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The European XFEL in Schenefeld, Germany
oy —_ S _—e—— : . e
< >
Total length: 3.4 km
- - P

Schenefeld
Superconducting
linear accelerator

7 Experiment stations for
research in Schenefeld

Undulator systems
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EuXFEL facility : 3 beamlines, 7 Instruments

Start of operation — July 2017

XFEL beam facility

mmmmmmm  clectron tunnel € electron switch HED
photon tunnel @ electron bend MID
nimmmm  undulator 1 electron dump

Future
="

/ O Beamlines
. B

iy
-ﬂle/ mmm [ FXE

SPB/ SFX
IIIIII;”"
N ! SXP
sas
SCS
Linear SASE* 1 SASE 2 SASE 3
accelerator Hard X-Rays Hard X-Rays Soft X-Rays
10.5,14,17.5 3-25keV 3 —25 keV 0.2 -3 keV

*Self-Amplified Spontaneous Emission

Challenges for Detectors > Demanding Intensity and Timing
Constraints
High dynamic range ( 10* ph/pixel/pulse) with single photon
sensitivity for soft and hard X-ray instruments
Radiation hardness
MHz operation (in the burst mode)

No commercial imaging detectors available
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First Generation of EUXFEL detectors: A journey from concept to
user operation

For the first-generation detectors, EuXFEL initiated

a dedicated call for proposals from external

Call by the:
development groups European Project Team for the
. X-ray Free-Electron Laser
B 2006: Launched a Call for Expression of Interest N
I Selected Proposals = Three different projects Expressions of Interest
adopting different solutions to solve the EuUXFEL to:

Develop and Deliver

Cha | |engeS Large Area Pixellated X-ray
. . . . Detectors.
» Adaptive Gain Integrating Pixel Detector

Deadline: 30 September 2006

» Large Pixel Detector http://xfel.desy.de/xfelhomepage
» DEPFET Sensor with Signal Compression

I Goal: Developing at least one MHz 2D Imaging i —
Detector Y | prosessing

I Development started ca. 2009

=1

-ray photons

Charge Collection
Amplification
Frame Storage 100fs

L J | European XFEL
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The first MHz detector generation at the EuXFEL

Detector Gain Start of Operation
Mechanism

AGIPD

352 memory cells (analog)
200um x 200um sq. pixels
1-10% 12 keV ph

3-20 keV

Modular: 16 (1MPix) or 8
(0.5MPix) modules

(3x)512 memory cells
(analog)

500um x 500um sg. pixels
1-10° 12 keV ph

7- 20 keV

Modular: 16 module (1MPix)

800 memory cells (digital)
204um x 236um hex. pixels
N x 256 ph @ 4.5 Mhz

N x 512 @ f<2.2 MHz

N < 1 for single ph sensitivity
0.5-6 keV

Modular: 16 modules
(1MPix)

F‘//lZ;J
o/

3 gains with

automatic I

switching "
{ MG

3 parallel gain
stages with on
front-end
selection

asity (ADU)

LPD Intes
FEEREERE

Linear response

(miniSDD), . ! ]
non-linear signal AP T L
compression in " /

sensor ’

(DEPFET) P

01.12.2023

AGIPD1M (SPB/SFX): 2017

AGIPD1M (MID): 2019

AGIPD500K: 2020 (new gen.)
AGIPD4M (SPB/SFX): 2024 (new. gen)
AGIPD1M (HED): 2024 (new gen)

LPD (FXE): 2017

DSSC1M (SCS): 2019
DSSC DEPFET: 2024

’ A Journey from Concept to User Operation > 10 years l

I B W European XFEL

6



Experience with Detectors at EUXFEL

Detectors at EUXFEL

Jolanta Sztuk-Dambietz 01.12.2023 7

GOTTHARD-II

|/ = = ® = ® ®§ ®

X-ray
energy
A
AGIPD (SPB/SFX, LPD (FXE)
MID, HED) R
JUNGFRAU x 18 (all hard X-ray inst. . e
ePix100 (MID, HED) ( 2 ) ;
Hard :
X-rays
6-25 keV
-~ _g . : \ -
Noise: 50 e- (HG) Noise: 80 e- (HG) Noise: 350 e- (HG) Noise: 2010 e- (HG)
Dyn range: 1008 keV ph Dyn range: 10412 keV ph Dyn range: 10* 12 keV ph Dyn range: 10° 12 keV ph
pnCCD (SQS) DSSC (SCS, SQS)
Soft i ]
X-rays Y. 0 AN
0.5-3 keV Noise: 60 e-
Dyn range:
N x 256 ph @ 4.5 Mhz
N & —
Noise: 3 e- N x 512 @ f<2.2 MHz
Dyn range: 1500-3000 1 keV ph N <1 for single ph sens.
>
10 Hz 4.5 MHz Rate

I B W European XFEL
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Why “mostly based on AGIPD” detectors?

Most Frequent Usage:

B AGIPD detectors are the most
frequently used 2D MHz
detectors at EUXFEL

B Primary detectors at SPB/SFX
and MID

Operational Demands:

B One of the most demanding
detectors at EUXFEL in terms of
infrastructure and operational
requirements

L J | European XFEL

raw data size, PiB

Jolanta Sztuk-Dambietz 01.12.2023
Raw data collection
96
SXP
Total
80 A AGIPD data
LPD data
641  DSSC data
48 1 AGIPD1M
AGIPD1M *
32 A LPD MID AGIPD500K
I
SPBYSFX >T DS'SC *
16 - ! "
FXE 5‘;54%3 /
A——
0 * T T T T T T
) o [\ A, i) %) &
P SN LS (LS LA\ COg\ LR\
date

Courtesy of EuXFEL DA Group

16.2

28.4

18.8

10.3

11.5

b:34s

annually, PiB
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AGIPD1M detector system for SPB/SFX and MID instruments

Hybrid detector module
¥ Sensor:
W 128 x 512 pixels
8 500 pm thick silicon
8 2 x 8 read-out chips connected
to sensor via bump-bonding
I Size: ~26 x 105 mm?

Sensor

1M AGIPD system

Digital part: Analogue part: Vacuum board Detector head:
FPGA daughter board 64 ADC with a flexible 512x128 pixel sensor
816 modules are mounted on four I I | channceonadie| | emedton. | bimpbandsuts

i board syst 8x2 ASICs
independently movable quadrants oard system

I Vacuum operation (P< 10 mbar)
B Electronics/Control: two independent
detectors: ‘half 1’ and ‘half 2’

¥ Readout: 16 independent detectors
I B W European XFEL

In ambient In vacuum
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What have we learned from
the first-generation detectors?

