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* Introduction
... What1s MEG 11 ?
... Positron timing counter (pTC)

... 3D alignment
* Methods & Results

* Summary & Prospects



Upgrade of MEG experiment

* The search for uy* — e" +vy
1" : most intense beam at PSI
v :detected by LXe
¢ : detected by pTC & CDCH

* expected sensitivity: 6 X 10-14

(higher than ever before searches)

“The design of the MEG II experiment”,
Eur. Phys. J. C (2018) 78:38

Liquid xenon photon detector
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Radiative decay counter (CDCH)
(RDQO)



* u" — e" + vy 1s arare muon decay which is a v
charged lepton flavor violation process
prohibited in the Standard Model. +

52.8 MeV
i

105.6 MeV

B(ut - et +y) ~ 107 ~
prohibited (unobservable) B e R ot £9 8 MeV
MR , <
/
! |
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e ” K € B(ut - et +y) ~10712- 10714

permitted (observable)

* Assuming supersymmetric particles, the decay
can be observable.




Positron timing counter (pTC)
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* a highly segmented (256 tiles X 2) scintillation counter, consists of
two semi-cylindrical super-modules mirror symmetric to each other

* expected time resolution 1s 38 ps
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* 120mm X 40mm (50mm) X 5Smm plastic scintillator (BC422)

* Read by 6 S1PMs on each PCB attached to both side of the scintillator

* Two types (40mm, S50mm) for positrons moving spirally with various radii.




* Real value of 3D positions and direction
are critical to

- detection efficiency
- Time-of-Flight among hit pixels
for positrons bent by COBRA magnet.




alignment - Goa

* Random uncertainty added up every pixel hit and a systematically bias

_ 1
csalignment — Orandom N f_Nh N Nhit T Obias < 17 ps (Goal)
it

( Nhit = number of hitted pixels ~ 9 )

Orandom < (5xrandom + 60mm X sin 60random)/c

Opias < (5xbias + 60mm X sin 59bias )/C

( devided by c for positrons moving at light speed)

Propagation of 17 ps error makes pTC time resolution 38ps — 42ps
added in 4 ps ~10%.
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3D Scan - Scanner

3D Scanner (FARO Edge ScanArm HD)

Picture Scan Data

* Accuracy T 25um
- Scan rate : 560,000 points/sec
- Cited from https://www.faro.com/resource/faro-edge-scanarm-hd/
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-  Scan data are available as an array of (x,y,z) points

e * Data is lacking because the light of 3D scanner could not reach

«Only outer 48 counters in upstream are used in this talk
Their lack of data are less than others.
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* Each counter position and direction can be described by 6 parameters.
- center position (X,y,z)
- rotation angle about each axis (0x,0y,0z)

are adopted here. ,
Data Model function

/

* Find a set of 6 parameters which minimize

sum of distance between data points and

....................

model function.




nalysis

16 counters on each backplane

* The coordinate system of scan data 1s
different from that of CAD.

* Only relative values can be compared.

* Each 16 counters on the same backplane A/
are designed to line up at regular AT
intervals and 1n the same direction.

| = f

32 backplanes

EES I~ 4 2 B =E £ S > - > DR T S A




* d., [mm] : 15 X 3 intervals of center position b/w neighborhood

* Arccos(neny) [degree] : 15 X 3 angles formed by normal vectors
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Fitting Results
(3D scan + Fit)

* Fitting error
* 3D scan error
 Deviation from design value

misalignment

CAD data
(Design value)




Mean ~ 0.1lmm
Standard deviation ~ 1.1mm

Intervals [mm)] (Fitting) dcv - dcvCAD
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Angles b/w n&n0 [Degree] (Fitting)
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1ISCUSS1I01N

Assuming random error = std dev & alignment bias = mean value
* 0Xrandom = 1.1 mm, 60 3ndom= 0-5°— Orandom =< (1.1 + 60Xsin 0.5°)/c = 5.4 ps
* 0Xpias = 0.1 mm, §0pjas = 0.7°> Opjas < (0.1 + 60X%sin 0.7°)/c = 2.7 ps

the maximum deviation b/w alignment and real position 1s T
Oalignment = Orandom X 3 + Opjas = 19 ps

Propagation of 19 ps error makes time resolution of pTC
38ps D 19ps ~42.5ps .
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_ummary

* pTC, a highly segmented detector with complicated 3D structure,
should be confirmed with each pixel position and direction.

