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° Charged I—epton Flavor Vi0|ation (CI—FV) History of CLFV experiments with muons

» Good prove for new physics - A M DY MY M
« Standard Model : Br < 10-°° d g2 muNoeN
« New physics : Br ~ 10-12 - 10-14 T A S S N— o.n3e
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» The most stringent limit, 4.2 x 1013 (90% C.L.) . 0.
was glvel’] by EG expeﬂment 1940 1950 1960 1970 1980 1990 2000 2010 2020

The design of the MEG Il experiment, Year
Eur. Phys. J. C (2018) 78: 380.
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MEG |l Experiment

y detector
Liquid xenon photon detector U pg a d e d fro m I\/l EG

/ (LXe) ]
« u* beam stopping rate
3x107 /s — 7x107 /s
* Improved efficiency and
resolution of each detector
* |Installed a new detector for BG

I detection
Pixelated timing counter

\ (pTC)
Muon stopping target

Cylindrical drift chamber

Radiative decay counter Lo Expected sensitivity :
Hh.3x 1013 5 6x1014

COBRA

superciducting mag

BG detector
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Signal & BG in MEG ||

u=>ey signal Dominant Background

~ Michel decay / /

Q E.=E, = 52.8 [MeV]  Michel e*
back to back ; n
o 9.

Q time coincidence @ Accidental y

Sources of Accidental y
Radiative Muon Decay(RMD) Annihilation In Flight(AIF)
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Radiative Decay Counter (RDC)

Detected with LXe

RMD
T @
\ / Detected with RDC \ : /@

~@

MD RDC
| | T~ e* from RMD |
Muon beam . . Accidental e* from l\/lilchel
|  Drift chamber - .~ I
~ am Newly installed in MEG |l
“Timing counter |[dentity RMD events by detecting low energy

et deriving from RMD
- time coincidence with y detected by LXe
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Timing difference of

RDC e+ and LXe y RDC e* Energy
o 1IF 1;' T T roror T T 'E
g 10_,; RMD e+ 1
g N Michel e+ 3
“E 1072 = +++++ﬂpmt . i E
LYSO : R.I\/I D+AIF ? = ;
i signal 10k " i i
L = " fit E
0 B E iﬁh(ﬂjrjr JH P[ H ]
E 10_42 ITI T “| ‘ E
107 ] 10_5; 1 ;
Tm)c' Ty(s) . _| L Ll L | L L | ]

o 10 10 20 30 40 50

e Timing measurement (MeV)

12 plastic scintillators (PS)
« 2, 3 MPPCs on each side in series connection

 Energy measurement

e /6 LYSO crystals
« 1 MPPC on the back of one crystal




Commissioning Run in 2017

 Purpose
« The first operation test with LXe
« Confirm the performance

 u beam configuration

« Rate ~5.6x107 1 * stops/s
| x 0.57
3.2x107 u* stops/s

(adjusted beam slits because LYSO current exceeded its limit)

« MPPCs on LYSO were operated at lower
voltage than 2016 because of current limit

A mockup was installed instead of CDCH

» £, threshold ~ 43MeV
= 48 MeV (after event selection)

JPSAutumn(16aS41-5) 6




Waveform Analysis
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e Hits were reconstructed requiring hits in PS

« Energy was calculated by integrating waveforms of all crystals based on PS hit timings
& can sum up hits with small energy deposits which are not found by peak search

e Integration range were adjusted to avoid pileups
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RDC and LXe Timing Coincidence
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TRDC - TLXe
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X the nearest timing hit of RDC
to the LXe time was selected

%10~

(s)

A clear peak corresponding to RMD events was observed
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LYSO Energy Calibration

Energy Spectrum of LYSO self-radiation Example of Fitting
3.6x10"% Z; I 88+202+307 140;_' I ﬁ':l:ll:‘{so;}::;—
7 U 0-9% T 120:_ ......... . ........... smnev;_....o,zzss_E

05Ny | qotkev 0~4%88+202 /{ A BT R L T

v 80_—" .................. , ........ —

V| 307kev Hw \ 605— ................ il “‘ ............. ......... _é
Y '202keV 88 / l88+307 \ 40:_ ............... ........ E

A
Y v 88keV 0.1 i ‘l l \ 20:_ .., ................. ......... _:

“Hf 0 500 1000 1500 05 1 15

E (keV) charge
Saint-Gobain, PreLudeTM 420 data sheet

« 176y in LYSO decays emitting y and 8

 LYSO was calibrated using the 597 keV peak in self-radiation spectrum
Fit function : y peaks + B decay spectrum
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Reconstructed Energy

TRDC - TLXe
N T T T | T T T I
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A separation b/w RMD and Michel events can be seen in the energy distribution (~8 MeV)

Energy cut reduces background to 1/5, but the RMD events to 9/10
- Energy can be used for RMD identification

The decrease of RMD events is supposed t%@&!?nqs&i@fagré}s higher "
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MPPC : S12572-025P
pitch size =25 um
Npixer = 14400
Vover ~1.5-2.0V

