X-ray pulse isolation using
synchronous beam choppers at
BioCARS
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MTCT example of a possible system
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Why is an X-ray chopper necessary?
Can’t you just use a fast detector?

*Fast point detectors and special area detectors can be gated to acquire only
during exposure to a single pulse.

*Works for samples that are not susceptible to radiation damage.

*In 24-bunch mode, we can deliver 10'° photons per pulse at the sample
corresponding to a time-average flux of [24/3.68usec] x10%° or 6.5x10'°
photons/sec

*This is roughly 500x hotter than the most intense monochromatic beam at
the APS.

*For most biological and inorganic samples this beam is far too intense and
will damage the crystal.
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Additionally, with regard to an
area detector ............

e There are no large-area detectors in existence with
sufficient time resolution and inter-frame rate

 Ideally we would want 100ps (or better) exposure with a
154 ns inter-frame rate.

e We can deposited 40,000 photons at 12 keV in 100 ps into
a single 80x80um? pixel

e Counting detectors such as the Pilatus will not work . We
must have an integrating detector.
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Schematic Setup
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Experimental Setup
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Important Chopper Parameters

Open time must be less than twice the time between 306.8 ns
consecutive bunches. W
Frequency should match the laser rep rate.

Attenuation should be large for the desired
operational energy range.
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Shutter and Timing System
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Gaussian beam model of transmitted
Intensity
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eAir Bearing

eWater Cooled

eVacuum Isolated

eReduces downstream heat load

High-heat-load chopper
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Rotor and slot arrangement

eNominal frequency 4980 rpm
*83 Hz or 1kHz operation
e Temperature rise 16°C

Slot Width [mm] Open Time [us]
48 789 (6.5%)
24 386 (3.3%)
12 189 (1.6 %)
6 92 (0.8%)
3 45 (0.4 %)
Stainless steel 15 22(0.2 %)
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High-speed Julich Chopper

*f=59,220 rpm

,J J lj Ll CH *Tip speed ~ 600m/s

FORSCHUNGSZENTRUM *Magnetic bearing
*Titanium Rotor

3 kHz mode
-
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Step (1kHz)

free of contact without friction
eno lubricant The University of Chicago

| BIOCARS ewear-free

emaintenance-free
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Transmission function for Julich
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Fast Julich Chopper
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Shutter train and synchronization
with the storage ring

10ps RMS jitter in system

Heat-Load-Chopper msec shutter  Julich Chopper
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System Stability
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Ability to lock on to a single bunch in
24-bunch mode
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The red curve divided by the
white curve

*White curve is a plot of the APS PV for single
bunch current. |0 Detector
*The red curve is a measure of the beam at
the beamline using the 10 detector.
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