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Specifications AMX FMX
Wavelength range 0.7 -2.5A 04-25A
Flux at focus at 12.7 keV  >4x10'2 ph/s 35x102phls
Focal spot min (HxV) 7 x 5 ym?2 1.5 x 1 ym?
Detector  Eiger 9M (200Hz) | Eiger 16M (100Hz) | u
2-30 TB / day / beamline

@ U.S. DEPARTMENT OF

Challenges : data storage, transfer, processing and backup.
Requires advanced software and computing cluster.

Fuchs, M. R. et al. “NSLS-Il biomedical beamlines for micro-crystallography, FMX, and for highly automated crystallography, AMX: New

Office of BROOKHIAVEN opportunities for advanced data collection AIP Conf. Proc. SRI2015, 2016, 1741, 030006
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Raster-based centering

Raster every sample
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R Vector

helical) data collections

AMX Vector
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51 microns Closed Position 15.000 deg 15.000 deg
shutter | Comms: Connected  Softin: " JINP17JINP2_JINP3_|INP4  Block State: | Reset Exit
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B \Vector-based rastering and data collection

« Every collection is a ‘vector’ <f5\

» Raster centering instead of optical
centering
« Vector collection by row
» data.h5 file written for each row
» Python LSDC server generates dozor
input file based on metadata from
database request object
« Dozor processing triggered on remote
node (per row)
« Decompression with dectris-neggia
» Also can reprocess with
dials.find_spots
» Only rectangular rasters (single
detector arm)

Single vector

U EvEr

PIN_ALIGN: DEBUG enabled

PIN_ALIGN_ROI_WIDTH: 150

PIN_ALIGN_ROI_HEIGHT: 460

PIN_ALIGN_ROI_WIDTH_OFFSET: 410

PIN ALIGN: Y motor axis is up

PIN_ALIGN: Z motor axis is down

argument 0: /GPFS/CENTRAL/xf17idl/skinnerProjectsBackup/pinAli¢
ign_fmx.sh

argument 2: MKP1268_9 4 8 0_PA_90_001.jpg
Task MOUNT isRunning = false

Running Task PARK true

PIN_ALIGN: DEBUG enabled
PIN_ALIGN_ROI_WIDTH: 150
PIN_ALIGN_ROI_HEIGHT: 400
PIN_ALIGN_ROI_WIDTH_ OFFSET: 410
PIN_ALIGN: Y motor axis is up
PIN_ALIGN: Z motor axis is down
PIN_ALIGN: DEBUG enabled
PIN_ALIGN_ROI_WIDTH: 150
PIN_ALIGN_ROI_HEIGHT: 400
PIN_ALIGN_ROI_WIDTH_OFFSET: 410
PIN_ALIGN: Y motor axis is up
PIN_ALIGN: Z motor axis is down

Task PARK isRunning = false

Running Task UNLATCHROBGOV true

Task UNLATCHROBGOV isRunning = false

950 Hz; usage typically 50-200 Hz
500 cell raster, ~2.5-10 sec total exposure

Office of BR

(©ENERGY | o'y BROOKHAVEN Dozor: G. Bourenkov, A. Popov LSDC: J. Skinner, J. Aishima  National Synchrotron Light Source [ (il
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B Simple raster

File

Collect XRF Spectrum

) DewarView PriorityView
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8-Chymotryp_A3 LiSO4_73

9-Chymotryp_A3_LiSO4_74

10 CKva:qupJ\B_LlSO4_75
11-Chymotryp_A3_LiS04_76
12-Chymotryp_B3_LiS04_77
13-Chymotryp_83_LiS04_78
14-Chymotryp_B3_LiS04_79
15-Chymotryp_B3_LiSO4_80
16-Chymotryp_C3_Lis04_81

Unmount Sample

Collect Queue
Mount Sample
Pause Close Photon Shutter
Queue All Selected  deQueue All Selected
User Screen.. Empty Queue

Warmup Gripper Restart Server

¥| Control Master Program Ready

gueueing interface

LsDC

Sample Control | Energy Scan

Collection Parameters
Acquisition

Oscillation Start: Oscillation Range:

