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GM/CA@APS: macromolecular crystallography beamlines
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MX experiment basics

MarMosaic-300,
Pilatus3-6M,
Eiger-16M

Well established data acquisition algorithm

allows for high degree of automation
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GMCA@APS: JBI

JBlulce-EPICS: Beamline ID-B Version master Build 3698
File Network Tools Help
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Last run: Fri Jun 21, 3:10PM
Last energy: 12.000 keV.

[15:13:37] NOTE: m_ready = 1

JBluice-EPICS: Beamline ID-B Version master Build 3698
File Network Tools Help

ulce software for recording MX data

File Network Tools Help

Hutch  Sample | Screening Raster Scan Collect Analysis Users Log Hutch = Sample | Screening = Raster | Scan | Collect O Analysis = Users Log
Omega Collimator Controls  Slit Width Slit Height Peelout: Numbering: None Cell Heatmap Coloring: None Spot Bragg Resolution o
scatercuard o | [sampenaon l | mae \

oo )| G || ety
360.000 v [v v v
10050 v ‘Settings are default
=
Sample: Low Res | Sample: High Res  View Hutch | Sample:
Interact\ve Auto
Run 0 (complete)
[ petete | J
Raster mode

Rotate +-n—— MovexY
\1 00 v\deq [ro [~ Jum

@\E\
EIEN

Wash/Rinse by Robot:
3

Annealing by shi
shift(mm)—

o=

Eeamslupi‘

i o e e o ||

Bl

Prefix:
Dir:
Polygons: One -Jc
Cell size: X 50 | pm
Beam size: X 20 | pm
Time: sec
oot — Become master to view images
Distance: i
Attenuatior - SpotFinder Results | SpotFinder Output 2
Res. Limit: L| H AD * Spot Total Bragg Cand. Res, Est. im E
i 7 10 3643 g
86 L 10 | 26.98 |
&7 6 1 4 | 10.00
o8 El | 6 | 10.00 I
Macros 89 13 s o10
m b 2 6 10.00 \H
o 20 ‘ 14 433

[14:30:21] NOTE: : Elapsed time=8.0 seconds.

[15:19:24] NOTE: m _ready = 1

EEISIT A shutter TS Endstation shutter ICTXTIN Endstation Secure

Aps current [JETEYCH shutter Permit [IENETIEEN A Shutter Endstation Shutter [JEFXIMl Endstation Secure

Mono: 12,000 keV| 1Zero: | 3.81V | Control: Active | Shutter: Open

state: idle ETA: [EMERGENCY STOP| Mono: 12.000 keV| 1Zero: (10.00 V. Control: | Active | Shutter: (Closed

JBlulce-EPICS: Beamline BM Version 2010.2 Bulld 2616

APS Current [JECEM Shutter Permit A shutter ITXTM Endstation Shutter Endstation secure IR
Idle ETA: - ‘ Mono: |12.000 keV 1Zero: 0.01V  Control: Passive Shutter: Closed
-EPICS: Beamline ID-B Version v2015.2 Build 5004 FPE Jan

State:

File Network Tools Help

Hutch Sample = Screening = Raster ~Scan Collect Analysis = Users Log
>>| 4ofs Completeness | & | Vs Resolution
Settings | Data Quallty | Reprocessing | MCS: Combine Datasets | All Results | Help | s L rietemese ve Resolution
Dor a/*/"“'e
Sample Name: [SER H
proc. Dir DB_2015_06_22//C15/collect H
C15_1_fast_dp K]
Image set: Final_1-60 2 §
\mages: Imntsharez/kgreen/23108 201506 22/(C15/collect
C15_1.##### 1-6( 18 16 14 12 18 8 6 4
DONE 0 Resolution ()
Status ﬂ (double click on the graph to analyse data with
CCP4 loggraph)
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[09:39:13) exported to Multi Crystal Strategy sub-tab of Collect tab and Combine Datasets sub-tab

