MxCuBE for time-resolved SSX at T-REXX

gleb.bourenkov@embl-hamburg.de
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Lysozyme 100 us Exposure Time




Exposure time = 7.6 s
_____ 40 PETRAIIl bunches
... Count rate limit:
... 18 events/pixel
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Time-resolved SSX by serial helical scans

96 wol plate Laser-flashes delivered at the
sample in 96-well plate

«= at a sub-harmonic of the
detector framing frequency

« Laserbeam © 50 uym
Exposure time 1.3 ms/frame
« Ver. translation 1 ym/frame

« Laser flash at every 30t frame
* Hor. translation 30 ym / line

== 30 time points x 1.3 ms
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106 frames in 3 hours wall clock
~30% hit rate
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Defluorinase, Schulz, Mehrabi, Miller-Werkmeister et al. Nat. Methods 20718



Si chips for sample delivery

= 20000-25000 compartments
= 120-150 ym pitch
= 25 Hz re-positioning



Un-caging experiments at P14 .ERH1
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Fluoroacetate dehalogenase substrate un-caging

Pump: 340 nm 45 nd / 100x100 um”2
4-15 ms X-ray exposures

20000 frames x 4 time delays in 1 hour
>3.5K diffraction images per time delay
Resolution 1.8 A

752MS 2052MS

Schulz, Mehrabi, Muller-Werkmeister et al. Nat. Methods 20718



Dedicated P14 end station for time-resolved MX

In operation since 10/2018
« EH1/EH2 switch in 1 hour

* 66 shifts scheduled for 2019
« 1-day allocations

beam transport



TREXX Instrumentation
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MXCuBE at TREXX : chip centering in IR light
(Arinax OAV)
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(20V8:10-29 20:1440) Colattinn Maving Lo centred postinn
[2049-10-29 201440] Collaction Taking 1 sample saapshot(s)
[2098-10-29 20:1440] Collaction: Setting tranamistion ts 100.00
[20V8:10-29 20:1440] Collection: Setting energy te 126799
. [2008:10-29 20:1440] Collection Setting resoletion te 1844
. . [2049-10-29 20:1440] Collaction Updating data collection bn LIMS.
N [2098-10-29 20:1440] Collection: Data collection in LIMS updated
Sl [2008:10-29 20:1444) Dffractometer: Corrent phate changed to DetaCollection
[2048-10-29 201446) Collaction started
[2098-10-29 2041:59] Processing Dose
™ [2008:10-29 204227) Colmction: Mniihed

(2018:10-29 20:59.34) OWfractometer: Corrent phate changed to Transfer
[2008:10-29 21 0107) Offractometen Carrent phate changed te Contring

Currently not connected to the chip scanner motors



Up to 1024000 frames in 35 min
on average 494 fps still
sustainable Acquisition
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Hit maps
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CRYSTFEL
post processing
different unit cells



« Chip scanner device server
« Scan trajectory and triggers definition in MXCuBE
* On line auto-processing with

« EDNA CRYSTFEL plugin

« EDNA nXDS plugin



Future

« 100 fold increase in flux with
broad energy bandwidth optics

* 150 ps single-bunch exposures
will become feasible

lonized air glow , 4x10'4 photon/second AE/E=1.5%
with Double SiW multilayer @ P12/PETRAIII
S. Fiedler, EMBL-Hamburg Instrumentation group

* Integrating pixel-array detectors

JUNGFRAU Detector at SLS
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