Oscillation Width 0.100 ExposureTime: 0.020

Total Exposure Time (s): =— Estimated Sample Lifetime (s):  11.90

Transmission (0.0-1.0): 0.010 SetPoint: 0.010 Beamsize:
(eV): 5999.90 SetPoint: 6000.0 Detector Dist. 100.03 SetPoint 100.0
Sample Cen Interactive - Edge Resolution: 2.48
Protocol: | standard e raster  vector raster -
. Raster
Raster Step 10.0 Coarse e Fine VFine Custom Evaluate By: Spot Count ~
Nectos Vector  Number of Wedges |1 L icrons): 156 icrons/s): 0

Data Location

Base Path: JGPFS/CENTRAL/xf17id2/BAG-305018_8Feb2021

Data Prefix:

{40 Char Limit) | Chymotryp_C3 LiS04_72

File Number Start: |1

Data Path: /GPFS/CENTRAL/xf17id2/BAG-305018_8Feb2021/mx305018-32/Chymotryp_C3_LiSO4_72/4/CPS3018_7/

51 microns
7! Display Data (Albula)

Priority Edit << < > >>

SetStart| Omega: -40.00
Add Requests to Queue

Magl (e Mag2 () Mag3

Apply Changes
Center -
Clone Raster Request Loop Clear
Edit Raster Params... Video Click Mode: cac

Gripper Temp: -199.0 Cryostream Temp: None Ring(mA): 399 Beam Available

File: JGPFS/CENTRAL/xf17id2/BAG-305018_8Feb2021/mx305018-32/Chymotryp C3_LiSO4_72/5/CPS3018_7/Chymotryp C3 LiSO4_72 Raster 7779 data_000011.h5
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Sample Not Exposed ~ Governor Message:

More in tomorrow’s talk by Jun Aishima

SetPoint: |-40.00 5 < |[s0 > +5
Magd Focus + | - | Light| + |[ - |[ Anneal Time 05
Save Select Al 3-Click Hide
Center Centerings Center SpapShot Rasters

Raster Explore Define Center

state SA

National Synchrotron Light Source [I il

Click 4 corners



B AMX/FMX Infrastructure

23 Compute
/ EIGER 9/16M ™\ ([ Nodez GPFS Stoage | SsSD BuﬁQ
(750 Hz 4M ROI) ' ' '
AMX / FMX
x40 Gh/s FEEES| FEFEY) == =S =) Es:=
Fast buffer (NFS) - 720 cores 860 TB 20 TB/AMX
¥ reduced day (4 TB) \ 180 HDs 20 TB/FMX/

\ OC (5 GHzZWS)

NSLS-ll Computing Facility (august 2018)

Scalable Storage and Processing Nodes: sustaining growth

* @ beamlines (2x): 3 WS, 1 data backup WS, 1 OC WS (single processes) and CAs SRVs ...
(all on 10 Gbs and on GPFS)

* @ NSLS-II central facility: 23 nodes: ~ 720 cores (56 Gb/s IB to GPFS; 10 Gbs/ node to node)
* @ NSLS-II central facility: 2 x 16 TB SSD fast buffer (NSDs) GPFS

Data transfer to users with globus (https://www.globus.org), no hard drives

U.S. DEPARTMENT OF Offi f ' '
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B Network architecture for raster processing

Processing workstations
_ workstation (running GUI
Processing nodes (5GHz) clients)

Processing
trigger (10Gb/s) l T

Processing node: ! 1 : _I> — 10Gb/s ethernet
Intel Xeon Gold 6154 LIt Nﬁf:pt; :r?ay

(36 cores, 3GHz)

switch

’--------~

Typically

2x16 TB SSD ~100 Hz @ AMX

(long term (.h5, .cbf)
storage) RAID1+0

I Running areaDetector (Eiger Driver)
i Trigger mode: external series
: FileWriter Interface

U.S. DEPARTMENT OF Offi f ' '
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B Database statistics of AMX/FMX collections

Distribution of Experiment mode at AMX/FMX 145 Average number of rows/raster
30000 '
14 —o-AMX
25000 4 135
% —o—raster % 13 /\ FMX
§%) = 125
c 20000 —O-standard S 4y
E —o—vector Z »
= .5
g; 15000 snapshot 11
Q 2018 2019 2020
S 10000 Year of operation
5000 o 140 Average length of vector collections
120 —-o—-AMX
0 _ 100 T —g
2018 2019 2020 - 80 FMX
>S5
. Z 60
e
Year of operation 4@ 40
@ 20
« ~270k vector collections in 2020 0

