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Detectors at European XFEL Markus Kuster, XFEL Detector Group

From First Ideas to User Operation — 2006 till 2017

The European XFEL pulse structure poses strict E,;Zgg?ggéff&%%ﬁﬁ!ﬁf&l?am XFEL
constraints on detectors (e.g. intensity and time e, 08 AEa I Thcre Ling

structure)
No commercial imaging detectors available =l
Call for expression of interest launched in 2006 European Project Team for the
3 project proposals were selected with the goal to RagyrreeElecion:Laser
finally have at least one fast 2D imaging detector for:
e- Bunch and X-ray Pulse Structure Expresslonsialiiverast
e- Bunch Train to:
2700 Pulses 600 ps Develop and Deliver
T Large Area Pixellated X-ray
Detectors.

Deadline: 30 September 2006
http://xfel.desy.de/xfelhomepage

X -ray Photons
Selected proposals

<100 f
1. <1001s Adaptive Gain Integrating Pixel Detector
e Large Pixel Detector
- . FEL DEPFET Sensor with Signal

N L Process

I B 0 European XFEL Compression



Detectors at European XFEL Markus Kuster, XFEL Detector Group

European XFEL Fast 2D Imagers — Hybrid Pixel Detectors

Direct photon detection
with Silicon sensor
high resistivity n-type silicon > High quantum efficiency

5 ;lt:: ‘; bioor y aluminium layer
' Signal processing by
flip chip ey | ' .+  read-out chip in each pixel

Pixelated Silicon Sensor

bonding with

solder bumps B > Amplification, AD con-
version, storage in

memory

Fast read out up to sever-

. single pixel al MHz and low power
Pixelated Readout st coll consumption

Chip (ASIC)

Analog or digital memory Al entrance window
» Capacity up to 800 cells/pixel » Optical/IR light blocking
Veto and trigger capability

» Overwrite empty images
] | European XFEL
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European XFEL Fast 2D Imagers

Adaptive Gain Integrating Pixel De-
tector (AGIPD)

o 5§
- - |
¢!

Energy Range

3 —-13 (25) keV
Dynamic Range
10* ph/px/pulse@12 keV
Single Photon Sens.

Yes

Memory =380 images
Pixel Size 200%x200 um?2

Large Pixel Detector (LPD)

Energy Range
— 13 (25) keV

'Dynamic Range
10° ph/px/pulse@12 keV
& Single Photon Sens.

.
o

o Yes
Memory =512 images

Pixel Size 500x500 ym?
I B Y European XFEL

MiniSDD Sensor with Signal Compres-

sion (DSSC) Energy Range

0.5 -6 (25) keV

5z Dynamic Range
4 g =100 ph/px/pulse@1 keV
0 Single Photon Sens.
x-y Gap NO
= s MEMOFY - =800 images
winsers  Pixel Size  236x236 um?

DePFET Sensor with Signal Compres-

sion (DSSC)

Energy Range

" 0.5 -6 (25) keV

pd Dynamic Range
5 6000 ph/px/pulse@1 keV

0 Single Photon Sens.

e Yes
== sserios MEMOFY - =800 images
wnso  Pixel Size 236x236 um?
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European XFEL Fast 2D Imagers

Adaptive Gain Integrating Pixel De-
tector (AGIPD)

Energy Range

3 —-13 (25) keV
Dynamic Range
10* ph/px/pulse@12 keV
Single Photon Sens.

PrOJect Leader H. Graafsma, DESY
PSI/SLS Villingen, University Bonn,
University Hamburg, DESY

Large Pixel Detector (LPD)
Energy Range

— 13 (25) keV
~ Dynamic Range
10° ph/px/pulse@12 keV
__ 4%, Single Photon Sens.
]PrOJect Leader: M. Hart, RAL/STFC

Rutherford Appleton Laboratory/STFC
University of Glasgow

I B Y European XFEL

MiniSDD Sensor with Signal Compres-

sion (DSSC) Energy Range

0.5—-6 (25) keV
Dynamic Range
=100 ph/px/pulse@1 keV
Single Photon Sens.

xy PrOJect Leader M. Porro, European XFEL
= University Heidelberg, Politecnico di Milano,
Universita di Bergamo, DESY, European XFEL

DePFET Sensor with Signal Compres-

sion (DSSC) Energy Range

0.5—6 (25) keV

e Dynamic Range
5 6000 ph/px/pulse@1 keV
0 Single Photon Sens.
e Yes
== sserios MEMOFY - =800 images
wnso  Pixel Size 236x236 um?
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Adaptive Gain Integrating Pixel Detector — AGIPD