Fle Network Options Help File Network Tools Help )
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[20:01:17] NOTE: Got click 232 177 JE]|L16:50:00] NOTE: SMR: ready £
APS Current Shutter permit [IEIICTIN A Shutter [JICUZNMN Endstation Shutter IEEEXXdl Endstation Secure (LI | APS Current ECTIWN shutter Permit [IEITIM A shutter TITN Endstation Shutter [ECTTSI Endstation Secure
State: Idle EA[ — Mono: 12.000 keV IZero: 3.87V Control: Active Shutter: Closed | State: dle ETA:| == Mono: 12.000 keV IZero: 0.00 V  Control: Passive Shutter: Closed

Aps current [JECERN shutter Permit [EECICYMN A shutter ETTIM Endstation shutter [IFXTIN Endstation secure INZEEN

State: idle ETA: 13.400 keV/ 0.01V  Control: Passive Shutter: Closed.

1Zzero:

JBlulce is an advanced EPICS client relying on multiple EPICS servers for
complex operations (data collection, automounter, energy scanning

Open source at: https://www.gmca.aps.anl.gov/jbluice-epics/
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Game change: arrival of fast area detectors

In the past two years GMCA upgraded from two MarMosaic 300 area detectors
to Pilatus3 6M and Eiger 16M

Detector

MarMosaic 300

Pilatus3 6M

Eiger 16M

Readout time 2000 ms 0.95 ms 0.003 ms
Shutterless collection no yes yes
Frame rate 0.2 Hz 100 Hz 133 Hz
Megapixels 16M (2x2 binning) 6M 17M

8192 x 8192 2463 x 2527 4150 x 4371
Peak data rates 6.4 MB/s 900 MB/s 2400 MB/s
Typical daily data rates 0.2 TE /day 1 TBbf/day 4 IE /ctl)fay
Auto data processing desired must must

Control system needed to be adapted to qualitatively new synchronization
requirements between detector/goniometer/shutter, higher data rates &
volumes and faster data processing
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Gonio-detector synchronization for shutterless data
collectlon delegatmg controls to lower level

Give me
single frame

»
P

Sync WAIT
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Frame is
ready

MarMosaic - Shutter

ccccccc

[open] [€[200)2] j.r ICI [—C]

(—)

APS Current [NECKI Shutter permit IEEEEIEN A Shutter TN Endstation Shutter Endstation Secure
tote: wle | B Mono: 12,000 keV iZero: [0.02 V| Control:  Active

Give me
frameset or
vector frameset

_PMAC

or raster line

__B
[ No_ |

Shutter: Closed.

A 4

MFPE

Asynchronous
watch for
progress

Pilatus/Eiger - Shutter

Previously JBlulce was requesting single frame from Frame Processing Engine (FPE). Now series of frames
are processed by Multi-Frame processing Engine (MFPE). FPE is a State Notation program running in EPICS
soft IOC. It re-programs PMAC to sync goniometer, detector and shutter. Experiment is driven by PMAC .
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E JBlulce : Beamline ID-D Ve .2 Bujld 5 May-:
File Network Tools Help

Algorithms of shutterless data collection and rastering

JBlulce-EPICS: B

File Network Tools Help
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Traditional shutterless data collection .y - . .
sync Finding promising diffraction
/ .| spots with rastering:

shutterless run (gonio still)
1 T 1 T T T 1 1

shutterless run (gonio still) |, St&P down
| | | | | | T T T v

Truly synchronous shutterless collection step down

_ shutterless run (gonio stilli>
with external detector advance T T T 1T T 1 1T 71 1

Sync
/ Using external detector advance allows
for single-arm detector operation when
collecting the whole grid.

A o
PMAC clock runs at 2 kHz; enough to sync 100Hz data collection ECE

NATIONAL LABORATORY




Algorithms of shutterless data collection and rastering

v2015.2 Bujld 5002 FPE May-29 o x

JBlulce-EPICS:

eamline

JBluice-EPICS: Beamline ID-D Version mark-v2015.1.1 Build 4925 FPE Mar-02

File Network Tools Help
File Network Tools Help
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[16:50:00] NOTE: SMR: ready

APS current [JEXEM shutter permit [IEIXICTN A Shi Endstation Shutter T Endstation Secure (12:37:311 NOTE: Current FPE frame is 1352
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Traditional shutterless data