Commissioning |

* Testing hardware,
software

EuXFEL o B ' Operation

environment characterization
with and w/o X-rays

» Calibration

Integration into

I B W European XFEL
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AGIPD1M detectors are integral part of the instruments

General layout of the SPB/SFX instrument.

SPB/SFX Experimental hutch

SASE1 tunnel SPB/SFX
optics hutch
Pump-probe laser systems
AGIPD-1Mp \ AGIPD-4Mpix
A < Uk 1 um Focus Detector Al\ Detector Beam
- Undulator KB Mirror Syst
KoMinor Systom | eeeeneens Y W IR oump
LT pem e 57 Bayi @Y b |
m a4 . ! Upstream || | ‘Downstre: \
--------------- 4 Focus. TTTTTT Focus, U Beam
Beam Offsot 0 o Foous |
Mirror Systom ’“’""’“s”“’" CRL';“.‘::"“"‘D | ‘Dieuncetics
ystom

Sample Injection System
Sample Injection System

Courtesy of SPB/SFX Instrument

MID Instrument — AGIPD1M in WAXS

I B Y European XFEL
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Integration: A complex task

" EuXFEL detectors were fully integrated into our infrastructure: mechanics, cooling, power,
interlock, vacuum, DAQ, Control

Cj? | Integration is a highly complex task = Start early to define interfaces '

I B W European XFEL
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It is all about the cables...

I The challenge of cables and cooling is often underestimated

0 The "HEP approach” for powering the detector is not well-
suited for XFEL applications, especially considering the
number of cables that need to be managed when detectors
must be moved (more than 100 cables for one AGIPD1M
detector)

B this approach significantly increases the risk of damaging
the detector or other beamline instrumentation.

B it limits access to the detector electronics in case of failure
or routine maintenance

| More compact design and optimization of
— the power/cooling system would make
integration and operation easier

I BN W European XFEL DSSC: Power cables
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Interlock system for detector protection

Relies on Programmable Logic Controllers Input ILC Trigger ILC Action
(PLCs) Vacuum Pressure P > Warm up detector to
. status 10-3 mbar RM,

Monitors: or pump failure Switch off HV, Close
Vacuum quality and cooling efficiency relevant valves
Detector cooling block temperatures Cooling Temp. > 0°C Switch off power for
Pressure values in detector vessel and blocks components in
sample chamber Temperature vacuum (HV, ASICs,

vacuum boards)

Chiller conditions (in vacuum)
Internal detector conditions (hardware and Electronics Temp. > 35°C Sl\llvitch off power for
all components
FEM temperatures) temperature
(outside ﬁ;i‘_xce(p:t wollen
Icrocontrolier
PLCs initiate appropriate actions when needed vacuum)
Switching off power pController FEM temp. not | Switch off power for
Warming up detector signals OK ?II components
internal Electronics except
Close valves to protect vacuum (in :
P detector boards status MicroController)
conditions) not OK

] | European XFEL
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Detector integration in Karabo

Karabo - European XFEL’s Control System framework for control,

DAQ and monitoring

B Distributed system of devices (physical and ‘logical’) that
communicate with each other through a message broker

B Devices are aggregated in topics (one topic per instrument)

B GUI Client facilitates interaction and control of devices

Tight coupling of controls and DAQ

B DAQ is generic for all data source (e.g. detector, motors,
sensors, etc)

B Data is stored centrally, ensuring easy accessibility

Integration of detectors in Karabo

B Enables control of the detector and its infrastructure

Bl Supports complex procedures, including detector startup and
calibration data collection

B Provides monitoring capabilities (e.g., temperatures, power,
detector status) and 2nd level detector protection

BE Data online viewers offer near real-time experiment feedback

European XFEL
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DAQ Command Line

ontrol
Equipment Interface "~
g Graphical and
o
. =

Command Line
User Interface

Message like project manager
Broker

e.g. calibration for

e.g. storage of data online processing
from runs

~ DAQRun Controller

-

* x
MID Run Controller
s S Greupe Gresp o s A sy Deven ) sam0 o+
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Primary AGIPD1M control panel

o

aqipd_overview

uk-Dambietz
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16

v

In-Vacuum Cooling Control

Btate STOPPED

Status

System state

System s COLD

AGIPD Power Control
State
(19:43:39): AGIPD is on.

119:45:40}: Checking power status of AGIPD
[19:45:51]: AGIPD is on.

pressureck ()

Chiller state

chiterok @
w7

Interlock summary e
asics  |FpGa
ADC | MFPGA

wonAllowed (@)
AUX [Hv

Pressure
MC and E-FANs ©

®0

Current Temp. 32272865 degC)

Hardware Region NORMAL
Fnal Set point 2 degC
Status Chiller is at SetPoint

To switch OFF Julaba chiller circulation,

piease use the manual scene

Temps.
Moduletemps ()

Ext. housing Cooling Control

Chiller state  NKNONN
tenpertes
Flowok ()

Fuidlevelok ()

mok QO

©]0)

Detector Shutdown

© won
© mon 8

HVOff

ELECTRONICS on
ASICson

Check Power Status

Emergency OFF

Link manual power procedure

Sample to use No Sample No

pattern_stan patter_standard -

Acquisition Time

Gain settings:
Pattern Type XRay 0-low cds standard
1- high cds
Gain Mode ADAPTIVE
0
Gain Settings Important!
Integration Time 20 2 Int. time value:
# Mem cells ) 3 Uso 22 cly
Int. time > 12 clks has to
Repetition Rate 1l g be agreed with det.
expert!

Stop Sending

[15:09:00]: Dark Image Run Calculation finished.

Take Dark Runs

=
AGIPD Combined Control [ acquins | [Feonconts AGIPD Dark Runs
e m Hemisphere 1 Update Scenarios and Options
MFPGAZ m ACQUIRING Take Darks with Current Configuration Goln settings:
ACQUIRING Operation scenarios for dark data 0-fowcds
standard
ACQUIRING ACQUIRNG MFPGA1 Gain Mode ADAPTIVE  [|ADAPTIVE  ~ | 1.highcds -
ACQUIRING L4010} Runng, Gain Settings 0 0 .
ACQURING. [19:46:16): Stopped at 170 . I i
BIGUSING. AQURNG [19:46:17]: Stopped at 66 Integration Time 20 2 Int. time in dark
ACQUIRING — proc. should be
"ACQUIRING #Mem cells 382 352 e S
ACQUIRING Repetition Rate 11 MLl ~| control
— ACQUIRING MFPGA 2 petiti
L ACQUIRING (L7402 KU
ACQUIRING [19:46:16}: Stopped at 66 Acquisition Time s
19:46:17]: Runni
ACQUIRING [ acqumns | ureear Lol Run and Sample types for dark data
Hemisphere 2 m L HG AGIPDIM Dark HG AGIPDIM Dark HG -
(19:33:33): Started sending data MG AGIPDIM Dark MG AGIPD1M Dark MG Y.
LG AGIPDIM Dark LG AGIPDIM Dark LG v

sample -

DAQ conroller state:

re-instantiate if unknown!