W Focused on testing and integrating the Inside View on the AGIPD Sensor Plane
1st detector in our DAQ/control system
before integration at SPB

M Integration of 2nd detector is progressing in
parallel at DESY

% Characterization of new generation ASIC
is in progress

Power System for AGIPD

I B Y European XFEL
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Adaptive Gain Integrating Pixel Detector — AGIPD

I Focused on testing and integrating the 1st AGIPD Arriving at XFEL (Bahrenfeld)
1st detector in our DAQ/control system S

before integration at SPB

I Integration of 2"d detector is progressing in
parallel at DESY

% Characterization of new generation ASIC
is in progress

Power System for AGIPD

I B Y European XFEL
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Adaptive Gain Integrating Pixel Detector — AGIPD

W Focused on testing and integrating the AGIPD Connected to Cooling System
1st detector in our DAQ/control system ~ y}i_ N AN 20 /, )
before integration at SPB | .

I Integration of 2"d detector is progressing in S
parallel at DESY

B Characterization of new generation ASIC
is in progress

Power System for AGIPD

= | ©

...............................

I B Y European XFEL
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Large Pixel Detector — LPD Final Installation of LPD at FXE

0 Final steps of integration at RAL before
transport to and start of testing phase at
XFEL in February and integration at FXE

I Sensors tiles produced and under test

0 Prototype detectors have seen several
beam times

B In-house calibration measurements with
LPD prototype systems at XFEL ongoing

mbled

L 9
’A

I B Y European X



Detectors at European XFEL Markus Kuster, XFEL Detector Group 1 0

MiniSDD/DePFET Sensor with Signal Compression

(DSSC) First Images with 64 x 64 pixel?

W Project started one year later MiniSDD/DePFET Matrix
m First X-ray |ight seen with several LED SINGLE PULSE WITH-MASK
prototype detector systems end of 2016 ] : .10

% Collaboration is focused on building the
first full size 1 Mpix camera based on
MiniSDD sensors

0 Full spec DEPFET based camera will
follow later

DSSC Mpix Detector

(C. Wunderer, DESY) _ ) X [mm]

DePFET Sensors pnSensor/IMS (Future)

> 16 Ladder Modules
128 x 512 pixels
each

I B Y European XFEL
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“Low Speed” Imagers for 10 Hz Applications

Detector arrived at XFEL

Beamline integration at SCS
is in progress

Calibration is in progress
Ready for installation at

experiment July 2017
Option for soft- and hard X- Energy F({)agge_ 25 keV/ Energ;(/) I;(grlgg keV/
ra.y 'maging ex.perlmen.ts. Pixel Size 75 x 75 pm? Pixel Size 30 x 30 pm?
Time scale for integration 1024 x 1024 Pixels? 1920 x 960 Pixels?
and commissioning 1 year. Dynamic Range Dynamic Range
6000 ph@1.keV Approx. 350 ph@1 keV
Primary experiments Frame Rate Frame Rate
SQS and SCS . up to 150 Hz ~up to 200 Hz
Noise Noise
6 e at high gain 25 e at high gain

— A
IS BN 0 European XFEL P N S enser rjr—r>| '"|
BERKELEY LAB
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Other Detectors for the European XFEL

MCP with Delay Line Readout

Energy Range

0.25 -2 keV
Dynamic Range
Max. 100 ph/pulse
Single Photon Sens.
Yes
Memory None
Pixel Size *50%x156 ym?

Si Avalanche Photo Diodes (Excelitas)

_. Wave Length Range

340 — 1000 nm
Responsibility

| 22 AIW @ 900 nm (peak)
— Rise Time
5 ns
Single Photon Sens.
T YeS

mmy—/ o zuropean XFEL
Active Area 4.8x4.8 cm?

Gotthard V2

Energy Range
3 —13 (25) keV
Dynamic Range
10% ph/px/pulse@12 keV

Single Photon Sens.

