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European
The European X-ray Free Electron Laser (Altarelli, 2006) is a XFEL 4
high-intensity X-ray light source currently being constructed in |l> = = - Trainbuilder format to archive format
Hamburg, Germany, that will provide spatially coherent X-rays in /L gﬁiggjﬂy monitoring
the energy range between 0.25 keV and 25 keV. The machine - Simple algorithms - Access data through metadata catalogue
will deliver a unique time structure, consisting of up to 2700 Detector - Pixel reordering . - Access detector performance data
pulses, with a 4.5 MHz repetition rate, 10 times per second at - Tile aggregation Raw data :Egggf;ﬂf::f’;i:ﬁ;g’m XFEL.EU
very high photon fluxes up to 10'" photons/s (Tschentscher, repository - Publish
2012). The LPD (Hart, 2012; Koch, 2013), DSSC (Porro, 2010,
2012; Lutz, 2010) and AGIPD (Graafsma, 2009) detectors are v Online cache

being developed to provide Mpixel imaging capabilities at the
aforementioned repetition rates for a dynamic range spanning
from single photon sensitivity to 10* —10° photons per pixel. The
detectors are optimized for specific energy ranges.

Detector experts

A direct consequence of the aforementioned detectors’
characteristics is that they generate raw data volumes
unprecedented in photon science, ranging up to 1Mpixel x 640
memory cells x 10 pulse/s x 16 bit, i.e. 12.8 Gbyte/s. On-detector
vetoing may not necessarily lower these rates much - a memory
cell freed by a vetoed pulse may be used by data from one of Instrument scientists
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the remaining 2700 pulses a train consists of. The PC-layer may o _ | Offline
reduce this data amount by additional software triggering, but g:::g::ﬂgz Z;‘;ﬁiﬁi'gﬁ ﬂ

this is not guaranteed. Figure 1 gives an overview of the different - Monitor calibration data

data products at European XFEL, as well as their flows and - Organize calibration sets

Involved user roles, under the assumption that processing takes

place within XFEL's Karabo framework (Heisen, 2013). Users

In addition to the high data rates, the Mpixel detectors’ on-sensor > Detector experts

memory-cell and multi-gain-stage architectures necessary for " | _ _

the high dynamic range, pose unique challenges in detector- :ggli?defren:dn;g:(ng szileern(tﬂia;)nzw'sr:gggl’fnsnsr:zf’y) ‘

specific data corrections and calibration (Weidenspointner, 2012; P - Rapid feedback for experiment

Rapid feedback User data store

Sztuk-Dambietz, 2013a). These challenges are addressed by

providing a dedicated and thoroughly characterized set of test
stands, which utilize continuous sources (Fe-55, X-ray tubes) as Not shown is technical infrastructure such as switches. Raw data Calibrated data Calibration data

well as a pulsed setup: PulXar (Sztuk-Dambietz, 2013b), which Alignment datasets are shipped with the data products and tools for ( > D> > o « > > o « > > > o
IS designed to produce X_ray pulses of 50-150 ns duration, coordinate system conversion are provided by the facility. PC-layer Trainbuilder-format Data Cal. constants Data Cal. constants

within a 0.6 ms burst followed by a 99.4 ms gap. The radiation it

produces thus closely matches the XFEL pulse structure. Figure 1: A general overview of data products, their flows, storage and related user roles at European XFEL, starting from data acquisition with a detector (top left

Additionally, simulation tools are being developed to assist in corner). The different data products and formats are color-coded. Note how it is generally foreseen to provide users with calibrated data.
detector characterization (Bohlen and Joy, 2013).