Status of DAQ
Controller

Waiting for aggregator and run controller successful

AGIPD Pulse Capacitor Runs

' = Gain settings:
Update Scenarios and options kg
1- high cds

Dperation scenarios for PC data

Gain Settings 0 0

Integration Time 12 2

# Mem. cells 352 352

Repetition Rate 11 MHZ 1.1
Run and Sample type for PC data

Run Type PC TestDAQ Test DAQ

Sample to use NoSample | NoSample

[16:17:14]: Calibration PC experiment not found on RunController.

Take PCRuns.

| AGIPD C&C and VETO control

Detay 6381787 638)

Current Train 1D 1829741750

FAST Data =2 v
VETO Data v
cacveTo VETO Unit VETO Unit

Link to Clock and Control scene

Timing scan
0| sss1770

Start trigger delay

Number of steps 2
Step size [clock| 1
Acquisition time per step [s 10 10

execute Cancel

AGIPD Position (Z) and Gate Valve State

asvmre (@
s @

Actual Position 099956997 mm)

link to mpod browser feedback LV of H2
link to mpod browser feedback for HV

AGIPD Monitoring

o 12 (O

@) ooser

0,00356
0

P4

Rot. Speed

STARTED T 99.145485 %4

P_FR_det (mbar]

6.342-05 :

Guevave Dy [TERLOCKED Cooling Block Temperature (deg C)
Ext. Housing s
MPOD Crates State Temp. (deg C)
: 2541
HLWMPOD ACTIVE o
2w P00 ACTVE
Wviseq ACTIVE 21
(__link to mpod browser feedback LV of H1

P_PR_det (mbar

Information from uControllers (MC)
Temp. of FEMs (LTCC) and ILC signals
e [JOR e [ON]
wraccox [o] mrccox  [oN]
[H2 FEM Temp. HIFEM Temp.
131 degc| 107 deg
357 degdl| 131 degd
596 degc| 953 degd]
119 deg]
s degc]
107 degd]
167 deg
13 degc|

0000789 Links to Temperature and Vacuum Monitoring - Trendiines

oo
(Cooting Blocks and Externsl Housing Temp., Pressure read via PLC

This Run controller is for data storage, if only monitoring of AGIPD is needed please use the ﬁgnltorlgg run controller
un

Copy of SPB Run Con'

Proposal number

Run Type gnostics | Optical Laser Diagnostic

troller

. §

Sample Mo sample No sample
Ignore data
Train 1d 1829741757 I Previous run l n I

[13:34:00}: Successfully executed "monitor* action

AGIPD CALNG - Overview

Links to Manager Scenes

Links to Online Preview Scenes

[* mainoverview |

=
[T Rawpreview |

=
|~ Constants Overview

-
Corrected Preview

Proposal @
Datasource &
Assign @

Configure @
Monitor @D

progress (LI |
LI

Start run

SPB Run controller

Tools

" Geomeuy
S ROIHistogram

European XFEL

lew of corrected data
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Primary AGIPD1M control panel

o o] . agipd_overview
+ X v
In-Vacuum Cooling Control | AGIPD Power Control AGIPD Combined Control l ACQUIRING ] [Fronconts AGIPD Dark Runs | DA ol e | AGIPD C&C and VETO control |

Hemisphere 1 8 787 W 6381787
Btate STOPPED MC2 ACTVE ph Detay 638178
[13:43:39): AGIPD Is on.

reinstantiate ownl
ACQUIRING Tal iguration Gain settings: - o
[19:45:40]: Checking power status of AGIPD MFPGA2 m atior: o o el . Current Train 1D 1829741750
Btatus [19:45:51]: AGIPD is on. ACQUIRING bt Statusof DAQ | witing for aggregat n controller successful
‘:J ACQUIRING ACQUIRING MFPGA 1 Gain Mode ADAPTVE || ADAPTVE = 1.high cds & Controller FAST Data
.. oy sscancnr s | m——
B I - L . - VETO Data

= Interlocks
= Infrastructure (power supplies, chillers, pumps)

More than 200 Karabo devices for AGIPD1M ——= ;
“wewd I Detector
.-t B Motors

om0 Timing system

Chiller stal Korlng run controller
- GUI Preview of corrected data.
DAQ :
luid

n  u

" Procedures (“get detector ready”, “take calibration data”)

Qoooeoa

<= [ Online Data Corrections and Visualization

0 0oooooOooonoooooooono

link to mpod browser feedback for HV. Fo:-»n' Block:

L J | European XFEL
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What have we learned from
the first-generation detectors?

Commissioning |

* Testing hardware,
software

EuXFEL o B ' Operation

environment characterization
with and w/o X-rays

» Calibration

Integration into

I B W European XFEL
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MHz, MPix & high dynamic range detectors — challenges for calibration

B Calibration needs to be performed whenever there are significant changes in detector hardware or performance
BN Routinely done after each maintenance period for the hard X-ray detectors
BN Calibrating the full dynamic range is a major challenge

Detector

352 memory cells (analog) 3 gains with

200pm x 200pm sq. pixels automatic |

1-10%12 keV ph switching ©
3-20keV e

Modular: 16 (1MPix) or 8
(0.5MPix) modules

(3x)512 memory cells
(analog)

500um x 500um sq. pixels
1-10° 12 keV ph

7-20keV

Modular: 16 module (1MPix)

800 memory cells (digital)
204pumx 236um hex. pixels
N x 256 ph @ 4.5 Mhz
Nx512 @ f<2.2 MHz

N < 1 for single ph sensitivity
0.5—-6 keV

Modular: 16 modules
(1MPix)

I B W European XFEL

Gain
Mechanism

3 parallel gain
stages with on
front-end
selection

Linear response
(miniSDD),
non-linear signal
compression in
sensor

(DEPFET)

LIPD basonsity (ADL )

TN
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MHz, MPix & high dynamic range detectors — challenges for calibration

B Calibration needs to be performed whenever there are significant changes in detector hardware or performance

BN Routinely done after each maintenance period for the hard X-ray detectors
BE  Calibrating the full dynamic range is a major challenge

Detector

352 memory cells (analog)
200um x 200pum sq. pixels

1-10%12 keV ph

3-20keV

Modular: 16 (1MPix) or 8

(0.5MPix) modules

(3x)512 memory cells
(analog)

500um x 500um sq. pixels
1-10° 12 keV ph

7-20keV

Modular: 16 module (1MPix)

