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Motivation

* Mu3e: u->eee
e Standard Model: BR . ~10"">*

u->eee
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Motivation

* Mu3e: u->eee
* Standard Model: BR ~107>* => Unobservable

u->eee
* Observation of this decay => signal for new physics
e Sensitivity: 1072 —— 107"
* Plan: Data taking @2021+ @PSI
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Background for u—>eee

Signal:

Common vertex
SE,=m,,3p,=0
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Background for u—>eee

Accidental background:

Signal:

| No common vertex
Common vertex (No coincidence)

2E.,=m,,2p,=0 ;Eeim“jpe#o .
: (Timing/Vertex resolution)
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Background for u—>eee

Signal:

Common vertex

*E,=m,,2p,=0

Accidental background: Internal conversion decay:

o/

No common vertex
(No coincidence)

SE,#m,,% p,#0 2kEe<m,,2p.#0
(Timing/Vertex resolution)  (Momentum/Energy resolution)

Common vertex

2019/03/28
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Mu3e experiment layout

Recurl pixel layers
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Inner pixel layers
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Scintillating fibres

Scintillator tiles
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Outer pixel layers

View from beam

~110cm
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Mu3e experiment layout

ea arge
I
m— Scintillating fibres i
\ \ y A

Outer pixel Ia)/7 /
" View from beam
~110cm

Tile detector

To suppress the accidental background; Time resolution <100ps is required!
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Mu3e tile detector design

Electronics
readout

Scintillation tile

" va SiPM Signal
c f ==
O Energy Threshold
= 6
=
S
5 41T~ TimingThreshoid
S n P
8 i . T-Trigger Time
S 25 | E-Trigger
S b
> Ml Combined

I

o

/!dg&"@yTDC
0.5 1 1.5 2 T”,;;e nS3 . -
sl Time Time over threshold (ToT)

2019/03/28 Tiancheng Zhong (KIP, Uni-HD) 13




Mu3e tile detector I

448 channel
module

MuTRIG

cooling pipe PCB

MuTRIG

flexprint

32 channels submodule

e 3 submodules were built and tested in
DESY.

endring  ® BUIldINg process reported in Hannah'’s

talk (T94.2).

Plots from Hannah
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Latest testbeam

* Time: June 2018
* DUT: 64 channels (2 submodules, read out by long PC
* Reference: 16 channels (1/2 submodule) y
* Electron beam: 2.6GeV @DESY .)p

T\ theta
Long readout PCB

B

(
)

DUT
Device under Test)

<]
>
< b,

|
[
>

Plot from Hannah

Testbeam setup

B,
<& »
L7

reference
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TOT S peCtru m Feature of ToT:

« Black: total
* Blue: fully traverse the tile
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ToT spectrum

Feature of ToT:

 Black: total

x10°
» F  Red: cross talk
QigE
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ToT spectrum

Feature of ToT:

 Black: total

x10°
@ f . ' rest events
s18p « Partial go through
S16F
145 a
1.2 ToT
- Ol ppy :
1
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0.8 | : /
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Single channel resolution

Time resolution of ch0 (ref: chl & ch2)
cho chl & ch2

A

1
Uozﬁ\/oﬁ,l"' O%),z_ 021,2;

2 2 2
O ;= 0;+0]
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Single channel resolution

Time resolution of ch0 (ref: chl & ch2) |46 8+7 6 pSl
chO chl & ch2 Q14 T —e— Internal
\ E 12; ¢ B —e— External

(= N Y [«2] [e2]
L L L

|
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2 2 2
0;,j=0; * 0;
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G [ps]

2019/03/28 Tiancheng Zhong (KIP, Uni-HD)

20



Single channel resolution

Time resolution of ch0 (ref. chl & ch2)

cho chl & ch2

A

External: |46.8 +7.6 ps I

chl & ch2

(72}

QD1

= N

E N
+ * w12

v

—o— |Internal

—»— External

8
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2 _ P P
0;,j=0iT0;
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Single channel resolution

