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- Outline

 |ntroduction to SLS MX beamlines

DA+ data acquisition software

e Automatic data processing

e Database & tracker

 FEiger 16M
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Wavelength
range [A]

Source

Spectral range

Flux at 12.4 keV
[ph/s]

Focused spot
size h x v [pm?]

Detector

Frame rates [Hz]

Goniometer

MX beamlines

PXI (X06SA)

0.7-2.2

INn-vacuum
undulator

57-17.5

> 2 x 1012

5x5(2x1)->
100 x 100

EIGER 16M

133
750 (4M ROI)

single-axis

PXII (X10SA)

0.62 -2.07

INn-vacuum
undulator

6.0 - 20.0

> 2 x 1012

/3 x 16

PILATUS 6M

25

single-axis

PXIII (XO6DA)

0.71-2.07

bending magnet

6.0-17.5

5 x 101

80 x 45

PILATUS 2M-F

25

multi-axis PRIGo
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PXI

31 August 2016
2000 Structures at X06SA
YDA ESITATILEr IRV R s e TR NANY

PARL SCNERRER InSTANNY

#1 in Europe
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- Data collection at PX beamline

e 8 hours shift

« ~75% of time screening for well

diffracting crystals (up to 170 crystals)

e up to 10 datasets per hour

NOBUGS, 18-10-2016

PHICRT: VERSION 1.5, CAFLIb v9.7.8 - PILATUS detectiors
data_dataset_1_ 0001

_array_data.header_coaveatioa "PFILATUS_1.2°
LArray_dsta.header_contents

]

# Detector: PILATUS INF, 8/8 24-01905.F
# 2010051970 1042%005.0)

# Pixel _sive 172¢«6 m x 172¢6 n

N_exoluded_pinels = 289

# Plav_fields FP_p2a0109 EE1TO_THRS5_vel _miplS.oif
¢ Teim flles p2adl0d_E41T0_TH00S _vrf _sipll.bin

? Image_path: /randisk/el®907/20130519/60/1XE1/2/onegal/
# Naveleagih 2.0663% A

# Detector distasce 0.12000 »

# Detector Volffset 0.00000 »

# Boam xy (692.00, #5).00) pixels

# Plux 138%87293402.3

# Filter_trasemiselon 1.00400

# Stare_asqle 0.0000 dey.

? Aagle_inoresent 0.1000 dey.

? PhL 0.0000 dey.

-;
|
s

_array_data.data

(]

QTP BINANY - FORMAT . SEOTION. «

Contest-Typer application/ootet-strean;
conversions="x.COF_BMYTE Orrsst*

Content-Transfer-Eacoding: BINARY

X hinary-Slaer 2476855

X-Binary-10s 1

X-Binary-Elemest-Typer “sigaed 32.bi0 Integer”

X-Bisary-Element Byte-Order: LITILE ENDIAN

Content-MD3y 48603 IR 1aVEYXCOOFRLVEQ -

XBinary-Bmbor-of -Rlemeonter 2476525

X-Binary-Slre-Fastest-Dineaslon: 1475

X-Binary-Slae-Second-Dinensions 1679

X-Binary-Slre-Padding: 4055

data format

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

(few MB)

hdf5 (Eiger 16M)

« 350MB master file per dataset

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

master file data files
( \ ( r N )
festryidata
lertryinstrument'detector: ] NXdata
NXdetector " mage_ne_low: 1
1L image_ne_high: 10000 )
/
~idetecton detectorSpecic A <path>i<tilename>_data_000001.h5
DetectorSpecific
Va (7 N\ )
~igetectorSgecific/desctorModuie xax | 4 e
DetectarMosute .
image_se_low: 10001
- L image_ne_high: 20000 J
e S S _ <patho/<iloname>_data_000002.h5 )
7
Jentry‘data_000001 2
NXdata
. Jentrydats
' (——— T L, - ° i
Jentryidata_000007: o + - [ ::::gm ]
<path>i<fiename>_master.h$ <path>/<filename>_data_000007.h5

https://www.dectris.com/EIGER_X_Features.html#main_head_navigation
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DAQ from users’ perspective
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- Overall infrastructure