« The amount of high energy events of data is
less than MC
- saturation of MPPC

* N e N ixel
ifpan eneprgy deposit of 1 MPPC is about 12MeV

« Low energy events including most RMD events,
are not affected
- not crucial
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RDC

e* from RMD
|— R il |

Muon beam Accidental e™ from Michel
| Drift chamber - .- 7 |

Timing counter

L Xe Event Display CDCH mockup

Generated u beam
Total 2.4 x10° events
Trigger : LXe hits

(limited readout channels due to electronics)

)

CDCH mockup

Materials around RDC affect RDC BG hit rate

éimplemented CDCH mOCkUp (may not be perfect)

JPSAutumn(16aS41-5)
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Trigger Simulation

fraction
0060~ | 1 e+ Inthe beam time, a trigger was
0_05; ....................................................... ........................ HET“ggerthreSh_md generated by h|gh energy depo Sits
ol inlXe
: HM EL  data Threshold : E, ~ 43 MeV
0.03:— ....................................................... ........... o] l ................. ................... N _:
0_02;_ _______________________________________________________ Fﬁ ________________________ i&ﬁ ________ _______________________________________________________ _; . ngher energy events were
] ;ﬁ ............................ L j M ................................................. 4 selected to be consistent with MC
bl Y. . . interms of energy distribution
1500 2000 2500

cnergy ) Threshold : E, ~ 48 MeV

XMC energy was scaled so that the
trigger rate became the same as data
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Results of MC Simulation

| Xe Ener of Triggered Events RDC h|t t|me of RI\/ID events
24 %y : gg. - JETL L wu T Troc — Tixe (data)
2E .................... .DE st t2vean] oo T
20; : 5 | s pey........ i.ugs: 6: """""""""""""""""""""" Std Dev...... 4.223 _‘“9‘: -
185 - = 2000¢
- : 5_ ................................................................ — -
: 93 % ] o
s & [ e e - 1000
A I I C il
S . Inthetime : ot
- J difference peak J (s)
el R :
s S R | P O | I I I ¥ T s
[If;ev] 0——0 20 0 20 0 Sx)

the number of events

- L Xe Trlgger RDC hit RMD event fraction 00 % ° RMD hit probablllty to RDC :50%

0 (73%) 15 (RMD event) / (RMD + AIF event) (RMD hit to RDC) / (RMD event)
” « RDC hit in time window : 93% * hit probability to RDC 1 14%
AlF 47 (27%) — 1 (in the timing peak) / (RMD hit to RDC) (hit to RDC) / (u beam event)

Total 137 —— 46 JPSAutumn(16aS41-5) 14



NRI\/ID_detected — 2478 =+ 196 eventS

N D_expegte . . . .

:Wev‘ents MD hit probability to RDC) * (RMD trigger fraction)
* (RDC hitin time window

= 9916 (events) * 0.50 * 0.66 * 0.9

= 3043 £ 391 events Troc — Tixe (data)
Detected RMD events were 80% of the expectation (1.3¢) |2 F [~ ¢ T

statistic error is too large 2000
LXe data (uniformity, resolution, energy scale) was difficult -
to understand due to limited read-out channels

1500}
- RMD_detected

(RDC BG Rate) = 5.75 £ 0.06MHz

(E Eected RDC BG Ra’[>e}k _ N
? eam stopping rate) * (hit probability to RDC)

1000F

— 32 MHz * 014 s00; BG Rate -
— 4.48 * 0.07MHz o e
RDC BG events exceeded the expectation ~0 20 0 20 9 (s)

CDCH mockup may not be simulated well
- can be checked in beam time 2018



« Commissioning run for RDC with LXe was performed.

« RMD events can be seen clearly in the plot of RDC and LXe
time difference.

 Energy was reconstructed properly and energy information
was effective for RMD identification.

« RMD detection efficiency was 80% of MC.
- need to understand LXe data.

e Check RDC BG rate with CDCH in beam time 2018.



US RDC

« RDC placed on the upstream side

- Is planned
\ l - further BG reduction
............................. 10% improvement of sensitivity
S RDC — bs roc | Severe requirements because it is
Ieef—- dgp &~ fOMRYD | placed on the path of u beam
nb ; ] + , . .
Mu: el — feamem o e Jow material to avoid effects on beam

"'I h e fast response and finely segmented

structure to distinguish beam and
RMD e+

e radiation hardness

Timing counter
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Energy Calibration Check

self-radiation

- self-radiation + Y-88 htemp C ]
25001 Entries 99983 250
B Mean 0.5338 r
B RMS 0.2152 200k
2000|— -
B 0.898 MeV htemp -
B Entries 99984 150
— Mean 0.608 C
1500|— RMS 0.3373 -
n 100F
1000[— 50}
: 1.836 MeV :
: 0_ 1 1 1
500 |— /
OD IDlEI 1 |0l4| 1 IOlSI 1 IOlBI 1 1 1 1 1l2| 1 |1l4| 1 |1l6| 1 |1.B 2

mppc.charge([1]