* Preliminary alignment method with 3D scan data showed the error 1s

at most 19 ps which influences the pTC time resolution 38ps by 4.5ps
~ 12%.

* The upper limit 19 ps 1s slightly over the alignment goal 17 ps, but
deterioration of time resolution 1s ~12%, that is good enough.




* Invisible biases of absolute positions & directions, will be eliminated by
matching coordinate systems of 3D scan data & design value with
reference points from laser tracker.

* An efficient alignment method for inner pixels 1s developed.

* To complete alignment for all 512 pixels.
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 To find 1nitial values, data points are manually moved and rotated data

before fitting. (they will be replaced by design values)
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At least, 3 planes are needed

counter_400_after_PreTrans counter_400_after_Fit
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* ATop plane (5mm*120mm) & a small side plane (5Smm*40mm)

* The most depressed points from a large side plane (40mm™*120mm)

counter_400_after_PreTrans

u[mm]

Pre-trans ]

2_10'20'30'40-50—60—70-80.90100 9 80 70 60 50 40 30 20 10 [
y

Gireen | = Data used for fit | Magenta

counter_400_after_Fit

= Model function (3 planes of rectangular)
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Angle b/w normal vectors BPO from fitting
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Angle b/w normal vectors BP1 from fitting
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Angle b/w normal vectors BP0 from CAD

Angle b/w normal vectors BP1 from CAD
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Backplane Holes Scan Data

» Hole scan mode of 3D scanner was used
» These are used for intervals b/w counters
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Fitting Results
(3D scan + Fit)

* Fitting error « Fitting error o
» Deviation b/w counter & hole e 3D scan error [~ Misalignment

 Deviation from design value

Hole scan data CAD data
(3D scan) (Design value)

3D scan error
 Deviation from design value of hole




dcv - devHole
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dcv - dcvHole
htemp
3— Entries 45
C Mean 0.1064
- StdDev  1.075
2.5
: d ~1.0
C Sdgimore~ 1.075 mm
2f
1.5—
1=
0.5
o | OO O O T OO O YN PO OOPI I | POO P {
O = D) = 0 1 2 3 4
dev - devHole
Intervals from Holes [mm]
— i3
24: Entries 45
22— Mean 55
= Std Dev_ 0.1053
20—
18
16—
14—
12—
10
8
61—
4=
2
ST AT I AT AT I 1| U I IS AR
% 51 52 53 54 55 56 58 59 60

Intervals [mm] (Fitting)

i1
4 Entries 45
= H Mean 55.11
F | Std Dev 1.069
35—
3
2.5—
2
1.5
i
0.5—
SN P IO 10| 1] PP 1 P P B B
50 51 52 53 54 55 56 57 58 59 60
dcvHole - devCAD
htemp
20— B Entries 45
e Mean —0.02962
18— Std Dev 0.1162
16—
2 d ~10.1102 mm
14— SUHole-CAD .
12—
10—
8
61—
4=
2
c:lllllllllllllllllll|IIII|IIII|lIlIlIIlIIIlII|IlII
-5 — -3 -2 -1 0 1 2 3 5

dcvHole - devCAD

dcv - devCAD
htemp
3— Entries 45
r Mean 0.07683
- s 1.077
2E sd ~1.077 mm
C fit-CAD ’
2f
1.5—
1=
0.5
0_|||J|J|||J|1|||\|J||J|||J\|||\|||J||\|||
-3 -2 -1 0 1 2 3 4
dev - devCAD
Intervals from CAD [mm]
i2
35— - Entries 45
E Mean 55.03
30:_ Std Dev__0.07722
25—
20—
15—
10
5
:|||||\|||||\|||||\|||||\\ sl b b b a g
%0 51 52 53 54 55 56 57 58 59 60




Distances b/w top side of counters on each end are

sharply (sd ~ 0.46mm) distributed but biased from CAD.

Edge intervals [mm)] (Fitting)
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counters on each end of semi-cylinder )

The bias (~2mm) contains
* Misalignment

 Deviation from design value
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