800 memory cells (digital)
204pumx 236um hex. pixels
N x 256 ph @ 4.5 Mhz
Nx512 @ f<2.2 MHz

N < 1 for single ph sensitivity
0.5—-6 keV

Modular: 16 modules
(1MPix)

I B W European XFEL

Challenges \

" Three gain stages per pixel
" Analog memory cells

" Analog gain evaluation

' Many operation modes

" Three gain stages per pixel
" Analog memory cells
" Detector artefacts

" miniSDD — linear gain evaluated
' DEPFET - non-linear gain to be evaluated
on full DSSC1M camera
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MHz, MPix & high dynamic range detectors — challenges for calibration

Calibration needs to be performed whenever there are significant changes in detector hardware or performance
BN Routinely done after each maintenance period for the hard X-ray detectors
BN Calibrating the full dynamic range is a major challenge

Detector mm Example AGIPD (one operation scenario)
x 1 million pixels
Challenges

x 352 memory cells

352 memory cells (analog) Three gain stages per pixel ;
200um x 200pum sq. pixels Anal & 5 F:I 2 X3gam Stages
nalog memory cells I
1-10%12 keV ph g memory cett x number of needed calibration constants
3-20 keV Analog gain evaluation

9
Modular: 16 (1MPix) or 8 > >10° parameters

P e Many operation modes

The constants have to be generated for

(3%)512 memory cells different operation modes:
(analog) . Three gain stages per pixel - rep.rate

500um x 500um sq. pixels

1-10512 keV ph Analog memory cells - Number of mem. cells
7-20keV Detector artefacts - Integration time

Modular: 16 module (1MPix)

-y

800 memory cells (digital)
204pumx 236um hex. pixels

N x 256 ph @ 4.5 Mhz miniSDD — linear gain evaluated

A 51](2 @ fﬂl-z ':]“HZ DEPFET - non-linear gain to be evaluated
N < 1 for single ph sensitivity

0.5— 6 keV on full DSSC1M camera

Modular: 16 modules

(1MPix)

For the next detector generation, prioritize a design that is calibration-
friendly and supports reliable in-situ calibration sources

% European XFEL
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AGIPD Calibration Process - Overview

AGIPD Calibration Strategy — Flowchart

Dynamic range Low intensity X-

12000 Dark deta scan ray fluorescence

11000{ HG
__ 10000 1 MG LG
)
0O 9000 4 Noise Thresholds for Gain ratios Absolute gain
$ gain encodlng (HG/MG, MG/LG) (HG only)
S 8000 = = : y
s . \r o g I
) 7000 4 '— """"""""" \‘\\ ‘\\\ :

60001 [ s St |

— Image 33 -
5000 4 ~ =+ Analog gain e
0 20000 40000 60000 80000 100000 Badpbba mask Corrected data
Photon energy (keV)
Calibration data ; * "l
Calibration constants _ _ _ ) _ ’ R:l‘::; o ual.mr: using
AGIPD Calibration for one operation mode
‘ . Measurement | D22 ' Generated calibration constants is centrally
Data Type Data Size Time Processing Frequency . . . .
Time stored and indexed in the Calibration

Dark Data 22TB 5 mins ~ 10 mins ;Li_e;‘h“}f‘g"“ Catalogue (CalCat)
Elﬂﬂ;(?g’dﬁﬂﬁi Scan -1 ¢ > TB 20 mins ~ 100 mins | 6 months Bl cCalCat allows easy retrieval based on detector
Dynamic Range Scan - 21 TB 65 mins 180 mins 6 months identifier, creation time, and specific conditions
Current Source =13 (e.g. bias voltage, integration time, etc.)
Fluorescence Data 15-20 TB 25-30 mins up to 720 mins m-onths

European XFEL
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Characterization of the detectors — Calibration constants

Summar y across Modules - Offset Summary across Modules - Noise

Characterization with dark data - Offset, Noise and
Bad Pixels
B Generation of the constants for all detectors in use is a L
part of the experiment routine = performed at least J : .
once per Shift o 135 AverageNonse[ADU].giji:els”on'Y
B Automatic procedure for data taking and interface via :
myMdC web interface to start dark data processing -
do not requires expert level to generate new set of
calibration constants
B Automatically generated reports available to monitor the
performance of the detector:
» Configuration information, status of the processing myMdC interface for dark data processing
» Control plots including comparison to the previous _ v
version of the calib. constants T e mdn seses sm G =i
B Time: below 30 mins e M——————
» Data collection <5 mins —
» Migration to offline <5 min
» Processing and generation of reports < 10 min

L J | European XFEL
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Data Quality: Analog memory cells

AGIPD: Analog gain value vs. mem. cell

11000

—— High Gain
. . 2 10000 D) ABIPOL2 | 7T preciumn ein
Analog memory cells are used to temporarily store signals before S Low Gain
@ 9000
they can be read out > this storage technique is employed in several 2 000 = i B s i W
detectors, including AGIPD, LPD, and JUNGFRAU g 7000 B S
B Analog memory cells impact data quality with offset and gain g 600
. . 5000
va rlatlons 0 50 100 n}gﬁaryzggll 250 300 350
[ - '
Cross-talk observed between adjacent memory cells e
¥ Extensive calibration required to mitigate the issues Bs =g —~~ =~~~ —~v|Fg= =ps = —~v —=~

AGIPD: Average Gain (HG) vs. mem. cell AGIPD: Average HG/MG ratio vs. mem. cell

—0 1 —2 —3 —4 —35 § —

| . 2oL 2 s 2o
L""WWWW O ns .*‘ - . s v % v v > .

Avarage ratio HG/MG: 33.4 + 5.7

g9 - mean = s .
] . - o 2 e
1 ¥ 8 S 40.0
b L“’“\H“’N”"—v o I e e e e e R Jr
o 315 L Memary CeliD Memary Cet 0

— T T T X e —

= .
5 200 LPD1M: Average Offset LG vs. mem. cell
z 275
— QM1 — QImM4 M4 QM3 Q4M1 — QM3
0 50 100 150 200 250 300 350 QM2 — @M1 — Q3M1I — Q3M4 — Q4M2 — 4M4
cell number QM3 QM3 @M

“/ | the next generation of the detectors

810

800

Move away from analog memory cells for

Offset value [ADU], good pixels only

it vl

[ e by

770

L J | European XFEL 5 % %0 % %0 %0
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Detectors data correction

I Corrected data proposed for each detector

[ Offset Correction

_> ¥ Gain corrections _}

W Bad Pixel Maps
¥ Detector specific corrections

Raw data Corrected data

B Online/ off line correction process

XN
_ %
1 trains/ 5 (2 Hz) . Corrected data

Online cluster

~
®.0 ‘ XN = ' Cal. constants g
— f -t

Train gap —  —

data transfer PC-layer ‘ XD Calibration database =
All trains ;;*_ Corrected data U
Offline cluster User data

01122023 25

Experiment tuning !!

