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Data sources
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User equipment

B User Patch Panel (UPP)
B motor control
B pump control
B pressure gauges
B temperature readout
|

B Digitzers

0  Detectors / cameras
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karabo

Johannes Moller, MID

MID_EXP_DES/CAM/CAM1|scene

[
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MID_EXP_DES/CAM/CAM1

Frame Rate 0 Hz|

Mean Ustency! IR

R

<« MID_OPT_SDL/PROC/CAM1
mid-rr-sys-con-16

‘
U

[2] Model Name

" Scenes

AcA2500-14om

Initiate 'assign’ action
Successfully executed "assi
: Initiate 'configure' action

1 @coroutine
( def measurement(self):

X-axis (pixels) k
o7 European XFEL - Karabo GUI 2.13.1 - TOPIC: MID 0 1000 2000
T o17) MID_CUSTOMIZED_RUN_CONTROL [
File Panels Settings Links View Help -200 & v X v
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System Topology Device Topology Projects Configuration Editor 400 + ) AEDiH oot 0/ @MID_EXP_SAM_SSHEX DAOL MID_DAQ_DATA/DA/L e S 1ee21)
. * . - H 600 > BEAM_COND_1 1 @MID_SCANTOOL DAO4 MID_DAQ_DATA/DA/4 4 | ADHOCOL PASSIVE
= et —_— » BEAM_COND_2
: - - » BEAM_COND_3 2| @MID_EXP_SAM_MOTOR DAOS MID_DAQ_DATA/DA/5 5 |AGIPDOL PASSIVE
Find: [cam1 Fitter || ClearFilter Property Current value on device Value e : j:ggﬁﬁﬁl I — -
— = g
— 7 itpio: = s » [ JFS00K_M2
No Status Filtering v [2] camera 1D mid-exp-des-cam-caml 2 1000 » || MID_AGIPDIM_CTRL ) 7 |acienna PASSIVE .
— ; » | MID_AGIPDIM_POWER_HV =T &
SepceMaaEet [] Packet Delay 48ns S 200 » || MID_AGIPDIM_TEMP @ 2929 xpcs PReNElReS
- . » [ MID_AGIPDIM_TSYS
oSt Sarvers Class - Device = IJ Auto Packet Size True 1400 » MID_AGIPD_MOTION ) H X 0
P B = I » MID_ANDOR_CAM —
a < MID_EXP_SAM/CAM/CAM1 [7] Packet Size 15768 L > 0] b_Auxmy IuGr) = <
e v « pythonServer/mid_exp_sam_cam & A 1800 » [ | MID_AUXT3_PAM_CAM1 @slot()
= Lo Imaﬁfgv:xmfesrAM/AVG/CAMl I:\ 2000 4 ; m:&:ﬁ:ﬁm_ﬂm :lf:ciroutlne -
> _EXP_ 2] Stop » || MID_DES_GOTTHARD ef execute(se :
v < ImageProcessor - : 200} B O print("Hello {}!".format(self.name))
g < MID_EXP_SAM/PROC/CAM1 (] Software Trigger » || MID_EXP_ADQ self.alive = True
v @ mid-rr-sys-con-14 = Refresh : MID_EXP_DES yield from self.Init()
(€] v « cppServer/mid_exp_des_cam = Gain 0 | " self.task = background(self.measurement)
v < AravisBaslerCamera (=] Reset Preparation
% 4 MID_EXP_DES/CAM/CAM1 — Expdeiireitine @ e @coroutine
* v « pythonServer/mid_exp_des_cam_ca... ~ B panetat Trigger Source Linel il def Init(self):
v @ ImageAverager [] Frame Rate Enable False
’ ; o g
a + MID_EXP_DES/AVG/CAM1 o #connect to rr.omf; )
v <« ImageProcessor 11| Target Frame Rate 10.0 Hz G se{;.mo:oriz = y*et: :rom connec:gev:l.ce: :t:" :gg E;(;’ 22:: ::gigﬁ zz:gi 5';
Qa “ MID_EXP_DES/PROC/CAM1 [7] Actual Frame Rate 10.005524 Hz RELTMORAL Y= Y18 R :
v B mid-rr-sys-con-15 ] [ —— #connect to attenuator
cppServer/mid_cam sdl va » [] image Latency Time Scan aces HO/gRECRuREON )
@ = o cppserverjmid_cam sl yag self.att = yield from connectDevice('MID AUXT2 ATT/MDL/ATT')
v @ AnavisBaslerCamera [] Polling Interval 20s 20s e ]
> 9 P PE]
9 MID_OPT%SDL/CAMI(;/CAMI mc i i 2 #connect to DAQ and get a list of all active DAs
v of pythonServer/mid.cam_sdl_yag (8] Camera 18:20]: 7 self.daqController = yield from connectDevice('MID DAQ DATA/DM/RUN_CONTROL')
v < |mageProcessor | - : Device "MID_DAQ_DATA/D#
o [2] vendor Name Basler (151

