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MEG Abstract |

l- Gnmmn Collaboration

e Analysis on the data taken by MEG during 2009-2011 to search for u*—e™y
e Statistics are double by the previous results using 2009-2010 data
e Further improvements for the reconstruction and analysis methods
e Pileup removal for gamma rays
e Offline noise reduction for drift chamber waveforms
e Revise the track fitting for positrons
o Newly developed “Per-event” PDF

e The first search for the u*—e*y with a sensitivity below 10-!2 order of magnitude

e The most stringent upper limit on search for p*—e*y: B<5.7x10** @ 90% C.L.
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Gnmmn Collaboration

e Analysis on the data taken by MEG during 2009-2011 to search for u*—e™y
e Statistics are double by the previous results using 2009-2010 data
e Further improvements for the reconstruction and analysis methods

e Pileup removal for gamma rays

e Offline noise reduction for drift chamber waveforms
e Revise the track fitting for positrons

o Newly developed “Per-event” PDF

e The first search for the u*—e*y with a sensitivity below 10-!2 order of magnitude

o The moststringentupperlimit on search for u*—e*y: B<5.7x10* @ 90% C.L.

Final results is published in this month
New upper limit: 4.2x10-13
1st report @ La Thuile, 2nd one is in this meeting!
No positive signal found
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% MEG Lepton Flavor VlOla.tIOIl o
Quarks -

5 Flavors are m1xed through CKM matr1x in |

X X ! ~{; the Standard Model,
Aadomme -]

Le ¢ tonS

2 g

~ }iCharged Lepton Flavor Violation (CLFV) |
|| Forbidden in the Standard Model,
i B(u—>ey)~0(10-%9) for SM+v oscillation,
i Not observed yet
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EMEG

Mu E-Gamma Collaboration
T G —

e Many BSMs predict the detectable B(u—ev) in between

10 and 107%°

e SUSY-GUT, SUSY-Seesaw, Extra dimension, etc.
e *Previous MEG results: **2.4x10™* @ 90% C.L.

e Already in the “BSM region” !

e Discovery of the p—ey decay should be the clear evidence

of BSM

e Existence of the g-2 deviation, proton radius puzzle

® Something new in the muon sector??

e CLFV searches can indirectly access the higher mass scale

than that of LHC
* Before this thesis

**PRL 107 (2011) 171801
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Mu E-Gamma Collaboration
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MEG

Mu E-Gamma Collaboration
T

Back to-back I
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Slgnall Background

| Dommant Background i
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Continuous u*
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SMEG

!- Gammn Collaboration

% MEG > Apparatus

Tm
COBRA Magnet
\ Drift chamber
|| ' ' ~
-#H—NM
Muon Beam
Stopping Target
= i
[
. .I
Liquid Xenon e e

Scintillation Detector

Y. Fujii 2016/3/21

Drift chamber
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Mu-E-Gamma Collaboration

i Muon beam transport solenoid (BTS)
- Select the surface (~30MeV/c) muon with a high purity
- - Up to 8X 108 muons can be transported at the detector region

Proton Beam

nES Channel

Expandable

Collimator
System

The world most powerful proton ring cyclotron @ PSI - 2 e
- 1.3 MW (2.2 mA) with a 590 MeV energy f -
- 50.6 MHz frequency

accelerator

Muon stopping target mounted
_inside the COBRA magnet

o e !
- ) G L
P e . v
- 3 - -
r e.
- ———— "
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205 um plastic target to stop muons
with a 20° of slant angle
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!- Gammn Collaboration

f COMagnet % | e

e Specially graded B field
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¢ Low momentum positrons are
quickly swept out

e — Low hit rate in the drift
chambers

e The curvature of signal positrons is
almost independent on their
emission angles
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MMEG  Liquid Xenon Detector (i

Mu-E-Gamma Collaboration
RS S e

0 = e Determine the timing/enerqgy/
position of y rays

Liquid xenon

/,Top face . .
< | Lateral (Upstream) face ® NOT-Segmented calorimeter with

900 ¢ of liquid xenon

|
Outer faqe

e Good stopping power

Muon target | i y Muon target e High detection efficiency
v T
Im \

e Fast scintillation timing

" Inner face

® Good at pileup separation
Inner face

| e VUV-sensitive PMTs

Lateral (Downstream) face

\Bottom face

Nal(Tl) CsI(TI) BGO
| 367 451 740
Radiation length (cm)| 2.77 | 2.59 1.86  1.12
Moliere radius (cm) 4.13 3.57  2.23
Decay time (ns) 230 1300 300
Wavelength (nm) 410 560 480
Relative light yield 100 165 21
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ML{V-‘E-(tBam?mar CollaboratnoQ - e _d

e Measure the momentum and vertex of
positrons

e Made of ultra low mass materials

e Minimize the multiple scattering

® Suppress y ray BG production
® 16 modules consist of two staggered layers
- e Reduce the L-R ambiguity

e Vernier method

Schematics of the drift chamber module e Zig-zag pattern enables the precision
measurement along z-axis less than 1mm

