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Overview

A Physics Motivation
A Mu3e Experiment
A HV-MAPS

A Construction

A Timing detectors
A DAQ

A Summary
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Physics Motivation

Three Generations
of Matter (Fermions)

Lepton flavor violation ?

mass —
charge —

spin -

name —

Quarks

Standard model:
A No lepton flavor violation

Leptons
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Physics Motivation

Lepton flavor violation ?

Standard model:
A No lepton flavor violation
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Physics Motivation

Lepton flavor violation: 1*b e*ee*

Standard model:

A No lepton flavor violation, but:
o Neutrino mixing
0 Branchingratio<l0 **bunobservabl e
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The Mu3e Signal

A 1Y eeerare in SM

A Enhanced in:

0 Super-symmetry
o Grand unified models

0 Left-right symmetric
models

o Extended Higgs sector
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The Mu3e Signal

A 1Y eeerare in SM

A Enhanced in:
0 Super-symmetry
o Grand unified models
0 Left-right symmetric

models |
o Extended Higgs sector ' .
: : et | ]
o0 Large extra dimensions \ \\e
L
ST s i Rare decay (BR<10 12, SINDRUM)
G K A For BR O(101¢)
o YO U >10% muon decays
u* 7° e’ U High decay rates O(10 ° muon/s)
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The Mu3e Signal

BEMaxi mum el eataron ° .
energy 53 MeV \
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The Mu3e Background

A Combinatorial background

07 BetOXT'BetO@ete-

0 many possible combinations

U Good time and

U Good vertex resolution
required
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i
The Mu3e Background

\\ \\
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U Good momentum resolution

0—13
S N R N < B R
‘I O 15

<<
o -16
~ Ve Emiss 1 0

1T II|

I |||||I'I] TTTI

Br anchmg Ratio

T IIIII|T!

Y

o

4

~
T

+
—_—
Q

®
i

o e

R S R L
c 0 1 2 3 4 5
m

ot ) Etot
o
(R. M. Djilkibaev, R. V. Konoplich,

Phys.Rev. D79 (2009) 073004)

® Dirk Wiedner, Mu3e collaboration 7/17/2012 @10

(@) (T SRR TITT| AN NI A WA TTTT| MR MATIT| A RATI Lii

=
()
=



Challenges
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®
Challenges

A High rates

A Good timing resolution

A Good vertex resolution

A Excellent momentum resolution
U Extremely low material budget

® Dirk Wiedner, Mu3e collaboration 7/17/2012 12



®
Challenges

A High rates: 10°7 /s

A Good timing resolution: 100 ps

A Good vertex resolution;: ~100 T m

A Excellent momentum resolution: ~ 0.5 MeV/c 2

U Extremely low material budget:
U 1x103X, (StTracker Layer)

U HV-MAPS spectrometer
U 501 m thin sensors
U B~1T field

U + Timing detectors
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®

The Mu3e Experiment

TrYey

1 Beam Target 6

A Target double hollow cone
A Muon beam O(10 9/s)

A Helium atmosphere
A 1T Bfield
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®

The Mu3e Experiment

TrYey

A Target double hollow cone
A Muon beam O(10 9/s)

A Helium atmosphere
A 1T Bfield
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®

The Mu3e Experiment

Inner pixel layers

5

1 Beam Target ¢

!

TrYey

A Target double hollow cone

A Muon beam O(10 9/s) A Silicon pixel tracker
A Helium atmosphere

A 1 T Bfield
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®

The Mu3e Experiment

N

Inner pixel layers \
5
1 Beam Target ¢

!

/

X 7

\/ Quter pixel layers
A Target double hollow cone

A Muon beam O(10 9/s) A Silicon pixel tracker
A Helium atmosphere

A 1 T Bfield

TrYey
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®

The Mu3e Experiment

A\
Inner pixel layers : :
5

1 Beam Target ¢

!

Scintillating fibres :

i1 R

\/ Quter pixel layers
A Target double hollow cone

TrYey

A Muon beam O(10 9/s) A Silicon pixel tracker
A Helium atmosphere A Scintillating fiber tracker
A 1 T Bfield
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®
The Mu3e Experiment

i "

F
Inner pixel layers \
5
1 Beam Target ¢

!

