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Gotthard-II (G-II) is a 1-D silicon microstrip hybrid detector developed by the Paul Scherrer Institut within
the framework of a collaboration agreement with the European XFEL. The ASIC features a dynamic gain
switching architecture, in order to cope with the luminosity of European XFEL, and a 12-bit analog-to-digital

fEtL ; converter with a sampling/conversion rate of more than 18 MS/s as well as a Static random-access memory,
Cr;ﬁﬁiztlizz making it capable of matching the European XFEL pulse train structure, thus acquiring up to 2700 images

at 4.5 MHz per burst. The sensor’s strip pitch can be either of 50 pm or 25 pm , for a total of 1280 or
2560 output channels per detector, respectively, with a spectral sensitivity that allows either X-ray detection
(optimized in the 5-20 keV range) or visible light detection. Its exceptionally good compliance with the
European XFEL beam conditions will make G-II the most widely employed detector across the facility, with
a total of 29 modules of different flavors that will be installed in scientific instruments and beam diagnostic
setups. Although the detector will be predominantly used for spectroscopic measurements it will have a variety
of other applications, including X-ray diffraction/emission/absorption experiments, relative pulse arrival time
monitoring (of fundamental importance for pump-probe experiments), spectral diagnostics, and beam quality
monitoring, with the possibility for the detector itself to generate a veto patterns for the large area MHz
framerate pixel detectors employed at the scientific instruments, such as AGIPD, LPD and DSSC. In this paper,
an overview of G-II detector technology and its usage at the European XFEL will be presented; the focus
will then move on towards the process of detector integration in the European XFEL control system, data
acquisition, and data correction infrastructure, highlighting its challenges. Finally, an overview of the first
results obtained at scientific instruments will be given.

1. Introduction

The European X-ray Free Electron Laser (European XFEL) is a
cutting-edge research facility located in the Hamburg metropolitan
region of Germany [1]. Its superconducting linear accelerator produces
electron bunches with an energy of up to 17.5 GeV, arranged in 10 Hz
trains with up to 2700 bunches per train with a maximum intra-bunch
repetition rate of 4.5 MHz. Each train lasts for 0.6 ms and is followed
by a gap of 99.4 ms. Spatially coherent X-rays are generated from
the electron bunches using the Self-Amplified Spontaneous Emission
(SASE) process in a series of undulators. The X-rays are produced in
three photon beamlines, which extend over a length of up to 200 m,
providing X-rays in the energy range from 300 eV to over 25 keV. The
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SASE1l and SASE2 beamlines serve two instruments, while the SASE3
beamline serves three instruments, each with different scientific goals.

The X-ray pulses produced by the European XFEL have the same
structure in time as that of the electron bunches and are extremely
intense and ultra-short, with pulse lengths of less than 100 fs and
a peak brilliance that is a billion times higher than conventional
synchrotron radiation sources. These features pose unique challenges
for the detector systems used at the European XFEL. The scientific
instruments require detectors that are specifically optimized for their
individual requirements, such as photon energy range, noise, dynamic
range, spatial resolution, and operation in vacuum or ambient en-
vironments. The AGIPD [2], DSSC [3] and LPD [4] detectors have
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been developed specifically for the European XFEL and are now in
use at the SPB/SFX [5], MID [6] and HED [7] (AGIPD), SCS [8]
and SQS [9] (DSSC), and FXE [10] (LPD) instruments, respectively.
Similarly, different user cases highlighted the necessity of a detector
for energy dispersive measurements compatible with the European
XFEL pulse train structure; examples may be HIgh REsolution hard X-
ray single-shot spectrometer (HIREX) for photon diagnostic [11], the
Photon Arrival time Monitor (PAM) [12], or the spectroscopic camera
for the novel MHz-Tomoscopy Project [13]. This led to the development
of the Gotthard-II (G-II ) detector, whose main characteristics will be
outlined in the following Section 2.