5 | E | e He:C,H,=50:50 gas mixture
[72] | | %) !
x X oal y . g -3 .
< o g o AT e Short radiation length ~2X10 "X, for signal
> 0 ‘ .
o NN DO positrons
b . 0.4r P XA A7y *
\ 702L / /
oo e x—Axis fcml oo x—Axis fem]

/particle trajectory

X : sense wire
o : potential wire

e i -’/ f : i
Drift chambers installed inside the COBRA magnet
Y. Fujii 2016/3/21 71st JPS annual meeting 16




BMEG Counter

Mu-E-Gamma Collaboration
RS S e

-

g

A [Cross-sectional view

Scintillator cross section e’

PMT active - o
diameter: 39mm /& =

N
PMT outer '
diameter: 52mm &(}‘\
_____________ o
| Longitudinal view l

lzZl 109 cm 29 cm

10° e \. e

R
)

® Reconstruct the impact time of positrons
e 15 of scintillator bars for both upstream and downstream
¢ Timing and ¢ position measurement

e Scintillation light are detected by using fine-mesh PMTs at
both ends

e Scintillating fibers are placed on the scintillator bars to
measure the position along z-axis

® Not used in the reconstruction/analysis because of unstable
operation

Y. Fujii 2016/3/21 11st JPS annual meeting



Mu E-Gamma Collaboration
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EMEG B Trlgger & DAQ | (o 4

2 boards

Inverter "Domino" Chain |>R§igﬁg}g
2 14 boards o -
e ot t[ﬂ . : 'Q L L LD ”
S e oo
4

N
’ 5+542 boards 1 board —VrT—VrTgT—VrTngT $T O%tput

LXe lateral faces
back (216 PMTs) 4 in 1
lat. (144x2 PMTs) 4 in 1
up/down (54x2 PMTs) 4 in 1

Timing counters ? ar9d848 L board 1 board
fibers (512 APDs) 8 in 1 ™ :E »
bars (30x2 PMTs)

1 board
Drift chambers

4 boards
448
1 w 44
64 channels ! .
Auxiliary devices
32 channels ype o 448

¢ DRS4 (Domino Ring Sampler)
e Kind of switched capacitor array specially develo_ﬁed in PSI

Stopping target

Drift chamber

Timing counter

o
8097 transport solenoid T/\_,
|
|
|
[

COBRA magnet

e Enables to take the data from all detectors as waveforms
e Adjustable sampling speed up to 5GHz, 1.6GHz for LXe, TC and 0.8GHz for DCH

® Trigger
e Latency should be less than 700ns to trigger the data before DRS4 buffer becomes full
e Need to suppress the DAQ rate less than 10Hz to read out the enough channels as waveforms
e FPGA based trigger system is adopted

e DAQ
e Based on the “MIDAS” developed in PSI and TRIUMF

Y. Fujii 2016/3/21 71st JPS annual meeting 18



BEMEG o Run Status

E Gamma Collaboration
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2009 2010
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|
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Dec/2009 Dec/2010 Jan/2012

® Statistics are almost doubled
¢ Improve the DAQ live time by introducing double-buffering method
® Replace Nal to BGO crystals for CEX calibration
® ctc..

e 2011 data taking: The longest and the most stable run period so far

Y. Fujii 2016/3/21 11st JPS annual meeting
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EG Gamma Reconstructlon

Mu E- Gnnwnn( oHnbornhoni
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e E, T,, vy position are reconstructed from all
waveforms from LXe

e Gain, Non-uniformity etc. are corrected
e Cosmic-rays are rejected topologically

e Pileup events are identified/rejected by
searching the multi-peaks on the light yield
distribution

e New waveform removal algorithm is
implemented as well

e Details will be described later

Y. Fujii 2016/3/21
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Amplitude [mV] Amplitude [mV]

Amplitude [mV]

B=MEG P051tronRecotruct10n f [ 4

Mu E-Gamma Collaboration
=

r pos recon. w/ drift time & TXY table

2 0.8
o “PE L B=1AT e
E :E,’o1ej . .
= +30 deg
1. Hit reconstruction
% s 0.12f~ o
<

o Waveform analysis

i i
1000 500 K 0
Time [ns]

2. Clustering

3. Track finding

Amplitude [mV]

e Local pattern

-05 -04 -03 -02 -01 0 01 02 03 04 05

p drift distance (cm) PR
i ; -13 Z pOs recon. w/ ‘vernier method’ recognition
71000 500 Time [ng] p— [n%] |

4. Track fitting
e Kalman filter

5. DC-TC matching
e Use T'C Hit timing

l Alpha (rad.)

