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• Introduction to SLS MX beamlines 

• DA+ data acquisition software 

• Automatic data processing 

• Database & tracker 

• Eiger 16M



SLS MX beamlines
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PXI (X06SA) PXII (X10SA) PXIII (X06DA)

Wavelength 
range [Å] 0.7 - 2.2 0.62 - 2.07 0.71 - 2.07

Source in-vacuum 
undulator

in-vacuum 
undulator bending magnet

Spectral range 5.7 - 17.5 6.0 - 20.0 6.0 - 17.5

Flux at 12.4 keV 
[ph/s] > 2 x 1012 > 2 x 1012 5 x 1011

Focused spot 
size h x v [μm2]

5 x 5 (2 x 1) -> 
100 x 100 73 x 16 80 x 45

Detector EIGER 16M PILATUS 6M PILATUS 2M-F

Frame rates [Hz] 133  
750 (4M ROI) 25 25

Goniometer single-axis single-axis multi-axis PRIGo
PXIII

PXI
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PXI
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Data collection at PX beamline
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• 8 hours shift 

• ~75% of time screening for well 
diffracting crystals (up to 170 crystals) 

• up to 10 datasets per hour

https://www.dectris.com/EIGER_X_Features.html#main_head_navigation

• data format 

• cbf (Pilatus 6M and 2M-F) - 1 image per frame 
(few MB) 

• hdf5 (Eiger 16M) 

• 350MB master file per dataset 

• 300-800MB per one data file (100 frames)

NOBUGS, 18-10-2016 
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DAQ from users’ perspective
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Overall infrastructure
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Software infrastructure
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• DA+ data acquisition software 

• distributed services and components 

• DA+ GUI 

• DA+ server 

• Broker (Apache ActiveMQ) 

• Automatic data processing (adp)  

• Database 

• Tracker 

• Python and Java 

• messaging and streaming technologies
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Hardware infrastructure
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• Computing

• online clusters - 4 or 2 nodes Dual Xeon E5-2697v2 (2.70 GHz), 24 cores, 256GB ram, 
Scientific Linux 6.4 

• data processing 

• spot finding (raster) 

• raster cluster - 3 nodes Dual Xeon E5-2697v2, 24 cores, 256GB ram, Scientific Linux 6.4 

• spot finding (raster) 

• offline cluster - 16 nodes Dual Xeon E5-2690v3 (2.60 GHz), 256GB ram, Scientific Linux 7.0 

• MX software (available via nomachine) 

• Storage

• IBM GPFS version 4.1 

• 1.2 PB total 

• 175 TB for all MX beamlines

node-1

node-2

node-4

node-3

File server
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DA+ server
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• Python-based 

• initialises all necessary software and hardware (EPICS) 

• communicates with GUI and adp (via broker) 

• communicates with database (via REST API)

DA+ server
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DA+ GUI DA+ GUI
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DA+ GUI DA+ GUI
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DA+ GUI MAD tab DA+ GUI

1

2

3

4

5

Choose element

Change energy

Transmission search

Take spectrum

Scan edge
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DA+ GUI grid scan DA+ GUI

Wojdyla et al, Journal of Applied Crystallography, 2016

• D3 diffractometer with 3 linear translation stages (GMX, 
GMY and GMZ), air-bearing spindle for the ω rotation & 
sample head with two linear stages (STY & STZ) 

• GMX, GMY, GMZ and ω are driven by Aerotech 3200 
controller, while STY & STZ via standard motor drivers 
(EPICS) 

• Continuous grid scan without oscillation 

• single row, multiple row and single column supported 

• Continuous grid scan with oscillation 

• single row and multiple row supported
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DA+ GUI grid scan
• Results of analysis with labelit.distl or Cheetah reported back and displayed in the GUI

DA+ GUI

• 200x100μm insulin crystal in nylon loop measured at 100K with PILATUS 6M-F 
detector,10x10μm beam and 0.04s exposure -> 900 images collected in 36s

• localisation of  membrane protein PepTSt 
microcrystals in the LCP between silicon nitride 
windows with 100K with PILATUS 6M-F 
detector (3x3μm beam and 0.1s exposure)
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Automatic data processing
• Grid scan 