2. The Gotthard-II detector

The G-II detector has been developed at the Paul Scherrer Institut
(PSD)! in the framework of a collaboration agreement with the Euro-
pean XFEL. The aim of the collaboration was to develop a detector
aimed mainly at energy dispersive measurements, compatible with the
pulse train structure of the European XFEL, i.e. capable of acquiring up
to 2700 images per train at a frame rate of 4.5 MHz. Additionally, each
channel should feature a dynamic range of about 10* 12 keV photons,
while still maintaining single photon resolution capabilities.

2.1. ASIC operation and calibration

The working principles of the G-II readout ASIC and its calibration
are extensively described in [14]: its fundamental aspects, most directly
impacting the detector integration and operation will be here recalled
and summarized.

The output of the sensor strip is read out by a charge sensitive pre-
amplifier (PRE) featuring a dynamic gain switching (DGS) architecture.
Three feedback capacitors with different capacitance are implemented,
and are in turn inserted in the feedback loop when the PRE output
exceeds a threshold value set in a comparator connected to the PRE
output; the status of the gain switching mechanism is encoded in two
bits. With the addition of further feedback capacitance the amplifica-
tion of the PRE is therefore reduced, consequently diminishing its signal
resolution capabilities, but allowing it to integrate more charge. The
amplification of the highest gain setting GO is such that single photon
resolution is possible at photon energies above 5 keV with a signal-
to-noise ratio better than 5, according to the noise estimate provided
by the detector calibration; subsequent gain stages G1 and G2 allow to
extend the dynamic range enough to satisfy the original requirements
stated above.

The output of the PRE is stored in two sets of analog storage cells,
in turn sampling the output of even or odd images, and therefore
identified with the EVEN or ODD label.

Four channels are multiplexed to one fully differential Correlated
Double Sampling (CDS) stage; the CDS block operates at a 18 MHz
sampling rate, converting the single-ended output of the previous block
into a fully differential signal. The CDS output is then connected
to an Analog-to-Digital Converter (ADC) for on chip digitization; the
ADC employed on the G-II ASIC is a fully differential asynchronous
Successive Approximation Register (SAR) ADC, providing a 12-bit raw
output.

Finally, the ADC output together with the bit encoding of the gain
switching mechanism is stored in a Static Random-Access Memory
(SRAM) with a memory depth of 2720 images, therefore fully capable
of acquiring an image for every pulse of a European XFEL pulse train.
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Fig. 1. Top: an example of the DNL calculated for a particular strip of a G-II module,
for both the even and odd storage cell blocks. Bottom: the DNL for the same strip,
after linearization and compression to 10 bit; the range of the y-axis is kept the same
to highlight the improvement in the DNL.

2.1.1. ASIC calibration

In order to convert the raw output of the detector into physical
units, three basic sets of calibration constants need to be determined;
the procedure to obtain each one of these is described in detail in [14],
and a summary is presented here.

1. ADC linearization. The raw 12-bit output of the ADC is non-
linear due to the mismatch of capacitance in the DAC array of
the ADC as well as the parasitic one: Fig. 1 shows an example
of the differential non-linearity (DNL) for one G-II channel. In
addition, it shows an elevate number of missing (DN L[i] = —1)
or stuck (DN L[i] > 1) codes (where i indicates the ith code of
the 12-bit ADC output). The linearization is performed via:

Dout g picli]l = (Dout 5 iy + IN L[i])/4 (€}

which also operates a compression from 12 to 10 bit. In Eq. (1),
Dout are the digital output at 12 and 10 bit, respectively, and
I'N L[i] indicates the ith code of the integral non-linearity calcu-
lated as:

1
INL[i]= 2 DNL[j]. )
j=1
Eq. (1) provides a look-up table (LUT) that maps each of the
4096 codes of the 12-bit ADC output into its 1024 linearized
10-bit correspondent.