Amplitude [mV]

0 0
Time [ns] Time [ns]

el
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Anode Charge Division

Fitting by using the Kalman Filter technique Forward propagation to the TC
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Mu-E-Gamma Collaboration _
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JPS 2011 Autumn, 16/Sep/2011 Yusuke UCHIYAMA, the University of Tokyo
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Mu E-Gamma Collaboration
=

ReconstructlonUpdates ;

e Gamma pileup removal using waveforms
s e 7% improvement in efficiency
5 ® Drift chamber offline noise reduction
o 6% efficiency recovery, resolutions improved as well
A distrbution e Revisited the track fitting method
,?3 (a) ,,“ 10000 (b)
E T {f 1 o 6% efficiency improvement, reduce the momentum tail
- 10000} \ < 10000
200001 ‘.1 [ -2 e Enable to use the event-by-event uncertainties for
30008 VA By physics analysis
40000t { f - 40000
50000 i Vod  so000k g
-600 550 -500 -600 550 / <w
. lNme (nsec) Time (nsec)
pileup found and removed by
waveform analysis 3 - Michel spectrum w/ old Kalman
ﬂ : E - Mlichel spectrum w/ new Kalman
0.02: . § ‘: ’T"-\ l" ' ) Y J ' ) Y ' v ) E
0.015: ' : p— ‘ ‘LLLL
0.(": e s _ \_:-'
; 1 St .
LOOS =] |3 Ly B Y TR 005 01 4 . -
0.0 E i ' ' Gi-ez(;‘ad) % 4‘;}:
(): - - "
0,005 L
: . 107+ e =
014 |
-0.0155 e jxm" H—Lﬁ ‘—l ]
(] (] .t_::
DCH waveform in noisy 1034 ! . . . |
: 50 52 54 56
per].Od 15 05 0.5 Yé_le o 105 0 05 zg-lzz(cxnl)s Ec (MeV)
Y. Fujii 2016/3/21 71st JPS annual meeting 24



®=MEG PerformanceSummary | e 4

Mu - E Gamma Collaboration
e —

[Observables in Physics Analysis] Table 5.7: Performance summary.

Y. Fujii 2016/3/21

Variable 2009 2010 2011
Gamma Resolutions
E, (%) 19 (w>2cm), 1.9 (w>2cm), 1.7 (w>2cm),
24(w<2cm) 24 (w<2cm) 24 (w<2cm)
U,V (Mm) 5 5 5
w~, (mm) 6 6 6
t (ps) 96 67 67
Positron Resolutions
E. (MeV) 0.31 0.32 0.31
¢ (mrad) 6.6 7.2 7.5
0. (mrad) 9.4 11.0 10.6
Yo (mm) 1.1 (core) 1.1 (core) 1.2 (core)
Ze (mm) 1.1 1.7 1.9
te (ps) 107 107 107
Combined Resolutions
Gey (mrad) 8.9 9.0 8.9
fc, (mrad) 15.0 16.1 16.2
tey (PS) 156 123 127
&ﬁwﬁl
e, (%) 63 63 63
€. (%) 28 35 31
€trg () 91 92 97
*All resolutions are defined as o
11st JPS annual meeting 25
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®MEG  Likelihood Analysis o

M e — . _ 4

e Maximum Likelihood Fitting is used to determine the values of Nsig, Nrvp and Nzc
e Parameters of PDFs are mostly determined by looking the data in sidebands

e Full frequentist approach to calculate the upper limit

N e N (N (Naa)? # of backgrounds are
r ( N.. N N ) o € :Q—W —B"—z—m‘— (—- constrained from the
sigy) {YRMD, {YBG ) = A ; observation in sidebands
Nobs st .
(= e Yoot ‘=Y
| [ (VagS(Z2)i+ NampiR(7:):+ NacB(7:)) (6.1)

I
—

Signal PDF RMD PDF Accidental(BG) PDF

e e e Ay TR Biind Box.
56 . .
T EEhesgiRsekekn Analysis Region
Blind analysis: " s Y J
Signal region is masked 528 Left/Right time sideband
until every PDF SO EErTETes for Analysis
. 48F l:"ll-"'-il-ruﬂ'i-"-u _______________________________________
parameters are fixed 46 ’aﬁgﬁ ;.f‘ Left/Right time sideband
44 b T

:Iq._w_-hﬂ-.[_.

42,

Y. Fujii 2016/3/21 11st JPS annual meeting 27



ZMEG  Per-Event PDF (1/2) | [0 4

Mu E-Gamma Collaboration
e —

L g
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%600:—" "'Jl'"'odata - e ]
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correlations are also event-by-event,
evaluated by using MC and two-turn events
~ - ! ! ! ! ! - - L e
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E oot _efall-MC LI { B Y .
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EMEG

Mu E-Gamma Collaboration
=

Per-Event PDF (2/2)

Event-by-event PDFs of typical 2 events in fe, E
- 0.3; e
sideband _

0.2

0.15F 3
0.1 3
0.05 * 3

0‘048 0.05 0.052 0054 0. 056 0 058

— Per-event PDF gives ~10% better sensitivity by
taking into account the event-by-event difference of
uncertainties in the likelihood fitting

Green: Signal PDF
Magenta: BG PDF
Red: RMD PDF
Blue: Total

%: Data

55592-1433

Probability / (14 psec)

Probability / (1 mrad)

Average PDF in 2009-2011 dataset
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Mu-E-Gamma Collaboration
RS S e

e Normalization factor is defined as: k = 1/(S.E.S.) — B(u—eYy) = Nsig/k

e The value is calculated by independent two methods

e #of Michel positron using “Michel trigger” data taken w/o requiring y-rays in LXe

e # of RMD using MEG trigger
® Results of above 2 methods are combined to reduce the uncertainties