Scintillating fibres /

TrYey

i1 R

\/ Quter pixel layers
A Target double hollow cone

A Muon beam O(10 /s) A Silicon pixel tracker
A Helium atmosphere A Scintillating fiber tracker
A 1T Bfield

® Dirk Wiedner, Mu3e collaboration 7/17/2012 ®19



®
The Mu3e Experiment

N

ﬁ

Scintillator tiles

Inner pixel layers

5
1 Beam Target ¢

!

TrYey

Scintillating fibres

[(TTTTTTTTITTIITTTIT] [(TTTTTTITTTTITITITIIT]
H\/f Quter pixel layers
A Target double hollow cone
A Muon beam O(10 9/s) A Silicon pixel tracker
A Helium atmosphere A Scintillating fiber tracker

A 1T Bfield A Tile hodoscope

® Dirk Wiedner, Mu3e collaboration 7/17/2012 ®20



®
The Mu3e Experiment

i S
i
LI T T T I TT ]
Scintillator tiles Inner pixel layers
nBeam Target¢

Scintillating fibres
CITTITTITTIT I T I E /

TrYey

X

Quter pixel layers

A Target double hollow cone

A Muon beam O(10 /s) A Silicon pixel tracker
A Helium atmosphere A Scintillating fiber tracker
A 1T Bfield

A Tile hodoscope
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PSI4%-Beam

Paul Scherrer Institute Switzerland: 3
A 2.2 mA of 590 MeV/c protons

A Phase I:

o Surface muons from target E
o Uptoafew10 87 / s

A Phase II:

o New beam line atthe neutron
source

o Several 10°1 / mossible
U >101% muon decays per year
U BR 10 (90% CL)
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®
HV -MAPS

A High Voltage Monolithic Active Pixel Sensors
A Pixel sensors

A HV-CMOS technology
A N-well in p -substrate
A Reversely biased

by Ivan Peric

I. Peric, A novel monolithic pixelated
particle detector implemented in high -
voltage CMOS technology
Nucl.Instrum.Meth., 2007, A582, 876
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®
HV -MAPS

A High Voltage Monolithic Active Pixel Sensors
A Pixel sensors - 60V

A HV-CMOS technology
A N-well in p -substrate

A Reversely biased ~60V

o0 Depletion layer
o Charge collection via drift

U Fast O(100 ns) charge collection by Ivan Peric
. R . I. Peric, A novel monolithic pixelated
O Thlnnlng to<50 Tm pOSSIble particle detector implemented in high -
voltage CMOS technology

Nucl.Instrum.Meth., 2007, A582, 876
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HV -MAPS

A High Voltage Monolithic Active Pixel Sensors
A Pixel sensors

A HV-CMOS technology
A N-well in p -substrate

A Reversely biased ~60V
0 Depletion layer

o Charge collection via drift Poticls
U Fast O(100 ns) charge collection by Ivan Peric
i ) . I. Peric, A novel monolithic pixelated
(0) Thlnnlng to<50 Tm pOSSIble particle detector implemented in high -
_ voltage CMOS technology
A |ntegrated readout electronics Nucl.Instrum.Meth., 2007, A582, 876
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®

Sensor + Analog +! Digital

Pixel Periphery
S CSA —
[ ' E ?:I.”JZZ[ I
__’ ‘ ; } \ Readou}t
- Comparator
Injection BJRE _|[
a lhreshold
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s
Sensor + Analog +! Digital

Pixel Periphery o

Sensor CSA source ——
=

| follower
|

‘ [
__‘ ’ ; \ Readou}t

t Comparator
= une
Injection DAC ——’ [
_|threshold
Y Y
amplification AC coupling digital output
via CR filter (ToT)

integrate drive high C
charge of signal line

set individual
threshold
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A Pixel logic:

A Column logic

A Chip wide logic

A Serializer(s)

® Dirk Wiedner, Mu3e collaboration

Digital' Logic
D

veladdiess

Pixel Logic

Column Logic

Frame logic
Readout buffer
Serializer
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A Pixel logic:
o0 Address generation
o Time stamp
0 Column bus logic

A Column logic

A Chip wide logic

A Serializer(s)
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Digital' Logic
O

veladdiess

Pixel Logic

Column Logic

Frame logic
Readout buffer
Serializer
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A Pixel logic:
o0 Address generation
o Time stamp
0 Column bus logic