(i

\i

a\ Broker ‘ node-2
adp

node-4
i ’\ m S
n 7 " " o"

B (":"‘"'

0"
Detector —> ’
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Software infrastructure

DA+ data acquisition software

e distributed services and components

-
DA+ GUI

\ i

« DA+ server node-1

e  Broker (Apache ActiveMQ) 4

node-3

 Automatic data processing (adp)

: " " l'
 Database R
5 R
"o
"‘

 Python and Java

\n

* messaging and streaming technologies

NOBUGS, 18-10-2016 Slide 8



Hardware infrastructure

Computing

e online clusters - 4 or 2 nodes Dual Xeon E5-2697v2 (2.70 GHz), 24 cores, 256GB ram,
Scientific Linux 6.4 node-1

e data processing
node-2
e spot finding (raster)
node-3

e raster cluster - 3 nodes Dual Xeon E5-2697v2, 24 cores, 256GB ram, Scientific Linux 6.4
« spot finding (raster) node-4

« 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 File server
e 1.2 PB total

e 175 TB for all MX beamlines

NOBUGS, 18-10-2016 Slide 9



- DA+ server

 Python-based

e initialises all necessary software and hardware (EPICS)

e« communicates with GUI and adp (via broker)

e communicates with database (via REST API)

NOBUGS, 18-10-2016 Slide 10




DA+ GUI

A DA+

Welcome to DA+

Experiment Modes

¢ Sample Changer Mounting
¢ Manual Mounting

* Plate Screening

Screening

- B Data Collection

Choose Experiment Mode
Manual Mounting | Sample Changer
Kappa angles are available with the Prigo goniometer.

User Guide
Introduction

State: Manual Sample Exchange Shutter: Closed Cryo: 106.2 K8/8 Us Comnected Experiment type: Sample Changer Server: no news Cursor:
e —

NOBUGS, 18-10-2016 Slide 11



DA+ GUI

Fide View Options Devices Expernment Mode Help
Data Collection MAD

Escape u = O & Alignment « Cammras

- .

CatsOperation SampleAlignment

= 0 KAlignment Control -

a

Wash Sample

o+ Data -e
Folder 2016101 2/crystall)

Prefix crystal
Run |1 * First Index |1 .
# Data Cellection ¥ Rastering =i

High Resolution (A) [2.644
Detector Distance (mm) | 100
Start Angle (*) [0 0
Beam Transmission (0-1) |1.0004

Screening Collection Advanced
Oscillation Angle (*) 0.5
Exposure Time (s) 0.5
Schedule 2 every 90 v

Chi

0 Phi 0

i
:

» Overall Status S Log Viewer v eun
Ready to Go: yes
Machine / Beamline Raciation Damage Estimate: average (conservative)
Ring Current: 401.0 mA Frames until 2 Mgy 167 (108) frames, 84 (54) degrees (phasing limit)
Energy: 12398.4 eV Frames unitl 10 MGy 838 (542) frames, 419 (27]) degrees
Wavelength: 1.000 A

Frames until 20 NGy 1677 (1085) frames, 839 (543) degrees (Henderson limit)

P A Dose for dataset 2.146 (3.315) MGy

Cryojet Status: 103.7 X Flows: 99 Us

Status: Conmected
Beamline Token:
12.10.16 07:00 Scheduled start of Beamline devel
Start Data Abort Data 11.10.16 13:00 Beamine Development, 400mA Top-up
Acquisition Acquisition

State: Sample Algnment Shutter: Cloiec Cryo: 1037 K 99 Us Connected Experiment type: Manual Exchange Server: no news Cursor: 1165, 1147

NOBUGS, 18-10-2016 Slide 12



DA+ GUI

DA+ GUI MAD tab

Choose element

Change energy

Transmission search

Take spectrum

Scan edge

§ 8 8

NOBUGS, 18-10-2016

File View Options Experiment Mode Help
[MAD Expert 11 (beta) MAD User View = © MAD Spectrum i “n
Select element & edge X-ray fluorescence measurement

