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Motivation



e new physics searches at low momenta

require thin and fast pixel sensors
e.g. Mu3e: search for p© — et e e

e Mu3e pushes HV-MAPS development
— requires a lot of test beams and
integration studies

e we need a test setup, that combines

multiple aspects of the Mu3e detector signal background
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The MuPix Telescope



Idea: Build a tracking telescope from Mu3e detector components to test read out,
synchronization and carry out test beams

Use one pixel layer as device under test (dut)

Lennart Huth - huth@physi.uni-heidelberg.de (Pl HD) Jan 2017 2



HighVoltage - MonolithicActivePixelSensors (HV-MAPS)

(1.Peric, P. Fischer et al., NIM A 582 (2007) 876 )

e digital position and time read out e g, < 11 ns measured
e 80 x 80 pm? pixel size e efficiency > 99.5 % measured
e 256 x 256 pixel e 50 pm thin &~ 0.05% radiation length

e 2 x 2cm? total size
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o full self-triggered zero-suppressed readout running in
on-chip state machine

1.25 GBit/s serial data output
125 MHz external reference clock
32 x 40pixel with size of 103 x 80 pm?

e active area: 3.3mm x 3.2mm
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MuPix7 11
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Readout and Control Scheme
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Readout and Control Scheme
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Readout and Control Scheme
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Readout and Control Scheme
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Readout and Control Scheme
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Readout and Control Scheme
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Readout and Control Scheme
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Readout and Control Scheme
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Readout and Control Scheme
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Readout and Control Scheme
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Readout and Control Scheme
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Readout and Control Scheme
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Readout and Control Scheme
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Telescope Design Goals

target current status
pixel size [pm] 80x80 103x80
# layers 4 8
track rate [MHz] 20 1

material budget per layer ~ 50 pm sensor 50 pm sensor
25 pm support 100 pm support

radiation length %o 0.6 0.9
time resolution ¢ [ns] 17 1 (tiles)
14 (mupix)
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Test Beam Results







Alignment & Resolution
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Alignment & Resolution
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Efficiency Studies using the MuPix Telescope
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Efficiency Studies using the MuPix Telescope Il

e dut rotated

e thicker effective depletion zone
higher signal - more efficient

e similar effect with higher
substrate resistivity

e new prototype!
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Time Resolution
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Studies using the Duranta Telescope
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Conclusion & Outlook

Conclusion

e MuPix Telescope is a crucial tool for system integration and
test beam studies

e thin and fast telescope: 0.9 %0 X/Xq per layer and 1 MHz
track rate

e intensively used to study MuPix7:
99.5% efficiency
14 ns time resolution

e will also be used with next prototype generation
Outlook
e integrate the MuPix8

e improve user friendliness
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Time Resolution with DURANTA
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Tracking in MS regime
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Track Model

Trackmodel: Straight track without scattering
X(z)=xp+3-z

— X2 can be analytically minimized

+ 2

Xm; Vi,

y2 _ Xn: ((Xi —(x0+acz)’ , (vi—(o+a- z,-))2>

pixel size

V12

assuming o, ,, == pixel resolution =

— Fast and robust track model!

Lennart Huth - huth@physi.uni-heidelberg.de (PI HD) Jan 2017 17



Mu3e Detector
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Mass Scale Sensitivity






Muon decays history
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