4

« cppServer/mid_auxt3_lic_cam

v < AravisBaslerCamera > @it naake

A

[15:18:32]: Apply configuration succes:

2022-01-17 13:34:00 - INFO - Started Karabo GUI application ...
2022-01-17 13:34:05 - INFO - Successfully connected to gui server (topic): mid-rr-sys-con-guil:44444 (MID)

mid-rr-sys-con-guil:44444 (MID)

v
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1 self.printText = 'start’
if self.switch DAQ:
if self.dagController.globalState.daqGlobalState != State.MONITORING:
self.printText = 'stopped. DAQ needs to be in monitoring state.'
return

® macros / middlelayers

™ DAQ




Data @ MID

Customized scenes & macros
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Customized user scenes
B Visualization of experiment
BN Remote access

Johannes Moller, MID

Scan

values y 0.05,0.1,0.15

0.05,0.1,0.15

XPCS

Experiment 2548

start_z 13.0 | mm
< switch beam on \e Serum Albumin
target z 13.0) mm
p—— stop | Start DAQ with scan [&]\v 1
Velocity z direction (vertical €
0.4 == 40 micron between 2 trains B
LINKAM \
Set Point (Limit) lIl 0.0
6
Stop Heat 4
Hold Cool
2
POD switch beam off between vertical lines
4 v 0
Target Trains 5000 5000 2
10 Set N Bunches
4
Actual number of Bunches
Stop 5
1250
£
1000 | e b
750 * 10
500 "I"
250 -¢- 2
ot
0 2 5 8 =

(O3

0.1

Integrated equipment can be implemented in dedicated

Macros

European XFEL

Talk to your local contact!
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Corrections & Analysis

European XFEL

Johannes Moller, MID

m=) Detectors at the European XFEL

January 24, 2021, 14:00 CET
Virtual Meeting (Zoom)

==> Data analysis at the European XFEL

Tuesday, 25 January 2022
Virtual Meeting (Zoom)

https://rtd.xfel.eu/docs/data-analysis-user-documentation/en/latest/index.html
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“«Jan geE P NEERE - RN W
e | paga=ee BEEAEEIE
Offline Calibration Pipeline HANGSERTRSASERER - - N e
- AEEEEEEE SanNNa N :::ugw LI
B Many 2D detectors require corrections to process “raw” . ERAREEEN 521 . : w0 MIEEE it
. H “ ”» T | {WER, e 1l i ; 00 1B
detector data into analysis-ready “proc | MSRIREN =N 0]
A AT A R 4 e 400 HE
—_— EEEEF N L
. . . - - i3 L H.
I Raw data processing (calibration request through e M . 1 e
myMdC (metadata catalogue, in.xfel.eu/metadata) [ 0

raw proc
M XFEL offline calibration (xfel-calibrate ) runs on DESY \ J

HPC cluster (Maxwell), jobs are distributed across Y
nodes using SLURM single shot averaged

myMdC interface for raw data processing

[ myMdC | Propesal no. 900090 X = [m] X

<« C O 8 hitps://inxfel.eu/metadata/proposals/1&7#proposal-runs w DB & =

HOME MY TOKENS MY ACCOUNT LOGOUT
Broweer European
max-exfio]6:8008
Ve xcal @ max-exfl016 ™ / Maxwell \ XFEL myMdC