—_—
(]
;

6000
4000~ | Ngyp =16430+374
X 6, =130+4ps

Number of events /(0.080 nsec)
®
>
g

k2009+2010
combined

combined

Y. Fujii 2016/3/21

1.2009-+2010+2011

1 = 3000 : ]
- ” - -
] = C .
1 T -
. e B 7]
] .E 217171 ) NNBSSSS E— TS~ < _

! & - ]
— : - -
1 = B ]
—-: 1500 __ .......................................... __
1 1000yl R ... ......... =
—‘: 500 . EET—— _:
2 5
)

11st JPS annual meeting

30



E2EMEG o Sen51t1v1ty

Mu E-Gamma Collaboration
T G —

1 C.L. curve from Time sideband
500 s If :
209" — E
= ]
400 2085 all combined -
L Q C ]
=0.7) =
: £ E
300 50.6 E
0.5} =
I 13<Tey<2.7nsec 7
200 04 2.7 <Tey<-13nsec -
0.3 E
100 0.2 =
| 0.17 =
Xlo-lz - | | | | | | | | | | | | | | | | | | | :X10-12
0 % 1 2 3 4
Branching ratio Branching ratio
e Sensitivity = Median of the 90% C.L. upper limits determined by generating the
sizable toy-MC experiments with a NULL signal hypothesis
e Statistics, several reconstruction and analysis improvements give twice better
sensitivity than before
® The first search of u—ey down to 10-!3 order of magnitude
e All sidebands show the consistent results
Y. Fujii 2016/3/21 71st JPS annual meeting
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®MEG  Likelihood Fit

!- Gamma Collaboration
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® No signal excess is found
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S 500
=
S 400
E 3005
2005
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91—8 50 52 54 56 5-8
Gamma Energy (MeV)
Blue: All
Red: RMD
Expected Best Fit
Nec | 2415.0%25.0 | 2413.6%3%-1 37
Nrvp | 169.3%17.0 167.5%24-2 54 ¢
Nsignal - '0-4+4'8-1.9
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4

90% C.L. upper limit is calculated based on
Feldman-Cousins’ full-frequentist approach
for 2009- 201 1 combmed dataset

54/

52/
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nfidence Level
e o o

0

0

C

Deta1ls in J. Adam et al., Phys. Rev Lett 110 201801 (2013) 0.
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More details in my PhD thesis

2016/3/21
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2D event distribution w/ cuts
e data with 90% cut
- signal PDF

' No signal excess 1s observed
= consistent w/ BG only
hypothesis
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Mu E-Gamma Collaboration
T

B i ~ 03 —~  F
2501 4 & ] -
- 1 Zoaf 1 2 ¢
— . - - E m>" 54;
2001 B 0.1 ] sk
150 . "* * s2-
B i - 3 . C
- 1 ) = o1
100— -] B ] 50;
B i '0-2} E -
50:_ _: -0 3: 1 C ] P x
—|7 - 1 -0.9995 -0.999 -0.9985 52
B ] COS ey
L P T L
% 5 10 15 20
Nsig upper limit at 90% C.L.
. 600_ T T T T T T T T T T T T T T T T ]|
® Several consistency checks are done . i
e For 2011 data, relatively large ‘negative’ 500 -
fluctuation is observed - -
e It can happen in 24% of probability 400t -
e High signal-like events in the new/previous 300 -
analysis are checked - .
e All differences for high ranked events are within 200~ ~
expectation ] :
. . . 100— —
e We also performed the physics analysis using N 1
the 01d PDP 0: | [ | | | | | l | | | | | | | | | I_I | | | :
e The difference between old/new is not large s 10 N N(s)igUL9OS _Nsié%Lg() 15
New Old
Y. Fujii 2016/3/21 71st JPS annual meeting

35



E2EMEG Conclusmns &Remarks

Mu E-Gamma Collaboration
RS S e

'®

® The n*—e*y decay search using 2009-2011 data performed

e First u*—e*y search with a sensitivity below 10-12

® No signal excess is observed
e B(u*—e*y) <5.7x10°'%(90% C.L.), with a sensitivity of 7.7x10!3
e Start exploring “new physics region” deeply
® New results presented in this month using “FULL” data taken by MEG

e Final upper limit: 4.2x10-!3 with a Sensitivity of 5.3%X10-!3, no signal excess observed
e Details are presented by D. Kaneko (19aAH-3), will be published on arXiv soon

(g-2),-anomaly sensitivity curve w/ observed limit
T I‘ T T | T T T T | T T T T | T T T
® Obtained 90% UL
\\\\\\\\\\\\\\\\\\\\\\\\\\\\ 90% UL sensitivity

\\\\\\\\\\\\\\\\\\\\\\\\\\
= :lo =

+20

—

o
w0

o
0

Branching ratio
[y
=
=
I

30 discovery

BR(p—ey)x10"
o S

o
o

04 |

G.Isidori et al., PRD 75 (2007) 115019

03 |
’ MEG 2011
0.2

0.1 |

5 1 0 15 20 25 SU 35 40 45 50 10'13 | | | | | | | | | | | | | | | | | |
0" 0 100 200 300
Aa, x1

Accumulated DAQ days
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Don’t worry, it’s not the end!

