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Overview:

» Search for signal muon decays, background categories and the detector concepts for the Phase | and Il of the
Mu3e Experiment

Software:
» Studies of Mu3e tracking performance for different categories of particle tracks when effected by:
Missing hits due to by dead layers dead chip or individual dead pixels

Misaligned detector
Noise in the pixel sensors

ANRNEN

Hardware:

« Test-Beam Data Acquisition System for Characterization of High Voltage Monolithic Active Pixel Sensors




Search for Lepton Flavour Violation:

Decay : pt— e*ete- b

Signal decay

The Mu3e Experiment (@ PSI

Motivation & Challenges
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Negligible in Standard Model (Br < 10-54)
Can be enhanced in New Physics : (SUSY, leptoquarks, etc.),
any observed decay will point to NP

Muon decay in the SM

Current status: Br < 10-12 (SINDRUM) at 90% CL

Mu3e Phase I: Aiming for O(10°15) sensitivity at existing B Vs e
nES beamline: 108 p/s /PN )
Mu3e Phase II: Aiming for O(10-1%) sensitivity at a new s / = . =

high-intensity muon beamline (HiMB): >10° p/s
Muon decay BSM (SUSY)

Signal: Background:

* Three tracks: u* tete- . ~
. Defzigl ;f:ie:t H—eere * Internal conversion background (IC BG): pt — efete ~v'v
+ P.<53MeV/c (suppressed by good momentum resolution)

*  Common vertex

* Coincide in time * Accidental background (Acc. BG): Michel p*—e *viv”

2P=0,ZE=m, with e *e~, etc (suppressed by good time and vertex resolution)
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Mu3e Detector Design

Beam Pipe

Recurl Outer Pixel Layers

Central Outer Pixel Layers

Inner Pixel Tracker Layers

Scintillating Fibre
Timing Detector

X Helium Cooling Channels
Hollow Double ™

Cone Mylar
Stopping Target

Inner/outer pixel layers:
+ High granularity
* Thin (to reduce MS) : 50 um = 1073Xo
+ Efficiency > 99%
+ Silicon pixel sensors (HV-MAPS)
* Asclose as possible to target
* Pointing to vertex
* Reduce effect of MS

Scintillating Tile Timing
Detector
Target:
» Hollow double cone

Mylar stopping target
* vertex separation

Fibre/tile timing detector:
* Precise timing

» Suppress Acc. BG
 Charge ID 3
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Simulation & Reconstruction

1 j New Cat ] Track
* Full detector Simulation (Geant4) in 50 ns Categories of Nominal Tracks ew Categories of Tracks

framelength \
Track Reconstruction )
Triplet: - 7 \ Imperfect short
S_tandard short _track with 4- tracks with missing
triplet 2 pixel hits only in CS of the pixel hit in 1-silicon
detector ’ layer

» Track is a sequence of triplets

¢ Basic block for track reconstruction

* 3 hits (combination 2 helices )

* Optimization the nonlinear problem (

multiple scattering Imperfect long

j triplet 1

ku' Standard long track track including
.] including 6-pixel hits via 5-hits with a
- Categories of Nominal Tracks:  Categories of New Tracks: using short tracks as seed missing pixel hit
either in CS or 2-RS of the in 1-silicon layer
Short tracks: > Avrtificially introduce different detector via using short

inefficiencies level into pixel layers
in the central station and investigate
* Seeds for long tracks recovering track efficiency by
allowing holes on the track

* 4 hits in the silicon layers tracks as seed

Long (recurl tracks):

Imperfect long track

. i ; Short tracks:
Combine 1 short track with 2 including 7-hits with

hits in . . ) o . ..
. * 3 hits in the silicon layers with a a missing pixel hit in
recurl detector (6 hits) missing pixel hit 4 L-silic onglgy or via
* Combine 2 short tracks (8hits) * Seeds for long tracks Standard long track using long track with|

including 8-pixel hits
Long (recurl tracks): via using 2-short
tracks as seed only in
CS of the detector