Users on line display J
Sample of corrected data

Full corrected data set

I B W European XFEL
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What have we learned from
the first-generation detectors?

Commissioning |

* Testing hardware,

Integration into software

EuXFEL o B | s Operation

environment characterization
with and w/o X-rays

» Calibration

instruments, users

Feedback from |

I B W European XFEL
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Support for User Operation

Each week: 3 instruments run Tuesday-Sunday 24h/day
B Data Operation Center (DOC): single contact point for support

7 Instruments. . \ ‘n‘ ‘m‘ ‘ih
x“‘ DOC crew

- 2 Colleagues on shifts (7h00 — 23h00)

/ - 1 Data Run Coordinator (24/7 On Call Duty)
i
-
Monitoring tools \
Incident sources

o -

A
v
[AAY

IT Expert

A4
Electronics Expert

24/7 OCD Support

' 'y
v
[AAY

Detector Expert

A
v
AAY

AR controls Expert

A3 38
11

Data Analysis Expert
Documentation

L J | European XFEL



Experience with Detectors at EUXFEL Jolanta Sztuk-Dambietz 01.12.2023

User Operation

User experiments at EuXFEL.:
Mostly performed with a beam at repetition rate 2.25 MHz, 1.125 MHz and lower
Experiments performed at 4.5MHz <<10% (~ 1-2 weeks per year)

Detectors run stable and provide high quality data for scientific publications

An example: Functionality of SPB/SFX Instrument with liquid jet and AGIPD1M detector

] | European XFEL
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User Operation

I B W European XFEL
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European XFEL Detectors: enabling scientific excellence

MHz XPCS to look at system
dynamics

- Speckle patterns
Pulse structure on AGIPD
1128 iz)
1055 o
Il
*Tioms o) "

=

X-ray pulse trains \
Nanoparticle suspension 4«
probed by the X-ray pulses

L

Lehmkdhler et al. PNAS 117:24110-24116(2020)

Examples of scattering patterns from IrCI3 and Mimivirus.

a 1450m b 301 nm

Mimnvirus

c 465 am. d

1 (photons - pixel~!)

fo

Study of materials in extreme

conditions

352 pulses 3¢

Typical SFX
sample

i |

220 ns

Polystyrene
Gasket

M. Frost et al., accepted by Nature Astronomy
(2023)

Example of SFX
diffraction pattern

Sobolev, E. et al. Megahertz single-particle imaging at the European XFEL

Commun Phys 3, 97 (2020)

L J | European XFEL

Wiedorn, M.O,. et al. Megahertz serial crystallography.
Nat Commun 9, 4025 (2018)

0.05
Normalized intensity

0.10

ARTICLE

Megahertz data collection from protein
microcrystals at an X-rav free-electron laser

nature methods ARTICLES —

g e s s
Time-resolved serial femtosecond crystallography
at the European XFEL

‘Suraj Pandey"™, Richard Bean**, Tokushi Sato™*, Ishwor Poudyal’, Johan Bislecki’,
Jorwani Cruz Villarreal %, Qleksandr Yefanov', Valeric Mariani’, Thomas A. White®*,
Christophar Kupitz’, Mark Hunter’, Mohamed H. Abdellatif4, Sata Bajt 0%, Valerii Bondar?,
|  Matthlas Frank 07, Ralmund Fromme 7,

Yaroslav Gevorkow 3%, Gabriele Giovanetti 57, Man Jiang?, Daihyun Kim, Yoonhee Kim?,

i , 2 iz, Juraj , Faisal H. M. Koua®, 5
Stala Lisova®, Luls Maia’, Victaria Mazalova®*, Domingo Meza®, Thomas Michelat?,
Abbas Durmazd ©', Guida Palmer’, Marco RamillF, Robin Schubert ", Peter Schwander’,

Alessandra Silenz?, Jolanta Sttuk-Dambietz’, Alexandra Tolstikova?, Henry N, Chapman 0431,
‘Alexandra Ros©*, Anton Barty®, Petra Fromme®, Adrian P. Mancuse®" and Marius Schmidt @'

-
nature |
- fﬁlgkﬁmmwm, materials

Observation of fluctuation-mediated picosecond

nucleation of a topological phase

Felix Biittner © V%', Bastian Pfau %%, Marie Béttcher®, Michael Schneider ©%, Giuseppe Mercurio*,
Gl K

iet Hessing’, Christopher Klose?, Angela Wittmann @', Kathinka Gerlinger®?,
2

2 lncafin Fuche?
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European XFEL Detectors: enabling scientific excellence

Study of materials in extreme

conditions —
MHz XPCS to look at system
dynamics

EMLM Significant role of EUXFEL detectors in facilitating high-quality
| scientific outcomes = the data provided by the detectors allows
= production of high-quality scientific results
. Integration, commissioning, operation, data collection and
dedicated studies have also led to the identification and
e quantification of challenges related to detector performance and  |poten

lectron laser
operation F |
raphy

i H

Sobolev, E. et al. Megahertz single-particle imaging at the European Wiedorn, M.O.. et al. Megahertz serial crystallography. = |
XFEL. : e e ‘ 0 L NatCommun 9, 4025 (2018) GBS I Materials

Commun Phys 3, 97 (2020)

Observation of fluctuation-mediated picosecond
nucleation of a topological phase

Felix Biittner © V%', Bastian Pfau %%, Marie Béttcher®, Michael Schneider ©%, Giuseppe Mercurio*,
Christian M. Glinther @24, Piet Hessing’, Christopher Klose?, Angela Wittmann @', Kathinka Gerlinger 2,

Strithar?_Clamane uan

L J | European XFEL
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Testing under real experimental conditions

I We can test at the same time all detector properties only with the EuXFEL beam
BN |dentifying features related to high intensity at high speed can be challenging
B Dedicated beam time for detector characterization is essential to optimize detector performance
BN Characterizing the detectors requires a joint effort between EuXFEL and DET developers

Baseline shift - effect in offset corrected image (Cu fluorescence) AGIPD: Baseline shift as a function of X-ray intensity
A) 0 B)
Imh?
2 100
e —_
g s0 X -2
a S
| >
0 <
200 300 i
Pixel column 2
3 —40 8
T T T T o -
-100 0 100 200 300 400 500 600 E %
Signal offset corrected (ADU) £ s,
4000 E ENES
35001 Noise (0-photon) peak £ =60 ' N
E \\f-
30001 = e
25001 2 \
= o - N\
§ 20001+ ; ! 3 -8 R
© 1500 x ,Flu,oresgence photons e —— y=-0.22*x + 0.82 N
o y =-0.02 *x + -0.15
100 before h/w modification, R90 = 100 Ohm N,
2001 after h/w modification, R90 = 0.47 Ohm X
-200 0 200 400 600 800 1000 0 100 200 300 400
Signal offset corrected (ADU) Integrated signal in FEM normalize to nr of pixels (keV/pixel)