Y. Fujii 2016/3/21 11st JPS annual meeting

31



BMEG New

Mu-E-Gamma Collaboration
RS S e

10°
m A
102 7]
A &
104 ¢ _
g e MR
5 LA
© 10°[ 7
** A
-
| 3 N
: £ ¢ b
MEGI@PSI & | wi-« y (L R
107 ® 11— 3e A A.. A 7
" n”+%e+e+e- A uN— eN ° 6 A HE M.EG
ectpnetioen N\ T 102 @ T— py . - R
i N m— A T— 3p SINDRUM  SINDRUM uA m H N—e N
=— 9,,05'4 107 MEG”AD_
sctng e/ [ESEsssssssssmssss_ssss] ()A
Y /ouxe«p .........
\U/ 1076 L Mu3e O
Mu3e @ PSI | | . Comet/Mu2e AN
1940 1960 1980 2000 ’ 2020

MEG upgrade e
MEG i Mu3e phase | Mu3e phase lI SEEE——

: B :

| Muze S ProjectX stagel

i DeeMe —
COMET phasel COMET phasell

. C
Belle Belle Il
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Mu-E-Gamma Collaboration
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Mu E-Gamma Collaboration
B e —————

=MEG ~ h—eee Search N .

 Ix10”

L X10-9

e Study the feasibility to search for p—eee using the COBRA spectrometer

e Confirmed that it is almost impossible to exceed the current upper limit

e In MEG II, I think it’s possible at least to reach the current upper limit~10-12

Y. Fujii 2016/3/21 11st JPS annual meeting 40
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2MEG

Mu E- (iqmmn Collaboration

T TT— LXe detector Upgrade
 19aAH-4,10,11 | Inner face PMT — UV-sensitive SiPM
' 19pCA-1,2,3 | Better energy & position resolutions

22pAN-3,4 |

N\ (\ Radiative Decay Counter (RDC)
= Tagging gamma BG from RMD
— Active BG suppression

MEG
- Finished data taking in August 2013

Liquid xenon y-ray detector

o

Beam transport solenoid

X Pixelated Timing Counter
Better Timing Resolution
Less pileup

Flexible design

Stopping target

Stereo Wire Drift Chamber ey —

Drift chamber

Higher efficiency : s
Less MS, BG y generation -- Timing counter
High granularity Y| X

Upgrade proposal was already approved by P R COBRA magnet

Paul Scherrer Institut (arXiv:1301.7225)

Y. Fujii 2016/3/21 11st JPS annual meeting




Simulation study

There are 2 main simulation part

g, Geant4 simulation
v of signal e+ w/ TPC * Event generation, Detector simulation and
physics processes

* Done by Geant4

Electric Field
% (@Gas simulation

*  Drift part of ionized electron

*  E field is calculated by ANSYS (FEA)

Drift line of ionized electron is bent by

*
magnetic field

* 3D TXY table can be generated w/ Garfield+
+

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

Y (em)

* Gas amplification

*  To be calculated w/ Garfield++

] eEr/m [
2= 15 (o |




Performance evaluation

* Momentum & Angular resolutions (e.g. oint = 250um, target thickness = 140pm)

Prie ~ Puc P P B%it = Omc
as000 T L L BRI L L B 1800 T " T T " T 7T "1 '3
t ; 1400E . 1600E 3
70 keV (core, 68%) 1 4.1 mrad (core, 72%) 3 4.2 mrad 3
_ 1000 . ;
1500F . ]
: ] 800 -
10001 - 600 .
I ] 400 .
S00F ; :
- ] 200 ;
e w v S T Y VY R Y R Y Y 0=00a 002 0002 00
* Vertex Ap (MeV) A¢ (radian) AB (radian)
tthfit - tthNIc tgtYfit - tgtYMc tthfit - tthWIC
s000F T T L B L I UL L A L LS
E ﬂ : 14°°E g 1400E ]
0.18 mm (core, 85%) 4 0.6 mm (core, 74%) 1 0.64 mm (core, 84%) -
- 1000 . 1000 E
3000 . ] ]
- ] 800 v 800 -
20001 ] 600 . 600 3
; - 400 . 400 3
1000F . ] ]
- ] 200 3 200 -
0'..|...J|LL..|..' )| Sr— L ] k ob——l . Lo e
0.5 0 0.5 -0.5 0 0.5 0.5 0 0.5

Ai( (cm)

* Very good resolutions !



EEMEG Prototype

Mu E- Gnmma Collabo atton

e Now this prototype is waiting for being tested @KEK...