Yes
Memory 2700 images
Strips 1280 25/50 pm?
Veto Capability

Yes

On day-1 Gotthard V1 will be available

... and more to come
in the near future ...
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Detectors for the European XFEL

Pixel
Size
o ePix 10000
oo Jungfrau
75 um
>owm ePix 100
30 um —
SASE 3 (0.25 - 3 keV) ‘ V

2  SASE 1/2 (2.3 - 25 keV)

<€

Energy [keV]

I B Y European XFEL
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Detectors — Timeline and Status

Ready for
Installation at
Experiment

Scientific Project Arrival at

Detector System Instrument Status XFEL

AGIPD SASE | SPB DAG/Control May 2017
ntegration
Integration/
LPD SASE | FXE Testing February 2017 June 2017
DAQ/Control
FastCCD SASE llI SCS Integration July 2017
AGIPD SASE Il MID Integration February 2017 September 2017
FXE/HED/
Gotthard V2 SASE I-llI MID/SPB/ Development February 2018 April 2018
Diagnostics
DESEE SASE llI SCS Development Febr 2018 May 2018
MiniSDD evelopme ebruary ay
MCP DLD SASE Il SQS Development February 2017
DSSC Sensors
DEPEET SASE llI SCS/SQS Development available 2017

Commissioning atXFEL  Beam Line

Development s Integration mm) Testing EEMp  Calibration ‘Enqlf::nd Integration mmmp  User

DAQ/Control Integration Commissioning Operation

External

I B Y European XFEL
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Calibration Working Group (since 2012)

AGIPD
Calibration

A. Klyuev/A.Allahgholi

DSSC
Calibration

G. Weidenspointner

Gotthard
MCP
pnCCD
FastCCD

1 European XFEL-WP 75
C°‘(’;\‘,’;']’a;)‘°“ @ European XFEL — CAS/ITDM
J. sztuk-Dambietz C—= AGIPD Consortium
1 DSSC Consortium
| = LPD Consortium
AGIPD
Calibration |
(WP 75) R
J. Sztuk-Dambietz Sl
Infrastructure
(WP 75)
M. Kuster
DSSC
Calibration | |
(WP 75)
M. Turcato Calibration
|| Software
(WP 75)
LPD S. Hauf
Calibration | |
(WP 75)
P.M. Lang

Who?

B Calibration experts from devel-
opment groups

B XFEL calibration and software
groups

I Involvement of beam line scien-

tists
European XFEL

What is it about?
B Conversion of detector signals
(AU) to physical quantity
Why?
B Well calibrated detectors
» high quality scientific results
What?
B Coordinate calibration activities
B Define and build calibration
infrastructure at XFEL
B Calibrate detectors and
maintain calibration data base
(QA)
B Develop and provide user
friendly software tools to apply
calibration

15
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Data Correction and Calibration — Parameter Space

Example LPD
X 512 memory cells
x 1 million pixel
= 5 x 108 parameters
and
3 Gain Stages
2 Gain Settings
~ 10° parameters

Parameter Dependence
Temperature,

Integration time/sampling
speed,

Irradiated dose,

Bias Voltage and ...

European XFEL

—

operation modes

Conclusions

Impossible to calibrate and

commission many parameter

combinations for first day of

operation

B Focus on most important
operating conditions for day
one

B Need for data management
and quality assurance

Calibration
Data Base

Day-one

16
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Base Line Detector Operation Modes For Day One

DSSC

Markus Kuster, XFEL Detector Group

AGIPD lﬁ/ A:lj

LPD 7- ,,,,, “

17

[ ]
Iy £
i 1
L\ |S===y Pr— 2
w® e / .

Read Out 4.5 MHz

Frequency

Photon 1 keV 15keV 0.7 keV

Energy

Max # of 5

ph/pulse/ 3.x 10 @1_keV

pixel (maximum achievable)

MBI Full Frame

Geometry

Single

Photon No

Sensitivity

L 1/10 of the pixel size (quadrant level)

Precision P g

Veto Yes

Capability

Memory 800 Cells (full memory)
I European XFEL

4.5 MHz

8.3 keV# 15 keV 7 keV

10* @12.4 keV
(maximum achievable)

Full Frame

Yes

0.15 ph RMS Noise A

1/10 of the pixel size

Yes

352 Cells (full memory)

#Same performance is expected for 7 — 12 keV

4.5 MHz <4.5 MHz
12 keV* 20 keV 12 keV*

>10% @12.4 keV
(maximum achievable)

Full Frame
Yes Yes Yes®
0.35 ph 0.21 ph <0.21 ph
RMS Noise RMS Noise RMS Noise

1/10 of the pixel size

Yes

512 Cells (full memory)

*Same performance is expected for 7 — 9 keV
SFeasibility to be confirmed
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Base Line Detect