Time resolution of chO (ref: chl & ch2
( External: ) |46-8i 7.6 ps I
cho chl & ch2 chl & ch2 ’

N
Il\

Entries
5 —
1 | 1

¢ —o— |Internal
\ + —e— External

_1 . : —|_I—L —|_|_|—|j
o=y Vo B,

(= N Y [«2] [e2]
L L L

e 30 40 50 60 70 80 90
o [ps]

2 2. 2 .
0; j=0;%0; Extra jitter between DUT and reference:

about (45.5+3.2 ps)
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Timing resolution of module

 Module resolution is more important in real experiment

eletro

tmodule — Z Wi X ti
i

W; :Weight for channel |
t; :Time for channel i
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Timing resolution of module

t f1 tref 2 tDUT
reference DUT
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Timing resolution of module

3 450 E T R " " 1| coincidence_ch1001_ch1016
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Timing resolution of module

Coincidence_ch1001_ch1016

8 450 - 4
N RS Std Dev 9.862
------------------ 400 = N\ ‘L X2/ ndf 75.44 / 39
¢ a FoTs 0 WO Const 443.3 + 6.6
ref 1 So_ref2 DUT | "\M o' V mean _239.9 +0,1
¢ ¢ ;. .¢ __________ ; o e _ ( CTR 86.92 +0.85|
200 £ ~ | g
= o
. 150 = 1] 1
100 - | )
reference DUT 50 - ',
:\ I L1 L1 pnd Lo L LF‘LT'_'W‘--‘ML L [P JEE—r—
0 -300 -280 -260 -240 -220 -200 -180 -160 —-140
At[12.55 ps]

e Coincidence Time Resolution (CTR): 86.92 ps
« Estimated timing resolution of DUT: ~64 ps
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Summary

Summary:

e 3 submodules built in lab;

 First time to readout 3 submodules by same DAQ);
« Estimation of single channel resolution ~46.8 ps;

* Preliminary estimated module resolution about 64 ps.
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Summary

Summary:

e 3 submodules built in lab;

 First time to readout 3 submodules by same DAQ);
« Estimation of single channel resolution ~46.8 ps;

* Preliminary estimated module resolution about 64 ps.

Outlook:
« Test with tracker => position of particle;
 Build prototype with more submodules.
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BK slides
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Efficiency -

T = Define:
o, . . . * Big signal in edge tiles
oE ‘ e . « Possibility to have signal over
oss- @ . o cross-talk level in middle tiles.

« Efficiency: 93.8%~98.7%

0.97 —8— efficiency

Screen correction:

0.96| _o— efficiency+screened * -

- ; * Prior event observed and
“RE screened expected event
084 6 o After correction: >99%

- ¢ . .

083 e 1 better estimation can be got
140 141 142 143 144 145 146 147 148 Wlth tracker
Plot from Yonathan C hannel
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Timing resolution of module

N—1 N—1
L module = Z Wi'ti"'(l_ Z Wi)°tN
i=0 i=0

\WN
tmodule-) Y ) ti 2 Oi

2 2 2
0 =2 W; O]
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Motivation

* The number of leptons of each family (lepton flavour) is conserved at tree level;

* Lepton flavour violation (LFV) has however been observed in the form of neutrino mixing;
* Lepton flavour violation is also expected in the charged lepton sector;

* Observation of cLFV would be a clear signal for new Physics;

* Much work has been done;

* Mu3e plans to search in a lower sensitivity.