2. Gain conversion map. Gain conversion factor from ADC units
to keV must be obtained on a channel-by-channel basis, for
each set of storage cells and for each one of the three gain
stages. For GO the constants are directly measured using flat
field illumination with photons of known energy (e.g. Cu K,
fluorescence), in single-photon regime. Gain conversion factors
for lower gains G1 and G2 are calculated by measuring the gain
ratios GO/G1 and G1/G2 from the ratio of the slopes in the G-II

L https://www.psi.ch.
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Fig. 2. Top: a G-II with 50 pm pitch; the cover is removed and the Main Board can
be seen. Bottom: a G-II with 25 pum pitch sensor: the two Main Boards can be seen
connected from opposite sides of the FEM.

response curve to a dynamic range scan performed with external
charge injection into the sensor.

3. Offset map. Offsets are the estimate of the pedestal output of the
detector, to be subtracted from raw data before gain conversion;
these constants need also to be evaluated for each channel,
storage cell set and gain stage. Offsets for GO are calculated from
the average of images taken without illumination (so called dark
runs), while for G1 and G2 are obtained from the offset of the
linear fit of the dynamic range scan used for gain calibration.

Both offsets and gain conversion factors are calculated after ADC
linearization, for a total of twelve calibration constants per channel.

2.2. Detector modules

The G-II modules in their 50 pm and 25 pm strip-pitch variants are
shown in Fig. 2. One G-II ASIC hosts 128 individual channels and ten
ASICs are used together to form a front-end module (FEM) with a total
of 1280 channels; in case of the 25 um version, the FEM is equipped
with double the ASICs. FEMs are controlled and read out by a Main
Board (MB), equipped with an Intel Cyclone 10 GX(CX) FPGA. The MB
is powered by a +12 V supply, while the sensor is biased by a DC-DC
converter mounted on the MB, capable of generating up to 560 V. The
MB is equipped with two 10 Gb/s interfaces, of which one is used for
slow control (with a 1 Gb/s transceiver) and the other for sending the
data out of the module, with a 10 Gb/s SFP+ transceiver.

A single MB is used to read out the output of ten ASICs: in case of
a sensor segmented into strips with 50 pm pitch only one MB is used,
while in case of the 25 pm strip pitch version, two MBs are needed,
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each one reading out the output of ten of the twenty ASICs composing
the FEM. The sensor strips are connected to the FEM by wire-bonding
them in an interleaved mode (i.e. strip, to channel, of FEM,, strip; to
channel, 5,9 of FEM, and so on). The two MBs are operating in a master
and slave configuration, with two interfaces for slow control and two
for data out.

To synchronize the detector operation to the European XFEL time
structure, each module is equipped with a timing board, which receives
the European XFEL clock, the train trigger and the train metadata; more
information is provided in Section 2.3.

More details on the readout electronics and the mechanics of the
detector modules will be described in a dedicated scientific communi-
cation currently in preparation.

2.3. European XFEL timing system integration

The European XFEL timing system is implemented using a Mi-
croTCA NAMC-psTimer AMC board [15], initially developed at DESY
[16], and follows the concept of event and reference clock distribution.
A master board receives an external clock reference and distributes
encoded train metadata information via fiber-optic links to other timing
systems present in the facility and beamlines. The bit rate matches the
clock reference and the board includes dedicated hardware to measure
the phase delay between the locally regenerated clock and the original
source.

The information distributed includes the Train ID, a unique 64-bit
number to identify the current train, a table of triggers to generate
with respect to the beginning of a 10 Hz cycle and locally compensated
to include the delay of the fiber communication, as well as the bunch
table, which describes the charge, destination, and other characteristics
of a bunch present in a train. Decoding takes place in a Xilinx FPGA,
with the information being used to generate triggers and clocks in the
board interface according to the requirements of the user.