5-hits as seed
specifying which hit
id (outgoing or

¢ Combine 1 short track with 2 hits e
ingoing)

in recurl detector (5 hits)

* Using long track with 5-pixel hits
with two more hits in the CS of the

detector (7-pixel hits)




Categories of Nominal Tracks in CS or 2-RS of the IOP | Institute of Physics
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goc: Check the High Purity for the Long Tracks with 6-hits in the 2- IOP | Institute of Physics
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7 T T 1T W3e work in progress LA N I B N I Y O O O B
E 2000 — . - Reconstructed long-6h tracks I : ! ! i
9 E —— All tracks 1 ' : :
L 1800— - = - : -
E = True tracks - i / =)
1600:_ e o 0.8-_ | // / / i
1400 — co— = S— L : ; : 4 ' 4 A Way of Splitting the Long Tracks with
B 5 B i n 6'h|t5
CS of the 1200 — = i 0 : 7 - Z6:6thsilicon hit in outer layers
detector C 3 a— ] either in CS or RS, it is a good cut to
“ingoing \"m__ B N | to split long tracks with 6 hits recurl
tracks” 800 ] - p back into CS or RS of the detector
£ ] 0.4 " e . _Z6 < 200 mm: tracks can recurl back
600 — =] 3 ’r. Reconstructed long-6h tracks into CS
- . i | . e Z6>200 mm: tracks can extrapolate
400 - ] 02 ' into RS “that is because outer silicon
- 7 n ' detector is started from roughly 200
J 200 / ] | | == , i
s 2 - : | mm
0 s _400;:7' - 200 y 200 6—00 0 B L [ R l [ | | 1 -’
0 100 200 300 400 500
zg [mm] cut on Iz | [mm]
RS of the detector Reconstruction CS (z6 <200 mm) RS (z6 >200 mm) CSand RS
“outgoing tracks” Full € 0.837(267)
Service areas b/w Full long-6h € 0.885(360)
stations Long-6h € 0.767(514)
€ relative to full long-6h 0.365(36)
RS of the detector Long-6h € 0.962(494)
“outgoing tracks” € relative to full long-6h 0.578(266)
Full long-8h € 0.549(513)

TABLE 28: Efficiency € for only correctly reconstructed long tracks with 6,
8, and all hits tracks.




Simulation and Track/Vertex Reconstruction of the Mu3e

Detector & Timing Information
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Acceptance and Efficiency
TT | o K TTTT — 100 T T T T T
Mu3e work in progress : § Mu3e work in progress ]
0.45 Long 6-hit tracks —: g gp| Correctly reconstructed 6-hit long tracks | _: e+ e-?
- 1a T 7 —0s8
s 0.4:— (p ml:n depends on /1) —: 60,_ ................ - "
> 0352_ tracks that have . b E
2 [ exactly half a circle : - 4 o6
& I outside of the out . - ]
031 pixel layer 7 20:_ """ E
- ] o 04
0251 - \ - C
C ] - 0.3
C 1 20
02— 7 = C 0.2
L 1 A 01l Ambiguity for central 8-hit
015 =1 L tracks:
E\I\.HM...JH..l.H.l,.HE —607 0 | Charge ID for long 8-hit track:
10 20 30 40 50 * Unknown direction
b MeVie Minimum p; acceptance ~  Service areas Ends of * Use fibre time information
= 12MeV/c (Limited by outer b/w stations  recurl and pathlength between fibre
layerradius) stations hits
Track/Vertex Efficiency After Track Reconstruction and Vertex Fit Step for PhasSe s
Space Distributed Signal Muons Events
(Mu3e work in progress) Rec. Nocuts  Cutsapplied
Phase space €all tracks (4, 6, 8 hits) €3 long tracks (6, 8 hits) 6h(CS) € 1 078
events in acceptance 0.412(1) 0.265(1) p 079 090
relative to events in acceptance 0.643(3) ep 079 071
events after track reconstruction 0.368(1) 0.185(1) 6h(RS) A 1 098
relative to events in acceptance 0.892(5) 0.698(5) € 099 099
events with reconstructed vertex 0.374(1) 0.188(1) Pt ’
relative to events in acceptance 0.907(5) 0.708(5) ep 09 097
relative to events after track reconstruction 0.998(8) 0.998(8) €= 8h(CS) ¢ 1 0.88
events with reconstructed vertex after cuts 0.290(1) 0.163(1) 056 089
relative to events with reconstructed vertex before cuts  0.776(4) 0.866(7) P ’ ’
relative to events in acceptance 0.704(4) 0.614(4) ep 056 078
relative to events after reconstruction 0.789(4) 0.879(7)