., | Effective detector optimization requires the XFEL beam and is a continuous
— processes that necessitates collaboration and feedback from DET
developers, instrument scientists and users

I B W European XFEL
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Data Quality: Adaptive gain and its transition region

0 Adaptive gain, an elegant method to achieve a high
JUNGFRAU: Energy gap vs. mem. cell

dynamic range, faces challenges in the transition sonne - |
occupancy:
region sy -0 0.05% - 6.1p7% ’ -0~ 16.33%
. . . . 540000 2
BN Issue with proper determination of “baseline’ for ﬁam
. ©
lower gain stages g
m20000
BN Both AGIPD and JUNGFRAU affected o
D10000
BN Preliminary findings indicate an issue in that region S
0

6 8

with GOTTHARD-II as well

4
image number

AGIPD: Intensity spectrum

i i JUNGFRAU: Intensity scan
Low gain

Intensity »Energy gap”
“deficit’

-
o
S

JNGFRO3 [keV]

&
<

¢ medium gain ¢ low gain

10

-1 100
lo [photons/pixel behind foil]

I B Y European XFEL
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Data Quality: Adaptive gain and its transition region

Fast (4.5MHz) operation = ‘late gain switching’ (“snowy pixels”)

Intensity scan Lysozyme data — 120 ns int. time

“Integration window” “Usual” Integration Time (120 ns)

1000
l : 6000
El 5000 e
E : =) - High gain
i : QO 4000 - . 2
~r\ E < 3 i 100 S
| b < 3000 - P S
E : Srs0004 .4 .ﬁ"Transition— “snow”
Vitreshoid Lovvens f Z | v
‘ ' 1000 e Medium gain
Integrated 5 e —— 5
(analogue) Signal | T T T T ——
Time '; ; > 500 1000 1500 2000 2500 3000
Integration window”
- E Longer Integration Time (200 ns)
i [ § 1000 Lysozyme data — 200 ns int. time
f I 6000
5000 lIlIIIIIIIlIIII .
N 2 s ? High gain . ANERRNRNARRRNARR
- =g s ANNNNNEE ENARRAER
| 4 o
Vthreshold [ : UE; 2000 ? : IIII..I IIIII.II
Integrated , 1000 - ¥ Medium gain II.II.IIIII.IIII
(analogue) Signal : R o«F: T IS - ‘ IIIIIIIIIIIIIIII

Time High ;%ain [\/[ediu;m gain 500 1000 1500 2000 2500 IIIIIII'IIIIIIII
Courtesy of Ulrich Trunk (DESY FS-DS) Reference Intensity (ADU) - l.!!.!l.—ll ILI

For the next generation of detectors, addressing the observed issue with the |

)

——

adaptive gain mechanism is crucial, and alternatives should be explored
L J | European XFEL
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Data Quality: Addressing issues with dedicated operation modes

Enable “experiment-specific” operation modes (detector configurations)
B “Very High Gain mode” with improved noise performance
» low intensity data (i.e. no dynamic range required)
B Fixed (medium) Gain mode
P solution for experiments which does not required single ph. sensitivity
BN Operation with longer int. time (for acq < 4.5MHz) to avoid snowy

pixels

Implement image-topology dependent corrections
» Low intensity data: Common mode corrections (across ASIC and memory cell
rows) for very low intensity data

80 0.1

60 0.08
v
- 0.06
— 40
4+ A 0.04

20 . . 0.02 //"’ : 0.02

correction proc/ data
0 0 0= 0
0 20 40 60 80 0 20 40 60 80
ty [us] ty [us]

Francesco Dallari et. al., Applied Sciences, vol. 11, no. 17, p. 8037, 2021.

L J | European XFEL

Cu fluorescence in ‘default’ High Gai

(((((((( it

— on

comrected

Cu fluorescence in Very High Gain

50 100 150 200 50 300 350
[ADU]

SFX —single image in fixed MG mode

w0 200 0 206 400
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Data volume challenge

The amount of collected data is huge (> 100 PB of raw data)

Raw Data Generated at European XFEL Instruments

100°5B4-

The initial strategy of indefinitely storing all data beyond the embargo periodis
no longer sustainable

Data reduction addressed starting from policy down to specific online and -
offline data reduction implementations:
BN Data management plan (DMP) to include data reduction early and

Data size [PB]
@
)

throughout the proposal process
N Operation-specific, e.g.: automatic detection of non-illuminated frames .
Bl Technique-specific, e.g. event reconstruction, hit finding (SFX, SPI), g@
correlation functions (XPCS, XCCA) 2

First attempts with real-time reduction before saving to disk

2017/07 2018/01 2018/07 2019/01 2019/07 2020/01 2020/07 202101 2021/07 2022/01 2022/07 2023/01 2023i07

] ] ) ] ) 2017 Date 2023
Currently preparing to apply techniques to past data in collaboration with users

In the next detector generation, consider implementing data reduction
e as near to the detector head as possible

L J | European XFEL
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The significance of ease of operation and interlocks

Incidents happen = Interlock system has saved detectors from

severe damage on several occasions:
BN Chillers, cooling water failures
B Vacuum quality during liquid jet injection, pump failure

B Power cuts .
B Human error 3
A = -
Radiation damage and hardware failure happens W Deformed DSSC cooling pipes
B An online monitoring and alarm system is a necessity -
o . HEY o1 D 0
B Easy access and the ability to quickly exchange modules Radiation damage on AGIP
B Fast access to electronics is crucial = | - "
. . . . . mE_ 5
B Protection against e.g. ice formation would help, under 200 .' - R 5
commissioning “ ﬂ; | a0 g
[ | d o
| Radiation damage due to exposure to the diffraction signal ... 0 N g
created by the 20 keV beam on the diamond cell -. V. & 2
—2001 W F o
e . %)
i . 5
—400 1 T e -80
-600
Courtesy of DESY FS-DS 460 260 0 —2'00 —4'00 40

| A self-protecting, robust system with easy access to electronics components
in the detector vessel and the availability of spare parts is essential

L J | European XFEL
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The impact of having a detector ‘zo0’

Gotthard-ll

[ R I I I

X-ray
energy
A AGIPD (SPBI/SFX,
MID, HED) - I o . . .
| = MDA "o I Different technologies require
ePix100 (MID, HED) ’ a 3 | i .
Hard different experts
X-rays
6-25 keV
e | L Standardization in controls,
oise: 50 e- bise=80 6 Noise: 350 e- (HG) oise: e- . . . .
e ianii | ey B sras 108 Gkaviph S interlocks, and calibration is
challenging, if not impossible
pnCCD Q8L DSSC (SCS, SQS)
8 - — A — I We heavily rely on developers
X-rays . H
053 ke for tasks like firmware updates.