/’ Sync

Spotfinder graph to
complement image
viewing: users

cannot view all :

step down

Truly synchronous shutterless collection
with external detector advance

ne_ frames @ 100 Hz !
allows
TOr SIngle-arm detector operation when
collecting the whole grid.
_ Argonne &
PMAC clock runs at 2 kHz; enough to sync 100Hz data collection




StreamWriter for Eiger-16M detector

EPICS

!gl CBF Writer CBF
ZeroMQ
Reader

G HDF Writer |-T

Eiger 16M

» Reads data stream via ZeroMQ protocol and writes CBF and/or HDF files to
shared BeeGFS storage

» EPICS is used to read filename info and write the on-disk image counter
= Written in C++

» Tested at up to 100 fps with Lysozyme

10 Argonne &




Automatic data processing

JBlulce-EPI

Automatic data processing is the must for
efficient use of fast detectors because
data collection overruns human brain.

Users need to see the results as soon as
the dataset is taken in order to plan next
data collection step.

A python-based data processing pipeline with option to choose one or several
available engines (gmcaProc, DIALS, fast_dp, autoPROC and their
combinations).

(J Runs on a cluster with more than 270 CPU cores dedicated to data
processing.

 Uses Son of Grid Engine (https://arc.liv.ac.uk/trac/SGE) for distributing data
processing load between the cluster nodes.

 More efficient than uploading data to Argonne Leadership Computing Facility
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Network and storage upgrade to high data rates & volumes

Before After

Network speed 10 Gbps 56 Gbps
Storage size 57 TB x 2 beamlines 576 TB merged
Storage type Shared, GFS2 Distributed, BeeGFS
Storage link 8 Gbps SAN 96 Gbps Net
Auto processing 1 workstation/beamline | 8 workstations shared
Regular Globus GridFTP Yes Yes
ScienceDMZ Globus GridFTP No Yes

Argonne &




GMCA@APS network/SAN structure, September 2016

ScienceDMZ 10Gbs APS 10GbS uplinks 1OGbs ScienceDMZ
10Gbs uplink | | 10Gbs uplink
[ 2 x network smtches
DAY . 1 DAY - 2 36 x 56Gbs ports each DAY - 2 DAY . 1
Workstations Workstatlons Workstations | Workstations
e I - WB4 Distributed storage aad| ' - WD
= BeeGFS, 36x4x4=576 TB =
7% = shared by two ID beamlines 7# "y
WB2 - wB5 WD5 - WD2
| —— - 2 x metadata —al
_::2: servers with el o
WB3 I - WB7 o SSDdrives WD7 I - WD3
é >
WB6 I --- . 4 x data -I - WD6
AQUISITION ox 1B AQUISITION e
- X
EPU Mp— —
, - 7.2K RPM PPU - - .
Keith-B I - ' = 6Gbs SAS l | I i Keith-D
el < drives in nline, o v, o
-_ I = CamsivB CamserI ‘ —
UpperB | el AUTO-PROCESSING e, o "l - UpperD
S . Eiger 16M 8+ dedicated workstations Pilatus 6M s oy
NFS & LDAP : A NFS & LDAP
Relpe 2.4 GBIs | wes wos| STy | 0.9 GBIs Server
wB9 wo9| R
|\we10  wo10| -
w11 wor1|
Two more, WB12 & WD12

just added (not shown)
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GMCA Remote Access

d

GMCA now offers Globus Servers at each beamline for fast data transfers
to home institutions.

ScienceDMZ for faster Globus downloads.

Remote access is provided via a cluster of 7 NOMACHINE servers
coordinated by a NOMACHINE Cloud Server. Users can login either with
a locally installed NX player or via a regular web browser with no client-
side installation. Once logged in, remote users have same Desktop
experience as those who choose to travel to GMCA. Therefore, the share
of traveling users is permanently shrinking: currently about 80%
experiments are remote.

