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Phase I Experiment

Recurl pixel layers

Scintillator tiles

Inner pixel layers

————— > uBeam Target ¢ Phase 1
]

Scintillating fibres

iy 7
\/ Outer pixel layers

« Target double hollow cone
* Muon beam O(10%/s) Silicon pixel fracker
* Helium atmosphere « Scintillating Fiber detector
* 1TB-field . Tile detector
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Pixel detector R&D

 Pixel sensor

o Crutial for ultra thin Mu3e
tracker design

o MuUPIX8 first large
prototype

o Full characterization

o So far very promising
results

o >99.5% efficiency
« <IHz per pixel noise
» <10ns fime resolution

¢ <250mW/cm? power L 5 Illll

l”"" |uu

L J
X0

p.
ﬁ
>0

I
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Test beam setup

 MuUPIX8 telescope
o Beam telescope

o 4 layers of MUPix8 pixel
sensors

o Includes DUT

o Scitillators as fime
reference
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Test beam requirements
« High rate stability test

o Requires beam with
20kHz to >1 MHz pqrﬂcle . Rate capabilities MuPix7
rate |

o MuPIx8 test
o Readout system test

« Scans of operational
parameters
o HV-scan Co
o Bias current scans % 50 100 150 200 250 300 l_??ot[iﬁlo]
» Many events required
» High beam rate required

0.035—

0.03—

0.025—

0.02—

0.015—

0.01—

Fraction of non-empty readout blocks

0.005—
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Test beam requirements

« High rate stability test

o Requires beam with

20kHz to >1 MHz particle 1_
rate Sossl gun
o MuPIix8 test ogé— m .',';’i!'a’!'?;ﬁ“
o Readout system test 0_852_ ........ A
. SCCIHS Of opero’rioncl 0_8;_ .................................................................... ¢ 400 mW/em? |
porame’rers 075 4300 mWiem? |
BV ~an I 0 225 mWiem?® |
O - - .
o Bias current scans S
> Many events requirea Scan of MuPix7 bias settings
» High beam rate required taken at piM1
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Integration Challenges

o System tests

o Pixel chips

o Data acquisition system

o Monitoring and Data

quality

o Control system

o Services
* Low voltage system
* High voltage system
« Cooling

 Vertical slice test
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Readout Vertical Shce Test

* Pixel detector ,_n_-;d%fl( ) 1
T e . )
o HV-MAPS {MUPix8) (" Pixel | | [ Fiber |[ Tile ]
v'Large protfotype | MuPix | [H MuTRiG|[H MuTRiG
| |
« Front end board . :
FE-PCB FE-PCB FE-PCB

« Switching board

Switching Switching
o PCle40 board board
o Delivery 2018
. PC
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Readout Vertlcal Slice Test

Pixel detector
o HV-MAPS (MuPix8)
v Large prototype

Front end board

Switching board
o PCle40
o Delivery 2018

RC

® Dirk Wiedner
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f ]

s

f ]

[ Fiber
- MuTRiG

[ Tile ]

- MuTRiG

FE-PCB

FE-PCB

Switching

board

Switching
board

13.02.2018 @9



Summary

Mu3e requests | week
of test beam for pixel
system

Continue successful
R&D monolithic pixel
sensor MuPix

20kHz to >1MHz of rate
o High rate test
o Large parameter scans

Vertical slice test for
data acquisition system
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Backup Slides
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Pixel Tracker

v' Successful feasibility studies for:
v Module mechanics
v' He-cooling with low vibration
v Ultrathin Flexible circuit boards
v' HV-CMOS large prototype
v' Readout board prototypes
v Ongoing re-design of pixel detector
services
v' He distribution
v’ Power and cabling
» Effects all surrounding systems
To be done:
* 1%t operational detector module
Qualification of optimized module

design

® Dirk Wiedner

Pixel Tracker

Rendering of CAD study
Re-optimized pixel tracker

See talk:

Pixel Detector

Frank Meier Aeschbacher
13.02.2018
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Fibre Detector

SciFi detector assembly

Accomplished: madle
v’ Characterization of fibres £h
v Proof of concept including

v’ Simulation of fibre response

/ Identification Of Working | - assemble only radial
point Fibre Detector
To be done: Rendering of CAD study
 Choice of fibre type
« 1st operational detector module gee}ffllk-'
ciFi