Y. Fujii 2016/3/21 11st JPS annual meeting
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Mu-E-Gamma Collaboration
RS S e

§10000 :_ .......................... Ee<52.8Me \
E 8000;_ ...................................... . - Es<15 MeV-
; ‘

6000 - el g . =mQ N 1V VIO VW

4000 ........................................................... i
T f : 0
2000 '. . medledheb
i s ‘ i ‘
Q30 -20 10 0
AT (ns)

e RDC is an additional detector for MEG II to further suppress the gamma BG from
radiative muon decay

e The development just started from the coffer break conversation with Sawada-san...
e Then the small prototype was produced and beam test was performed in 2013

Y. Fujii 2016/3/21 11st JPS annual meeting 46
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RDC Development

e RDCis:
radiative

e Thec Timing Counter

! 1

® Then LLLC OlLLCllL tJJ-VI.UI.ytJC vV Qo lu:.uu.u.\.;cu. QlLLL MU QLLL LTUOoL VYWVWADO LJCJ-LUJ-J-I-I-GM il LIV 1L VU
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Magnetic field measurement

® 2006 magnetic field was measured with 0.2%
precision (sensor position calibration ~800pum) ~
150keV momentum resolution

® Momentum resolution in MEG Il ~ 130keV, need to
reduce the uncertainty of the magnetic field

® In July and August 2014, magnetic field measurements
were performed with a new measurement machine
which sensor position is more precisely calibrated
(<300pm). If this new field map improves the
momentum resolution of the current MEG data, this
will be applied to them, too.

__\

Y
— e
T — €.

| —— N » -

-

-10-
-20F

-30F

10F

mEg ]
.....

T L

1 -20 1 1 1 O 1 1 1 20 1 1
X [em]

Z: ~4 mm step
R: 20 mm step
¢d: 30 deg step



u-E-GQamma Collaboration

Experiment
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EMEG

Mu E-GQamma Collaboration
e —

180°

LL+ ) \

© et Signal

u—evy: Sensitive to the SUSY-like photon penguin diagrams

New Physics
SUSY, Z’°, etc

~1 05MeV

u-e conv.: Sensitive to the tree-level four-fermion diagrams
u-e conversion has simple kinematics, too
Eue=M_,-B,~105MeV/c, monochromatic electron

Y. Fujii 2016/3/21 11st JPS annual meeting

~W—ey & u-e conv.
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e Current upper limit: 7x10-13 @90% C.L. set by SINDRUM II
e COMET aiming goal: 10,000 times higher sensitivity, O(10-Y)

e Bunched slow extraction+delayed timing method highly suppress the prompt beam BG

e SINDRUM II — continuous beam, suffered from the beam origin BG...

e C-shaped muon transport solenoid further reduce beam origin BG

e Another C-shaped electron transport solenoid enables the low occupancy @ detector region

104 SINDRUM II run2000: pe conversion on gold I e
(&) E Rora g I L= —
— ] - . -1- .ﬁf'.‘.'-.'.- e et = M ooo o
= 1 . 1" beam /] al—
R N ; i
= 1w N 10
[Te) Po o d Y
o 0 10
- o°, oo o
S 107 f Sty ?\ o
3 ] I o 50 52 54
« ] K ®oop 0 %o o e* momentum (MeV/c) ——
1= oo o o8 o Cap° -
S N, 7%, e o S0 . . ) S
3, W ° S tee o n = mebeam = t— l:
10 ]

] H oo obo .
]| measuremen ts .
open circles: w beam u‘ beam
10 | full circles: u beams

i f
]| continuous lines: :
|| allowed vv modes
- WAuU — e VvAu
1 44 - proe'w

preliminary analysis - ¢
2

= j_ -~
I g
| | Bk
1| histogram: = I Eﬁ —
1| we conversion at B=10"" J_LFJ“\'(\ 1_‘ s H] L :
4] - WAuU— eAu
75 80 85 90 95 100 105 A
e momentum (MeV/c) A

1.17us

proton bunch

prompt beam BG

DIO BG
Signal

Measurement time window
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SMEG T Experiment

E Gamma Collaboration

® World Wide Collaboratlon

e ~150 people, 40 institutes in 15 countries

Y. Fujii 201 6 3/21 B 7 11st JPS annual meeting A



EMEG Phase-I

Mu-E-Gamma Collaboration
IS

Phase | CyDet Geometry

\ - usemras

25
g

. %
< sy
D s
- < > oL

.

B FrL>d7 kY H—RKZXJ—7(CTH)

ar 5 Straw Tracker Stations ﬁ

WEUL/AE| |QUX—FILIAK
e COMET will start Phase-I experiment from 2018/2019:

e Construct the 1st 90° of the muon transport solenoid

e CyDet: Physics measurement aiming to search for y-e conv. w/ a sensitivity of
10-15, Cylindrical Drift Chamber+Cherenkov Trigger Hodoscope

o StrawECAL: Measure the beam particles and their timing precisely, alternatively
search for u-e conv. use Straw Tube Tracker+ECAL as Phase-II prototype detectors
. CyDet { StrawECAL ;a
;‘; 22aCA-8,9 Yamane, Y. Nakazawa 20pAM-4 H.Yamaguchi f
: 22pAH-4,5 H.Yoshida, T.S. Wong t 22pAH-3 S. Tanaka ‘,
YoRuiii 201673721 R I TSt [PS annual meeting s
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E2EMEG Mam Tasks in COMET .