Timing and Charge ID

Mu3e work in progress
All long 8-hit tracks

Reconstructed track pathlength [mm]
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Expanded Studies to Understand Increased Mis-Alignments of the Mu3e

Pixel Detector

Track Based Alignment of the Mu3e Pixel Detector Studies
Short tracks with 4-hits

Many misalignment modes can be applied for all C (Mu3e work in progress)

m :
~ -
individual sensors or composite parts level > b | Misaligned | I .}4.{.:{-%'{"{'
Using Millipede-1I alignment algorithm to align detector g - |— Aligned : : ol
»  Study the performance of nominal tracks with misaligned —  5F|— Nominal _!_%M'{"
and aligned and compare it with nominal detector ol 45 ' : : £
0: 1 1 I I 1 1 1 1 I 1 1 1 I 1 1 1 I 1 1
0 10 20 30 40 [MSQI /el
ev/C . .
Prnc Long tracks with 6/8-hits
Results of the vertex reconstruction of signal events with three recurlers i) (Mu3e work in progress) j
required; for a nominal, a misaligned and an aligned detector. The mean > 1.2= Misaligned | +rl-
stems from a fit of the sum of two Gaussians and the quoted width is the v — Aligned : : {.
— Nominal : ; , \
o : b

parameter | nominal misaligned aligned

_— j=—0.004£0.002 | y=3.00%0.00 j=—0.003 = 0.002
e r 2021240002 | 0=6724£0009 | ¢ =0.212+0.002

i =0004£0002 | j=—0261%008 | = 0.005£ 0002

Yo=Y | g 2021440002 |0 =0502008 | o= 021740002

[p=-00%0000 [ p=0000Z000 | = -000000]
e e | e~ 011540000 | 0 =07604000 | ¢ = 011540001

[0}
R O
b B o 0
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Step (Perfect & Imperfect Tracks)

Performance & Goal Perfect tracks with 6-pixel hits Imperfect tracks with 5-pixel hits Imperfect tracks with 5-pixel hits
In the CS or RS of the detector In the CS or RS of the detector(100% In the CS or RS of the detector(100%
«  Study tracking performance with imperfect with 0% inefficiency inefficiency in 1-pixel layer) inefficiency in 2-pixel layer)
detector for signal muon decays L T3 WOk i praghess) [T Sl i decays :
. = ewrkln‘brogess) gnal Y “9 F T T T T DT LT T T T 10T 71T Signal [ decays ‘ _ I
Artificially introduce 100% inefficiencies 5 e Recomsmeted long ks | 5 :K use workin progress)” | ISR cedong wks | g work in progress)| e ong racs
. . . y - all tracks = - D 14000 N i T
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__________________________________________________________________ E T oo —
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dead sensor in a missing Iayer .................... .................... ................ ........ ..... E E 8000 ]
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e | Momentum Distribution before and after applying cuts for Lo LMRISFAI{NI (N0} il 4 ) (¢S]

