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B8 First-Generation Detectors for EUXFEL: Navigating
the Unique Time Structure
B Our path to the current stage

8 Operation and Lessons Learned
B |nsights gained from integration, commissioning

and operations
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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
="
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SPB/ SFX
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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
L J | European XFEL
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First Generation of EUXFEL detectors: A journey from concept to
user operation

L Project Team
n-Synchrotron DESY

For the first-generation detectors, EuXFEL oy A
initiated a dedicated call for proposals from Sl By
external development groups European Project Team for the

X-ray Free-Electron Laser

I 2006: Launched a Call for Expression of Interest

for:

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 P|Xe| Detector http://xfel.desy.de/xfelhomepage
» DEPFET Sensor with Signal Compression
¥ Goal: Developing at least one MHz 2D Imaging T
Processing
D ete Cto r Datanilorage

I Development started ca. 2009 [t <——=>

Charge Collection
Amplification
Frame Storage 100fs

. FEL process
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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

18.09.2023

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
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Detectors at EUXFEL

X-ray N %

energy
A
AGIPD (SPB/SFX, LPD (FXE)
MID, HED) s
JUNGFRAU x 18 (all hard X-ray inst. . e
ePix100 (MID, HED) : ( 2 ) :
Hard '
X-rays
6-25 keV
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)
. =
. 4 il —‘—:‘_l
Soft
X-rays
0.5-3 keV Noise: 60 e-
Dyn range:
N x 256 ph @ 4.5 Mhz
Noise: 3 e- N x 512 @ f<2.2 MHz
Dyn range: 1500-3000 1 keV ph - N<1forsingle ph sens.
>
10 Hz 4.5 MHz Rate

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

Study of materials in extreme

conditions

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 y 4
3 ¥ probed by the X-ray pulses

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

Typical SFX
Examples of scattering patterns from IrCI3 and Mimivirus. sample

a 1450m b 301 nm
i |

< 465 am. d Mimnvirus

352 pulses 3¢

220 ns

Polystyrene
Gasket

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

Example of SFX
diffraction pattern

1 (photons - pixel~!)

fo

Sobolev, E. et al. Megahertz single-particle imaging at the European XFEL
Commun Phys 3, 97 (2020) |
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Wiedorn, M.O,. et al. Megahertz serial crystallography.
Nat Commun 9, 4025 (2018)

]
005 010 015
Normalized intensity

ARTICLE

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

nature methods IR

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
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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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Integration: A complex task

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

Timing system
(Clock&Control)

Contrld

VAC/ILC Monitoring Systems
PLC = =
Power cooli

System .

Mechanical integration ~ Systems
in the beamline

2

. | Integration is a highly complex task = Start early to define interfaces i

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

1 The challenge of cables and cooling is often underestimated

M 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
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 are needed

I BN W European XFEL DSSC: Power cables
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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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Testing in real experimental conditions

We can test at the same time all detector properties only with the EuUXFEL beam

BN Identifying features related to high intensity at high speed can be challenging

BN Dedicated beam time for detector characterization is essential to optimize detector performance
B Characterizing the detectors requires a joint effort between EuXFEL and DET developers

AGIPD: Baseline shift as a function of X-ray intensity

Baseline shift - effect in offset corrected image (Cu fluorescence)

-20

module [ketipixel)

‘Mask’ stripes <-100 ADU  Fluorescence : S
(SPB AGIPD1M) Shift of zero-  photons B it~ R “\\ --------------
photon peak o |+ proo0s. a0 s nesooom L4 N

« pS0018S. r275, 1.1 MHZ R = 0.47 Ohm

o 100 200 300 00
Integrated signal in module 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

L J | 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]
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Data Quality: Adaptive gain and its transition region

Jolanta Sztuk-Dambietz

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

4000

~N
=]
=1
=]

Signal (ADU)
o
o
o

Vthresho\d

(analogue) Signal |

v

Time
6000
J\ 5000 -
i I ] 5 4000
: : 2
Vevesnoa . BRSNS 5 200
g 2000
Integrated _
(analogue) Signal | : i 1000
Time High:gain ; 01

Courtesy of Ulrich Trunk (DESY FS-DS)

)

——

Intensity scan (single pixel, all mem. cells) — 120 ns

T T T T T T T
0 500 1000 1500 2000 2500 3000
Ref_intensity 10

Intensity scan (single pixel, all mem. cells) — 200 ns

1900
&8

E
s —

MG
et A T T

T T T T T T
0 500 1000 1500 2000 2500
Ref_intensity 10

18.00.2023 1D

Lysozyme data — 120 ns int. time

40 200 0 -200 -400
pixels

Lysozyme data — 200 ns int. time
ENNNNNNNNNENEER
| LISl | | ||

40

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: Analog memory cells

Analog memory cells are used to temporarily store signals before

they can be read out = this storage technique is employed in several

detectors, including AGIPD, LPD, and JUNGFRAU
B Analog memory cells impact data quality with offset and gain

variations

BN Cross-talk observed between adjacent memory cells

BN Extensive calibration required to mitigate the issues

AGIPD: Average Gain (HG) vs. mem. cell

—0 —1 —2 —3 —4& —5 6§ —1

i o s O A 7 3 i N | A (i i

2

AGIPD: Average HG/MG ratio vs. mem. cell

Avarage ratio HG/MG: 33.4 + 5.7

mean

425
o mean * std

Q
S 40.0
w
o 315

.
b=}

© 35.0 1 . e (T U S = eprens
2325 S

@ 30.0

* 27.5

0 50 100 150 200 250 300 350
cell number

, Move away from analog memory cells for
“o/ | the next generation of the detectors