Proposal no. 900090 HIDE =

—— PROC
xfel-calibrate DATA

xfel-calibrate iS Back [:} :]

xfel-calibrate Data Source

xfel-calibrate

pycalibration
+ webservice.py

P
| | + notebooks

Groups
P — xfel-calibrate General Public Information Runs Logbook Team Repositories Calibration Constants Publication History
- pre —’\S_Lﬂ/ xfel-calibrate
- calibration xtel-calibrate ~ - Home
Rt xel-calibrate rroposal Runs g’) globus
xfel-calibrate Developers
xfel-calibrate © Automatically assess new runs (after being closed by DAQ) as [:] < |off v Information
POF Report © Automatically start run calibration after migration: D
nolebooks Legals & About
pyDetLib
Detector Scientists agipdalgs.pyx Run Number (alias) Run type sample Name Start date Run status Data Assessment
\ / k _/ 0693 XPCS vycor 2019-09-23 00:00:34 +0200 Closed Good
0692 XPCS vycor 2019-09-22 23:57:14 +0200 Closed Good
0691 XPCS vycor 2019-09-22 23:52°46 +0200 Closed Good -
0690 XPCS vycor 2019-09-22 23:46:20 +0200 Closed Good o :]
0689 XPCS vycor 2010-09-22 23:42:27 +0200 Closed Good & :] I

negs =tal \nezor n10.00 :28:47 +0200 Clnsad Good | hd
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] Terminal RS,

Offline Calibration Pipeline e

Processed data (.h5) and .yml file with calibration
metadata is stored in proc/ folder of the proposal

(ORR RUM@ AGIP[)EU

(CORR-RO130-AGIPDO3
(CORR-RO130-AGIPDO3
CORR-RO130-AGIPDO3
CORR-RO130-AGIPDO3
CORR-RO130-AGIPDO3

CORR-RO130-AGIPDO3-500007.

CORR-RO130-AGIPDO3

30-AGIPDO8-500010.
RR-RO130-AGIPDO8-SE0011.

CORR-RO130-AGIPD14-500004.h5

CORR-RO130-AGIPD14-5S00005.
CORR-RB130-AGIPD14-S006006 .
CORR-RO130-AGIPD14-500007.
CORR-RO130-AGIPD14-5S00608.

CORR-RO130-AGIPD14-500009. ht

CORR-RO130-AGIPD14-500010.

CORR-RO130-AGIPD14-500011. ht

CORR-RO130-AGIPD14-500012.

CORR-RO130-AGIPD14-500013. ht

CORR-RO130-AGIPD14-5S00014.

CORR-RB130-AGIPD14-500015
CORR-RO130-AGIPD14-500016.

Automatically generated reports are available for each

CORR-RO130-AGIPDO3
CORR-RO130-AGIPDO3-500015

i " (CORR-RO130-AGIPDO3-500016.
run In uSr/RepOrt f0|der' CORR-RO130-AGIPDO4-500000.
Control plots to validate image quality CORR-R0130-AGLPDO4-500002
(CORR-RO130-AGIPDO4-S00003. C
H H H H H (CORR-RO130-AGIPDO4 4 . h5 3 S 5.h5 C - 30- 5
Information about configuration, used calibration CORR -R0130-AGIPDO4 5 ; S00016.h5 CORR-RO130-ACLPDIS
(CORR-RO130-AGIPDO4 .h5 - 30- S .h5 CORR-R8130-AGIPD15-5600011.
(CORR-RO130-AGIPDO4
ConStantS (CORR-RO130-AGIPDO4
. . . . . (CORR-RO130-AGIPDO4 5 3 i 5 CORR-RB130-AGIPD15-S
Configuration of offline corrections is not yet exposed to CORR-RO130-AGLPDO4 YN S1PD10-500004.h5  CORR-RO130-AGIPDLS
(CORR-RO130-AGIPDO4 5 0-AGIPD10-500005.h5 CORR-RO130-AGIPD15-500016.
(CORR-RO130-AGIPDO4-S00012 -AGIPD10-S00006.h5 CORR-RO130-AGIPDIMCTRLOO- b@@@@@ h5
UserS (CORR-RO130-AGIPDO4- b@@@li. 5 CORR- R(Dli@ AGIPD10-500007.h5 CORR-R0130-AGIPDIMCTRLO1-S00000.h5
) ) ) EURR RO130-AGIPDO4 RR-RO13 -A(]IPDl@ S00008.h5 (EORR-R@l?@-[)A@l-!é@ﬂ@ﬂﬁ.
If you spot inconsistencies or you have doubts about the SO 51 eaciPad h TFD: 'h3 CORR.RB130.DAG1. 5006073
. (CORR-RO130-AGIPDOS .h5 5 CORR-R0130-DAO1-500003.h5
settings: Talk to your local contact!! CORR-RO136-AGIPDOS ) 1PD! CORR-RO130-DAO1-500004 .

