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Outline

= MAPS pixel detectors — operation principles

» (Charge diffusion in sensor — idea of the simple model
for describing charge sharing between adjacent pixels

» Comparison of the Geant4 simulation (using described model) with
MIMOSADS test data (Nov. 2006 tests at DESY, 6 GeV electrons)

* Future prospects

* Summary
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MAPS detectors

@ MAPS — Monolithic Active Pixel Sensor Charged
particle passing through the detector produces
charge 1n a sensitive epitaxial layer. Generated
charge 1s transported (thermal diffusion ) to
n-well/p-well diode where it 1s collected. In MAPS
detectors read out electronics is under sensitive
what makes fill factor to be 100%.
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MAPS detectors

@ MAPS — Monolithic Active Pixel Sensor Charged
particle passing through the detector produces
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MAPS detectors
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Probability distribution
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@ Left plot - charge directly reaching the collecting diodes
@ Right plot - charge reaching collecting diodes after reflection off the

potential barier
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Probability distribution
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» In order to distribute charge between neighboring pixels,
two-dimensional distribution of the probability was calculated

In the MIMOSAS detector pixel size 1s 17um x 17um
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Looking for A parameter
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@ In order to find A, comparison of experimental data with Geant4 data
was done. Two A - sensitive distributions were considered:

@ Cluster charge dependence on a cluster size

@ Position of a hit CoG relative to the seed pixel
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Dependance on the A parameter — Geant4 events
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@ For small A (high trapping probability) charge generated by 1onizating
particles collected in a small cluster of less than 5 pixels.
Size of cluster grows with increasing A (decreasing trapping).

@ Distribution of CoG position peaked for small A, broadens with increasing A.
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Dependance on the A parameter — Geant4 events

Graph | Cog X h71
Entries 3000
g « A=5um » F Mean 0.04598
u:§ 3. JL=2[!J.me g 0'4: ] RMS  3.135
> A =35um s«
£ + A=50um o 0.351
Q. A =100 pm NP 2 I
Ez.s_ Z 03
IR C
2 L L. 0.25—
c R -
Q -« * - -
o 2 C
5 i 02F —A=5pum
o [ - A=30um
1.5 - [ A=150p
O I 01—
- . . 0.05—
11— <= pormalization - L
||||||||||||||||||||||||||| u_lllll||,_|||||||||||||||||_l|||||||
0 5 10 15 20 25 -5 -10 5 0 5 10 15

Number of pixels in cluster Position in seed pixel [um]

@ For small A (high trapping probability) charge generated by 1onizating
particles collected in a small cluster of less than 5 pixels.
Size of cluster grows with increasing A (decreasing trapping).

@ Distribution of CoG position peaked for small A, broadens with increasing A.
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Geantd events versus test beam data

@ Comparison of the experimental Graph
data with Geant4 simulation 5
shows that presented approach o T
to charge distribution gives only E B
qualitative description. s
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Geantd events versus test beam data

@ Comparison of the experimental |Graph
data with Geant4 simulation
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> From this plot one can see that - Lot
the “core” of cluster 1s best 1
described for A ~ 30um S S T
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Geantd events versus test beam data
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@ CoG position w.r.t. Seed pixel - results obtained for A = 30um

@ Data description by simple model 1s not perfect.
However the approach can be used as an approximation of the detector

response.

QIDEAERZy Geneva March 2007 / Slide 13
== Fukasz Maczewski (Warsaw University)

g arst AV




Geantd events versus test beam data
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Geantd events versus test beam data

@ Using proposed model it 1s 5 x 5 pixel cluster h13
possible to reconstruct charge g2 Entries 2478
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Parametrisation of the detector respons —
mean cluster

Monte Carlo Data
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Future prospects

@ In order to make the model and simulation results more realistic,
effects related to the readout electronics have to be added
(noise, digitization, ?)

@ [t was assumed that electron beam was perpendicular to the detector
surface. In general particles can pass the detector at sundry angels.
This should be included in the algorithm.

@ We would like to perform additional beam measurements, with twisted
MIMOSAS chip to verify our cluster description.

» [If the improved model is in good agreement with the data we would
consider writing a dedicated code for telescope simulation.

» Impact of the magnetic field on the cluster shape should be checked.
It this effect 1s significant it should be included in the model as well.
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Summary

* Presented simple “digitalisation” method can be used to obtain an
(approximate) description of the detector response.

@ The model still needs a lot of improvements:
@ Effects related to the readout electronics will have to be included

@ Extend the description to particles passing the detector at angels
different than 90°

@ Additional measurements (eg. with twisted detector) would be
very helpful for cluster shape studies.
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