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Abstract ?efgy depostl  Charge Simulation
X-CSIT (X-ray Camera Slmulation Toolkit) is a new, modular toolkit for creating simulations of 2D = The charge simulation has been built to simulate how energy
X-ray pixel detectors currently in development. The toolkit uses three sequential simulations of deposited in the semiconductor layer is moved onto the readout
detector processes including photon interactions, electron charge cloud spreading with a high / pixels, including charge sharing between neighbouring pixels.
charge density plasma model and many electronic components used in detector readout. In Because of the large number of electron-holes present, the charge
addition, because of the wide variety in pixel detector design, X-CSIT has been designed as a simulation uses a statistical simulation.
modular platform so that existing functions can be modified or additional functionality added easily if < N o
the specific design of a detector demands it. X-CSIT is under development at UCL for European / Pixel grid In most cases, electron-holes act At very high electron-hole
XFEL, and will be used to create simulations of the three bespoke 2D detectors at European XFEL, Charge shared to independently of each other and only densities charge begins to
AGIPD, LPD and DSSC. These simulations and X-CSIT will be integrated into the European XFEL neighbouring diffusion contributes to charge screen itself from the
software framework, Karabo, and through that be available to users to aid with planning of AEIE sharing. electric field of the sensor,
experiments and analysis of data. In addition X-CSIT will be released standalone publicly for other > creating a pocket of
Qsers, collaborations and groups to create simulations of their own detectors. / 2 This diffusion is a normal distribution, electron-hole plasma.
/ \ 3 with a standard deviation proportional
. . : > to the root of the distance to the This effect is expected to
InhCI(tjent///» Interaction/ 5 2D Pixel Detectors 8 collection plates. The two dimensional | | occur at XFEL but is
photon energy deposition © normal is approximated as a normal poorly studied in the field
Pixel detectors use a semiconductor sensor ~ | distribution in both X and Y [4]. of X-ray detectors [3].
layer to absorb scattered X-ray light. Pixel n-1 Pixel n ' This will be investigated
Semiconductor The proportion of charge crossing a later this year when
layer This photon enerav is absorbed as freed Charge shared to pixel boundary in either X or Y can sources become available
P A neighbouring pixel then be calculated inexpensively with at XFEL.
electron-hole pairs, which move towards the . S .
. ; Qhe cumulative distribution function. VAS )
I \/ pixels under the reverse bias of the sensor. \_ &,
Charge cloud P N
ds Charge shared Ppixels The elect lected and q : : :
sprea between pixels e electrons are collected and moved as Electronics Simulation — 100xamp —> Storage > ADC
\_ charge to an electronic circuit. J
Ve N The electronics simulation Pre-amplifier —1—*> 10xamp ——* Storage » ADC —71* FPGA
Detectors at Eur()pean XFEL consists of a set of modular
22 S DSSC devices to simulate common — 1xamp — Storage > ADC  —
XFEL will use a range of 2D pixel detectors for imaging, g -—=r electronic components. Pixel L
including three built specially for the project: DSSC, LPD and " | - _ _ _ | x| 1 [Memory Controler | Output Register |
AGIPD DEEEET Slensor A simulation of the electronics of 2 R e P e ——— ] i i a |
: _ wi igna : 10x o b b |
These three detectors will all feature Compression a detector Is then created by o E Sy TR o] H
: chaining together these | Precamp | ax |1 Ay kederd Mux —'-:-@ |
— 1024X1 024 plXGlS f t t t f t I Detector : _D : | v . . . =512 96:1 : | _ Serial |
_ 4.5 MHz capture unctions to create a functiona | | T i X  Output |
— Dynamic energy range and single photon sensitivity | Large _representation of a real circuit. A S === e ;)
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However despite similar design goals they still differ - ?eteCto Testing
substantially G
- Eleiea:gscl)ieal?nd shape (200pm to 500pm, square and s TS gg?nptive Before release, X-CSIT will require testing and validation. Some initial testing has been done with a