• streamed images are directly analysed in the memory (separate from adp) 

• Screening - few diffraction images to evaluate quality of crystals 

• convert h5 data to cbf format (modification of eiger2cbf script) -> indexing & strategy with mosflm 

• Dataset 

• fast_xds - split into 3 steps 

• manual_xds 

• go.com/goeiger.com

totalRange [°] < 60 > 60 & < 180 180 > 180

fast_xds_1
XYCORR INIT 30 30 30 30

fast_xds_2
COLSPOT 

IDXREF
totalRange 60 60 60

fast_xds_3
DEFPIX 

INTEGRATE 
CORRECT

totalRange totalRange 120 180

adp
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Automatic data processing
• Python-based 

• monit ensures daemon processes wait for 
the message (json format) from DA+ 
server to mx-broker queue /adp_in/
{beamline} 

• JobManager evaluates messages content 
& decides what to do next (using freely 
available crystallography data processing 
software) 

• Results are sent to mxdb REST client 
(insert and update query)

adp
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Database & tracker
• dedicated virtual machine, which serves as 

Docker daemon with containers 

• mxdb REST server 

• MongoDB 

• mxdb-app (Google Polymer web 
components) 

• adp (processing results) & DA+ server 
(experiment metadata) communicate with 
mxdb via mxdb-client 

• mxdb REST server & MongoDB database 
interact using PyMongo

Database

VM

adp DA+ server

mxdb-app mxdb-server MongoDB

mxdb-client

insert/update/query
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Database & tracker Tracker
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Database & tracker Tracker
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Eiger 16M
• Dectris prototype Eiger 16M integrated 

at the beamline X06SA (PXI) 

• Continuous readout & internal 
summation 

• No readout noise or dark current 

• 1 pixel point-spread function 

• Small pixel size (better resolution)

Detector

PILATUS3 (PILATUS2) EIGER

Pixel size [μm2] 172 x 172 75 x 75

Pixel density [mm-1] 34 178

Readout time [μs] 950 (2300) 3.8

Maximum frame rate [Hz] 100 - 500 (25 - 60) 
(6M - 1M)

133 - 3000 
(16M - 1M)

Duty cycle [%] 90 - 52 > 99

Counter depth [bits] 20 12

Sensor thickness [μm] 450, 1000 450

Threshold energy [keV] 2.7 - 18 (3.9 - 18) 2.7 - 18

Casanas et al, Acta Crystallogr D Struc Biol, 2016
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Eiger 16M Detector

DA+ server

DA+ GUI

node-1node-2node-3nodes

File serverEiger
DCU

rest api

EPICS
TTL

via broker
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Eiger 16M fileWriter Detector

DA+ server

DA+ GUI

node-1node-2node-3

Eiger
DCU

rest api

EPICS
TTL

via broker
fileWriter curl

user inspection

nodes

File server
10 Gbps
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Eiger 16M stream Detector

DA+ server

DA+ GUI

node-1node-2node-3nodes

File serverEiger
DCU

rest api

EPICS
TTL

via broker
stream ZMQ

pull 
queue 2000

push 
queue 1

10 Gbps

40 Gbps

pull 
queue 1

online analysis
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•

Wir schaffen Wissen - heute für morgen

Summary

• developed in-house DAQ software, which 
supports conventional and advanced data 
acquisition protocols 

• on-the-fly automatic data processing 

• MongoDB and Google Polymer based results 
tracker 

• EIGER 16M implementation (grid scan)
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•

Wir schaffen Wissen - heute für morgen
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Thank you

•

Wir schaffen Wissen - heute für morgen
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Grid scan
• Position Synchronised Output (PSO) circuit within motion controller issues transistor-transistor 

logic (TTL) signal within preprogrammed regions (start of row/column) of the GMX or GMY axis 

• EIGER 16M  can collect n series each consisting of m images with each series triggered 
by one external TTL 

• PILATUS 6M-F is configured to collect m x n images, each requiring an external trigger

Aerotech

Shutter

Delay 
generator

Detector
m

n
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