

Bunch Length ~ 2.5mm

« Measured angular distribution is much
larger than predicted from the simulations.

« The new optical system allows for ChDR
measurement at =bmm impact parameters,
there will still be beam scraping here.
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Analysis and Future Work

« Working in visible wavelengths and with

large impact parameters is a sub optimal A — =
region. 10712, / T [
 Future bandpass filter scans are planned ™"
with a recently installed optical system that = 1 — Zjéﬁi)m
should work at longer impact parameters. = w*; —— b =1000(m)
* Plans are in place to upgrade to a near IR % - oo
detection system are in place. 1072 —— b =4000(m)
 Itis believed the horizontal beam size could 1o+ — Z;TSSSEQ‘L“)>
also be reduced to =0.5mm, reducing the 5 o 0 w1 i 1h 2w
effect of direct CR emission. Wavelength (jum)

Standard BTS Parameter Value

Beam Energy 3GeV
Horizontal Beam Size o, 1.27 - 1.42mm
Vertical Beam Size o, 0.57 — 0.6 mm
Extraction Rate 5 Hz

Max Bunch Charge (SBE) 0.2nC

Bunch Length ~ 2.5mm
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Any Questions?