CORR-RO130-AGIPDO5 5 $00013.h5 CORR-RO130-DA@1-S00605.h5
CORR-RO130-AGIPDO5 3. . IPD10-560014.h5  CORR-RO130-DAO1-S00606.

CORR-RO130-AGIPDO5-500004.h5 s .h5 CORR-RO130-DA@1-5S00007.h5
(CORR-RO130-AGIPDOS 5. _h5 CORR-RO130-DAO1-500008.

. " 3 5 .h5 .h5 CORR-RO130-DA .h5
Illlllll RN \i c 3 5 . .h5 CORR-R130-DAB3-S .

I vw | nh Wb i .| B CORR- - 5 . SIPD11-500002 CORR-RO130-DA04-S00000 . h5

I i‘ I"\,||,|1 | CORR- 30- 5 5 C S h5 karab
\ -

AGIPD Offtine Correction . ‘!1::‘1 !I II li h I‘lm IIIIJ L h l ““ )
- T ikt il
l‘ E"“”‘ II..‘ ’ﬁl‘ .:I Uf i !\'II."'\'

. ; 'i‘ b
m % ;' "!:
ﬂvlr | .I *‘i M

] | European XFEL
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EXtra-data

extra-data.readthedocs.io

github.com/european-xfel/extra-data

B Python library for offline analysis, designed to give easy access to saved data in runs.

B Opening a run:

import extra_data

run = extra_data.open_run(proposal=900193, run=39)

B Iterate over all trains in a run as Numpy arrays:

agipd = run.select("MID_DET_AGIPDiM-1/DET/*CHO:xtdf", "image.data")

for train_id, data in agipd.trains():

# Read AGIPD data into a numpy array of shape (pulses, modules, z, y)
agipd_train = extra_data.stack_detector_data(data, "image.data")

B Also supports Pandas and xarray.

Johannes Moller, MID
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In [1]:

import extra data

run = extra data.open run(proposal=2638,run = 130)

run.info()
¢ of trains: 4147
Duration: 0:06:54.7

First train ID: 11668087053
Last train ID: 1166813851

16 detector modules (MID DET AGIFDIM-1)
e.g. module MID DET AGIPDIM-1 0 : 512 x 128 pixels
MID DET AGIPDIM-1/DET/0CHO:xtdf
64 frames per train, up to 265408 frames total

3 instrument sources (excluding detectors):
- MID EXP_FRSTADC/RDC/DESTEST:channel 3.output
- MID RR_SY¥S,/MDL/RRERABACCN:cutput
- SR2_XTD1_XCGM/XGM/DOOCS:output