3. The Karabo control system

The Karabo distributed control system [17] has been developed
in-house at the European XFEL in order to address its challenging
requirements in terms of controlling complex and custom-made hard-
ware, transferring large amounts of data, and integrating data analysis
workflows. Karabo interfaces to hardware device through software
counterparts called ‘Karabo Devices’; three different APIs are available,
the ‘C++’ one, a ‘Python’ one based on ‘C++’ bindings, and a purely
“pythonic” one.

The internal communication in the Karabo control system is done
via a message broker. An important difference with respect to many
other control systems is that in Karabo the updates are event-driven:
only if a change in a device property or state occurred, will the update
be distributed via the message broker. The interested devices do not
need to poll to receive updates; they only subscribe to the broker’s
updates.

In addition to the broker-based communication, the control system
also provides peer-to-peer messaging between devices. This is used
to transfer larger amounts of data, e.g. from detectors to calibration
pipelines and data storage.

The Karabo control system provides data logging capabilities too.
The device properties are logged in a time series database and can be
retrieved via a web interface.

The main interaction point for the operator is the Karabo GUI
(Fig. 3). The operator can save a list of Karabo devices to be started
and their settings in so-called “projects”. The right-hand tab in the GUI
displays all the device properties and allow to set the reconfigurable
ones. It also allows to execute commands on the device. Custom user
interfaces, termed scenes, can be created by dragging and dropping
device properties or commands in the middle tab; scenes can be saved
to the project too.
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Fig. 3. The Karabo GUI In the left-hand tab the project view is visible, in the middle one the custom scene for a G-II, on the right-hand side the detailed view of a Karabo device.

3.1. Karabo integration

Karabo software devices have been developed to support the Got-
thard, Jungfrau and G-II detectors, based on the C++ API provided by
the slsDetectorPackage.” Two C++ base classes have been written, one
for the detector control and one for receiving the data. From them a
specific class for each supported detector type is derived.

At the European XFEL multiple detector modules can be controlled
by a single Karabo control device, but there will be a receiver per
module. Each Karabo receiver device will unpack the raw data on-the-
fly in ADC and gain values, and then it will stream them to the Karabo
GUI and the European XFEL data acquisition (DAQ) system using peer-
to-peer connections. The DAQ system has the task of matching data
from different sources having the same timestamp, and storing them in
HDF5 files [18]. The calibration of the data and merging of different
modules in a single image are done after the DAQ.

4. Calibration effort at european XFEL

European XFEL aims to provide facility users with a scientifically
utilizable dataset as the primary data product. To this end, online
and offline calibration infrastructure is developed by, deployed at, and
supported by the facility.

The online correction pipelines provide a real-time preview of cor-
rected detector output with the option to stream this data to other
facilities- or user-provided online analysis tools. The latter offline in-
frastructure enables flexible and reproducible high-quality corrections
of stored data for later scientific analysis up to publication. Addi-
tionally, this system facilitates the generation of calibration constants
used for the corrections in both the online and offline settings. In the
case of G-II , these comprise the 10-bit compression LUT described in
Section 2.1.1, offset (pedestal) values, and gain correction values. It
also includes a bad pixel mask signifying any extraordinary conditions
present in a given pixel and frame, e.g. excessive noise detected the
characterization process or an invalid value encountered in the data
stream.

2 https://slsdetectorgroup.github.io/devdoc/index.html.