L J | European XFEL
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AGIPD: Analog gain value vs. mem. cell

8000

Threshold (ADU)

A CETe

hu_“*‘L“L“*‘—-‘

__

pr
o

[) 50 100 150 200 250 300 30
Memory cell

JNGF4M: Average Offset MG vs. mem. cell

s = s prase pcrans pcraa o pormaz poraoy
i (=

LPD1M: Average Offset LG vs. mem. cell

— QM1 — QIM4 QM4 Q3m3 QamM1 — Q4M3
QM2 — Q@M1 — Q3M1  — Q3M4 — QdM2 — (Q4M4

Q1M3 QM3 QaM2

810

800

Offset value [ADU], good pixels only

770

Memory Cell ID

16
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Data Quality: Addressing issues with dedicated operation modes

The detector ‘artefacts’ impact scientific analyses

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)
M Fixed (medium) Gain mode
» 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

0.1
60 0.08
n
= 0.06
— 40
"o 0.04
20 _ 0.02 / 002
correction proc/ data
0 0 0% 0
0 20 40 60 80 0 20 40 60 80
t, [ps] t, [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

Cu fluorescence in Very High Gain

5
4
3
2

50 100 150 200 50 300
[ADU]

350

SFX —single image in fixed MG mode

w0 0 20¢ 400

17
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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




Experience with Detectors at EUXFEL

Jolanta Sztuk-Dambietz

18.09.2023

19

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 to mitigate
detector artefact

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

" Non-linear gain to be evaluated
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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

(0.5MPix) modules Many operation modes to mitigate

detector artefact
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
Nx512 @ f<2.2 MHz
g‘_:_léokrei:.ngle ph sensitivity Non-linear gain to be evaluated
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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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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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 N
B Human error 3
?.& — :
Radiation damage and hardware failure happens i, Deformed DSSC cooling pipes

B¥ An online monitoring and alarm system is a necessity T
- Radiation damage on AGIPD

B Easy access and the ability to quickly exchange modules
SRR s

BN Fast access to electronics is crucial
B Protection against e.g. ice formation would help, under

commissioning
1
Radiation damage due to exposure to the diffraction signal __......

created by the 20 keV beam on the diamond cell

Courtesy of DESY FS-DS

| 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’

X-ray
energy
N

Hard
X-rays
6-25 keV

Soft
X-rays
0.5-3 ke

ePix100 (MID, HED)

Noise: 80 e- (HG)
Dyn range: 10%12 keV ph

Noise: 50 e- (HG)

Dyn range: 1008 keV ph I

pnCCD (SQS)

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

e/

Jolanta Sztuk-Dambietz

AGIPD (SPB/SFX,
MID, HED)

8 N x 256 ph @4.5Mhz

¥l Nx512@ f<2.2MHz
*Y N < 1for single ph sens.

Noise: 350 e- (HG) Noise: 2010 e- (HG)
Dynrange: 10412 keV ph Dyn range: 10°12 keV ph |

10 Hz

Rate

18.00.2023 23

I Different technologies require
different experts

Standardization in controls,
interlocks, and calibration is
challenging, if not impossible

I We heavily rely on developers
for tasks like firmware updates.

-~ | To address these challenges for the next generation of detectors,
standardization efforts and investments in "In-House Expertise" are necessary

I B W European XFEL
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Data volume challenge (more in K. Wrona’s talk)

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]
B

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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Key Takeaways

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

EuXFEL provided around 8000 hours of user beamtime last year:

I Ease operation and reliability are essential

B Accessible detector components for maintenance and replacement

B 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

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

I Collaborative efforts involving experts with diverse backgrounds and investment in “In-House Expertise” are vital for
optimizing detector performance and addressing observed issues

Standardizing technologies is essential to reduce the operational burden

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
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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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Detectors setups: data correction

0 Corrected data proposed for each detector : oo

Raw Data Generated at European XFEL Instruments

Data storage constraint
[ Offset Correction

—} I Gain corrections

i Bad Pixel Maps

size [PB]

Data
(]

l

Raw data Corrected data

. . . 07/2017 07/2023
% Online/ off line correction process

Experiment tuning !!