533 control sources:
- MID AUXT2_ATT/MDL/ATT
- MID RUXTZ ATT/MOTOR/RODL_IN CUT
- MID AUXT2 RTT/MOTOR/RODZ IN CUT
- MID AUXTZ ATT/MOTCR/RCD3_IN OUT
- MID AUXTZ RTT/MOTCR/ROD4 IN CUT
- MID DET AGIPDIM/CC/MCN 0
- MID EXP REIEDIM/GRUGE/EGI
- MID EXP AGIPDIM/MOTOR/QIMI
- MID EXP AGIPDIM/MOTOR/QIM2
- MID EXP AGIEDIM/MOTOR/Q2M1
- MID EXP AGIPDIM/MOTOR/Q2M2
- MID EXF RGIEDIM/MOTOR/Q3M1
- MID EXP AGIPDIM/MOTOR/Q3M2
- MID EXP RGIPDIM/MOTOR/Q4M1
- MID EXP AGIEDIM/MOTOR/Q4M2
- MID EXP AGIPDIM/PSC/HV
- MID EXP_AGIPDIM/TSENS/H1 T EXTHCUS
- MID EXF RGIPDIM/TSENS/HZ T EXTHCOUS
- MID EXP_RGIPDIM/TSENS/Ql T BLCCK
- MID EXP RGIPDIM/TSENS/(2_T_ BLOCK
- MID EXF_AGIPDIM/TSENS/Q3 T BLCCK
- MID EXP_AGIPDIM/TSENS/Q4 T BLCCK
- MID EXP AGIPDIMI1/CTRL/MCI
- MID EXPF RGIEDIM1/CTRL/MC2
- MID EXP RGIPDIMI/FEGA/MRSTER HI
- MID EXF_RGIPDIMI/FPGA/MRSTER H2
- MID EXP RAGIPDIMI/MDL/FPGL CCMP
- MID EXF FRSTRDC/RDC/DESTEST
- MID EXP_KEITHLEY/CTRL/EEITHLEY 2611
- MID EXP SYS/TSYS/UTC-2-54
- MID EXP_UPE/CTRL/LSHCRE
- MID EXP UPB/MOTCR/R7



https://max-jhub.desy.de/
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Online Calibration Pipeline

. . . raw
¥ Online calibration:

B Correction of data “on-the-fly” with limited g

number of corrections
B Possibility to interface external analysis tool via
Karabo bridge
Bl Next generation pipeline with improved GalManager
performance in development
B For analysis during the experiment only
» No files saved

» Offline calibration

pnCCD

LPD, JungFrau, ePix

nr =

DSSC

I B Y European XFEL
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EXtra-foam

extra-foam.readthedocs.io

github.com/european-xfel/extra-foam

Fast Online Analysis Monitor

Graphical program for online analysis.

Supports features such as:

B Azimuthal integration

= ROl analysis (histogramming, correlations,
normalization)

I Feature extraction (concentric rings, edge
detection)

Good for commonly used kinds of analysis.

L J | European XFEL

Johannes Moller, MID
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EXtra-metro
https://desy.de/~schmidtp/metropc-docs

EV';PW-‘;*?;':‘"U-"‘E - ) @view.ScalarFast
ef tof_by_train(trace: 'S , = def hits_per_train(traces: 'tof by pulse'): avtew. T
. - “ """Count hits based on integrated threshold.""" WElLie
""rsybtract periodic baseline and slice signal r hits = 8 J def image_hit(image: 'image by train',
hits: 'hits_per_train'}:

for x in range(16):

trace[x::16] -= trace[x:1680:16].mean() o e T SroETR """Scattering images for hits only."""
if -trace[hit_region].sun() > hit_threshold: if hits > @:

hits += 1 return image

return trace[signal_region]

return hits

Baseline | Separate - N o | Average image
correction "1 pulses »| Count hits > Hitimage g of hits
----| gview.vectortine ~ fmmmmmmmmmmmmmm-eme- »| i;:‘f:éﬂe E“':”'{"I”““:J""“““"’”‘?“‘"f‘”’ .
def tof_by_pulse(trace: 'tof_by_train'): ef image_hit_average(image: 'image hit'):
"""Scattering average for hits only."""

"""Separate train vector into matrix of pulse spectra. i
return image

Pulses separated by 1880 samples right now.
i @view.Image

def image_by_train(image: '50

return trace.reshape(-1, 1880)
age. pixe

image."""

"""Online-calibrated scattering
return image

Processing framework for online analysis, not a GUIl program.

Very flexible, all pipelines are written as Python scripts and may be reloaded on-the-fly.

Well suited for specialized analysis.