A Column logic
o Priority logic
O €& us.i Jstgte bug |
o Fifo buffer

A Chip wide logic

A Serializer(s)

® Dirk Wiedner, Mu3e collaboration

Digital' Logic
O

veladdiess

Pixel Logic

Column Logic

Frame logic
Readout buffer
Serializer
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A Pixel logic:
o0 Address generation
o Time stamp
0 Column bus logic
A Column logic
o Priority logic
O €& us.i Jstgte bug |
o Fifo buffer
A Chip wide logic
o Data frame generation
A Serializer(s)
o0 800 Mbit/s LVDS
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Digital' Logic
O

veladdiess

Pixel Logic

Column Logic

Frame logic
Readout buffer
Serializer
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® Dirk Wiedner, Mu3e collaboration

Test Results
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Current Chip Prototype

A 180 nm HV-CMOS

A Pixel matrix:
0 42 x 36 pixel
0 39x3071T m2each

A Ivan Peric ZITI

o Analog part almost final
o Digital part in next submission

® Dirk Wiedner, Mu3e collaboration
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®

Current Chip Prototype

A 180 nm HV-CMOS

A Pixel matrix:
0 42 x 36 pixel
0 39x 3017 m2each

A Ivan Peric ZITI

(@) Analog part almost final l.lllilllillll’lfll
o Digital part in next submission
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®

Test Setup

Readout
Board HV-MAPS

Laptop
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Readout
Board

-~ A

.

ES
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Test Setup
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Timing Tests

A Timing critical
o 10%7/s
U O(10 ns) resolution

A LED pulsed sensor
A Double pulse resolution
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Timing Tests

A LED pulsed sensor

A Double pulse resolution
o Visible in oscilloscope
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Timing Tests

ToT Spectrum of Double Pulses

0.05

A LED pulsed sensor

A Double pulse resolution
o Visible in oscilloscope
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Double Pulse Resolution

A Ratio of

0 resolvedto
0 unresolved double pulses

A Default: 5.27 50.017s

g

Ratio [%]

3
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Ratio of unresolved Double Pulses

<]
[=]
T T

" unresolved DP

—+ Data

— ErmrFet-Fit

— 1% level

1% resolved DP

T e
; E3elayfps]

7/17/2012 @41



®

Double Pulse Resolution

A Ratio of _
0 resolved to %m
0 unresolved double pulses -
A Default: 5.27 50.017s )
U Pixel bias current :

adjustment
U Optimized: 3.23 50.01Ts

U Further reduction required
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Ratio of unresolved Double Pulses
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®

Pulse Shape

A LED setup

A Test pulse latency

A + time over threshold Sensor

Aé for differen
thresholds t
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Pulse Shape

A LED setup
A Test pulse latency

A + time over threshold

Aé for differe
thresholds
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®

Pulse Shape

A LED setup _

A Test pulse latency

A + time over threshold |

Aé for differenly
thresholds
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Pulse Shape

A LED setup
A Test pulse latency
A + time over threshold

Aé for different

thresholds
U faster shaping needed
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o
%)

Threshold [V]
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Pulseshape
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Construction
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Mu3e Silicon Detector

Scintillator tiles Inner pixel layers

I
i

A Conical target
A Inner double layer

Scintillating fibres

Quter pixel layers

A Outer double layer

A Re-curl layers
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®

Mu3e Silicon Detector

By
= )
aQ
'}
T
= ‘
|
&

A Conical target —

A Inner double layer /

0 12 and 18 sidesof 1 x 12 cm
A Outer double layer

A Re-curl layers
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®
Mu3e Silicon Detector

Recurl pixel layers

I IITII]

Scintillator tiles

sz
{

A Conical target

A Inner double layer
0 12 and 18 sidesof 1 x 12 cm

A Outer double layer
0 24 and 28 sides of 2 x 36 cm

A Re-curl layers
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®
Mu3e Silicon Detector

Recurl pixel layers

I IITII]

Scintillator tiles

[TTTTTITITITTITrrT
—
———* pBeam Target
B
i
[(TTTTTITITITTITrTT

Scintillating fibres

A Conical target

A Inner double layer
0 12 and 18 sidesof 1 x 12 cm

A Outer double layer

0 24 and 28 sides of 2 x 36 cm 180 Inner sensors
4680 outer sensors
A Re-curl layers