Mu E Gamma Collaboratlon‘ _ S — - ==

Q) GitLab comet / ICEDUST _packages v - Graphs

>
= 035-StrawTracker resolution study
&

Go to group Contributors

Project master *  ICEDUST_packages 03 _ 'lJ.SlII.g' ICEDUST ]
Activity E E

" Files 0.25 - ]
June 14 2013 - March 15 2016 - + ]

Commits C its to master, excluding merge commits. Limited by 6,000 commits - ’._'
ommits to ma excluding merge comm mited by comey 02 = 7

5 Builds - n
Graphs 0.15 :_ _:
Milestones E é E
01— ¢ —

lssues I ® ® ® ® (L ]

= Merge Requests 5 0.05 — —
Members - .
0;L--l--I-!-l-HHl--'O-O--I-H-HIJ---I--I-I-I-Ifl-!l---I"r'I'ITl'Il'l---I_-I v vl 1 |||||||_

Labels 102 10" 1 10 10? 10° 10* 10°
POCOm— Pressure [Pa]

@ i Ben Krikler ¥ vuki Fujii

1314 commits hekDT @ic.ac.uk R 335 commits ; Jfujii@ihep.ac.cn

® Software
e Development for the offline software “ICEDUST”
e Simulation: Almost implemented
® Reconstruction: Basic part established
® Trigger

e Start the COTTRI (COmeT TRIgger) project as
for the front-end trigger system

® Design: 1st prototype was produced

¢ Firmware Development: Ongoing COTTRI Prototype in Lab
Y. Fujii 2016/3/21 71st JPS annual meeting 55



Mu-E-Gamma Collaboration

BEMEG Beam est@ELPI-I )

Straw Prototype Beam Define Counter (BDC)

e 1st Beam Test for Straw+ECAL
® During 4-13, March 2016
® The beam debut for COTTRI = of |
‘Morede‘talls m  “- : s - 'ﬂ‘.

ZZCA-YY. Fujii \ f““] a8

4
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SMEG = Summary e

Mu-E-Qamma Collaboratior
—‘—m’

/

® The u*—e*y decay is one of the powerful probes to investigate the BSM

® Most stringent upper limit on LFV processes is set by MEG

L . B @ 90% C.L. — 4.2x10-3 with a sensitivity of 5.3x10-!3 including several
updates

® Preparations for MEG II is ongoing to start the data taking from 20117

e Aiming to achieve 10 times higher sensitivity than that of MEG
e All detectors will be improved

e LXe detector: Inner face PMTs = VUV-sensitive MPPCs

e Drift chamber: 16 drift chamber modules = Stereo wire drift chamber with a single gas
volume

e Timing counter: Bar counter = Pixelated counter
e Additional detectors are also being developed to further improve the sensitivity
® Other muon CLFV searches will be started at the same period
e Complementary searches with comparable sensitivities as that of MEG II

e The COMET experiment is searching for u-e conversion with a sensitivity of 10-!7
® Several detector R&Ds are ongoing now

® Very exciting stage!
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BMEG  MEG Experiment

Mu-E-Gamma Collaboration
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direct-current muons
3x107 u*/s stopped on target

Bea7 transport solenoid

1.3 MW Proton Cyclotron
the world most powerful beam

|

Stopping target
7

Drift Chamber

Drift chamber

Timing counter

COBRA magnet

4 + ." ; ? = i ’. ]

LXe gamma-ray detector 1
good efficiency&resolutions
A7 T Yee TV COnstant Bending RAdius
COBRA magnet
special graded field to detect signal e* et

<~ i

@ (b)

» v ~
'! 5 .
: <o B
% .
’

|
|

(c) (d)
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SMEG Datasets .

Mu E Gu 1a Collaboration R — — e I— — — ]

e Signal Region
e Use datasets of 2009-2010 combined, 2011 only and 2009-2011 combined

e 48 < E, < 58 MeV,
e 50 < E, < 56 MeV,

® |¢ey| < 50 mrad and |fe,| < 50 mrad, + Select only a pair of e-y

o |t.,| <0.7 ns,

e = 86% of analysis efficiency 200 Angular Sideba”ds
: : R -k, o e
e Time sidebands g 1500 : ??f‘.ffﬁ.‘?f? -5.1‘“’
¢ Check the reliability of acc. BG PDFs before unblind ~_190F- S _1 g 52
. o [ megative Oy ¥~ - - positive Oey [| {0
® Analyze the regions of |tey X 2 ns| < 0.7 ns S N s el . |
e Angular sidebands Y- = ol
e T P i e g T R B ()
e Check the reliability of RMD PDFs before unblind =0 |
. . -100F s 5 140
e Use 100 mrad off-axis regions for ¢., or 0., E :
150 negative oy il
200 100 0 100 200"

oy (mrad)
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BMEG 'PDF .