DECAY CHANNEL

EXPERIMENT BRANCHING RATIO LIMIT

U —> ey

i — eee
AU — eAu

MEGA <12-1071
MEG <2.4-1012
SINDR UM <1.0-10"12 > 1.0x1071

SINDRUM I < 7-10713
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Timing resolution of module

N-1 N-1 Optimized weight:
tmodule:z Wi'ti"'(l_z Wi)°tN N
i=0 i=0 2
Csoitea, o) NN
module O, i Oi W, = Xl aAnormal:Z(““O'j)
normal i J#i
2 2 2
O =2W,; O, 2 N
_ 1/0o; _ 2
> Wi_ A ’Anormal_z 1/Oi
normal i
a(0 ):O B _ \
W, Minimum sigma: y Variance weights
2 1 2
Omin: A ’Anormal:Z 1/O'i

normal
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Time walk

e '

L [
100 200 300 400 500 eoo 700 800
ToT [CC

X
f(x):pl'ln(TOTMPV

o 4 x10°
L r —~-no TWC
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2 — 01,
e
Ll 1 0 : ] . ! | . M—— " IR
gt?ﬂ] 1S (ioo -3500 ~3000 -2500 C_%%O[psl
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Timing resolution of module

Different ways to do cluster:

» Directly neighbors (cluster5);
* Nearby neighbors (cluster9);
* Full submodule (clusterl6);

Clusterb5 Cluster9 Clusterl6
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Mu3e title detector

support
structure

scintillator
tiles

scintillator
tiles

flexprint

mezzanine

ling oi
cooling pipe board

beampipe

MuTRiG

endring

Plots from Hannah

% Tile detector (7 modules)
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Timing resolution of module

S =120
Example: So.45 :
S 2—110
9 9 9 £0.35 100
Anormal_(ol.OZ) +(02.03) +(0-1.0—3) > 0.3 =90
2
(O2°O'3) P 80
W, = s 0.2 B
Anormal 0.15
(O ‘O )2 0.1 60
W= 1 73] . 0.05 i 50
2 A ’ 0 AR
normal 05 jJos55 06 065 0.7 075 308 085 09 095 1
(O 5 )2 Wight of o,
1792
Wi— > )
Anormal 1/Gi : Optimized:
2 —
2 (01'02'03) 2 2 2 0=49.49 ps. O in=43.64 ps.
O in— :1/(01 t0, +0; )

normal
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Time walk

S
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s
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\

o
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Time [ns]

- Low time threshold: Amp~e¢'

e different amplitude:
At~In(Amp)
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Mu3e title detector

scintillator
tile

flexprint

MuTRIG
PCB

MuTRIG

flexprint

Submodule (32 channels)

cooling pipe

support

structure L
scintillator

tiles

mezzanine
board

MuTRIiG

Submodule (32 channels)
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Timing resolution of module
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20 30 40 50 60

~d
o
D L

Difference < 10ps observed between different theta.
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Entries

o - N R - ~ © ©

Timing resolution along E,,

CTR:
« CT:. 232.2 ps

Timing resolution:

Jitter between module (45.5 ps); . CT: 226.2 ps

TR of 4 channel average (25.8>ps).

 MidE: 86.2 ps  MIdE: 69.4 ps

« HigHE: 69.8 ps e HighE: 46.2 ps
j | CTR of Chy,-Tower,,, CT | o CTR of Ch,-Tower,,, MidE s e
i L ntries i Entries 534 [EH = Hihtemp== |
E Mean 232.2 | - Mean 86.16| 8 [ Entries 497
2 StuDev 8279 — StdDev 1327 E Mean 975
: BT 1j 200 :5‘0 BT Nmﬂoﬂ —3%0 B o lcr:REpés? ‘ l_‘||1\_0n_|ﬂl'|‘ . 18()” ‘

CTR [ps] CTR [ps]
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Timing resolution of module

Width @90% confidence

g:z— - o B I-"""LLl - o - - g WQOC,min:min Of W9OC

: JML

500 - P ‘V/A/goc - Equivalent timing resolution:
400 - ! / =

300 | F | LLL / E 5 :W90c,min )

I :  vd : 07 2x1.658”

2] : \

= _m..f‘Hr e s =

-300 -280 -260 -240 -220 -200 _18(9TR [15.156;)3] 90% gaUSS _>1658 O
Weighted cluster16 vs. 2 channels average in trigger
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Timing resolution of module

3 800
 Narrow cut in Trigger & 700
« No cutin DUT 600
]- 500
2 2
O ::'————'\/(j *-()' 400
90 c, module \/5 90c,ref 1 90c,ref 2 500
200
100
0
tref 1 tref 2 tmodule