4.1. Online correction

For online correction, a detector-specific Karabo software device
was developed for G-II correction. It processes the raw ADC data
received either directly from the receiver device or via a DAQ device to
produce a number of preview outputs in addition to full-speed corrected
data. The previews provide raw and corrected data for both single
frames as well as optional reductions across frames, which in the case
of G-II are vectors, along with a streak preview concatenating multiple
vector frames of a given train into an image. Fig. 4 illustrates how
multiple of these previews can be displayed in a custom scene within
the Karabo GUI. In order to correct data at full speed, the device
uses a single custom Cython-based correction function which applies
the LUT, offset correction, gain correction, and bad pixel masking
in a single pass. Since the calibration constants are produced on a
FEM basis, for a single 50 pm detector installation, a single correction
device suffices to provide a correction pipeline capable of providing
preview outputs and full-speed corrected data for downstream use.
For the 25 pm installations, two correction devices are deployed, each
independently correcting the data it receives from each FEM as if it
were from a standalone 50 pm detector. The fast outputs from the two
correction devices are passed through an additional Karabo software
device which interleaves them along the pixel axis to create the full
data stream. Similarly, for each of the preview outputs, an additional
purpose-built device is deployed to interleave the respective 1D or 2D
previews, enabling complete previewing in the Karabo GUI. This topol-
ogy mirrors the multi-device data flows used for modular 2D detectors
already installed at European XFEL like AGIPD, LPD, and DSSC and so
allows for the reuse of existing high-level pipeline management devices
in the online correction software to automate the instantiation and
configuration of multi-device pipelines.

4.2. Offline calibration

The offline calibration process is a Python-based pipeline leveraging
the Maxwell HPC® cluster to apply corrections on large file-based
data volumes as well as generate the necessary calibration data used
both here and for the aforementioned online corrections. Rather than

3 https://confluence.desy.de/display/MXW/.


https://slsdetectorgroup.github.io/devdoc/index.html
https://confluence.desy.de/display/MXW/

M. Ramilli et al.

Nuclear Inst. and Methods in Physics Research, A 1058 (2024) 168796

0 200 400 600 800 1000
Pixel

% v X e
PROCESSING Correction steps Streakpr... ReplacestreakNa... [ 0 ]00
[09:31:32]: Lifted warning: TRAIN_ID 'A"‘ "Bl = pixels Ny
[09:59:29]: No new train in 10, switching state. E::'bﬁe ) BV 0 200 400 600 800 1000 1200 o
[09:59:40]: Processing data Preview v X
0
S o *
Index (orstat) for... [2 ][]  Inputdatashape 1200,1280 ‘Available []) <
Enable v =
Preview Ev 190 l_/
o i M
Available i~
Enable v ]
Preview v
200
Raw N - ®
@ -
2000
I P w0
1800 | L i
g k &
Y W)
3 1600 1Al vy @ 400 100
o Jd W -
3 100 A h
i N 500
' " i I
2200 AV A Wl o £
A K
| g
[ 2
1000 | s
£
0 200 400 600 00 1000 1200
Pixel
700 )
Corrected X3
100
It >
140 o A L SR
I W e
120 o LY B
! " <& “
100 Mg
3 © =
) b
£
3
S e
1000
0
40 .
20
1100
0 -
1200

1200

Fig. 4. Screenshot from a custom scene within the Karabo GUI displaying the raw, corrected, and stream outputs provided by a G-II correction device. Included in the scene
are controls to choose which frame (or which statistic computed across frames) to display on the 1D previews along with toggles for individual correction steps. Note that each
correction step can be enabled or disabled independently for preview and full data outputs, allowing operators and users of online analysis to omit certain corrections if needed.
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Fig. 5. Shown here is a 1D plot from an offline calibration PDF report, automatically
generated as a part of the dark processing for generating offset and dark bad pixels for
a 50 pm G-II detector at the SPB/SFX instrument. The offset map is computed across
both storage cells and for the 3 gains, but the plot displays the offset map for the odd
cells only.

aiming for low latency, it is designed to produce high-quality data in
a flexible and reproducible manner across all its processing steps. It
is available through the web interface used to manage all user data
taken at European XFEL (Metadata Catalogue), where a user may select
data for corrections as well as detector characterization to produce
calibration data. This calibration data is then stored in a database (Cali-
bration Catalogue) indexed by a unique FEM identifier and its operation
condition and can be retrieved at any time for corrections. After a
processing job is finished, a PDF report is generated to document each
step and its results (see Fig. 5). The offline pipeline for G-II detector
data correction is similar to the online correction process. It involves
converting 12-bit raw data to 10-bit data using LUT parameters and

then performing offset and gain correction. Additionally, bad pixel
parameters are masked during the correction process. In terms of data
storage, the offline correction for G-1I stores the result in the same HDF5
data structures as all raw data at European XFEL. However, unlike the
50 pm detector, which appears as a single data source for both raw
and corrected data, the 25 pm detector is interleaved into a single
data source after corrections to appear as a singular detector for data
analysis.

