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Outline

* |Introduction

*H—ey
« MEG Il experiment

« 2021 y analysis
« E, scale calibration
» E, PDFs estimation for likelihood analysis

* Systematic uncertainties

 Conclusion
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Motivation of 4 — ey

cﬁﬁ}ﬁe Ger.!g!e-\ttion
« Charged Lepton FlavourViolation A : x =
(cLFV) -
el 12
» Never observed | 5
, gé -1/3
* Strongly suppressed in SM + v osc. 2
(B(u — ey) ~ 1077
-1
* Measurable branching ratio :22 12
predicted by new physics h*?i) .
(B(M - ej/) ~ 10_11 — 10_14) ol 2 electron neutrino  muon neutrino tau neutrino
» SUSY-seesaw, SUSY-GUT, etc. v osclllation
____________________________________________ M~I;2,_.-\<°:~Rﬁ
* u — ey:Good probe of cLFV 7 g o
« Current limit: 4.2 x 10713 (90% C.L.) by MEG i
« Target sensitivity of MEG I1: 6 x 10~ o R
H Y €
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1 — ey signal and backgrouna

» Key: Precise measurement of ¢™ & y to discriminate signal & BG

Signal Accidental BG Physics BG

®" e
+ r + f\/\/\; >> et
¢ 180° e ve

* Same energy of 52.8 MeV Signal-like accidental coincidence
* Back-to-back of et and y with ~52.8 MeV
* The same timing :

Ngy & R,-T-B(u—ey)-e iNg xR2-T-AE-AE,- A®?, - AT,

T

« R ustoppingrate .« ¢ i
u H STOPPINg €: Efficiency DC u* beam used at Paul Scherrer Institut

« T:Experiment time <« A:Resolution
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MEG Il apparatus

« u" stopped at target
« e% detected by COBRA+CDCH+pTC

 y detected by LXe
« BG-y tagged by RDC

L
=i
L

BNNnnEDEL
nunInEE
HHHET L

B

Liquid xenon photon detector
(LXe)

COBRA ge
superciducting magnet§ xEaiies

Presented by
T. Iwamoto
(18aRD 1 1-6)

Pixelated timing counter T EEEER R
(PTC) feiiiiiiiiiiicny

Cylindrical drift chamber
Radiative decay counter (CDCH)
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Coordinate systems

« u" stopped at target
« e% detected by COBRA+CDCH+pTC

 y detected by LXe
« BG-y tagged by RDC

SEiEEEEEETERIIEEOY,
R NR RN GEERITEI TSI M)

Liquid xenon photon detector
(LXe)

COBRA  FotiiNema,
superconducting ma Segiay
\ M}}"'&e:a*w

Pixelated timing counter
(pTC)

Muon stopping target u

Cylindrical drift chamber

Radiative decay counter (CDCH)

(RDC)
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Today's topics: 2021 y analysis finalisation

The first physics dataset collected for 1.5 months in 202 |

* Beam rate:2,3,4,5 % 107 ul/s o, [mm] 25

» (Calibration datasets also collected o, [ps] 61
+ 55MeV y from z¥ = yy

: og, [% 2.0/1.8
- 17.6 MeV y from "Li(p, y)®Be reaction A
0.67 x0.92

+ | Xe performance evaluated so far S Kobayashi (30T 1)

in JPS 2023 spring
» L, scale non-uniformity found | ]

— % B G
. . o 10 B e Ly /\::::::::““

 Today’s topics: y analysis finalisation ! N ! N

g 10'°é \Y E 10”% /
i / 0.045 0.05 \ 104(;4 0.045 005 0055

10 0. 045 0.05 .06
0.04 0.055 0.06
E, [GeV] E, [GeV]

« E, calibration update
* Non-uniformity of the energy scale is corrected based

« E, PDFs for likelihood analysis
on the energy peak of 55 MeV gamma ray.

° Systematic uncertainties  Alarge non]:unifgrmity for shallow gamma-ray energy
spectrum is found.

» We are checking the non-uniformity carefully.

Satoru Kobayashi JPS Sorina. Online. 23 March 2023 13
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Ey PDFs & uncertainties

« Likelihood function to estimate Nsig

e _(Nsig+Nacc+NRMD)

L(Ngigs Nyees Nrmp) = (external constraint terms) X N1 H (Nyig -
obs * dataset

S|+ Ny -JAGY + Newp - RO))

» Fiducial volume segmented by v, w to incorporate E, response difference

* Physics model-independent search for 4 — ey

* Polarisation = z(u) independent

* Signal PDF needs to be estimated
» Based on 55 MeVy
» Calibration

E, (MeV)

e Resolution evaluation

Sional PDF 0 2 4
° BG PDF by (ns)

BG PDF parametrised
: measured spectrum in £, sideband

JPS 2023 Annual Meeting




BG y further study

Previous study

Calibration
dataset

BG spectrum further studied and fit improved
= Trigger threshold not fully covers analysis

region in some segments
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Events / (0.30 MeV)