Integrated in Karabo and EXtra-foam for control and visualization.

L J | European XFEL
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EXtra-metro + EXtra-foam

- EXtra-foam 1.1.0dev - special suite - Correlator ~ x

Combining GUI interfaces
for visualization, masking,
ROI definition, ...
+ flexibility of
customizable, simple
analysis code

Customizable GUI
windows for display of
results

] | European XFEL

Hostname: |127.0.0.1 Port: |5555
Start Reset
Record dark | | Load dark run | |Remove dark | |v| Subtract dark

Auto level

Open context | fhome/james/spb_streak_detection.py
Save context
Reload context

Data paths

b internal
karabo

b view

+ foam

Type Shape

INFO - Processing started

INFO - Connected to tcp://127.0.0.1:5555
INFO - Reloaded

INFO - Reloaded

INFO - Reloaded

INFO - Reloaded

INFO - Reloaded

INFO - Reloaded

INFO - Reloaded

INFO - Processing stopped

INFO - Disconnected with tcp://127.0.0.1:5555
INFO - Processing started

INFO - Connected to tcp://127.0.0.1:5555
INFO - Reloaded

INFO - Reloaded

INFO - Processing stopped

INFO - Disconnected with tcp://127.0.0.1:5555

Johannes Moller, MID

Context +

46 Incomplete description of properties from extra-f*
47 """

48

49 impoert numpy as np

50 from scipy.signal impert find_ peaks

51

52 from metropc.analysis.image import radial mask

53 from extra foam.utils import rich output, BlockTi
54

55

56  # All units are in pixels

57 cx = 510

58 cy = 640

59

60 mask_width = 3

61

62  # Binning settings

63 angular bins = 360

64

65  # Peak finding settings

66 prominence = 0.5

67

68  # In test mode, the train da Il be ignored and a test image will be

69  # generated to check the ac

70 test mode = False

71

72 @View.Image

73 def train(image: "foam#image.masked mean"):

74 if test_mode:

75 image = np.full_like(image, np.nan)

76 offset = 2

77 bar_width = 3

78 vert_bar_x = cx - bar_width // 2

79 horiz bar y = cy - bar width // 2

80 image[:, vert bar x:vert bar x + bar widt
81 image[horiz bar y:horiz bar y + bar width
82

83 return image

84

85 @View.Image

86 def _mask(image: “"viewftrain"):

87 return radial_mask(image.shape, center=(cy, c
88 min radius=mask radius,

89 max_radius=mask radius + m
a0

91 @View.Image

92 def masked train(train: rview#train", mask: "view# mask
93 if test_mode:

94 train = np.nan_to_num(train)

95

»

Value (xle+12)

Value (xle+12)

Intensity

view#masked_train

P ]

1st and 2nd order Fourier coefficients vs time
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2nd order coeff.
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One example

Pulse resolved, pump-
probe Bragg peak
analysis

msm) 12:30 Thursday,
Plenary session,
A. Stierle (DESY)

European XFEL

Johannes Moller, MID
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nt positionipixels)

FWHM (pixels)

Intensity

0.2

0.1

view#B1/roi

B1, Pulse 1 - horizontal (Y axis) profile fit check

Intensity

I
0 20 40 60 80 100 120 140 160 180 200 220
X axis {pixels)

Horizontal fit positions vs pump-probe delay

Pulse 1 (pumped)
® pulse 2 (unpumped)

Pulse 3 (unpumped)

260

it position(pixels)

280

300

320

B1, Pulse 1 - vertical (X axis) profile fit check

: T
01 .AAM | .M !‘h.MﬂA MAd ¢ lﬂﬂwu W/ V W hw
il V‘ i UWN‘V‘ V' WWV

0

wa“\w\’/

0 100 200 300

Y axis (pixels)

Vertical fit positions vs pump-probe delay

L
400

Pulse 1 (pumped)

o ® Pulse 2 (unpumped)

Pulse 3 (unpumped)

Pump-probe delay
Horizontal FWHM vs pump-probe delay

FWHM (pixels)