5. First experimental tests
5.1. X-ray emission spectroscopy

The first end-to-end test of a fully integrated detector was performed
at the FXE instrument of the European XFEL. The test had several goals:

1. test the whole integration in a realistic experimental situation;

2. test non-standard operation modes, i.e. reduced clock frequency
to acquire at 1.1 MHz burst frame rate and increased CDS
amplification to improve the signal-to-noise ratio;

3. perform pump-probe X-ray emission spectroscopy (XES) mea-
surements to evaluate the detector performances.

For this purpose, the detector was mounted on a robotic arm as part of
the Von Hamos spectrometer installed at the FXE instrument [19]. In
order to perform GO gain stage calibration with high CDS amplification
(CDS1), the detector was exposed to a weak flat field illumination of Cu
K, fluorescence to ensure the single photon detection regime in each
frame. The results have been compared with the standard setting of low
CDS amplification (CDS0) using the calibration procedure described in
Section 2.1.1, and exemplified in Fig. 6. From Fig. 7 (top) it can be
observed that in average the CDS1 setting provides a 30% higher gain
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Fig. 6. Top: Cu K, spectrum for even and odd storage cell blocks for a single strip; in
red and blue are depicted the Gaussian fit used to estimate the peak positions. Bottom:
the linear fit of the peak position against the peak energy used to calculate the gain
conversion factor.

conversion factor. Using the variance of the pedestal peak as an esti-
mate of the noise, it can also be concluded that the noise performances
of the detector at 1.1 MHz with CDS1 setting are similar to the default
settings (i.e. CDSO and 4.5 MHz frame rate), as demonstrated by the
ratio of the noise values obtained in these two configurations shown in
Fig. 7 (bottom). Therefore, a 30% improvement in the signal-to-noise
ratio can be obtained the CDS1 operation mode.

For the test experiment, a 30 mM solution of tris(acetylacetonato)
cobalt(IIl) (Co(acac);) in acetonitrile was delivered to the interaction
region via a fast cylindrical jet (100 pm jet diameter), and Co Ky,
X-ray emission spectra were detected with G-II for every pulse at
564 kHz intra-train repetition rate, which was limited by the sample
refresh rate in the interaction region. In this pump-probe experiment
the solution jet was excited by 400 nm femtosecond pulses at repetition
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Fig. 7. Top: the ratio between the G = gain conversion factors with the CDS1 setting
with respect to the CDSO setting(default). Bottom: ratio between the noise figures
calculated with CDS1 and 1.1 MHz frame rate, and the standard settings.

rate of 282 kHz, i.e. for every other X-ray pulse within each pulse train
with a total number of 140 and 70 pulses per train for X-rays and
optical laser respectively. Thus the Laser On and Laser Off conditions
were alternated on a per-pulse basis. The results have been compared
with the ones obtained in the same experiment using the Jungfrau 1
Megapixel (JF1M) camera [20], which is the default detector for this
installation at FXE [19]. The JF1M does not possess the frame rate
capabilities of the G-II detector, so the Laser On and Laser Off con-
ditions were alternated per-train for JF1M,, i.e. all pulses in every other
X-ray train were with the Laser On and otherwise with Laser Off setting.
Spectra recorded by the G-II and averaged over the Laser On and Off
subsets of frames for a 250 fs pump-probe delay are shown in Fig. 8
together with their normalized difference. A comparison with the same
experiment conducted with the JF1IM shows only minor differences,
whose origin might be related to the different acquisition schemes and
will be systematically investigated in follow-up measurements.
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Fig. 8. Top: The average of Co K, , lines with pump laser on and off at 250 fs pump-
probe delay. To take the pulse-by-pulse intensity fluctuations into account, the G-IT
output has been weighted with the output of an X-ray Gas Monitor (XGM) [21], which
measures pulse intensity. Bottom: the difference between average G-II signal with Laser
On and with laser Off produced after additional normalization to the total intensity of
respective average spectra.