Cut as unused data sample E

due to too low energy

This work

55MeV y + 17.6 MeV y + BG 7

Analysis region: 48—522 MeV

10

T T T | T T T T | T T T T | T T D t H
: H H ata

Fit |

—— Smeared MC H

Cosmic [l

Cosrmc

A\ Fit succeeded 1
-th resho{d ........... ._ ............. Cores‘lgmall3+/‘010% ....... —
: Tail frac 0.98 +/- 0.34%

Tail 51;gma 11.54 +/ 2.29%

0.04

0.045 0.05 0.055 0.06

0.065  0.07
E, (GeV)



BG y further study

Previous study This work
Calibration
oot 55 MeV y 55MeVy+ 17.6 MeVy+BGy
BG Fit 4e7:w <2
~ 1 —— T T T T T T T - ~ TR SR T T B
> = — 40ecm <v<60cm H > l .
L ~ : i L —— 40 ecm <v <60 cm
E = — 20cm <v <40 cm M 2 """""""
g - H % 4444444444 —— 20ecm<v<40cm
é 10_1 = 0cm<v<-20cm = e 10_1 0 cm<v<20cm
E E E E -
= N . =
5] L - 5
z 2 é .........................................................................
g 107 E 102
N - .
E . S A
£ o L L o A N
g {03
S 10

107 =

Il T ' ' Il I Il Il I
0.06 0.04 0.045 0.05 0.055 0.06
E, [GeV] E, (GeV)

Normalised in [48 MeV, 58 MeV] Normalised in [50 MeV, 58 MeV]

Il I Il Il I Il
0.045 0.05 0.055

-4 |
104 04
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L, scale uniformity calibration

Previous study This work
Calibration
datacet 55 MeVy 55MeVy+17.6 MeVy +BGy
Uncertainty from 0.4% on average 0.2% on average

non-uniformity

Different non-uniformity trends observed
= Treat it as uncertainty

55 MeVy 7.6 MeV y BG y (<52.8 MeV)
o 103 — . o 1.03 e © 103 a—
-] [¢] 0.0 cm <w <42.0 cm . o o 0.0 cm <w<42.0 cm < [¢] 0.0 cm <w<42.0 cm
E ] g 3
1.02 ° 00cm<w<2.0cm : 1.02 ° 0.0cm<w<2.0cm : 1.02 ° 00cm<w<2.0cm el
u 2.0 cm <w <42.0 cm E u 20cm<w<42.0cm ] L] 20cm<w<42.0cm
1.01F . 1.01F . 1.01F 7 Z
B ] C —a— ] C ——
17 "@",:‘.:1 —. »—0—<+ ] 17 4._:—0—¢—1|—< ] 17 =S . — —— L
N — i N o i ] C T
L i L -] B
C ] C - ] C —— —+—
0.99 - ] 0.99 - - ] 0.99 - g
0.98f : 0.98 . 0.98
0.97 -50 0 50 0.97 -50 0 50 0.97 -50 0 50
v (cm) v (cm) v, (cm)

Calibrated by 55 MeV y
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L, scale uncertainty

Segment indices

« E scale uncertainty estimated to be 0.4% , w=? w2
/ vilo 2 a5,
OUUS:O000 TR 0000 UL A0 N NNV SO0 WL
* Uncertainty from L2l ad e L3 s T
. L8 120 122 19 120 123
* History: 55 MeV y peak vs BG y scale RSN AR
«  Uniformity: Errors of weighted average in every L N . L O 2
236038 A0 L339 s Al
segment 4 44 {46 || 43 1 45 | 47

u ] u ]

. 3 - .: 7133 W . eVy -

Uncertainty & 1020 s N — W '

g :' :‘V‘ Combined . 5

HiSJ[OI”y 0.3% = 1.015_ ....................................... l ...................... _ l} ........................ ]l ............ _:

- B! l .

Ohlitelanal’A O.27% on average 1T %“"*' *# l f * T +l | }*ﬁ '4 * + %_

K : A 1] } .

Linearity O. | % 0.99 ;_ R ........................... [UTUTTVRURY PP UURY TORTTRTRTURTIOY. JER .................. _:

0.98 :_ ............................ ............................ ..................... _:

Total 0.4% } .

_I L | | | : | o : | : Co, .