Element: Ta o Ta(L-111) Mono=9921.0eV ROlcounts=1472 Deadtime=0.00%
- counts = ol

Ol 116820 eV 350 4
O LN 111360 eV 300
# LN 9881.0 eV
ROI: 7814.5 to |8468.2 Reset 250 -
Set energy §
B2004 )
Go to Ta(L-ll) +20eV £
—— §150
Energy: Go (BB eV Gotols Hiy g I
Fluorescence detector 50 A ! ” ) l
c = |°n:- 0 . L - - Y N U — ,.,.__;.._A.__J L;.‘J '\ . - . —
* Automatic movement ' v ' v - : v : : g v . v v . v . v
T - 0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 13000 14000 15000 16000 17000
Energy [eV]
Set beam transmission |
Transmission search MAD Scan “ 0
Element edge scan
Result: SUSEESS
Ta(L-111) Inflection=9877.8eV (f'=-27.510 f'=14.100) Peak=9881.1eV (f=-18.180 f"=25.000)
Transmission: | Go 0.05071} - counts [ROI] — ' — f*
Filters: [5::150]51:150] None JAI:100) 4000 |-
X-ray fluorescence measurement 3500 -+
Take spectrum 3000 - o
Result: Success 2 2500 -
ROI counts: [EER counts = 0L
Deadtime: SEIR % £2000 - o
Element edge scan 5 1500 L.10
'Scan Ta(L-n) edge | 20004 N
Ta(L-Im) 20
Result:  SUSEESS 500 X
Progress: IS | o —w—w————twe e N
Inflection: 9677.8 &V o 9840 9845 9850 9855 S860 9865 9870 9875 9880 9885 9890 9895 9900 9905 9910 9915 9920
ection: 8e o to inflection Energy [eV]
Peak: 9881.1 eV Go to peak |
MAD Messages = -p 1
Remote: 9981.1eV Go to remote .
Time Importance Message '

2015.06.24 13:46:29 INFO Writing edge scan data to /sls/X06DA/data/e14462/Datal0//Muorescence//EdgeRAW Ta_ 150624
2015.06.24 13:46:29 INFO Writing edge scan data to mw%oudalalelddomtalullﬂuo‘memclm_h_lsocu_l:!

'suu: Xrf Collection Shutter: Closed Cryo: 105.3 K 8/8 Us Connected Experiment type: Manual Exchange Server: no news Cursor:

Slide 13



DA+ GUI grid scan

« Da3 diffractometer with 3 linear translation stages (GMX, g
GMY and GMZ), air-bearing spindle for the w rotation &

sample head with two linear stages (STY & STZ) i
e  GMX, GMY, GMZ and w are driven by Aerotech 3200 :
controller, while STY & STZ via standard motor drivers '
(EPICS) -

e Continuous grid scan without oscillation

* single row, multiple row and single column supported

e Continuous grid scan with oscillation

« single row and multiple row supported 1%
2
&
E R / FP & . s 24 . ¥
~ y | | v, — “
i | = : ==n o JB
(b) Wojdyla et al, Journal of Applied Crystallography, 2016

NOBUGS, 18-10-2016 Slide 14



DA+ GUI grid scan DA+ GUI

* Results of analysis with labelit.distl or Cheetah reported back and displayed in the GUI

File View Options Experiment Mode Help
Data Collection MAD

AT

o Data “ 0 & Alignment Sample Changer| © Cameras
Folder |meitian/20150624_Mic Nysol |

“ O  #RAlignment Control i3 (=]