—

Corrected data
Users on line display J

{a

1 trains/ 5 (2 Hz)

) Online cluster
®.9 XD ) - Sample of corrected data
‘ ‘ oI ‘ ~— ‘ Cal. constants  \uud
Train gap e e FlES Raw data ‘ . ~___
data transfer PC-layer ‘ X Calibration database —
All trains — _I — Corrected data U

Offline cluster User data
Full corrected data set
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AGIPD Pixel Design for Fast Imaging and High Dynamic Range

Electronics per pixel

AGIPD1.0 - Chip 1 - Dynamic Range by LASER (IR) - (Internal Biasing, Chip clock: 40 MHz, CDS gain LOW)

16000/ Non-linearity
(RMS) 0.26 % - (MAX) 0.4 x12.4 keV @ 46 x12.3keV/ -
14000 (RMS) 0.30 % - (MAX) 10.5 x12.4 keV @ 1105 x12.4keV .."
(RMS) 0.44 % - (MAX) 48.9 x12.4 keV @ 4632 x12.4keV s
12000 — o
C Vth,comp J
10000/ / 2
r /
8000 — /
6000 — TR
4000 } LOW gain range
C - (x12.4keV):
L MED gain range 5000 (+5000
2000/ HIGH gain range (x12.4 keV): 50 | (x12.4keV): 1200 (& )
= & 3 \1’>V
OT Lol Ll | Lol L Tl
10" 1 10 10? 10° o
x12.4 ](eV

Courtesy of the AGIPD Consortium

Sensor

Pixel matrix

Analog Mem

.—

.,_
RO bus (per column)

B 200 pm x 200 pm pixels

i 352 storage cells for 4.5 MHz frame rate
I Veto & trigger capabilities by overwriting

unfit/obsolete images
I Dynamic range:

from single photon to 104 @ 12 keV

I B W European XFEL

Calibration circuitry

ASIC
periphery

Chip
output
driver

WNIIoSuod adiov @yl Jo Asenno)d

B Preamplifier with adaptive gain by insertion of
additional feedback capacitors to lower sensitivity
and increase dynamic range once a defined

threshold is crossed
[ |

B Analogue memory, which can store 352 images
I Read out of stored signals are through the pixel
buffer, column buffer and off-chip driver in between

the bunch
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AGIPD detector system for SPB/SFX and MID instruments
Hybrid detector module
T Sensor:
I 128 x 512 pixels
B 500 um thick silicon
W% 2 x 8 read-out chips connected
to sensor via bump-bonding
W 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
¥ 16 modules are mounted on four I Ol | anrcieonafin|  eomtechon. | biMibbondsats

board system 8x2 ASICs

independently movable quadrants

% Vacuum operation (P< 10° mbar)

W Electronics/Control: two independent
detectors: ‘half 1" and ‘half 2

W Readout: 16 independent detectors
I B W European XFEL

In ambient In vacuum
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" AERTRNEE RTENEEEE W TTTTTTTRELLL L] ' IEEEaEEE Bl
. . . . . commscas P B EEEEEE
Offline Calibration Pipeline -SEERSENESESSSRAR g - AEBEmay SasaiE
jil'a L : 4293 p " T
EE  Many 2D detectors require corrections to process . NN ) h i
“raw” detector data into analysis-ready “proc” - |ASRNREGRSASCSRSY § =i
AP PR EREE [
5 W ERES % Fil
. 19ENaaNS "

@ Raw data processing (calibration request through (T Bl } k|
myMdC (metadata catalogue, in.xfel.eu/metadata)
raw proc averaged

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

0 200 400 600 800 1000

single shot

myMdC interface for raw data processing

i = myMdC | Propessl no. 0050 X - o x
« c T B hitpsymdfeleu/metadata/proposals/1 87 8propasal-runs k=3 2 o ) ¢ =
— HOME MY TOKENS MY ACCOUNT LogouT
| European
T ca@maemos - et | |XFEL| mymac
HIDE =

T | =

fol-callbrate

| Groups:
| —— el caiiorate. Sencral  Puble lwormation | Runs  Logbook  Team  Reposiores (ED
sy ok catorste !
xiel-calloraie Home
— &
mmmmmmmm e Developers
> ekcaiorate © Automatically assess new runs (afier being closed by DAQ) as < [on ~ Information
TT————  POFRspon © Automatically star run caibraton aner migration
— Legals & About
pyDotiio
anipdaigs pyx Run Number (alias) Run type sample Name Start date Run status Data Assessmenf
— 06 XPCS wycor 2019-09-23 00'00°34 40200 Closed Good
ae xFCS weor 2019-09.22235714 40200 Closed  Good
|
| xPcs weor 2019-09.22 235246 40200 Closed  Good

. @
xPCS wycor 2019-09-22 734620 40200 Closed Good o

xPCS wycor 2019-09-22 734227 +0200 Closed Good

oeas. AFCS. sz, 2010.00.22 29.98.47 A0200._Closad o
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Online Calibration Pipeline

B Online calibration:

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

B Possibility to interface external analysis tool
via Karabo bridge

W Next generation pipeline with improved
performance in development

Bl For analysis during the experiment only
» No files saved
» Offline calibration

I B W European XFEL
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CalManager

T

18.09.2023

raw

AGIPD pnceD

LPD, JungFrau, ePix

DssC
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