_ Total dynamic range (6000 1 keV photons to 10*10° 7?*5;'}_;.-,__.,_'n_.t?9fa“”9 simt::lﬁtion 01;] a anC)I(D (?5pm pitch, 450um dept-h) énd da.ta taken with an iron-55 T<;ou.rce
12 keV photons) T Pixg ) arge sharing in X axis ) 10(;harge sharing in Y axis N 10SChargle shalrmg m real det?g:tor
— ASIC chip size (32*16 pixels to 256128 pixels) Fe-55 lines 16 Pileup events | |l 36
— Dynamic range profile and method 32 _ 32 52
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Objectives of X-CSIT
X-CSIT is designed to provide a single common simulation framework for the pixel detectors to be J'ijz = u"Zj o2 = uaﬁ)mz_ | LY
used at XFEL. These simulations will be important for understanding detector characteristics and B - "’
helping XFEL users plan and analyse experiments. I“ I“ 1 | | | I°'4
X-CSIT must reconcile a desire for a common simulation with detectors that can differ substantially, » SrereyInrontpel (e Enezyl;n Iower_ pgel (e\t/; ots of E;)ergy inbrigh(;p;xel il i
it solves this by creating a modular tool kit for creating simulations that provides validated physics Emission in simulated detector ovtet.) ::a °'p (|) sto enlertgy 2 ?or ed rolmt dedse}[me
simulations dependent on user provided detector definitions. If X-CSIT does not simulate a specific | | e;]/en. y.W(t) PIXe fh V\tlﬁ%O > arel drotm srl]mu.a =4 a.'l 3 "
detector design or layout, it is modular enough for code to be added or replaced. 10} SNOWING ISOTOPY, e tIrd 1S Teal data showing simiiarity
| to simulated data, plus background noise.
X-CSIT and simulations of the XFEL detectors are being integrated into Karabo, the control, DAQ o | Left: Fitted . t £ 55 culated f
and processing framework at XFEL, where they will be available to users on XFEL's computer %“’2? et | It 3 er(;ussul)g stpec ra ot iron=oo as calcuiated from
network. Integration into Karabo will include dependency on calibration data taken from the real © simuiated and reat aata.
detectors and output in the same format, allowing X-CSIT simulations to be slot into an analysis ol Below: Total ra b d by the simulated and real
chain in place of a real detector. This will enable users at XFEL to test analysis pipelines with | detOV\;' olal spectra observed by the simuiated and rea
respect to detector performance before arriving to perform their experiments and after conducting | Slectors.
experiments, X-CSIT simulations will help understanding measurements and detector uncertainties. 10° HHHHL[}LU‘ H HHLLOD o0~ Mesoo 5050 10'f — Measured (norm.) ]
Energy (eV) 5: — Simulated _
X-CSIT splits the simulation of semiconductor detectors into three stages 10— ! | — P
— A particle simulation of incoming photons and any scattered particles Emission in real detector il
— A charge simulation of the electron-hole clouds in the semiconductor ol :
— An electronics simulation of the ASIC circuit and front end electronics | #® 10°)
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The particle simulation uses Geant4 [1], [2] to simulate incident photons on the detector and COﬂClUSIOn and OUtIOOk
calculates where they deposit energy in the semiconductor. X-CSIT provides an incident photon list | | | | | | | | |
and extracts the energy deposition data from Geant4, which is fully packaged inside the particle X-CSIT is a toolkit for creating simulations of 2D semiconductor pixel detectors. While still in
simulation module. development, an early version of X-CSIT has been used to simulate a prototype of LPD and a
Geant4 can simulate photo electric effects, Compton and Rayleigh scattering as well as pnCCD, which has been used for early testing. | |
fluorescence and auger emissions down to 250 eV using the livermore physics list [3]. Geant4 has All of the simulations and components of X-CSIT will be validated using detectors and sources
previously been validated for low energy EM processes and additional validation will be carried out available at XFEL, after which X-CSIT will be made available to European XFEL users through

Qn-house. / S integration into Karabo and for free as open source for other users or groups. y
a N\
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