Prefix [lyso1_30x30_10x10beam

Run (1 [ First index 1

# Data Collection 't Rastering = (]
Cell width (um) [10 | Height (um) [10 ]
Label Omega Data Visible

40* " Total_Spots

Property 'Total_Spols ¢
Color Scheme | Rainbow &
Contrast e
Opacity —
m 1
o Overall Status & = Log Viewer A |
Evaluation
Detector Distance (mm) |200 ] Ready to Go: yes
Oscillation Angle (*) 0.1 J @ Bookmarks (=]
Exposure Time (s) |0.04 Machine / Beamline Radiation Damage Estimates -
[—7 - 1 Ring Curment: 400.7mA Frames until 2 Mgy 170 frames, 17 degrees (phasing limit) Lal X Y z chi
™ Lo J Energy: 12399.9 eV Frames unitl 10 MGy 850 frames, 85 degrees
0 ot 1 Wavelength: 1.000 A Frames until 20 MGy 1700 frames, 170 degrees (Henderson imit)
Flux: 5.839¢+10 ph/s
¥ Analysis Parameters Cryojet Status: 89.9 K Dose for dataset 2.335 MGy
Flows: 10/10 Us
distl_lowres_limit so - Status: Connected
distl_highres_limit 4 ] ine Token:

24.06.15 15:04 Scheduled start of User Operation
Start | > 24.06.15 07:31 Beamline Development, $00mA Top-up
Raster Scaf{i 24.06.15 07:12 ID gaps will be closed in 5 min.

24 0A 15 07-04 Sehadilad < art af Reamlins daval
State: Sample Alignment Shutter: Closed Cryo: 89.9 K 10/10 L/s Connected Experiment type: Sample Changer Server: Ready for next ScanRequest message. Cursor: 780, 690

(a) hdr - S5 B :,,

e |ocalisation of membrane protein PepTg;
e 200x100pm insulin crystal in nylon loop measured at 100K with PILATUS 6M-F microcrystals in the LCP between silicon nitride
detector,10x10um beam and 0.04s exposure -> 900 images collected in 36s windows with 100K with PILATUS 6M-F

detector (3x3um beam and 0.1s exposure)

)
(—— )

NOBUGS, 18-10-2016 Slide 15



Automatic data processing “

e (Grid scan

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

e Screening - few diffraction images to evaluate quality of crystals

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

e Dataset

totalRange [°] > 60 & <180

e fast_xds - split into 3 steps

fast _xds 1
XYCORR INIT
e manual xds

fast xds 2

, COLSPOT totalRange
* go.com/goeiger.com IDXREF

fast xds 3

DEFPIX
INTEGRATE
CORRECT

totalRange totalRange 120 180

NOBUGS, 18-10-2016 Slide 16


http://goeiger.com

Automatic data processing “

 Python-based

* monit ensures daemon processes wait for
the message (json format) from DA+ e
server to mx-broker queue /adp_in/ M

{beamline}

node-1

« JobManager evaluates messages content
& decides what to do next (using freely 4
available crystallography data processing
software)

 Results are sent to mxdb REST client ﬂ
(insert and update query) /\

NOBUGS, 18-10-2016 Slide 17



- Database & tracker

 dedicated virtual machine, which serves as
Docker daemon with containers DA+ server
 mxdb REST server \ /

e  MongoDB |
mxdb-client

« mxdb-app (Google Polymer web
components)
e adp (processing results) & DA+ server insert/update/query
(experiment metadata) communicate with
mxdb via mxdb-client

« mxdb REST server & MongoDB database

interact using PyMongo mxdb-app |mxdb-server

NOBUGS, 18-10-2016 Slide 18



Database & tracker Tracker

My App x|\
D mx-db pSi.Chﬁi-:(“.f:::.af1r 4acf2b-1607-4373-8eab-d9018a5f0220 ¢ | |Q Search o8 +$ ® © =
SCREENING: crystal 10:37
Your strategy is being calculated...
FARL SENEARTR INSTITRT
. 014965@x06da