Read Out
Frequency

Photon
Energy

Max # of

ph/pulse/
pixel

Read Out
Geometry

Single
Photon
Sensitivity

Alignment
Precision

Veto
Capability

Memory

or Operation Modes — For Day One

1 keV 1.5 keV 0.7 keV

2.5x 10> @1 keV
(maximum achievable)

Full Frame

Yes

1/10 of the pixel size

Not available

Not available

I European XFEL

18
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Calibration Pipeline — Example LPD

In terms of e.g. offset correction the LPD is 1.5 Gpixel detector: pixel
) 1 Mpix x 5”12.memory cells x 3 gains row/column
- “Offset Map” will have approx. 3 GB in size
0 st . Offs+ Offs.‘e‘t l”erC ngset PMC + CM :I Image
: s 120 : .- ' 120 120
105 — ':i 105 105
o i o
90 4 4 90 90
15 100 | : - o |- 100 175
= = 150 [ = 150 .
445 45 445
» 200 » 200 »
250
oV — Droop™=| 1 Gain Split
o oo , S S
correct. correct. correct. events

] | European XFEL
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Calibration Data Base - CalDB

Condition Set 1: T =20°C + 1
Cal. Measurement 1 0.1keV,

*“w_ —> Q p = log(10-3bar) :

Condition Set2: T=25°C+1°C,V =20
Cal. Measurement 2 p = log(10-°bar) + 1log(bar;

—=Ng ‘;.w N L. e

e N e Condition Setn: T=21°C

= 17 0.1keV,

p = log(10-3bai
Cal. Measurementn P
P SN ap Quantum efficiency

Offsetmap Offset map

Calibrated data is
the standard data Noise map  Noise map
product with
which users will
be provided.

] | European XFEL

Week 10

Centralized storage and
management of calibration
data
¥ Provide up-to-date data
to user community
(default)
¥ Provide calibration data
for specific scientific
needs if required

Karabo integrated user
software interfaces

Regular updates of
calibration data if required

History of calibration data
—> version management
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Calibration Data Base — CalDB Querying

Condition Set 1: T=20°C +1°C, V=200V = 5V, E = 12keV = 0.1keV,
p = log(10-3bar) * 1log(bar) ...

| .
Observation Condition Set 2: T = 25°C + 1 °C, V = 200V + 5V, E = 18keV * 0.1keV,
with Det. X at p = log(10-3bar) + 1log(bar) ...

Condition Y [_]
A

Condition Setn: T=21°C+1 °C,V =195V + 5V, E = 12keV £ 0.1keV,
p = log(10-3bar) £ 1log(bar) ...

tum efficiency

constants

Offsetmap Offsetmap Offsetmap Offset map

m Noise map  Noise map Noise map Noise map

>
l Week 10 Week 11

I B Y European XFEL
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Calibration Data Base — CalDB Querying

Condition Set 1: T=20°C +1°C, V=200V = 5V, E = 12keV = 0.1keV,
p = log(10-3bar) * 1log(bar) ...

;g" [ o
Observation ConditiorfBet 2: T = 25°C + 1 °C, V = 200V + 5V, E = 18keV * 0.1keV,
with Det. X at SO) p = log(10-3bar) + 1log(bar) ...

Condition Y

62

O
5 \J o
RG ‘\9JA
® Condition Setn: T=21°C+1 °C,V =195V + 5V, E = 12keV £ 0.1keV,
p = log(10-3bar) £ 1log(bar) ...

tum efficiency

constants

Offsetmap Offsetmap Offsetmap Offset map

m Noise map Noise map Noise map Noise map

Week 10 Week 11

I B Y European XFEL

22
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Calibration Data Base — CalDB Querying

Condition Set 1: T=20°C +1°C, V=200V = 5V, E = 12keV = 0.1keV,
p = log(10-3bar) * 1log(bar) ...

;g" [ o
Observation ConditiorfBet 2: T = 25°C + 1 °C, V = 200V + 5V, E = 18keV * 0.1keV,
with Det. X at SO) p = log(10-3bar) + 1log(bar) ...

Condition Y

62

S5 ]
SRS
RG s

Condition Setn: T=21°C £ 1°C,V =195V £ 5V, E = 12keV £ 0.1keV,

%"‘:%—g ) p = log(10-3bar) * 1log(bar) ...
= o A |
required % tum efficiency
constants
Offset map | Offsetmap Offsetmap Offsetmap Offset map
ap oise map | Noisemap Noise map Noise map Noise map
>
Week 10 Week 11

I B Y European XFEL
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Calibration Data Base — CalDB Querying

Condition Set 1: T=20°C +1°C, V=200V = 5V, E = 12keV = 0.1keV,
p = log(10-3bar) * 1log(bar) ...