» Ultra compact front end electronics
— critical
* Integrate new MuTRiG TDC chip

Antoaneta Damyanova
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vty

Tile Detector

Accomplished:
v’ Characterization of submodule
v Proof of concept including
v’ Production of similar system
v’ Development of TDC ASIC
MuTRiG
To be done:
* 1t operational detector module
 Prototypes in production
 Share space with He lines and

cables See talk:

Timing Detectors
Yonathan Munwes
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DAQ
Backup
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Front End FPGAs

« FPGAS In magnet .
Pixel
volume Sensor

ol ]2. S 1250 Mbit/s
 Recelve sensor data LVDS in
o 36-45 LVDS inputs X 45
« 6.4 Gbit/s outpufts Front end
o 8 opfticallinks FPGA
o ... To counting house
6.4 Gbit/s
optical

Switching
board
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Switching Board

FPGA switching boards

o per sub-detector

6.4 Gbit/s optical inputs

o 16-48 inputs 6.4 Gbit/s
. . Optical
10 Gbit/s optical output s
o 12 outputs to PCs
. . Switching
Switching network board
10 Gbit/s
Optical

- G
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Switching Board

FPGA switching boards

6.4 Gbit/s optical inputs

6.4 Gbit/s
. . Optical
10 Gbit/s opftical output
. . Switching
Switching network board
o One output per PC
10 Gbit/s
Optical

® Dirk Wiedner
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Trigger-less DAQ

Front end links

Optical links from detector

Optical links in counting
room
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Trigger-less DAQ

Front end links

o Pixel sensor to on-detector
FPGA

« 1250 Mbit/s
« LVDS

Optical links from detector

Optical links in counting
room

® Dirk Wiedner
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Pixel
Sensor

]

Silicon
FPGAs

x86
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Trigger-less DAQ

a Aﬁ%r - \ a
Front end links r( Dol (
o Pixel sensor to on-detector \_L Sensor "L Fiber
FPGA | |
O(Tbit/s) /X2844 x192
o Timing detector readout Silicon

Optical links from detector FPGAs

x86

Optical links in counting
room
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Trigger-less DAQ

~ v

Front end links C /(
%

Silicon

Optical links from detector FP(;?S
o Front end FPGAS =
o ... 1o switching boards 6.4 Gbit/s

o 6.4 Gbit/s Switching
Optical links in counting bozl‘d
X

room
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Readout Vertical ‘~ 5
Slice Test gy

v Control and readout firmware of
MuUPIX sensors

v Optical links tested intensively:
MiniPods, QSFP and Samtec Firefly

v’ Front end board to PC
communication

v" Front end board MuPix8 readout
NEWI!

v Optical clock distribution

® Dirk Wiedner
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Readout System

 Pixel detector wan Ve Yo .
o HV-MAPS (MUPix) r"};’_.If;. - : r( — r( - .

v Pixel detector Ixe. iber ile ]
system on one chip 1 MUP1X| M MuTR1(|3 JH_ MuTRiG

v lero-suppressed

serialized data

 Timing detectors FE-PCB FE-PCB FE-PCB
o SiPMs plus MUTRIG

v TDC system
v lero-suppressed
serialized data
« Common read-out
system

Switching Switching Switching
— board board board
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Common Read-out PCB

v Front-end PCB

o Common for pixel, fibre
and file detector

v Data acquisition
v' Clock distribution
v" Slow control distribution

v Prototype functional

® Dirk Wiedner
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Trigger-less DAQ

(e ——(——

Front end links C /(
9

Silicon

FPGAs

Optical links from detector
x86

o Front end FPGAS O(Tbit/s) ’

o ... foreadout boards

o 6.4 Gbit/s Switching Switching Switching
Optical links in counting board board board
room x4 X2 X2
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Trigger-less DAQ

- W{ W( -

Front end links C /( \}
\S
I l
Optical links from detector
Switching Switching Switching
Optical links in counting board board board
r0om x4 X2 X2
o Off-detector read out boards x24 04
o ...Jo PC Farm O(Tbit/S) 48

® Dirk Wiedner 13.02.2018 @27



GPU-PC

« 10 Gbit/s Fiber input

« Data filtering
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GPU-PC

« PC with GPU Optical mezzanine connectors
« 10 Gbit/s Fiber input e S Ui T
o 8 inputs from sub-detectors ey FE