Different Categories of Tracks High Energy Particle
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: Perfect tracks with 6-pixel hits Imperfect tracks with 5-pixel hits Imperfect tracks with 5-pixel hits
Selection cuts for long
. . . In the CS or RS of the detector In the CS or RS of the detector(100% In the CS or RS of the detector(100%
tracks with 6-pixel hits in with 0% inefficiency in 1-pixel layer inefficiency in 1-pixel layer) inefficiency in 2-pixel layer)
perfect detector: y P y . B 4 / P /
. T bk T | [[Signal [ decays ] CT T T T [T T T T [ T T T T [Sienal ILd T g A T T [Signal |t decays ]
g 18000 _iM“3 € W rl}E:m pro, E.f’ ess) | Reconstructed long tracks | ] E - (Mu3e lW(l),}:’k in progress) R]egi:)ansiu :t(:iylsong ks ] %30000 -(Mu.?e w Ji"ﬁl in progress) Reconstructed long tracks |
g C .'E:i'. no cuts cuts ] g’ 35000 - :‘ . no cuts cuts ] L‘E i e | nocuts cuts ]
16000 I i - - P : L ; ]
20 (mm) <50 = C fi =-+all tracks —all tracks | 7 K C ---alltracks —all tracks | 2000k _ “vall tracks = all tracks B
}L[]l(rad) -6hits | > 0.1 14000: Eé ==~ true tracks — true tracks { 300001 ] -E. . [rtrue tracks — true tracks | r : |7 true tracks = true tracks | -
XZ - 6hits 30 C - ---fake tracks — fake tracks| ] N * 1 |- fake tracks — fake tracks| ] L : |- fake tracks — fake tracks| ]
L2000/ S 25000 e : -] 20000 R ' B -
B o ---others ~ — others ] C : i 7| others  —others ] r others others ]
10000 — : - - e . C \ 1
: i : zoooo:— - s - 1 15000 ;
8000 R 5 r P | ' ] i ]
- B | 1 150001 . C I
Selection cuts for long 6000 - — ' - r . 10000 -
tracks with 5-pixel hits in - 1 10000 -+ —: i ]
. : | E— R i C : : ] L ]
imperfect detector: - ] : - ! ] 00" ]
w0 [ A | 1™ €] E r ]
ZD (mm) < 50 : L ’:I-- I‘. i | | .II..I.. | - | L | - : : H =had ! |- | L T | Ll 11 ] ‘ik - - — S | S— J
A01(rad) : 5hits | >0.1 R T— 0 50 00 150 200 Soo 50 00 150 200 -100 00 180 [Me\%m
= p [MeV] p [MeV] P
X~ : Shits 20
Reconstruction Nocuts  Cuts applied Reconstruction Nocuts  Cuts applied Reconstruction Nocuts  Cutsapplied
Long 6-hit tracks e 1 0.898 Long 5-hittracks € 1 0.743 Long 5-hittracks € 1 0.79
p 085 0907 p 0350 0.848 p 0483 0.85
€p 088 0.814 e-p 0350 0.631 ep 0483 0.676
TABLE 14: Efficiency ¢, purity p and e - p before and after applying cuts - TapLE 14: Efficiency ¢, purity p and € - p before and after applying cuts  TaBLE 14: Efficiency ¢, purity p and € - p before and after applying cuts
for signal muon decays. for signal muon decays. for signal muon decays.
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Track reconstruction efficiency
e © = o & 2
w IS n N 9 )

e
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: Summary Plot for How Many Iperfect Correctly Reconstructed
| Tracks Could Recover in the Case of a Missing Layer at a Different
|

Level of Inefficiency
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A —— Long tracks-6hits CS Long tracks-6hits RS
Long tracks-8hits —— Long tracks-5hits RS
——Long tracks-5hitsG® ~ —— Long tracks-7hits

(Mu3e work in progress)
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0 205
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= 02
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(Mu3e work in progress)
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Extended Studies on the Noise in the Mu3e

High Energy Particle
Physics Group

Pixel Detector

*  What is the effect on efficiency and purity for the performance of the track
reconstruction as the noise rate per pixel goes from 0 to highest rates in 20Hz as
height noise rate per pixel (MuPix8)?