The success of remote program is largely due to automounters: 98% of
experiments deploy automounters. Installation of Pilatus and Eiger
detectors set demand on increasing automounter Dewars capacity.
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Cartesian Automounter with high 288 samples capacity

18 pucks * 16 pins/puck = 288 pins

rmajen

i ey

JBlulce-EPICS: Beamline ID-B Version master Build 3698

File Network Tools Help

Hutch  Sample = Screening ‘ Raster ‘ Scan ‘ Collect ‘0 Analysis ‘ Users ‘ Log ‘

[a rel/user0/ALS_template.xls l [

Import spreadsheet l 0 < Edit [ Export spreadsheet l [ Mini Screening Control l
Select | Port| CrystallD | Directory | Comment  Resolution score Protein Images |1~ Tasklist . History
(m] D16 D16 D16 i . .
0@ fmi & El 185 | 0793 E1_3_scr.0001 E1_3_s{| ||{E5 Mounthextxtal
08 e, R E2 1% | osn 2.1 scr0001 E2_1s{| |/ g5 centerxtal
0@ | B 3 E3 194 073 E3_1_scr0181 E3_1s| || e5 pausedacenter
ES JPEGsnapshot-249
1 B E5 ES ES JPEGsnapshot-159
2| E6 E6 E6

ES5 Collect11l

B3] o

ecton
Puckype : ALS [JPuckA [JPuckB [PuckC [)PuckD [ZJBUERIE| [ Puck F | Clear|| Clear color code| Mounted :

Prefix:

o

MOUNG NEXECrysEal

) Auto Centering  Loop &

Image Dir: ~/23IDB_2013_06_21/Screening/E4 || ©

urrent position

Attenuation = 99.938 ‘o) [ Collect Image
Settings O Collect Image

Distance(mm): (257,202

Delta(deg):

Attenuation(factors): 99.94

PausedCenter
Jpeg

Gonio = -248.999 Collect Image

Detector = 257.202

[swise] ©

O EH———-

[1.00] Time(seo) Start

[ @ | @m= |
[ umout | [cripperwamup)
Gripper warm-up in : warm

Robot Statt

-1

Current : SMR: ready

E SMR:%eady

: warm_up, 1.0smore

‘Cnmmind :loadEA4 ‘

Crystal score formula and color code hell

[16:22:40] NOTE: m_ready = 1

APS current [JECERMN shutter Permit LM A Shutter Endstation Shutter Endstation Secure

state: Idle ETA:| - | [EMERGENCY STOP| Mono: 12.000 keV, IZero: ©.12 V| Control: Active

Shutter:

Automounter is controlled by an EPICS state
notation program (EPICS server)

It is interfaced from the JBlulce Screening tab

JBlulce needs to send only a few commands to
the server, basically mount and unmount.
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Last but not least: beamline automations

] New fast detectors are capable of producing tons
of data. With data rates of up to 2.4 GB/s the
current daily rates of 4 TB show that there is still
room to increase beamline productivity.

 Scheduling 2 day shifts or even "4 shifts is
another direction we are moving towards.

1 Also, the more automated are any beamline
operations, the more time users can have to
collect data. We have developed automatic
beamline setup software which also provides
quality assurance, for example checks the beam
intensity and beam size at the sample against the
reference values.

Set npti.ons

User Setup-

User |rgrisshammer

Host

Check EPS monitor

Check DCM monitor !

Check & open MBSH

Check white beam steering vert.
Check white beam steering horiz.
Calibrate mono energy

Align minibeam

Check beam intensity feedback
Record minibeam intensities
Measure minibeam HxV sizes
Check JBlulce runtime settings
Verify mirrors motors disabled
Backup motors positions

Check motors positions

Backup KBM voltages

Check KBM voltages

Record Omega & XYZ max speeds

Naga Venugopalan

-

|

Working...

Cancel | Start |

i
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Conclusions

Upgrading beamlines to fast detectors goes far beyond the task of interfacing
the detector API and synchronizing detectors with other beamline equipment.

One should consider a comprehensive approach to improve all parts of the
experiment:

* handling high data rates with proper network/SAN architecture,

« storing large data volumes,

- efficiently copying data to users institutions with Globus & ScienceDMZ,
« displaying and auto-processing data at up to 100 Hz,

» providing efficient remote access

* increasing the capacity of automounters

* improving beamline automations to shorten beamline setup time and thus
raise the share of beamtime when the detectors are actually in use.
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