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Motivation

e \We are currently testing pixel sensor for the ATLAS Itk
e This simulation can give insights to the analysis we are currently
doing
- resolution
- material effects
- fake hits, multiple scattering etc.
e Justification of cuts in the analysis e.g windows and thresholds
e Allpix seems to also offer detailed simulation of the sensor
response
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The Allpix Framework

e (Generic pixel simulation framework
based on Geant4
e FEasy touse:
- xml file to setup sensor
- macro file for setting up the models
used for the simulation
e Difficulties for the local installation
e Choose between .root and ASCII output files
e problems converting ASCII output into .Icio format for the
EUTelescope software
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Simulation

Setup:
e FE-14 SINTEF sensors
- 80x336 pixels
- 250x50 um pixel size
- Simulated as planar sensors allthough they are 3D
e EUTelescope

- 18,5 um pitch Mimosa26 sensors Simulation ‘equivalent
of SINTEF 12 sensor
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Simulation
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Results

DUTx - Track x, Sintef 12 , Track associated to DO-001  difxQOK24

Entries 77238
.E -llllllllllllllllllllllllllllll Mﬂaﬂ 2.442
= Std Dev 89.04
=™ ¥2 1 ndf 415.5 /36
L Mean 256 + 0.12
ol FWHM 2459 + 0.3
B Sigma 5.836 + 0.160
[ Amplitude 2429 + 10.4
1500 =
1000 -—
-

Testbeam data
0=5.836+0.16 um

Residuals in
x-direction

comparable
spatial
resolution!

DUTx - Track x, SIM3 , Track associated to SIM0 _ dITXOK23

N/bin

(J—IBEDH?"

Simulated data
0=4.219+0.171 pm

Entries 38147
Mean 4.308
Std Dev 72.48
%2 ndf 55.12/32
Mean 4.271 + 0.126
FWHM 249.9 + 0.4

(Sigma 4219 = 0.171

Amplitude 1522 + 8.1

(um)




Results

DUTYy - Track y, Sintef 12 , Track associated to DO-Q01 dig0K24

Entries 77238

=T, Mean 1.969
o Std Dev 18.47
Z ¥2 { ndf 295.4/ 61
Mean 1.922 + 0.045

000 FWHM 45.75 + 0.14
Sigma 4.66 + 0.06

- Amplitude 7747 + 39.4

(um)

Testbeam data:
0=4.66 +0.06 pm

Residuals in
y-direction

DUTy - Track y, SIM3 , Track associated to SIMO di[!ﬁKzs

Entries 38147

£ Mean -5.151

Do Std Dev 15.7

= ¥2 I ndf 173.7 /32

4o Mean ~5.145 + 0.060

FWHM 49.44 +0.19
3500

Sigma 4.963 + 0.086 | |

p— Amplitude 4604 +29.4
2500
2000
1500
1000
500

(um)

Simulated data:
0 =4.963 + 0.086 pm




Results

Cluster sum ToT, all clusters Sintef 12 sumtot22| Cluster sum ToT, all clusters SIM3 sumtot23 " |§ B B 1
: Ee—— A P ‘F o

= Mean 5.908 mm:— Mean 526 E l . ::
StdDev 3246 [ StdDev 2784 M= N

- E

LE | B | ; . s

siM3

(um)

; efficiency maps for the real 3D
SINTEF sensor and for the simulated
Testbeam data: Simulated data: planar one

- tail due to holes - no tail
- Some hits got 0 ToT
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Comparison to testbeam data

- Sintef 12 real data

- simulated data (planar sensor

without holes)

Window size y dioction mim)

‘- - Sintef 12 real data

- simulated data (planar sensor

without holes) ‘
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Window sizs y-irection mm)

plots shows
efficiency as
function of window
size (Ay) for
track-hit
association

Zoomed view
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Simulated efficiency
higher, no holes
normalized to the
SINTEF12 highest
efficiency
SINTEF12 shows a
slope in the platou -
could be due to
systematics

shows a somewhat
similar response to
the cuts, difference
at low cuts not yet
completely
understood




Edge efficiency

efficiency of edge pixels Sintefi2
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Data taken at testbeam 2016
Origo is at the sensor edge,
active edge reaches out
further

FWHM gives the pixel width
Efficiency ‘beyond’ the edge
probably due to active
material between edge and
BIAS pad

Better cutoff for the long
dimension of the pixels ->
shorter distance to bias rall




Systematic studies e

Threshold = 2000e Threshold = 2500e

e Efficiency as function of -t |
BIAS voltage @ 4 different

thresholds - ’
e see expected trend for f*//’% |

Sintef 11 and Sintef 12 E B e ¥ F B 0 e W

Threshold = 3000e Threshold = 4000e

e Sintef 10 deviates a bit, e
possibly due to high
leakage current o

0962

0.960

0958
4

BIAS voltage BIAS voltage
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Systematic studies e

Effioncy as fncton of treshald @ 10V BIAS | e Expected to
decrease with
increasing threshold

e Sintef10 deviates ->
leakage current

0972

0970 -

0968

0.966

0.964

Efficiency

0.962

0.960

0958 |

0.956
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Summary

e we have a running simulation that can be used for comparison to
testbeam data

e Some features are still not implemented
- In particular we would benefit from a 3D simulation
- more material around the telescope

e Edge efficiencies of ~95%
e expected behaviour of the efficiency wrt BIAS and threshold
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Outlook

e Compare detailed studies of efficencies for

different thresholds and biases
e (hopefully) set up a running 3D sensor simulation with the help

from Mathieu Benoit
e Implement more materials around the telescope, particularily the

Aluminium cooling box around the DUTs
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THANK YOU!
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Backup slides
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Efficiency as function of threshold @ 10V BIAS
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Threshold

efficiency of edge pixels Sintef12
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Entries
Mean

Std Dev

»2 1 ndf
Edge
Sigma

Full height
floor

ge efficiency20

40

-0.07225

0.07402

188.8/29

0.02734 +0.00013
0.007501 +0.000164
0.02013 +0.00068
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efficiency of edge pixels Sintef12
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local y (mm)

Efficiency

e
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Entries 29
Mean -0.09451
Std Dev 0.1623
12/ ndf 473.2/89
Mean -0.07648 +0.00063
FWHM 0.4254 +0.0013
Sigma 0.01236 +0.00043
Amplitude 0.9545 +0.0013
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