Purity is relatively stable until a noise rate of approximately 40Hz, which is much
larger that the highest noise rate seen for the MuPix8 prototypes of 20 Hz

Summary plot for different detector noise rates per pixel go from 0 to 20 Hz vs. tracking efficiency and purity of track candidates:

0.95

09

0.9
08

‘Mu3e work in progress
(Mu3e work in progress) ( progress)

0.7 Long tracks
All tracks 0.85
0.6 ——efficiency
——efficiency
05 : 08 ~——purity
——purty
04 - . ——efficiency purity
' ——efficiency purity
0.75
0.3
0.2 07
0.1
0 0.65
0 20 40 60 80 100 120 0 20 40 60 80 100 120

IOP | Institute of Physics

Noise rate per pixel [Hz]

highest noise rate
per pixel for
MuPix8 prototype

Noise rate per pixel [Hz]

highest noise rate
per pixel for

MuPix8 prototype 12




Signal Efficiency After Reconstruction and Vertex Fit Step for Phase Spac IOP | Institute of Physics

Distributed Events for Perfect and Noise Mu3e Detector High Energy Particle
Physics Group

Track/Vertex Efficiency After Track Reconstruction and Vertex Fit
Step for Phase Space Distributed Signal Muons Events in perfect or

Vertex fit step Noise detector (Mu3e work in progress )
Signal efficiency after reconstruction and
vertex fit step for phase space distributed Phase space Call tracks (46, B hity) €3 long tracks (6,8 hits)
events for perfect and noise detector events in acceptance 0.412(1) 0.265(1)
(injecting 20 Hz as hlghest noise rate per relative to events in acceptance 0643(3)
pixel) Perfect detector with o Hz noise rate per pixel
events after track reconstruction 0.368(1) 0.185(1)
relative to events in acceptance 0.892(5) 0.698(5)
events with reconstructed vertex 0.374(1) 0.188(1)
relative to events in acceptance 0.907(5) 0.708(5)
relative to events after track reconstruction 0.998(8) 0.998(8)
. . . . events with reconstructed vertex after cuts 0.290(1) 0.163(1) <
Default selection cuts appl I?d to disti ngl'“Sh relative to events with reconstructed vertex before cuts  0.776(4) 0.866(7)
pu*— e* et e-and suppress different relative to events in acceptance 0.704(4) 0.614(4)
background categories relative to events after reconstruction 0.789(4) 0.879(7)
‘Noise detector with 20 Hz noise rate per pixel
“events after track reconstruction 0.367(7) 0.179(4)
Variable Value Cut Comment relative to events in acceptance 0.910(2) 0.684(2)
xzvertex <30 3 degrees of freedom events with reconstructed vertex 0.354(6) 0.173(4)
‘ﬁm‘ — ‘E ﬁ!‘ <8 Mev/c relative to events in acceptance 0.878(2) 0.658(2)
distance: 3 to target Jmm relative to events after track reconstruction 0.964(2) 0.962(3)
events with reconstructed vertex after cuts 0.274(5) 0.148(4) <
Mee 103.5 Mev < m < 115 Mev relative to events with reconstructed vertex before cuts  0.735(1) 0.812(2)
crossed traCkng 1ayers >4 4,6,8 hits tracks relative to events in acceptance 0.680(1) 0.563(1)
xztiming <Hns relative to events after track reconstruction 0.747(1) 0.823(2)
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What is the Single-Event Sensitivity (SES) with Noise Mu3e Detector in Vertex Fit IOP | Institute of PhYSICS

Step and How is Vary from Perfect Detector ? High _Energy Particle
Physics Group

Single event sensitivity (SES) and the corresponding 90% and 95% C.L. upper limits versus data taking days for the phase | Mu3e detector