« Data filtering
o Timing Filter on FPGA
o Track filter on GPU
o Data to tape < 100 MB/s
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Under

Tlmlng Fllter discussion

« Entfire event on PCle FPGA

* Tile and Fiber data
o Easy to match
o Look for three tracks

« Reject data without three hits
o ... Inside time interval

Recurl pixel layers

I I A 0

y = ;'_ R =
Scintillator tiles 1 s N
Inner pixel layers :
\S
Scintillating fibres 3 NG
gt

A L

\/ Outer pixel layers
® Dirk Wiedner
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Under

Timing Filter discussion

« Entfire event on PCle FPGA

* Tile and Fiber data
o Easy to match
o Look for three tracks

« Reject data without three hits
o ... Inside time interval

Recurl pixel layers

I I A 0

—_ . T
Scintillator tiles 1 e N
- i
Inner pixel layers [
J+2=)

el
Scintillating fibres i 3 .E?’«' e (i .
: , S
\/ Outer pixel layers
® Dirk Wiedner
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Vertex Filter

(EE_F
* Entire event on GPU
« Large target
o Large spread of muons )
e

o Easy vertex separation

« Reject data without three tracks €
o ...Inside area interval on target

Recurl pixel layers

I I A 0

Scintillator tiles

YYYYY
=
[w=]
1]
w
3
Iy
-
{e]
o
—
| |

i E

. N

. :

«;__r;:%r 45
Scintillating fibres 3 i, s
S H
(TTTTTTITTITTITTTTT] } 7 S
\/ Outer pixel layers
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Vertex Filter et

 Entire event on GPU

« Large target
o Large spread of muons
o Easy vertex separation

« Reject data without three tracks
o ...Inside area interval on target

Recurl pixel layers

I I A 0

—_ . e
Scintillator tiles 1 e N
- e
Inner pixel layers Nr“”
o

=5
Scintillating fibres : 3 &, - a6 5
\/ Outer pixel layers
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Readout system

Pixel detector o ( N ( )
o HV-MAPS (MUPix) Rl ¢ S
v’ Sensor and read-out [ Pixel |[ Fiber |[ Tile ]
chip in one | MuPix |H MuTRiG M MuTRiG
v Deliver zero- | |
suppressed serialized v
data
Timing detectors FE-PCB FE-PCB FE-PCB
o SiPMs plus MUTRIG TDC
o Deliver zero- \ \
suppressed serialized

Switching Switching Switching
board board board

data

Common read-out =7
system

13.02.2018 @34
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Common read-out PCB

v Front-end PCB

o Common for pixel, fibre
and file detector

v Data acquisition
v' Clock distribution
v" Slow control distribution

v Prototype functional

o Improved version for
Q3/2017

« Next: Vertical slice test:

o All electronics from
(pixel) module to PC

® Dirk Wiedner
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Switching Board

PCle40

Developed for LHCb —
and ALICE upgrade by
CPPM (Marseille)

48 optical I/Os

Optcial network switch
fro Mu3e filter farm

Mu3e will receive
samples from the
current production
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Receiving FPGA board
PC side

e Deb5a-NET boards from
Terasic

« Successfully tested at
Mainz

« 8 out of 12 boards
already acquired
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Vertical slice of the Mu3e
readout system

2928 Pixel Sensors ~ 3072 Fibre Readout Channels ~3500Tiles
D- -~
z 03
— upto 36 - - - L~ L L~ e 30
S 1.25 Gbit/s linkp “ - 1 A y p 83
—( ﬂ
8 FPGA FPGA | 86FPGAs | FPGA FPGA | 48 FPGAs | FPGA FPGA | 48 FPGAs | FPGA =
e
o 2
of o 16 Gbit/s
U —_— link each
|
<l « |
(e ‘CHG Switching Switching Switching
(g~} Q Board Board Board
1210 Ghit/s
ﬁ links per 1] ]
or Switching
% Board | | |
o U | [ epu GPU
U SL’;FC’E“ PC pc |12pcs | Pc
Gbit Etherne |
Data Mass
Collection Storage
Server
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® Dirk Wiedner

Tasks, problems,
challenges < - -

if(resetTn ="'0" )then

void Mudanevice::zero_wrmem()

{

Hard-, firm- and software developments %

Testing custom designed front-end boards
and bringing them to operation '

Data transmission studies
o Electrical links
o Optical links

Data reduction at front-end:

uint32 t temp;
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