« Self-radiation: fit to 0.596 MeV peak with the fitting function
y peaks + B decay spectrum

e Y-88:fitto 1.836 MeV peak with Gaus
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self-radiation

Comparison

of Energy Scales

—T 2

10 L e e e Enmes ......... s I

B Mean | 0.04909 | |

StdDév  0.02083

8 L e e L e e e _

6 O S (ORI RS OSSNSO SRSPSRRRN 1

4 L e e e _
2 L e B
0— 0 0.05 01

JPSAutumn(16aS41-5)

-1 + (self-radiation)/ (Y-88)

« Scale factors calculated with self-radiation are tend to be larger than Y-88 (~5%)

* [nvestigation is ongoing
e systematic error in the fitting function?
* non-linearity?
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MPPC Saturation

Energy of 1 crystal

T g | | | T T T T —_|-

0.08
0.07]
0.06!
0.05|
0.04;
0.03]
0.02]
0.01]

0 - ; ;
0 10 20 30 40

(MeV)
« Saturation effects can be seen if energy is higher than

3MeV



XEC Trigger Simulation

height w vs trigger height , trigger vs qsum
gsum2 5000
- Entries 7
4500: Méanx 1. 1400
.................. - "
40001 gt y ahesw| 1200
3500 : Sy d (SIADERE, 2305
= . -, : T 5 1000
3000 " - '
25002_ ....................... 800
2000% ....................... Ve .|. _FE 600
- 15005_ ....................... s .; i i - 100
~. 1000 l..__._.fr_-:___ : E
. " R = e J. 200
Trigger threshold 500 A Ty e
| (:) &f‘-- -|--| 1 Blwl (ml oo 3

N

L1 1 : 1 L1 L L | L | | | L1 I ml w1 w1 w
) 10 20 30 20 20 100 110 120 130 140 150
conversion depth (cm) height

For RDC simulation, XEC trigger condition is necessary

In the real situation, DAQ was triggered by height of the sum of MPPC&PMT waveforms
In simulation, trigger using gsum?2 is desirable to make it easy

Qsum? has a correlation with the height of a trigger waveform.



XEC Trigger Simulation

e Triggered if one of 4 X4 boards in
the center has the max sum of the
number of photo-electrons among
the DAQ boards in the blue
rectangles
- "patch 17

x 4 x4 MPPCs were in the same
board




w = 3.2cm

data
10’
3000 >< T T L L L T | T T 1'12 T ]
.l- ﬁnlﬂes 7.
- Meanx
2500 fi=l oo
= Std Dev x ?24_
Std Devy 4.055e+05
2000 —
1500 - -
- - - - _|
- - -
1000 5 -SSP —
1 e
500 = e
L
—»
| 10 20 30 40 50

« Some energy values of MPPCs are in

300010
200§ z
180 = 2500 7]
160 - ]
140  2000F ]
120 - .
100 1500~ -
80 = ]
o 1000k :
40 S00) " et ]
20 n ]
0 B L L ot o n
0 10 20 30 40

MC

the small region, which are not
included in MC

< should be cut by “patchl”




RMD Timing (Offline Patch1)

MPPC qum?2 < beb MPPC qum?2 > beb
: TR T 2500

. [Entries 9508 ||
{ |Mean  —2.588e-10 [

200 ___________________________________ ________________________________ ___________________________________ Std Dev 22‘“‘""“ | 2000

250

froftotes hist ........... —
. [Entries 46142 ||
: |Mean  3.499%-10
© | StdDev  1.988¢08

{ all events

aIIevents | | | |
150 energy <-8. l\/l 1500 ................................ energy <8 [\/leﬂ

IIII<IIII

1000 [ ................................... ............ 1000

50 500

O e RO T e O I P 0 T 0 | | x10
—40 20 0 20 40 (S) —40 —20 0 20 40 (S)

« After offline selection, many Michel events are still included in the
events of MPPC gsum?2 < beb
< hardly included in MC trigger events
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* Pulse search found a pulse around PS pulse timing.

« Estimate charge by height using a factor calculated by a
template waveform
charge = height * HeightToCharge

Integration area



* Pulse search found a pulse around PS pulse timing.

« Sometimes adjust pulse is so close that pulse height is
enhanced.

« Estimate the amplitude of the adjust pulse at peak time of
the focused pulse using the template waveform.

« Subtract the effect from calculated height

Integration area



waveform distovtion
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waveform distortion
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E=N

red: 15um

(4.6V)

black: CT suppress
(3.1V)

yellow: 25um
(4.2V)

blue: 50um

(2.1V)
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0.02

* CT suppress model shows smaller waveform distortion than normal one.
- the four types of distribution are not on the same line?
—| cannot judge what MPPC is the best from this graph.
(maybe 15 or 25 is the best)
—another comparison method is needed?