Long tracks in perfect (PD) and noise All tracks in perfect (PD) and noise detector
detector (ND) after applying vertex cuts (ND) after applying vertex cuts
107" 10
o LA L L B R W 100 11 L L
+, — Long tracks PD Long tracks ND +, = All tracks PD All tracks ND
+ B + B
L — 5} .
T - — 90% CL — 90% CL T - — 90% CL — 90% CL
+ 10—11 S S P— + 10—11 T ——— : :
= - 95% CL — 95% CL = - 95% CL — 95% CL
I —— SES SES I —— SES SES
T me] Tee— T— heesensssneen T R e—
- SINDRUM 1988

 SINDRUM 1988

Branching fraction limit
Branching fraction limit

T TTTTTI
L LI
(R —
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Test-beam @ PSI

Institute of Physics

High Energy Particle
Physics Group

Test-beam Data Acquisition System and Characterisation

1IO0P
of HV-MAPS
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Setup of MuPix Telescope

@7~ A 7 "

128 columns I

MuPix8 sensor?

+  3-layers of MuPix8 sensors with DUT layer *  First large prototype in

* Layer 1 is DUT layer Lthiblal At MUPiX group
«  2-classical trigger scintillators B misti | suorieoin g . ;};eglf) ha\;e a size of
* All PCBs were connected to a HV power @ 8 Hm

* Pixels are arrayed in

supply, and set to - 60 V for all MuPix8 . .
128 x 200pixel matrix

t .
e * Fast charge collection
(O(1ns))
* Integrated readout electronics
digital periphery ¢ Thickness: 100 wm
“BISS Blocks & pads
L3 L2 Ll L0 10.8 mm
(DUT) | |
Efficiency Analysis Efficiency and Noise Rate per Pixel for =
« Efficiency of run 1429 with threshold 545 mV Different DAQ Runs
1 i = 1 -
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sSummary:

« Acceptance and efficiency of the detector have studied with

checking sources of fake tracks by looking at timing information

*  The performance of imperfect tracks due to by noise or missing hits have

studied with optimising selection cuts

« Test-Beam data acquisition system for characterization of High Voltage

Monolithic Active Pixel Sensors has analyzed
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Thank you for listening!
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What is the Single-Event Sensitivity (SES) with Nosy

Detector in Vertex Fit Step and How is Vary from

IOP | Institute of Physics

High Energy Particle
Physics Group

Single event sensitivity (SES) and the corresponding 90% and 95% C.L. upper limits versus data taking days for the phase | Mu3e detector
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Fake Long Tracks (Mis-Reconstruction Identification) by Time Information

3 3 3
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| - L _ = r -
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k5 ' 5 | = . - performance of tracks:
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I [ = . & 08—
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g - £ gt i Lt g [ many loops in the central
Z a. R Z L. ol » detector), the intersection z0
g oa SEWC Bl i w 5 04 of the track with the target
g ¥ « Check sources of fake tracks by looking at timing information, » region (vertices), and
= O 2 of the track fit, the dip angle 201 and the intersection z0 with reconstructed curvature (a
0.2__ ..- ¥ the target region 11 ‘ 1 1 I L1l ‘ 11 L | | . | L1 I L1l ‘ L I L1l ‘ L1l 0 tra.Ck Of an eIeCtrOI:] that IS f
ST AT TR N 4 =3 =2 4 0 1 2 3 4 5 mistaken for a positron).
5 4 3 =2 4 _ o tl - fb, [ns]
* The performance of imperfect tracks due to by nosy or missing
o hits have studied with optimising pre-selection and selection cuts T T Rec. Nocuts  Cuts applied
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A way of splitting the long tracks with 5 hits in CS or RS of the

detector

"] u3e work in progress p3e work in progress ZIE N L CL 21 BN B A

~ T LI T
m [ !
= C Reconstructed long-5h tracks " Reconstructed long-5h tracks 7
[5) C
- e All tracks
[5 18000 - + € /_:
. e True tracks
16000 — _|_ p i
E = Fake tracks 0.8 —
14000 — - —+—cr _
12000 — = L i
= E (7 { — ]
10000 - - ]
0ase— = 04— -l
6000[— i e
| 4000 — s : - — 02— -
J C _ o 4
2000— ,7\“ 5 - ; : : - L i
- r'_'-‘l-‘-—j (I I I Im . 0 I |
b 400 200 0 200 400 600 0 500 ' 600
+ zg [mm] cut on |zl [mm)]