NOBUGS, 18-10-2016 Slide 19



Database & tracker

Tracker

. My App x \*
€ © mx-db.psi.ch/x06da/1cd4acf2b-1607-4373-Beab-d9018a5f0220 ¢ | Q Search o8 U $ A © =
SCREENING: lysozyme 10:58 SCREENING: crystal 10:38 SCREENING: crystal 10:37
Space Group P4 8 78565 apha % Strategy: complete native dataset
High Resoltion 1,068 b 78565 beta %0 Omega Phi TotalRange Chi Multiplicity Completeness ég:w‘““wm‘.“
Mosalcity 04 ¢ BN gamma 90 -85 0 %0 0 3 99 839
FaRL SInaRRIR snib .“m
- = - 20161012/crystal1/adp_lysozyme_1.20161012_105556 PR
lysozyme 10:55
- 9 Experiment parameters Crystal parameters: Go.com
98 .&
Oscilfation Angle 01 a 7878 apha 90
crystal 10:39 Exposure Time 01 B 7878 beta %
i '. '. " Beam Transmission 06 < 36,96 gamma %0
Number of Frames 900 Space Group Label Pa22 Space Group Number 89
Detector Distance 120 Mosakity 0125 ISA 2354
Wavelength 1 Wilson 8 Factor 11.816
Twinning Pointless: Space group is not uniquely determined
v a Perfect - Space Groy Lave Group Space Group
Label Valoe Untwined Twin Order $pace Group mmb« ¥ Confidence Confidence
<|*2>/<]>*2 164 2 15 1 Pa22 89 1
<P 2 F D> 0798 0785 0.885 2 P2 92 0533
<g2:1p o 0.736 0.541 P43212 9%
Go.com (angularRange: 90.0)
Resolution Observed Unique R-factor R-factor
’ Lienit Refoctions Reflections Completeness obsarved arpected Isigma Rmeas cc half sigAno
1 an 13881 3985 98 27 29 4208 3z 9958 1.008
2 219 24522 7195 976 26 29 3955 a 958 1054
3 9 30943 9266 972 3 3 355 s 998 1067
- 1.55 36037 10954 975 34 34 2955 4 .7 0984
5 139 40894 12554 981 4.1 41 2344 49 9.7 083
6 127 40896 13836 982 49 54 1705 59 995 0cas
7 117 41477 14992 978 56 68 1314 69 953 0619
8 11 22508 13160 N7 62 83 787 8.1 ¥ 0557
9 103 6541 5330 04 82 ns 45 ns e 049 |
10 total 257699 9zr2 841 3 a2 2147 as 999 oan
i
o

NOBUGS, 18-10-2016
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E|ger ‘] 6|\/| Detector

Dectris prototype Eiger 16M integrated

PILATUS3 (PILATUS2) EIGER
at the beamline X06SA (PXI)
Pixel size [pm?] 172 x 172 75X 75
, , Pixel density [mm-1] 34 178
 Continuous readout & internal
summation Readout time [ps] 950 (2300) 3.8
. 100 - 500 (25 - 60) 133 - 3000
Maximum frame rate [Hz] (6M - TM) (16M - M)
 No readout noise or dark current Duty cycle [%] 00 - 50 =9
Counter depth [bits] 20 12
e 1 pixel point-spread function
Sensor thickness [pum] 450, 1000 450
Threshold energy [keV] 2.7-18(3.9-18) 2.7-18

« Small pixel size (better resolution)

Casanas et al, Acta Crystallogr D Struc Biol, 2016
NOBUGS, 18-10-2016 Slide 21



Eiger 16M

DA+ server
/ VY.,

/

/
/
/
/

/

¥
f

NOBUGS, 18-10-2016

DA+ GUI

&— —» (cstapi

— TTL
.......... P via broker
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Eiger 16M fileWriter

10 Gbps
— File server

Ep“

NOBUGS, 18-10-2016

user inspection

DA+ GUI

&— —» (cstapi

— TTL
.......... P via broker

el | 2\ riter CUF

Slide 23



Figer 16M stream

online analysis

DA+ GUI

L
5% 2
e®

o’/ ©
\&(29 / nodes ol
/ queue 1
¥ oo f g
0 Gooe &— —» (cstapi
T File server —p  EPICS
queue 2000 — TTL
.......... P via broker
— Stream ZMQ

NOBUGS, 18-10-2016 Slide 24
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(15 Wir schaffen Wissen - heute flr morgen

T R . —
T ———

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)
B RNy .

NOBUGS, 18-10-2016 . Slide 25
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Grid scan

e 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 nimages, each requiring an external trigger
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