0 20 40 60 80
Pump-probe delay

Vertical FWHM vs pump-probe delay

a0

® pulse 1 (pumped)
Pulse 2 (unpumped)
Pulse 3 (unpumped)

iy A

20

‘:‘\I“’l‘ i |
aHM ‘ "y ‘

Pump-probe delay
B1 - Pulse resolved horizontal profiles (lineout along Y)

I

40

80

L
100 120 140 160 180 200 220 240 260

Intensity

o 20 0 60 80
Pump-probe delay
B1 - Pulse resolved vertical profiles (lineout along X)

H\ “1" ( 1”"‘ \"I‘ “"\ P
AT ‘l

140

— Pulse 2 (unpumped)

— Pulse 3 (unpumped)

L
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AGIPD

European XFEL

Johannes Moller, MID
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Johannes Moller, MID

Adaptive Gain Integration Pixel Detector AGIPD

I B Y European XFEL

ADU

1M Pixel

I pixel size 200x200um?

W Capable of 4.5MHz

W 352 storage cells (352 images/train)
¥ Single photon sensitive

W Up to 10% photons/pixel with 3 gain

20

11000 ~

,photon-ADU*

10000 ~

9000

8000 -

7000

i mg ,gain-ADU"

60004 1

s000 4 |Ng

T T T T T
0 500 1000 1500 2000
~ # photons (9 keV)

T
2500

T
3000

T
3500

4000
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Average img. from one train

~ w/o gain corrections
Cliel| g EEEm e

Data @ MID

Flatfields

--- peak 3 =1914 £ 095 ADU

— Fit 75
---- peak 0 =146 +020ADU  WEE X-ray Data
70
2001 ... peak1=735+025ADU ™ X-rayData

150 1

Counts

100 1

---- peak 2 =133.3 % 042 ADU

gain [ADU/keV], y=8.05 [keV]

Gain values vs. mem.cell
|

—— mean value
®  median value

2700 mean value * std

W median value + mad

150

Memory Cell ID

200

250

300

350

m P

Signal spectrum, first train Average img. from one train with gain
corrections
---—-----
) sRLREENR
01 \
MR SRERR A
o S RN R RAAR
Signal [ADU]

I Development and validation of high gain
calibration with single photon peaks (gain maps
per pixel and mem. cell)

I B W European XFEL -
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Common mode

Pedestals can fluctuate, drift and jump on various timescales
B Single shot <-> hours
B Deviations from “dark constant”
» Non-zero contribution of dark pixels o common mode corrections

with common mode corrections

AGIPD common mode correction 10° ;
BN More precise pedestal subtraction
B Identifies empty pixel within single ASIC and empty storage 10-1
cells within one pixel
BN Subtraction of mean =
T 1024
1073 4 \ F
i 10—.-1 4
800 ‘- :
€00 . ‘! il T T
10-? 10-t

qg/nm™1

400

0 200 400 600 800 1000 0 200 400 600 800 1000
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Jumping pixels and XPCS

-25

I Pedestals can fluctuate, drift and jump on
various timescales
B Jumps are rare but correlated
B Amplitude of jump: up to 1 photon
» Negligible for most analysis
» Serious artifact for XPCS
* Remove by intra-train cross

=50
-75
-100
train

=125

-150

0 2% S0 _75 100 125 150 175 200

correlation storage cell u
""!’ Data collection, 3 1
¥ g T i . 025‘ .-. ._ no c:orrection“I |
80 80 = N 4%} |, & [ corrected
() by e -
Lo 60 g 60 Computation of correlation
%2} 7] matrices and cross-
= o= S
40 40
20 20 : S
%0 20 40 60 80 % 20 40 60 80 o
10° 10
t, [ps] t, [ps] t [us] 2 emroreeen
M W 9 European XFEL m) 11:15 F. Dallari

) 11:45 M. Reiser Dallari, Reiser, et al., (2021) Appl Sci, 11, 8037
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R&D Project GOAST: GPU-Computing for calibration & online analysis

2 Online analysis of AGIPD data requires very efficient
algorithms, especially when temporal or spatial
correlations are desired due to the enormous amount of
data per second

120 4

Frequency

B
o
L

2 We are exploring GPU-based streaming

algorithms, which incrementally update calibration o

constants and analysis results with every processed
image — ideal for live operation

5660

5650

2 Online calibration is based on on-the-fly fitting of a 5640 1

pixel’s histogram (zero- and one-photon peak)

Gain value

5620 A

2 At low count rates (<<1 phot/pix/pulse), we can use
the GPU to remove all zero counts (saves storage on
the order 1 minus count rate!)