Mu E Gu mma Collaborati on‘ R — e ——— _ e —— - — — — ]

e F, PDF: signal ==CEX data, RMD = theoretical+measured detector response, accidental
= sideband

e T., PDF:signal/RMD = measured RMD, accidental = flat

CEXS V55 MeVAYN D714 v MER E, sideband spectrum T., spectrum inE, S|deband
> g T ] S keewe. A 2 L
L [ ] @ | : /\
= 25000 ] 5 10l | £ 12000 /' .
7 2000 E : & § 0000 f A
0 - ' = =
N L - + @ Fo 7] -
£ 15000 FWHM,, =4.54:0.11 % B < S £ 8000}
2 - 5 i S i ]
O C 2 10E w [ ]
S 10001 B I g 0000 ]
%] - - B ,
R: : B 8 et N W S5, 2 40000 | Npyp =16430£374
5 S00[- . z [ o, =130+ 4ps
“ ] F | Z 2000
0 lzl()JwTibl 60 0 25— s e T
E . (MeV) Energy (MeV) %) -1 0 1 2
lw(nscc)

e Old PDF for positron observables (category PDF)

I. Positrons are divided by two category PDFs by their “quality” e.g. #of hits, At between DC/
TC

II. PDF parameters are determined for each category separately
e New PDF (per-event PDF)

III. Determine the event-by-event uncertainties (0’x) using the error matrix provided by the
fitting

IV. Calculate the scaling parameters (sx) to convert the per-event uncertainties to resolutions
from sideband data

V. Correlations are mostly calculated from the MC
Y. Fujii 2016/3/21 71st JPS annual meeting 61



Table 7.2: Time sideband results without including systematic uncertainties. L

4

» Angle sideband® 7« v ~MER, RMDERIZIIHAFBE R R ~
J4v NTEFE

EMEG

Mu E-GQamma Collaboration
e —

Sldeband Results

=Y

e Further check for sideband data

Dataset B best fit B upper limit
2009-2010 negative | 7.7 x 10~%3 3.1 x 1012
2009-2010 positive | —2.8 x 1013 1.1 x 10-12
2011 negative 3.7x 1071 1.7 x 10712
2011 positive 2.1x 10713 1.4 x 10712
2009-2011 negative 3.5x 1071 1.6 x 10712
2009-2011 positive 7.8 x 10714 8.1x 1013

» BG POF(IEREMEL

» RMD PDFH fEREHE L

WEWKESHEEEA

Y. Fujii 2016/3/21

enc
L] .c (]
=)
T I

[ ]
Pk
{50 B 3

L

S —es 2009-2010 negative
----- 2009-2010 positive
------ 2011 negative
------ 2011 positive
—— 2009-2011 negative
—— 2009-2011 positive

IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIIFII}-I

x10712

2009-2011 2009-2011
positive

1

2 3

negative

=

Branching ratio

Table 7.4: Angle sideband results without constraints on the number of backgrounds

Signal, RMD£E L Mtime sideband|($EREE & ERFRISR

(Uncertainties are in 1o). Nsig = OICERE

Dataset (NBc)  (Nrmp) Nobs Npg Nrmp

2009-2010 negative ¢ | 112017 343 1120 107735 40=x15
2009-2010 positive ¢ | 116917 363 1247 1212+39 46+ 18
2009-2010 negative 8 | 1123 =17 39x4 1120 108336 35*16
2009-2010 positive @ 87T7T+15 24+2 962 963+34 1+12
2011 negative ¢ 1130+ 18 354 1163 113237 27+15
2011 positive ¢ 1189+ 18 374 1241 119538 47x16
2011 negative 6 1131 £ 18 41+4 1233 1208 +£38 27415
2011 positive 6 976 £ 17 25+£3 1016 979+34 37414
2009-2011 negative ¢ | 2228 =24 [ 69 =7 12283 2210=x=51( 66 =21
2009-2011 positive ¢ | 2365 £25 | 737 |2488 2404 54| 93+ 24
2009-2011 negative 6 | 2251 24 | 80+ 8 |2353 2292 +52] 61 & 22
2009-2011 positive § | 1855422 (49+5 J1978 1939+ 48 41 + 18
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~ Systematics

™) | = ]
0.05 0.051 0.052 0.053 0.054 0.055 0.056

VEECaYy PR — L INTE

Blue: BG PDF

0‘()48 005 0.052 0.054 . 0.056 0058
E, (GeV)

INSX=FHBEDAREM.(DA X KU —EIR)
Relativel contributions (RMS of AANLL)/of uncertainties

Dark Green: signal PDF
Green: signal PDF w/ fluctuation

(BT &NV VREBENAEDAREM

= REBUEDAREM, WiHD

Centewvof 0., and ¢, .
Positron correlations 0.11
E. scale 0.07
FE, bias 0.06
tey signal shape 0.06
tey center 0.05
Normalization 0.04
E., signal shape 0.03
E., BG shape 0.03
Positron angle resolutions (0, @e, Ze, ¥e) | 0.03
7 angle resolution (., v, w-) 0.03
E. BG shape 0.01
E, signal shape 0.01
W Angle BG shape 0.00
Total 0.25
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Mu-E-Gamma Collaboration
e —

® Relative signal likelihood defined as follows: (Large Rsig=signal like events)

L .
R, =1 sig |
8= 81001 L 109 Lug

(7.1)
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¢ Data
Magenta: toy-MC of BG PDF

- normalized to the expected Nic
Red: toy-IMIC of RMD PDF

- normalized to the expected Nrmp
Green: toy-MC of signal

- normalized to N;i;=100
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