2018 2019 2020
Year of operation

» ~2 rasters/dataset
* 10 sec raster time improvement - ~55 h of annual beamtime

Office of ; ]
e . National Synchrotron Light Source II il
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B
Pipelines: In-line processing with fast _dp, dimple

Processed datasets at AMX/FMX

% 8000
) 7000
» Autoprocessing of all standard, vector & 6000 —-o-AMX
datasets triggered after collection § iggg FMX
(XDS/fast_dp) @ 3000
« Typical dataset ~10 seconds (180 deg, g 2000
0.2 deg, 100Hz) S
* In automated mode, ~1 unipuck/hour S 2018 2019 2020
« Well diffracting samples (ligand binding Year of operation
or dynamics) — ~4 min/dataset T T T pr—
including sample exchange - F . Ee
« 2 dedicated 36 core nodes for o - s—li ESERD AT,
spotfinding, indexing, integration = ass
» pointless/aimless run on overclocked — — =
workstation
ENERGY | cicne  DROOKHAUEN National Synchrotron Light Source [I (il



. Data processing timing

!!!!!!!!!!!!

From lysozyme start up data
0.2 deg, 150 deg (750 frames)

Eiger 9M
1 Angstrom resolution
8 nodes (XDS):

AMX workstation (pointless/aimless):

Dimple (tetragonal lysozyme; 12-36 seconds)
If achieving 1000 samples/day need, processing
must keep pace (1 dataset/min)

Office of

eeeeeee

Intel Xeon Gold 6154
36 cores, 3 GHz

Intel Core i7-8700K

6 cores
overclocked @ 5 GHz

BROOKHIVEN
NATIONAL LABORATORY

Seconds

45

40

35

30

25

20

fast_dp run time for lysozyme test data

88419

122546 176000 256887 405406 505387
Number of reflections

National Synchrotron Light Source [T il



To do list

Cluster a,b,c (vector in R3) with scipy Map outliers to "heat" map
* In-line processing: ‘
* indexing/clustering of heat )

 Detection/scoring of . m

multiple lattices for
improved heat maps :

B Multi-crystal crystallography and /g 1*@52 B Data processing ORI
o Oﬁ I . . Sulfur-SAD at 5 keV ??V 4’\ b = ~200 partial datasets for structure solution
= I n e . » G.Guo, P. Zhu, Q. Liu (BNL Biology Dept) ;“ oy A VA = Equally high data quality for detector frame
(@, /Y 48, @4 rates of 200, 500 and 750 Hz
/~—%“‘\j’9 sk y N
% ¢ 2@ )

» Additional pipelines i °
(autoPROC, DIALS, ’
KAMO)

[ ] MOdeI bUiIding (phenix’ = Data collectionat5 keV (A= 2.48 A ) from 5-10 pm

thaumatin crystals

XDS: Unit Cell Size Hierarchical cluster-analysis

07

06

05

£ o
Rosetta) = Strategy of data analysis i
o Initial data assembly based on CC1/2 W e P @
Number of crystals.
o Crystal and frame rejections based on SmRmerge 01
00
= Rejection criteria for S-SAD phasing should not be too Guo et al.,, IUCrJ 2018, 5: 238-246 atomated distervg ung ™0 7 x1h somple Index
stringent Guo et al., IUCrJ 2019, 6: 532-542 Machine Learning algorithm e "
 us cmamsar | o (@ENERGY |2y  BROOKHAUEN Synchr S
(@ENERGY | 2122 BROOKHRAVEN National Synchratron Light Source Il \2/ENERGY |scence National Synchrotron Light Source 11 @l

U.S. DEPARTMENT OF Ofﬁce of Bn m“"

ENERGY |scence o DOKHIATEN, National Synchrotron Light Source [I il



Considerations for the future

* How to keep pace with throughput without compromising
quality?

« Wealth of new information, but avoid analysis paralysis
 Automation vs. manual collection

* New types of experiments enabled by HDRMX: clustering,
dynamics, time-resolved, etc. How do we use these new tools?

* Precision of sample stages/goniometers, stable optics required
by faster detectors

U.S. DEPARTMENT OF Offi f ' '
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