5610 A

5600

I B Y European XFEL

100 4

2]
(=]
1

[=)]
o
1

N
o
L

4850 4900 4950 5000 5050 5100 5150 5200

ADU

5630 A

‘ Tuesday 14:00,
DA workshop,

F. Braul3e

4900 4950 5000 5050 5100

ADU

5150 5200

O 1 2photons
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R&D Project GOAST:. GPU-Computing for calibration & online analysis

Iy
]

g

:
E
s
g
g
]
=

Streaming analysis for AGIPD

2
2
g
K
H
&

nnnnn

‘ Tuesday 14:00,
DA workshop,

F. Braul3e

Prototype of a streaming algorithm for calibration and online analysis under development together w/ experimental GUI for
processing stored data

Photon statistics, temporal correlations (XPCS) and spatial correlations (speckle analysis) implemented

Processing rate > 100 Hz for 1 module, 352 memory cells (planned to run on GPU cluster to process all 16 modules)

European XFEL First live tests planned for spring
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High-high gain mode

two possible settings of the CDS stage

B normal CDS - high CDS

BN Correlated double sampling buffer

B U. Trunk et al., Proc. of SPIE, 10328, 1032805-1

normal CDS mode used as default so far

B high CDS
» Higher gain
» Earlier (less photons required) gain switching
» Less noise (1.3 keV =2 ~0.9 keV)

Fixed gain mode for further reduced noise to be
commissioned in the future

I B Y European XFEL

Cu fluorescence in default-high gain mode

35

3.0 1

25 1

20 1

15 1

10 1

05 4

0.0

0 50
TADUI

Cu fluorescence in high-high gain mode

150
[ADU]

— corrected fit
- original fit
B corrected
mam original

100 150 200

— corrected fit
= griginal fit
mm corrected
mm original

200 250 300

m=) 10:45 F. Trost

s/
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HG-MG gain switching

Intensity scan (single pixel, all mem. cells) — ‘default’ operation
with 120 ns integration time

100000
High Gain Data
—— HG fit: Slope=5.6
80000 A Medium Gain Data
Medium Gain Data: Snow
~ —— MG fit: Slope=5.57
2 60000 - Low Gain Data
g
©
c
© 40000
(]
20000 — =
0 M

0 1000 2000 3000 4000
Ref intensity 10

I Measured intensity close the switching point between HG and MG
B Artificially high intensities (so called snowy pixels)
B Intensity discontinuity

B Work on understanding and the transition region is ongoing:
B Longer integration time for operation below 4.5 MHz

Johannes Moller, MID

Water ring - 120 ns int. time

Water ring - 200 ns int. time

B

0 5000 10000 15000 20000 25000 30000

B X-ray data collected at SPB/SFX (water jet ring) = reduction of “snowy pixels” by two

orders of magnitude
B Noise increase by 3-4 %data (collected in August)

I B Y European XFEL
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Future operation scenarios for AGIPD

High-high gain operation
» High-CDS mode
» default integration time 120 ns
Reduced noise (1.3 keV - ~0.9 keV)
For data below < 20-30 ph/pix/shot
up to 4.5 MHz

] | European XFEL

Johannes Moller, MID

Large dynamic range mode
» Normal-CDS setting
» increased integration time 200 ns
Less “snowy” pixel during gain switching
Increased noise (3-4%)
Only up to 2.2 MHz

28
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Thank you for your attention!

https://www.xfel.eu/facility/instruments/mid/index eng.html
Mid-info@xfel.eu

https://rtd.xfel.eu/docs/data-analysis-user-documentation/en/latest/index.html

] | European XFEL
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