;g" [ o
Observation ConditiorfBet 2: T = 25°C + 1 °C, V = 200V + 5V, E = 18keV * 0.1keV,
with Det. X at SO) p = log(10-3bar) + 1log(bar) ...

Condition Y

62

O
5 \J o
RG ‘\9JA
® Condition Setn: T=21°C+1 °C,V =195V + 5V, E = 12keV £ 0.1keV,
p = log(10-3bar) £ 1log(bar) ...

[

ntum efficiency
constants

Offset map | Offset map Offset map  Offset map

ap | Noisemap Noise map | Noise map | Noise map Noise map

>

Week 10 { J Week 11

I B Y European XFEL
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Calibration Data Base — CalDB Version Management

Condition Set 1: T=20°C +1°C, V=200V = 5V, E = 12keV = 0.1keV,
p = log(10-3bar) * 1log(bar) ...

;g" [ o
Observation ConditiorfBet 2: T = 25°C + 1 °C, V = 200V + 5V, E = 18keV * 0.1keV,
with Det. X at SO) p = log(10-3bar) + 1log(bar) ...

Condition Y

\
O Qo
5 e
a(c,;l 0
® Condition Setn: T=21°C+1 °C,V =195V + 5V, E = 12keV £ 0.1keV,
p = log(10-3bar) £ 1log(bar) ...

[

ntum efficiency
constants

Offset map | Offset map Offset map  Offset map

ap | Noisemap Noise map | Noise map | Noise map Noise map

>

Week 10 { J Week 11

I B Y European XFEL



Detectors at European XFEL Markus Kuster, XFEL Detector Group 26

Karabo Based Control and Analysis Software

I Calibration and data processing Correction/Online Visualisation Pipeline and
. . vy Related GUIs for LPD/AGIPD/CCDs
pipeline, it is tested and has been —
used at several beam times o
. . . - K.a'rabo Gul L & = B L m=m.m=™ @ & & - Indexedaxis:
mm Calibration data base CalDB is o — e
W Detector control GUIs for real =g« = -
time monitoring | -
Online view of APS direct beam on LPD ;" 7 =
| N E]lol_;;:c_\.—a‘[c:l.a;;o; mli - Igdexed axis:
Preview| izt(g) w Pulse/cell:
@ Indexed axiAs: . %§§ I‘» I 2
Pulse/cell: ) » C(;nt::stlz-;)dojglsf’:mzc:\ot I:ijl %@
2 . el @ -
I13|o 110 1510 '1elo‘ 17|o 1:;0 1510 Y Indexed axis:
205 120’; :ulse/cell: '
e ‘ data i::g

M BN 0N European XFEL Online Monitoring of liquid scattering at ESRF
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BYO - Bring Your Own Detector

Modular setup for ambient detectors
% Contact instrument groups Big Amber

X-ray tub

Mpx detector system

W Calibration and test infrastructure for ——
Ya Mp

detectors exists, is under D, etect 7
commissioning or operational — inilll SRV (AR

| Acce.ss for external groups is = \\§\\Q 1 ek L
possible e m —

» contract detector group

I However: access to infrastructure is

limited during commissioning phase
High power X-ray tubes: (V<60 kV and P<1.6-2 kW), photon

and the first days of operation energy Cu 8 keV (Cu-K) and 17 keV (Mo-K)
+ Polycapillary focusing optics

Parameter of e-gun Pulsed mode

Electron energy 1-20 keV 1-20 keV

Electron beam current 10 uA - 20 mA 10 uA - 6 mA Pulsed
0.1-10 mm Multi-target

Filter wheel

Beam diameter 0.15 -10 mm Detectors under test
pulsed beam £ =25 -150 ns na. X-ray SetupA,,ode vacut'u'norambient
parameters -XFEL burst mode PulXar " conditions

I B Y European XFEL



There will be a bright light at the end of the tunnel ...

...and we ...

P ? r
European sfhs P 7. it SN e n S '
- AERIL 5 -y

Fraunhofe

Science & Technology
@ Facilities Council

= A Ay
rrereerer

BERKELEY LAB

... take care that you will see it.

Thank you for your attention!