» Z5: 5th silicon hit in outer layers either in CS or RS, it is a good cut to to split long
tracks with 6 hits recurl back into CS or RS

« Z5 <200 mm: tracks can recurl back into CS

e 75>200 mm: tracks can extrapolate into RS “that is because outer silicon detector is
started from roughly 200 mm”

« This is an example if there is a missing layer (layer2)




TR A

B Ilustration of the curvature of electrons and positrons in a magnetic field in the
right-handed coordinate system of Mu3e. x indicates the curvature of a track.
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Signal Event Sensitivity:

The sensitivity is estimated by the means of simulation, the selection efficiency is used to
estimate the sensitivity of the Mu3e experiment. After applying selection cuts, it is
assumed that all types of background will be suppressed. The signal-event sensitivity
(SES) is defined as:

1

<
SES(pt — eee) < N,

where e is the signal selection efficiency, this efficiency is calculated as defined
previously in the equation. Also, Np is the number of muon decays on the target region
in which for 300 days of data taking or the number of muon decays on the target region
with the nominal Phase-I luminosity, this number is taken as Nu=1x10715. In the
absence of signal which means zero events and because the number of signal decays
follows a Poisson distribution, then an upper limit on thep—eee branching fraction of a
rare decay can be derived:

here 1—Pis the required confidence level.

—Inp
(1-B)CL np xSES eN,
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Recurl station

Outer pixel
layers
N G S S AN NN R R
Inner pixel layers Scintilating tile
- - layer
0 Target B Field -
. 4
T, RRERS
AR | AN -
Central station Recurl station
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What the Misalignment and Alignment Tool do:

» The misalignment tool MU3SEMISAL has been created, there are many misalignment

modes for the pixel detector

Relative misalignment  0o¢s, 4,y Orot,x,y Oott,z Orot,z
in pm in mrad in pm in mrad
sensors vs. ladders 50(100) 5(10) 5(100) 5(10)

) ladders vs. modules 150(300)  1(2) 150(300)  1(2)
modules vs. layers 150(300)  1(2) 150(300)  1(2)
layers vs. layer pairs 25(50) 0.2(0.2) 50(50) 0.2(0.2)
layer pairs globally 150(300)  1(2) 250(300)  1(2)

Such a scenario is obtained by estimating the expected error on each entity and modifying the nominal
(simulated) geometry by random Gaussian distributed values which reflect these error estimates. In

parentheses, the worse case is given.

25




yoro SJOSUdS QT JO L]
JO 1STSUOD saappe]

yoea safnpouw J J0 9

JO 31Sstsuod
oBd sJappe o
saake] Ja3no 4 PPET ¥ J

[ 1STSUOD SaTNpou —

—.._|

-~

|

j

Pixel Sensors

Ladders

w
(]
—
= -
8 g B B a -
e | »w = -
5 ol &
£ )| & o ,
= N
T H| —
y I 3 D 2
x N r — = m
m.lL s o] M W ™4 b
S 5 XY 5 (O]
3| T (7]
i 8 n 75 =
o AN — (¥l e
— b w2
— o8}
5 = A i 3
e -l
yoeo sTTays—JIeY E o m
2 JO 1SISuod yoro s.aappe]
SJI9ART JauUT C J0 § JO }STSUOD yoes s.Josuss g jo
STToUS—JTRY 1STSUOD SJappe]|

N

@

26