I " I Table 2 shows the currently achieved o 0
DeteCtOr AnaIyS|S SUlte GPU ACCe|erathn processing times per train. The available Ca|lbratIOn Database
time window is 100 ms, which is currently
The large data volumes of the 1Mpixel detectors present GPUs are optimized for highly parallel €xceeded by a factor of up to ~6 at a GPU Experts in European XFEL's detector group analyze the
challenges in two computational scenarios: (online) analysis and processing, such as it occurs for per-pixel resource utilization of 50-60%. Using more calibration data and the so obtained correction and calibration
(online) correction and calibration. In the day-to-day work of the corrections of XFEL detector data. Using a powerful TESLA hardware (e.g. a K20 with constants are injected into a calibration database. By assigning
XFEL detector group the first scenario frequently occurs when Nvidia QUADRO K2200 (CUDA 6, compute 4x more cores and memory bandwidth) and validity periods for each constant and providing calibration data
characterizing detectors. Corrections may have only been capability 5) we are investigating whether additional resource usage optimization, real- updates as required, it is ensured that facility users will receive
partially applied, e.g. to investigate detector performance and its real-time correction and calibration of time corrections seem possible. calibrated scientific datasets with standardized state-of-the-art
variation with operating conditions. streamed data is possible. The image sizes corrections and calibration (Kuster et al., 2014).
used for the test correspond to the physical
The latter scenario occurs in the context of standardized tile sizes of the XFEL 1Mpixel detectors. The European XFEL calibration database runs on RDBMS and is
corrections in calibrated data production. The algorithms used Figure 2 shows example output from select | PP (128x32x512) 44.5 3473 ~T8x accessible through RESTful API's and a Web Portal. It resolves
here have usually been developed in the online scenario first. currently implemented GPU algorithms, the | ACIPD (128x512x352) 521.3 15394  ~30x calibration constant versioning in dependency on detector and
correctness of which has been thoroughly | PSSC (256x128x800) 651.1 19877  ~30x experimental conditions (Figure 4). Currently, these conditions
We are developing a python library which is suited for both tested. ERRISUnennod ol eaCXasEolle s i 611072 3 57,96 e x are aggregated in a management device, but will be drawn from
scenarios, usually running in iPython (notebook) (Péréz, 2009) in a karabo-integrated run-management later. The calibration/
the first or within Karabo devices in the second use case. ]l I | PR = T I PO E o u | | o e correction pipelines communicate with a Karabo device that in
Underlying, numpy and scipy (van der Walt, 2011) are used for %@ggﬁ%ﬂmmﬁw mrlpf - vin %Wjﬂmmmf — vin ;‘,’gw L‘ A H H I conjunction with a python library injects/retrieves the desired
calculations on the CPU, ipcluster for concurrent CPU ol . | " Aheesllald e UL ™ ML DL L - calibration (meta-) data from the database and the archive.
processing and pyCuda (Kléckner, 2012) for GPU-accelarated E """" < ' : =N
computing. Documentation is realized in SPHINX. Table 1 gives - ' . . i ? The initial implementation is completed and has successfully
and overview of the currently implemented functionality. n — = % | been tested on a unit-level and with test pipelines.
g : E . —
Table 2: Algorithms currently implemented in the analysis library .
3 -« || — Quantum efficiency
Offset map calculation X ‘ ‘ . el ZS __ | Gain map Gain map
Noise map calculation X EN O ek, . mes 0 ovvRAeng, 0 W X B0 0 B oyn99Y, =
Gain map calculation X —::j:-b -%::J;Z]- % ip | Offset map | Offset map | Offset map | Offset map @ Offset map
Streaming histograms X (X), partial _ A o | e ap | Noise map Noise map Noise map Noise map Noise map
Sattsites eslanleicr X (X), partial Figure 2: Examples of GPU-based corrections on test data. The left plot shows the |
: uncorrected data with common mode effects highlighted; the center plot the same data after
Offset correction X X : . . =
offset-, common mode- and gain correction have been performed on a per pixel, per-
Gain correction X X memory cell basis. The right plot shows the identified patterns (classified as singles (pattern Week 10 Week 12
Common mode Correction X X index 100), doubles (200), triples (300) and quadruples (400)), as well as clusters (1000) Figure 4: An example of how a requested detector calibration will
Pattern detection X X with higher multiplicities. map to different versions of different calibration constants.
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