. i 274 752 000 pixel
0 24 and 28 sides of 2x 72 cm
o0 Both sides (x2)

Quter pixel layers
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Cooling

A 2 m2 silicon detector
A Up to 200mW/cm 2
A 60 °C maximum

A Gaseous helium

A Laminar flow

A Tests:

0 Inductive heating
o Aluminum foll

® Dirk Wiedner, Mu3e collaboration
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Thlnnlng

A 501 m Siwafers
o Commercially available
o HV-CMOS 75 T m (AMS)
A Single die thinning
o For chip sensitivity studies
0 <501 m desirable
0 In house grinding?

® Dirk Wiedner, Mu3e collaboration
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Material

AHV-MAPS
AFlex print %—
AKapton Frame
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Inner Double Layer

y /4 '/J
/!

Very stable self supporting structure
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Inner Dou

ble Layer
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Outer Double Layer

Minimal material in sensitive region
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Outer Double Layer

4 flex prints per moules
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End Pleces

6 plus 7 modules per layer

® Dirk Wiedner, Mu3e collaboration
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End Pleces

A End pieces for modules
o PVC
o PEEK in future?

A Production done
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Frame Support

Beam pipe

A Support design light weight
0 Spokes combine all separate modules
o Connected by metal beams
Oé running in bushings
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Frame Support

A Support design light weight
0 Spokes combine all separate modules
o Connected by metal beams
Oé running in bushings
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Spoke Assembly
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Spoke Assembly

4
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! { i

{ Ll
4%

® Dirk Wiedner, Mu3e collaboration



®
Timing Detectors

A Fiber hodoscope

o Before outer pixel layers

o 250 T m scintillating fibers N\\ .

o) SiPMS TTTTTTT T TTTT] - " EEEEEEENEE RN
I

- - . \
Scintillator tiles Inner pixel layers

—

0 1 ns resolution ——& uBeam Target'é

A Tile detector pp— ]
o After recurl pixel layers / \// .
0 1x1 cm 2 scintillating tiles
0 SiPMs
0 100 ps resolution
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Timi

ng Detectors
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Timing Detectors
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®
Fiber Hodoscope

A 250 T m scintillating
fibers

A Very high occupancies: \ \

A Sampling readout

A

® Dirk Wiedner, Mu3e collaboration 7/17/2012 ®68
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Fiber Hodoscope

A 2501 m scintillating oo
: / — Inner Cladding
fibers { |// T
0 Kuraray SCSF81M \k _ FT
0 double cladding \i—i
o 7500 in total CIaddingThickness:T:gZ’/: g%m% (Ti)

Numerical Aperture : NA=0.72
Trapping Efficiency : 5.4%

A Very high occupancies:
0 24% in 50ns time frame

A Sampling readout
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Fiber Hodoscope

A 250 T m scintillating
fibers
o Kuraray SCSF81M
0 double cladding
o 7500 in total

A Very high occupancies:

0 24% in 50ns time frame

A Sampling readout
o SiPM
o DRS5 chip
o From Stefan Ritt, PSI

® Dirk Wiedner, Mu3e collaboration

Outer Cladding
P — (FP)
/ 3 Inner Cladding
// (PMMA)
\ | Core (PS)
|
\

/
|
t‘\

N

Cladding Thickness : T =3% (T0)+3% (Ti)
=6% of D

Numerical Aperture : NA=0.72

Trapping Efficiency : 5.4%

Readout of 10 samples

®

J00EREREEEEEECO0000000
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Tile Detector

A 1x1 cm 2 scintillating tiles
o O(7000)

A GosSip simulation

Kirchhoff -Institut fur Physik

® Dirk Wiedner, Mu3e collaboration
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Tile Detector

TTTIR : Efficiency (1MH

A 1x1 cm 2 scintillating tiles 0.8 Y e
?0'35 1 I 1 L 1 I 1 | ] ] I I I 1 1 h | I I |_|.
o O(7000) = [|IE wepco00 R :
A GOSSl Slmulatlon .-fE: 0.3:—- MPPC 900 Twcorr “" —;
P ~ |G MPPC 3600 = |
: : 0.25[ s = —
o MPPC with 3600 pixels : = MPPC 2600 Tcor ¥ E
o 100 ps resolution (RMS) 0'25_ Bl VPPC 14400 TWeorr ‘f"r -\ B
0 97% efficiency 045 B D=
0.15— - :