Noise: 60 e-
Dynrange:
¥ N x 256 ph @ 4.5 Mhz

Nx512 @ 2.2 MHz
N < 1for single ph sens.

Noise: 3 e-
Dyn range: 1500-3000 1 keV ph

10 Hz 4.5 MHz Rate

C:/jﬁ To address these challenges for the next generation of detectors,
standardization efforts is required

I B W European XFEL



Experience with Detectors at EUXFEL Jolanta Sztuk-Dambietz 01.12.2023 39

Key Takeaways

EuXFEL producing excellent scientific results based on data collected by the present detector generation

Integration, commissioning, operation and dedicated studies have also led to the identification and quantification of
challenges related to detectors performance and operation

Integrating the first detector generation into EUXFEL was a complex task
BN The required infrastructure poses challenges for integration and operation
BN More compact, efficient power and cooling design with standardized interfaces are needed

EuXFEL provided around 8000 hours of user beamtime this year:

I Ease operation and reliability are essential

B Accessible detector components for maintenance and replacement
BN Hardware interlocks are crucial (consider self-protecting detectors)

Data quality is the primary measure of detector performance

I Testing detectors under real XFEL conditions already on prototype level is essential

B Methods for achieving high dynamic range need evaluation

B A design that is calibration-friendly and supports reliable in-situ calibration sources is necessary

B Optimization is a continues process > Collaborative efforts involving experts with diverse backgrounds and investment
in “In-House Expertise” are vital for optimizing detector performance and addressing observed issues

Managing the enormous volume of generated data requires early design-level reduction strategies

Lessons learned today shape the detectors of tomorrow

L J | European XFEL
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XFEL Science: 7 Instruments

SASE 1 (Hard X-Rays) SASE 2 (Hard X-Rays)

/E :

A7

\ ‘ st 5 ok SN B T B o, il
SPB/SFEX (start Sep 2017) FXE (start Sep 2017) MID (start Apr 2019) HED (start May 2019)

Single Particles, Clusters and Femtosecond X-Ray Experiment Materials Imaging & Dynamics High Energy Density Matter
Biomolecules /
Serial Femtosecond Crystallography SASE 3 (SOft X-Rays)

Main Technics: ==

il L2

8 /A

| Single Particle Imaging (SPI) z
| X-ray scattering (WAXS/ SAXS) ;
| Serial Femtosecond Crystallography (SFX)
| X-ray Spectroscopies (XES/ XAS) I
| Resonant Inelastic X-ray Scattering (RIXS
.
- More constraints on detectors SXP (start summer 2023) SCS (start Nov 2018) SQS (start Nov 2018)
Soft Xray Port Soft X-Ray Coherent Scattering / Small Quantum Systems
Spectroscopy

I B W European XFEL
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First Generation Detectors for EuXFEL

Detector requirements from < 2010

W% Energy range 0.2 — ~25 keV

¥ Single photon sensitivity
B High quantum efficiency (>0.8)
B Low noise

W High dynamic range 10% ph/pixel/pulse
¥ Vacuum compatible ( < 10-6 bar)

I Flexible central hole

I B W European XFEL

W Sufficiently rad. hard for operation at XFEL

% EuXFEL timing compliant

Bunch Train
2700 Pulses 600 s Data Transfer

< Processing

! Data Storage
1 1 99.3ms
Time
P4 X-r ns

AT ™

-ra)
Charge Collection
Amplification
222m8 Frame Storage 100fs
& . process

.
’

Single
photon
Several
\ 100’s

High plcture

dynamic
range
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Characterization of the detectors — Calibration constants

Overview — current status Summary across Modules - Offset Summary across Modules - Noise

Characterization with dark data - Offset, Noise and

Bad Pixels

Bl Generation of the constants for all detectors in use is a L
part of the experiment routine - performed at least ]
twice during the shift I

B Automatic procedure for data taking and interface via
myMdC to start dark data processing -> do not requires
expert level to create constants

B Calibration constants are produced and injected to
calibration data base

B Automatically generated reports available to monitor the
performance of the detector: myMdC interface for dark data processing
» Configuration information, status of the processing
» Control plots including comparison to the previous

version of the calib. constants

B Time: below 30 mins I o e e
» Data collection < 5 mins
» Migration to offline <5 min
» Processing and generation of reports < 15 min $

13.5 Average Noise [ADU], good pixels only

L J | European XFEL
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Background information - AGIPD detectors @ EuXFEL

I Detectors developed for EUXFEL by AGIPD Consortium ( DESY, PSI, Uni Bonn, Uni Hamburg)

Noise (HG) 350 er.m.s.
I Design for fast imaging and high dynamic range Dynamic range Upto 104 10 keV phipix/pulse
# images/train Upto 352

8 Hybrid detector — module:

B 128 x 512 pixels, Pixel size: 200x200 um, 500 um thick Si, 2x8 chips
B Module size: ~26 x 105 mm?

#Pixels/ In-vacuum AGIPD (ASIC) First User
modules operation version experiment

™ Available detectors: SPB/SFX 1MPix / 16 AGIPD1.1 1stgeneration 2017
MID 1MPix / 16 yes AGIPD1.1 15t generation 2019
HED/HIBEF 0.5MPix /8 no AGIPD1.2/1.1 2nd generation 2021

. Digital part Analogue part Vacuum board Detector head:
 FPGA daughter board 64 ADC with a flexible  |512x128 pixel sensor

N8 on carrier board channels on a two connection bump bonded to
board system 8X2ASICs

500K AGIPD system

B 8 modules

I New version of electronics
(compact system)

Interposer

FEMs [ \ ; m o ion i bient
P~ peration in ambien
- HV DC/DC ; ‘
1M AGIPD
I 15t generation of electronics and AGIPD1.1 ASIC
= 1:: m°d‘;'es e mounted on four independently New generation AGIPD detectors to come next year :
movable quadrants .
8 Vacuum operation (P< 10> mbar) 1M AGlPD @ H ED/HlBEF