5.2. Photon arrival time monitor

A G-II module with visible light sensitive sensor was installed in the
Photon Arrival time Monitor (PAM) installed at the SPB/SFX scientific
instrument of the European XFEL; the setup was developed by the
X-ray Photon Diagnostic (XPD) group. The details of the PAM setup
are addressed in [12], here the basic principles of operations will be
recalled.

The PAM employs the spectral encoding method [22] to measure the
relative delay between the pump—probe (PP) laser and the X-ray pulses
of European XFEL. The PP laser is used to generate a supercontinuum
for a broader bandwidth, which then passes through a dielectric target
material and the transmitted beam is coupled into a spectrometer and
then detected by 1-D detector: previous version of the PAM employed
two Gotthard-I detectors [23]. The interaction of X-ray pulses with the
dielectric target changes its refractive index, which in turn results in a
change of transmission of the PP laser. This change, encoded in the PP
laser spectrum, provides a measurement of the relative time difference
between the PP laser and X-ray pulses. Fig. 9 shows an example of
Signal (i.e. with X-ray interaction) and Reference (i.e. without X-ray
interaction) spectra, along with the modulated spectrum defined as
AT = Signal/Reference — 1. With the upgrade to a G-II the SPB/SFX
PAM setup has become capable of measuring single-shot arrival time
jitter at a X-ray repetition rate of 2.25 MHz, a strong improvement over
the previous version of the setup [12,24,25]. As an example, Fig. 10
shows a measurement of arrival times of 80 intra-pulses within a pulse
train at 1.13 MHz. Concerning the time resolution and measurement
uncertainty of the setup, a precise evaluation is still ongoing and will
be addressed in subsequent communications.

6. Conclusions

The Gotthard-II detector is a hybrid strip detector developed by the
PSI with the aim of providing a detector capable of fully exploiting the
unique time structure of X-ray pulses delivered by the European XFEL
machine, which means that it should be able to acquire up to 2700
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Fig. 9. Examples of Signal and Reference spectra as measured with the PAM equipped
with a G-II detector. In blue the AT is also plotted.
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Fig. 10. Example of a single-shot measurement of the X-ray pulse delay with respect
to the PP laser within a pulse train.

images per bunch train, at a intra-burst repetition rate of 4.5 MHz.
The first G-II modules endowed with 50 um pitch silicon sensor have
been delivered and fully integrated in the Karabo control system and
in the signal correction pipeline (both online and offline). The first
tests performed at the scientific instruments FXE and SPB/SFX in re-
alistic experimental conditions demonstrate the successful integration.
In particular, the PAM tests conducted at SPB/SFX demonstrate that the
detector satisfies its design requirements concerning the compatibility
with the European XFEL bunch pattern structure. The measurements
conducted at FXE have been used to test non-standard operation modes
(high CDS gain, 1.1 MHz frame rate), and to perform pump-probe
femtosecond XES with Co(acac); complex in solution. Results of the
G-I pulse-resolved XES measurements have been compared with static
XES measurements performed with the Jungfrau 1 Megapixel detector;
some differences have been noted in the results, and their origin will
be further investigated in follow up measurements.

The successful integration tests open the way to a more stream-
lined installation process for the upcoming modules. User operation
at the European XFEL will significantly benefit from the improved
diagnostics offered by G-II [11], particularly in terms of photon
timing and self-seeding capabilities. Additionally, scientific applications
which require pulse-by-pulse spectroscopic information like the MHz-
Tomoscopy project [13], will experience a substantial enhancement
with the deployment of this advanced detector version.
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