097% 10 20 30 10

segment idx
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Resolution estimation

@m 0.04 o 0.0 cm <w <42.0 cm
00.035 o 00cm<w<2.0cm
» Resolution in signal PDF consists 003+ z0em<w<izoom i
|. Resolution for 55 MeV ¥ 0025
. . . 0.02F 4 S -
2. Smearing by non-uniformity for u I I B
* Integrated out for u 0.015
* 0.1-0.7% smearing 0.005
o ~50 0 50
v (cm)
Integrated E, spectrum
R T e
uv map in 55 MeV y in 202 | uv map in signal MC 300; ﬁ%\ Men 0954 ]
/E\80:\H;HH_HWHHTHH!H /E\ —— 250: Std Dev 0.06359:
E 60f & - W( m ]
= a0 ~ 200f D(M kﬂ
207 150f
v
o oot 100F H %
40 _40§ . . -_ ¥ : : - 1> -.-_-:- = - 50 ﬁ-ﬂuﬁ_’vﬂnuﬂﬂﬂu"‘l
- ‘ o0, R S R il S oM,
_80—— |_210‘ L ‘_11()! - ‘6 L llb‘ L ‘210‘ - ‘ ‘_20‘ _10‘ ‘ ‘0‘ ‘ ‘10‘ ‘ ‘20 ‘ 0 8.8 09 1 11 1.2
u (cm) Peak energy / 55 MeV

u (cm)
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Conclusion

+ MEG |l searches for u — ey with target sensitivity of 6 x 1074
* Physics data taking started in 202 |

350_':"' FEELE FLE A SRR AL BLRLPR
, , 300?
« 2021 y analysis finalised ok
+ E, uniformity calibrated zoof
* Scale uncertainty: 0.4% 150F
» BG PDF parametrised with fitting o
* Signal PDF extracted based on 55 MeV y N L
* Aim at narrower band in 2022 analysis 0048 005 '0""5'2'0""5""“""%6y [0&5{,‘]

* U — ey search analysis reported in next talk
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Backup
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 Background y source: RMD & AlF e
« RMD/AIF = 65/35 for y with >48 MeV

* <65% of BG-y can be suppressed by RDC

* Depending on detection efficiency

Radiative Muon Decay

Background y

B RMD B AIF

MEG

MEG II 65%

Simulated E, spectra

102 E_L__' T T T T L
e TIme E
1 e ""_'_::... =
L0k Sum £y ]
"~ RMD o
T
-3 | | | |- j “‘ f

1076 48 50 52 54

E, (MeV)

Simulated >48 MeV photon yield
per muon decay

Annihilation In Flight

Reduction of AlF thajks to the
light drift-chamber igf MEG 1|

35% Less material in
et spectrometer

3.0 4.5 6.0
%106
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Installation of
Readout electronics
| Xe transfer —»

Cabling ———»
Liquid purification —»

Signal check
Noise investigation

Detector commissioning run =9

Physics run ==—p

Liquid hydrogen target preparation —»

7%run =

|8 Sept. 2023 JPS 2023 Annual Meeting




G L, PDF

BG PDF

» Parametrised E, spectrum in £, sideband

* Segmented by v, w
* For each u beam intensity

* PDF uncertainty comes from fit error

58

E, (MeV)

56

54

52

50
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60

region

Events / (0.30 MeV)
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1 1 1 1 I 1 1 1
0.04 0.045 0.05

1 1 I 1 1 1
0065 0.07
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1 1 I 1 1 1 1 1 1
0.055 0.06
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£ 60" 0
> B 3
40
4 5
20
6 7
0,
8 9
-20
10 11
40
12 13
-60f Ll A Ll
0 10 20 30
wlcm]
BG y spectrum at 4 X 107 u/s
i R Data
I N N Fit
g i * —— Smeared MC
E Cosmic
i . A\ Fit suéceeded:l ]
ot g g
u threshold 5 Tail frac.: 0.98 +/- 0.34% ]
i Tail sigma: 11.54 +/- 229%




Signal E, PDF

* Signal PDF: based on 55 MeV y

* Double exponential+Gaussian function

« TJake into account
« Difference in event distribution
* Integration for u

= Normalised E}, spectra extracted with u, v, w

segmentation
= |ntegrate out for u with randomised energy
scale
uv map in 55 MeV y in 2021
/E\ e D B
60
-~

wwllllllwwlll“‘\illl 7‘.“ ““““ '
=T 0 10 20 20  -10 0 10 20

u (cm)

. l_210‘ .
u (cm)

v (cm)

4 5
8 9
12 13
16 17
20 21
24 25

I

w (cm)

Integrated E, s‘p‘ec‘trum

N

" T ThenergyInt_2 [

il

Entries

Mean

*‘h
ﬂﬂ

ﬁ}—”\\\\\\\\\\\\\\\\\\\‘

i

i

o[ T 11

‘1‘

L
Peak energy / 55 MeV
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StdDev  0.06359 []




180
160F
1400
120F
100
80L
60F
40"
20¢

do7 1

Scale..51

1000 [

0.9992 []

0.001283 {

L

101 102 103
Energy scale

400~
3sof
300F
250¢
200F
150F
100+

* The procedure repeated 1000 times

Signal E, PDF

= PDF parameters and uncertainty estimated
* Worse resolution due to non-uniformity can be incorporated

- THCo}

Mean

Entrigs

Std Dev

50L

P N

~0.02

004

Core o (%)

Energy scale (GeV)

Core 6 (GeV)
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