EESN BEN °% European XFEL 4M AGIPD @ SPB/SFX



Experience with Detectors at EUXFEL

Jolanta Sztuk-Dambietz

46

01.12.2023

105. - - - -
A) AGIPD1.1 mmm High Gain B)
10%4— ‘ s Medium Gain
Low Gain AGIPD1.1
1034 ‘
ﬂ 5100
[ =
g 16% fi g sof
(&) &
107 — ol - A
0 100 200. 300 400 500
100- Pixel column
_(
1071 | 0 2 4 6 8 10
4000 5000 6000 7000 8000 9000 10000 Separation MG-LG (standard deviation)
Analog gain value (ADU)
11000 11000
2 Q) AGIPD1}1 |[— HighGain = D) AGIPD1{2 — High Gain
8 10000+ -~ = Medium Gain 8 100001 = Medium Gain
< ~—— Low Gain < ~——— Low Gain
g 9000- iﬁ’ 9000+ T\]’\f\f\f\\f\l\ﬁ\
© S i TR Ty TREr SRy Ay P By
= 8000 - : " s i ¢ e 2 80007 » - i
.g .g
o 7000+ V P, 5T I T AT [ o 7000+ """L_.r—-—r S R AT 37 7 VS i I
? 6000+ i i -g 6000+
< <
2000550100 150 200 250 300 350 000550 100 150 200 250 300 350
Memory cell Memory cell

I B W European XFEL
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Radiation hardness sensor design

GRI5 GR CR  Pixel

= No bulk damage expected for E < 300 keV \ N

>

= Surface and interface damage: | e

&+

B U T _fistance from the Jast pixel fo the édge of the sensor: 1200 ym= 4 ?;,!

47

» Higher leakage current 0,0) %
Higher depletion voltage (15570
Lower breakdown voltage

Charge losses at interface

YV V VYV V

Increased inter-pixel capacitance

=>» Special high voltage design with 15 guard ‘
ringS: scribe line implant
- radiation tolerant up to 1GGy ©
- introduced additional non-sensitive

area between detector modules @ Distance from the last pixel to the

edge of the sensor 1200 um

JINST (2013) 8 C12015,
DOI: 10.1088/1748-0221/8/01/C01015,
e-Print: arXiv:1210.0430 [physics.ins-

L J | European XFEL det]
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Calibration constants — Gain

I Characterization with X-rays and internal calibration sources - det. response (gain, linearity)
I Characterization is done by detector experts
B Frequency: every 4-6 months, dedicated calibration beamtime or calibration campaign
B Source requirements and technigues depends on the detector type: X-rays or combination of X-ray data and
dedicated charge injection calibration sources
B Charge injection calibration sources validated and cross-calibrated with X-rays are very useful (if not mandatory)

I All detectors - final validation of calibration should always be done under real conditions with the real scientific data!

Source Jungfrau Epix100
XFEL - Cu flat-fields — single - Cu flat-fields (DSSC DEPFET Al flat-fields Cu flat-fields — Cu, Fe flat-
beamlines photon intensity intensity scan will need FEL intensity scan fields — single

Other: - Single ph. with E>  beam) including single ph. intensity
(where the , :

- Cu flat-fields 16keV (scattering) photons
detectors Intensity scan Other:
belongs) - Water ring - PP water

- Powder diffraction scattering

- SFX data
Laboratory PulXar with PulXar with
X-ray sources differ_ent targets different

and filter (Cuand  targets and
higher energies) filters at higher
energies
Charge Yes, dynamic range Yes, DAC Yes, dynamic
injection scan for HG and MG injection sweep range scan GO and
. . with Pulse Capacitor G1 (backplane
calibration : .
N (MG and LG with pulsing), G1 and
circuits Current Source) G2 — current
source

I B W European XFEL
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Offline Calibration Pipeline

B Many 2D detectors require corrections to process
“raw” detector data into analysis-ready “proc”

@ Raw data processing (calibration request through
myMdC (metadata catalogue, in.xfel.eu/metadata)

B XFEL offline calibration (xfel-calibrate ) runs on DESY
HPC cluster (Maxwell), jobs are distributed across
nodes using SLURM

xcal @ maxaxiols > - Mawell i~

_» delcalibrale —» PROC DATA
el calibrate
—»  wsl-calbrate
fol-callbrate
iol-caiibrate
tel-calibrate
el-calibrate

£ SLuRM
<>

mmmmmmmmm
tel-calibrate
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- 394
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proc
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I B W European XFEL

Y
single shot

myMdC interface for raw data processing

= myMAC | Propesslnn, 300050 X

« o] O B httpsisfm sl eujmetadata/proposale/17 Spropasal-runs

— HOME
European
XFEL| mymdc

= Back.

Runs gbook. Tear Repositories (ED

© Automatically assess new runs (after being closed by DAQ) as

© Automatically stat un caibration afer migration

- o x
] 2@ o R e =

MY TOKENS MY ACCOUNT LoGouT

HIDE =

Data Source
Groups

Home

Developers
< o 0] Information

Legals & About

Run Number (alias) Run type
0 XPCS

xPCs
xPCs
xPCs
xPCs

oeas. AFCS.

sample Name

wycor

wycor

wycor

wycor

wycor

start date Run status Data Assessmen;

2019-09-23 000034 +0200 Closed

2019-09-22 735714 40200 Closed

2019-09-22 735246 +0200 Closed

2019-09-22 734620 40200 Closed

2019-09-22 734227 +0200 Closed

2010.00.22 29.98.47 A0200._Closad
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Jolanta Sztuk-Dambietz

European XFEL Storage Overview (

Schenefeld

Cache Performance

I Extremly high performance I High performance
W Data available immediately ¥ Large scale data
I Optimised for concurrency analysis

W High redundancy W High redundancy
W Dedicated storage for each SASE| ¥ High cost per PB

I Very high cost per PB I Shared within XFEL
I Capacity for a few days ¥ Large capacity

I B W European XFEL

Online GPFS Offline GPFS

DESY Data Center

Cozd

Capacity

I Lower performance
¥ Lower cost

I Scalability

i Shared within XFEL
I High capacity

01122023 50

Tape Archive

™ Very slow

I Even lower cost

I Very high capacity

I Safety (second copy)

I Shared within DESY
campus

¥ Long term
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Data Quality: Adaptive gain and its transition region

Fast (4.5MHz) operation = ‘late gain switching’ (“snowy pixels”)

Intensity scan (single pixel, all mem. cells) — 120 ns Lysozyme data — 120 nsint, time
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Where are we now?

2022-2030+

2017-2021

START-UP

Instrument Reviews

2023 2024 20

Jolanta Sztuk-Dambietz 01.12.2023

2024-2029

: 2027 202

HDC-XFEL CDR
Facility up. TDR

§ 202

Koo

European XFEL plan for the next decade+

L J | European XFEL

FACILITY

UPGRADE

2029 2030 2031 2032 2033 | 2034 2035
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