00588
n: 1 | | L L | |
0.9 0.92 0.94 0.96 0.98 1

Efficiency (4 MHz)
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®

Data Acquisition

[ Pixel ]
A 2.5 GHz muon decays Sensor
A 50 ns readout frames
A O(5000) pixel chips

Silicon

FPGAS

Readout
board

A O(7500) scintillating fibers
A O(7000) timing tiles
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®

Data Acquisition

[ Pixel ]
A 2.5 GHz muon decays Sensor
A 50 ns readout frames

A O(5000) pixel chips .
0 800 Mb/s readout links Silicon

— : : FPGAs
A O(7500) scintillating fibers
A O(7000) timing tiles

o DRS readout
Readout

U 3 layers switching FPGAs board
U Optical data links

A Online filtering
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®
Event Filter Farm

Optlcal mezzanine connectors

vo : 31

bl

A Triggerless readout -
A GPU computers = B
o PCle FPGA/optical input i I
o Tflop/s GPU g e

A 10x faster than CPU

- Requires custom code
# Makes farm affordable

O O mre
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Schedule

A 2012 Letter of intent to PSI, tracker prototype,
technical design, technical design report

A 2013 Detector construction
A 2014 Installation and commissioning at PSI

A 2015 Data takingatuptoafew 1087/s

A 2016+ Construction of new beam -line at PSI

A 2017++ Datatakingatupto 3-10°7/s
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®
Institutes

A Mu3e proto -collaboration:
0 DPNC Geneva University @ xa

EEEEEEEEEEEEEEEEEE

RRRRRRRRRRRRRRRRRRRR

0 DauI Scherrer Institute o

Physics Institute Zurich Un|ver3|ty (W) Universitat

Physics Institute Heidelberg Unlver3|y @Kﬁm
o ZITMannheim ziii“'

o KIP Heidelberg g "

FUR Pl IY&:[K

O O O

® Dirk Wiedner, Mu3e collaboration 7/17/2012 77



P@
Summary

A Mu3e searches for lepton flavor violation
A>10%7-decays B BERO%CL)O
A Silicon tracker with ~275M pixel

A HV-MAPS 501 m thin

A Two SiPM based timing systems

A Prototypes look encouraging

o// H\'\
g \ /,—f‘_—_——‘—_"_'“--u,_‘_‘
Recurl pixel layers d ) .
llator til Inner pixel layers M,
\". I
——= pBeam Target
JE—
s /
Ly e fbes NENNNSNNNNENNNNN
\/ /( Quter pixel layers
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Backup Slides
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Si-Layer Rad Length

A Radiation length per
layer
0 2x 251 m Kapton
A X,= 1.75e-4
0 151 m thick aluminum
traces (50% coverage)
A X,= 8.42e-5
o 50T m Si MAPS
A X,= 5.34e-4
o 101 m adhesive
A X,= 2.86e-5
A Sum: 8.22e-4 (x4 layers)
o For ., =R2.93
0 X,=21.1e-4

® Dirk Wiedner, Mu3e collaboration

o

layer 3 layer 1< :——k

~__ layer2 > |ayer 4

\ e

Back Curl layers

‘|
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®
MAPS Tiles
A MAPS

0 2cm x 1 cm for inner layers
0 2 cm x 2 cm for outer layers
0 Pixel size 80T mx80Tm
A Sze defined by reticle: 2 cm x 2 cm
0 Cut 6 cm x 2 cm stripes from wafer
o0 Bond to flex print
0 Mount sensor -equipped flex print on carrier
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Flex Print

A Single Layer in active —_—
region

A Multilayer i n ocabl e
end

A LVDSbuffers at edge
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Tools

Kapton -Frame tools:
0 Sensoron Flex print
A Gluing groove
A Vacuum lift
0 Tools are tested with
A 25 t m Kapton foil
A 50t m glass
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Inner Double Layer
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257 m Kapton frame

+ 25 T m Kapton strip
+ 50 T m glass
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