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AN EXPERIMENT SEARCHING FOR THE LEPTON FLAVOUR VIOLATING DEcAY
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Timing Detector Motivation
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Timing Detector Motivation

BG suppression
Fraction of reconstructed tracks
(Michel decay, >6 hits) with dominant

timing from corresponding detector.
fibres

no timing

tiles (and fibres)
suppression
only tiles O(10)
only fibres 0(30)
combination  O(100)

Charge Identification

Time resolution < 0.5 ns allows
reliable charge identification for

recurling (>8 hits) tracks.
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Readout Concept
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The Scintillating Fibre Detector

Components
- cylindrical r ~ 6cm; | = 28-30cm

- 12 ribbons of 3-4 layers of
250 pm fibres

- SiPM column arrays
- mixed mode ASIC: MuTRIG

Requirements

as thin as possible;
<0.5% X/Xq (1 mm)

as efficient as possible; ~ 100 %

time resolution better than 500 ps

up to 250 kHz/fibre;



The Scintillating Fibre Detector

STiC/MuTRIG 12: 28-30 cm long ribbons of 250 um fibres

SiPM column arrays 3 layers, 32 mm width
Components Requirements
- cylindrical r ~ 6cm; | = 28-30cm - as thin as possible;
- 12 ribbons of 3-4 layers of < 0.5% X/Xo (1mm)

250 um fibres
- SiPM column arrays - time resolution better than 500 ps
mixed mode ASIC: MuTRIG up to 250 kHz/fibre;

as efficient as possible; ~ 100 %
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Mechanical Design

\Flexprints

bottom line: very limited space
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Expected Number of Photons
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Scintillating Fibre Detector Optimization (Layers)

Implications on Tracking
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Prototypes

4 layers, 250 pm fibres, ~ 45cm long
in lab (°°Sr), at PSI (7M1) 115-215 MeV/c e, SP 190 GeV/c protons
Squared Fibres Round Fibres

Saint Gobain BCF-12 (7 ~ 3.2ns) Kuraray SCSF-81M

N , (T~ 2.4ns, yscsp-s1 < YBor-12)
additional Al coating optional TiO, in glue
Hamamatsu 513360-1350CS Hamamastu $12571-050P (1 x 1 mm?)
(1.3 x 1.3mm?, 50 ym pitch, trenches) and SiPM columm array (same as LHcb)
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Results: Single Layer

Squared Fibres (37" = 97 %)
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Results: Multiple Layers

Triple Layer Time Resolution
single fibre (fan-out), pre-amp/digitizer

particle
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SiPM column array readout
no fan-out, mixed-mode ASIC: STiC3.1
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Readout Electronics: STiC3.1/MuTRIG

mixed mode, ~ 50 ps t-stamps

high impedance, opt. differential

~
Energy Threshold /\

Timing Threshold /

Timing Trigger

Energy Trigger

arse Counter
622 MHz

Fine Counter
32 x50 ps Bins

Tiles: both Thresholds

Fibres: only Timing-Threshold

and Energy-Flag
"time mode”

TDC

STiC3.1 MuTRIG

in use received

end Jan.

number of channels 64 32
LVDS speed [Mbit/s] 160 1250
event size [bit] 48 47
time mode - 26
event rate / chip [MHz] ~2.6 ~20
time mode - ~38
event rate / ch [kHz] ~40 ~650
time mode - ~1200
power per channel [mW] 35 35
size [mm x mm] 5x5 5x5
number of PLLs 2 1
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Data Rate and Clustering

event rate data rate

eft Side

at 10° stopped p/s [M/s] [Gbit/s]
SciFi detector 274

Scintilating Fibres (235k/s/fibre) 1083

SiPM columns signal (420 k/s/column) 1290 36.1
SiPM columns dark counts (~300 k/s/column) 922 25.8
SiPM columns total 2211 61.9
clustering 20.0

track to clustler match

clustering per side match sides

left side

(i1
it
right side right side

- on FPGA (FE) - E;s;ckii]rging: use



Summary and Outlook

STiIC
MuTRIG 12: 28-30 cm long ribbons of 250 pm fibres

SiPM column arrays 3 layers, 32 mm width

m R&D finished (baseline chosen)
m full prototypes expected early 2018
m Mu3e: first beam expected 2019
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The Fibre Detector: Squared Results

Time Resolution (single layer) Number of Photons (single
& - . layer)
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The Fibre Detector: Round Results

Time Resolution (single layer) Number of Photons (single
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Crosstalk

Al coating TiO, in glue
no additional Al with additional Al ) _
) - crosstalk-reduction (ribbon
=7 o dependent)
¥ w - 10-20 % yield increase
o (diffuse)
$ o N - ~10% cluster size
e S, reduction
- significant cross-talk reduction wm e e T

Comparison w/o Black Paint End
polished End s

- ~60 % yield increase (diffuse) B

uppress
clading mode
and

rear efection

material n light loss
bare Al
optical cement 156 ~40% <1%
Araldite rapid ~15 ~30% <1%
optical grease 1465 ~20% <1%




Radiation Damage
expectations:
- et /e flux: 0.9/1.7 MHz mm ™2
- integrated flux per year: 0.8/1.4-10"° e*/e"mm™2
- dose per year: 55/97 mJ; 24/42 Gy
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