The MuPix Telescope

Tracking Low Momentum Particles at High Rate

Lennart Huth for the Mu3e Collaboration
Physikalisches Institut Heidelberg

DPG Spring Meeting Hamburg
03 March 2016

GGV pT|  FOR PRECISION TISSTS
A PLANGK OFF FUNDAMENTAL
RESEARCH STHOOL SYMIMETRIES

/3



Motivation



MOTIVATION

The decay u* — ete~et

What's beyond the SM? - SM - BR < 107>
- Charged Lepton Flavour Violation? - > p=0
- Introduced by BSM theories - Coincident in space and time
- Measurable branching ratios * Emax < 53 MeV
predicted Background

- Radiative decay with internal
conversion: >.p # 0
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The Mu3e Experiment - Searching for = — eTe~e™ with a sensitivity
of BR< 10~

~
Recurl pixel layers //
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Scintillator tiles Inner pixel layers .
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Sdntillating fibres

Multiple scattering regime and high rate
— Fast and thin pixel sensor
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HIGHVOLTAGE - MONOLITHICACTIVEPIXELSENSORS (HV-MAPS)

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

Design Goals

- Binary readout - Time resolution < 20 ns

- Pixel size: 80 x 80 um? - Efficiency > 99 %

- 256 x 256 pixel - 50 um thin & 0,05 % radiation
- 8 ns time stamps length
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THE MUPIX 7

- Latest prototype ! :Us-mr—"'mnummm ]
% ' — » f e~

- Fully integrated readout on the chip
- On chip PLL & VCO

- 125 GBit/s data a 33 MHits/s

- Details: T721/2/3
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The MuPix Telescope




THE MUPIX TELESCOPE

Idea: Build a tracking detector out of Mu3e parts as integration test
and fill a gap in the choice of existing beam telescopes:

w, 0 HA

Test PCB
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CONCEPT, READOUT & DAQ

- Custom PCB holder with 10 pm
precision
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CONCEPT, READOUT & DAQ

- Custom PCB holder with 10 pm
precision

- Commercial mechanical support
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CONCEPT, READOUT & DAQ

- Custom PCB holder with 10 pm
precision .

- Commercial mechanical support .25 GBIt/s LVDS link

- Differential high speed links:
1.25 GBit/s

- Online time sorting (T 22.4)
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CONCEPT, READOUT & DAQ

- Custom PCB holder with 10 pm
precision .

- Commercial mechanical support .25 GBit/s LVDS link

- Differential high speed links:
1.25 GBit/s

- Online time sorting (T 22.4)
- GByte/s data transfer to PC

Sorter
|
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CONCEPT, READOUT & DAQ

H ‘ . ‘
4

- Custom PCB holder with 10 pm
precision .

- Commercial mechanical support .25 GBIt/s LVDS link

- Differential high speed links:

1.25 GBit/s
- Online time sorting (T 22.4) Sorter
- GByte/s data transfer to PC |
- Up to 60 MByte/s final data storage . Time

. Frames
l

Lennart Huth - huth@physi.uni-heidelberg.de (Pl HD) 6



CONCEPT, READOUT & DAQ

- Custom PCB holder with 10 pm
precision

- Commercial mechanical support

- Differential high speed links:
1.25 GBit/s

- Online time sorting (T 22.4)
- GByte/s data transfer to PC
- Up to 60 MByte/s final data storage

- User friendly control interface
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CONCEPT, READOUT & DAQ

Time stamp correlation
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- Custom PCB holder with 10 pm
precision

TS Layer 3 [32ns]
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- Commercial mechanical support

- Differential high speed links:
1.25 GBit/s

- Online time sorting (T 22.4) O L er lang
- GByte/s data transfer to PC Column correlations

- Up to 60 MByte/s final data storage
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- User friendly control interface

Column Pos Layer 2

o

- Online monitoring, tracking and
efficiency calculation

- GPU Online Tracking and direct
memory access (T 42.5/6) S0 PeaLayer)

o
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Testbeam Results
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COMPARISON OF POWER SETTINGS

Maximal cooling power: 400 mW/cm?
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EFFICIENCY SUMMARY

Larger rotation — more signal — Higher efficiency at higher

thresholds
Oggé_ ...................................................................................................................................
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Threshold [V]
800 pm search window and 64 ns time window
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triple_hit_row

Crosstalk Prob

Selection Criteria

10°

- Single track
- Count hits on DUT
- Select events with only 2/3 hits

- Same column, row +/-2

i Ihiczets L
0 5 10 15 2 25 30 35
Column/Row Address
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triple_hit_row
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CONCLUSION

- First running integrated HV-MAPS system
- High Rate capabilities O (TMHz)

- Important tool to test scalability

- High system efficiency > 99 %

- Time resolution < 11 ns

- Cross talk and clustering analysis ongoing R————
. . 0. e
— cross talk issue, should be fixed in 30 {//( ‘
MuPix8 N
N ol
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TRACK MODEL

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

— X can be analytically minimized

P Z ((xi - (xOJ; a2))’ | (Vi <yog ;ay : z-)f)

pixel size

V12

assumingoy,y, = pixel resolution =
I

— Fast and robust track model!
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ALIGNMENT @ DESY
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Residuals x mean [um]
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RMS of residuals x mean [um]

i RMS of residuals i x for plane 2

¥ RV of residuas nx forpane 3
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RMS of residuals y mean [um]
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TELESCOPE TIMING @ DESY

Time Resolution
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MUPIX7 SPATIAL RESOLUTION
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- Resolution is dominated by
the pixel size!

-+ Multiple Scattering small
enough for 4 GeV/c electrons

- Resolution in x slightly worse
than in y: Feature of pixel size
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Analysis Concept




ANALYSIS PROCEDURE

. A[|gn the System Efficiency for different chi2 cuts as function of the matching radius
5 E
- Extrapolate track and T e
check hits on DUT g Sl
. § E Chi2 Cuts
- Match DUT hits o T
- Analyze cut-effects o
- Extract the relevant TEL W " " ST
Matching Radius [mum]
parameters
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EFFICIEN

Matched Map Track Map

# Tracks

# Matched
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EFFICIENCY ANALYSIS

Matched Map

# Matched
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Track Map

# Tracks
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ANALYSIS

Matched Map

# Matched
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Track Map

Effror =

25 Golurft?

# matchedgo

# trackspro)

# Tracks
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