Triger tower

-

R

Max ToT

First arrival
Weighted cluster5
Weighted cluster9
Weighted cluster16

[TTTTTTTTTITT T ITT I T I ITI T ITTIT]ITTTIT]

J

r——r ]

—280

—260

—240

—220

—200 -180 1
CTR [12.55ps]
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Width @90% confidence

w  — T T T T T T T T
£800 - rﬂ, — WithCT
15700 - J:' h —— Without CT
600 - -
500 f F hW Statistic loss: 1.95%
= _F h Ogoc IMprove: 105 ps to 100 ps
300 - [h[l -
200 f ; t|fq f
100 = -
: thb ]
= . __,Jf.# L o %J — A
280 -260 -240 -220 -200 —180 CTF—{H;g 50
55ps
CTR ch1001 1016
2019/03/28 Tiancheng Zhong (KIP, Uni-HD) 45



Mu3e title detector

* Individual wrapping
* Assembling 3 submodule (96channels)
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Timing resolution of module

Width @90% confidence

» 800 — - - L o =
o = i Q
= = Ey = £ 180
2 700 , = 2 - — -
= IJJ L.‘ = 8 [ / \
600 - ,J l = ® 160 |- B MaxE
= = £ = s £
500 = g or / 1cC hin=1.6ns| - First arrival
400 E [I = = £ BEm Weighted cluster5
= = S E
e - r = 120 [ B Weighted cluster9
= r|I lh B B Il Weighted cluster16
200 |- r|l L'L = 100
100 - = E / 5
= _.-..r‘r w | 80 1
0 AL WA PR 5 s e S B S S e T il s =l B | =
300 = FEoail I Ve e TH- e =l HiF ol E e o =

-160
CTR [12.5ps]

Weighted cluster16 vs. 2 channels average in trigger

1000

2000

3000

4000 /5000
Window size [ps]
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u-»eee: searching for cLFV

Standard Model (SM): Beyond Standard Model (BSM):
Br: ~ 10° Predict much larger branching fraction
Unobservable Observable
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Timing resolution of module

Module resolution:

_1 \/ 2 +i2 2
Omodule_\/z Gmodule,refl Gmodule,refZ 0‘refl,refZ

refl and ref2 are in same submodule

o

O 1odute — O pure P JILLET

pure

5 fifferent ways define {,oque
Max ToT; First arrival, Weighted cluster5;
Weighted cluster9; Weighted clusterl6.
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Timing resolution of module

Module resolution: 100
St . —o— Without jitter
_1_\/ 2 2 0 ° .- Weighted cluster9 :
O module = Gmodule,refl 0module,refZ O‘ref 1,ref 2 = —o— With jitter
\/E 85 = \ _
ref1 and ref2 are in same submodule L e ol S
- 0 ¢ tH
gl iE D e
Max ToT — %5 & i i . S
S0 ETier i I
Gmodule — O-pure © Jltter 55 ; 4‘ k\ ‘ ;
50 = . — . -
) . Different way to define time resolution of module |
5 fifferent ways define {,oque W\\
Max ToT; First arrival, Weighted cluster5; Weighted cluster16
Weighted cluster9; Weighted clusterl6. First arrival

. _ _ Weighted cluster5
Timing resolution of module is better than 60 ps!
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Single channel resolution

Resolution[ps]

26

24

22

20

18

[TTT[TTT[TTT[TTTTTT[TTT[TTTTTT]TTT
RN RN RN RERE EERN RN L R

x2 / ndf

8.826 /2

Gsingle 44 .88 + 0.2449

Gmiss—align 8.029 + 0.2661

2 3 4 5 6 7

Plot from Yonathan

Gsingle DO

m miss — align
single channel resolution:
Ojingle =44.88+0.24 ps

O( Nhits) —

Miss-alignment:
O miss —align— 8-03£0.27 ps

Good agreement with internal results!
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