A

BERKELEY LAB

Lawrence Berkeley National Laboratory

fFfrrrnrerr

/—lo"% U.S. DEPARTMENT OF

2 ENERGY

UNIVERSITY OF
CALIFORNIA




~
]

A
frereee

BERKELEY LAB LAWRENCE BERKELEY NATIONAL LABORATORY

BERKELEY LAB (0 ENERGY

Practical considerations during
processing of serial
crystallographic XFEL data.

Aaron S. Brewster

BioXFEL workshop
August 21st, 2014



Dataset

« Thermolysin dataset collected at CXl in March, 2014
(end of LCLS run 8)

* Focus on a single run, 2 minutes long, 14483 frames
total

 Hitfinding: 3053 hits
- At least 16 spots > 450 ADU per hit
- Indexing: 1923 images

All commands from this talk on the wiki:
http://cci.lbl.gov/xfel/index.php/LB67 Thermolysin
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Three phases of an XFEL experiment

« Metrology
» Discovery

* Process




Metrology

“Where are my pixels in space?”

 Quadrants
- Use averages to place quadrants aligning to rings
- Account for beam center

* Tiles
- cspad.metrology

» Detector distance/wavelength corrections




Metrology: beam center

e Beam center is defined as center of CSPAD
« Detector rail not parallel to beam

« Effect of 2 pixel shift in beam center on thermolysin
dataset from tutorial

- Normally: 1923 images indexed
- With shift: 543 images indexed




Metrology: detector distance

 |nthe XTC stream: distance from back of rail to
detector (detz)

« Desired: distance from detector to crystal (d)

» Optimize “detector z offset” (detz offset): distance
from crystal to back of rail

+d -detz
— I
beam I ' \
_________ detector rail
‘ , ..........................................
i

+detz offset




Procedure: optimize detector distance

 Initial detz_offset: 572mm

« Write out new config files, changing detz_offset from
565 to 580:

See wiki

« Submit batch jobs for these offsets, varying the trial
number to match the offset:

See wiki
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Wavelength correction

« Sometime in 2013 the conversion between electron
energy and photon energy drifted

* For data collected in runs 8 and 9, need to apply a
correction, delta_k

2
P L (1+(k+Ak)
2y 2

* Not applicable for last few experiments in run 9,
onward

Margaritondoa and Ribica (2011)
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Metrology takeaways

« Always look at an average image and verify the beam
IS centered

« Refine detz_offset

» Pay attention to unit cell parameters from indexing:
they are the best indication that distance and
wavelength are accurate




Discovery

“What's the best way to process my data?”

« Get initial indexing solutions
- If nothing is indexing, use hitfinder to find candidate
iImages
- Use distl.image_viewer to get first guesses at
spotfinder parameters

- Index with no target cell to discover unit cell
dimensions
* Optimize parameters
- Use lots of trials to find the best parameters
.......................................... G ONSIAET QI SEATCHEE s




Hitfinder: parameterization effects
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Spotfinding

* Which cctbx.xfel parameters should | focus on?

e CXi.parameters

See wiki




Spotfinding

« Parameters with strong effects on indexing
- distl.minimum_spot_area = 1
. Only accept spots larger than this area in pixels
. In LABELIT, defaults are larger, accounting for
larger spots on CCDs
- distl.minimum_signal height =5
. Minimum number of sigmas above background for
pixels to be signal
- distl.minimum_spot_height = 10
. If signal, number of sigmas above background
required to be peak maximum

- What kinds of effects can Z’Ehese have?
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Number of indexed images: 1923

TN m.' .

Spot area: 1 P b
Signal height: 5 S
Spot height: 10
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Number of indexed images: 590

Spot area: 1 D :
Signal height: 10 S
Spot height: 10




Optimize spotfinder parameters

« Empirically: change parameters one at a time using
distl.image_viewer and cxi.index to visualize results

« Systematically: grid search

- Choose N parameters to test exhaustively

- Time consuming:
. Spot area: 1-5
. Min signal height 1-10
. Min spot height N-10
. 275 combinations * 7 minutes each * 12 streams

each / 48 nodes = 8 hours




Example grids

s4 Signal/spot height

Spot area 2 3 4 5 6 7 8 9 10
1 0 0 0 29 57 70 66 64 56
2 0 4 58 63 58 57 55 50 42
3 0 20 64 63 51 46 48 39 36
4 0 35 56 53 41 35 27 25 20
5 0 35 45 38 30 23 13 15 8

s6 Signal/spot height

Spot area 2 3 4 5 6 7 8 9 10
1 0 29 120 128 112 97 93 79
2 0 35 124 110 92 81 71 57 45
3 0 75 104 98 69 55 47 38 35
4 2 83 73 50 35 19 17 12 3
5 2 79 50 34 17 9 6 1 1

s7 Signal/spot height

Spot area 2 3 4 5 6 7 8 9 10
1 0 0 0 4 85 122 135 127 119
2 0 7 98 126 133 124 104 96 85
3 0 23 112 120 113 102 84 69 56
4 0 48 108 101 81 53 30 25 12

................. 5 0 60 98 74 39 27 16 7 5,
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Example grids

Spot Height

Courtesy Oliver Zeldin, Stanford
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Gridding: CC1/2

mean_all cc
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Discovery takeaways

« Can’t index? Use hitfinder to generate images, find a
good one, and try to index it with cxi.index

« Spot area, signal height, spot height are critical
parameters

« Consider grid searches for good parameters




Process

“What's the fastest way to process my data?”

 Now that the parameters are known, process the
entire experiment

* During the experiment
- Real-time feedback on indexing rates
- Real-time monitoring of completeness/resolution

- After the experiment
- Submit large batches with new parameters
- Remove hitfinder altogether




SiFoils(mm)

Wavel

Hit rate (%)

hh:l‘ Zoom: [}

Show/hide controls Save

cxi.monitor_trials

X\ Detector status for trial 18

' ¥ Auto load new data

38:3073/45427:6.8% 1:2322 39:2089/12987:16.1% 1:1652 40:3841/24294:15.8% 1:2561
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cxi.trial_stats

DEMO




Processing takeaways

 Runtime goal: keep up with processing as close to
real-time as possible in order to provide meaningful

feedback for beamline operators and sample injection
scientists that they can use to change and improve
their operations on the fly, to the end of improving
data quality and completeness.
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