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Lepton Flavor Violation
P> ey decay

P Lepton flavor violating decay

—h
<

P In the SM with neutrino oscillation, the
branching ratio is tiny(~10-Y)

<

P Previous experimental upper limit (before
MEG experiment)

Branching Ratio (u—ey)
)

P 1.2x101 (1999, MEGA)

o

107

P Well motivated new physics (SUSY-GUT,
SUSY seesaw,...) predict the branching
ratio around 101! -10-13 region

P MEG experiment

predicted by theory: ~© MEG

[T | W pa—
P Explore down to 1013 level U 1950 1970 1990 2010
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Signal & background

P Signal

P ut decay at rest
P 52.8MeV (half of M) (E,,E,)

P Back-to-back (8,,,®,,)
P Timing coincidence (T,,)
P Accidental background P Radiative muon decay

P Michel decay e* + random vy P> evvy
P Dominant background for us P Timing coincident, not back-to

P Random timing, angle, <52.8MeV back, <52.8MeV

e+

T
V
%
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Background spectra
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Good resolution to reduce background
High rate positron measurement
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MEG experiment

EETER W,
.3MW proton.accel

Most intense DC muon beam (>1x108u*/s) possible

P Requirement:

P Need many muon decays

P Detectors(et) should be working in
high rate environment

P Good energy, timing, and position BN
resolutions % AN

N - R - & . : t'h =2 . - \

L|51utd'xenon gamma=ray detector . "+ . *

R.Sawada MEG experiment 3



MEG detector

Special gradient magnetic field

Sweeps out high rate e+ quickly

Constant bending radius of e+

im

Ultra thin material

Precise e+ tracking

COBRA Magnet

Drift chamber

Precise e+ timing

Muon Beam . Plastic scintillator + PMTs

Timing counter

Stopping Target |

I o ..,A T I

Drift chamber

Liquid Xenon
Scintillation Detector

A

—

2.7 ton of liquid xenon Waveform digitizer for all detectors (pileup ID)
Homogeneous detector

Good time, position, energy resolution
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Coordinate system
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Positron spectrometer




P05|tron spectrometer

! | —— —_—

& ' B — Uniform B-field
' solenoid

+
u* beam o
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Gradient B-field

Superconducting :

Bz (T)

Special gradient
magnetic field

1.27T at center
49T at each end Low energy positron COnstant Bending RAdius

quickly swept away independent of emission angles

0.2 0.4 0.6 0.8 1 1.2
Distance along axis (m)

=
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Drift chambers

R.Sawada

Z (0) direction

R(®) direction
P Positron tracking

P Momentum, emission angle (8,¢)

P 16 radial drift chambers

P Only high momentum e* (>40MeV,
19.3cm<r<27.9cm)

P Chamber gas He:C,H, = 50:50

P Low material budget

P Open frame at the target side
P Low MS, low y background

MEG experiment



Track reconstruction

R direction ( drift time ) Z direction ( charge ratio )

z-direction

| r-direction Drlﬁ circle induced charge >

- cathode
\ | outer cathode foil (outer/US cathode

(outer/DS)
O ¢ 0 ¢ 0 ¢ 0 C[0-Ye 0 ¢ 0 ¢ 0 ¢+ 0 ¢+

anode- US i anode-DS

' ' avalanche anode wire

| inner cathode foil Py _|>_1 i
L cathode

3.5mm @
o ¢ o ¢ O ¢ 0 ¢ ¢ O ¢ O ¢ O ¢ o ¢
(inner/US cathode

<> 45mm  charged particIeJ . ;?th‘:r?ti‘glirvevire (inner/DS)
¢
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Timing counter

P 15x2(Upstream /Downstream) plastic scintillator bars (4x4x80cm3)

P Fine mesh PMTs at both ends, positron timing measurement (o~ 65ps)

P Positron , z position reconstruction(~5cm)

P Scintillating fibers (6x6mm?) + APD

P Precise z position measurement, fast © emission angle information

TC with fibers exposed

® double DMN% newin

® deuble 2010 _newin '

isto_res

Entries 30 |
Mean 15091
RMS 6408 |
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€
Positron spectrometer performance %

2009 : almost all drift chamber working correctly after fixing 2008 HV discharge problem

2010 : 5 DC chambers are replaced before 2010 run
more bad planes and slightly worse noise situation

P Momentum resolution is extracted from a
fit to Michel edge spectrum

N
)
=
=

P Detector response

NN
=
=
=

P triple gaussian + acceptance
» 2009

o =310keV (80%) +
1.0MeV(13%) + 2.0MeV(7%)

Number of events (0.10/ MeV)

2010

B G =330keV (79%) +
1.0MeV(14%) + 2.0MeV(7%)
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e
two turn method %

target plane
Real target
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c
Positron spectrometer %
performance, cont.

Muon decay point, angular resolution :
from tracks with two turns inside the drift
chambers

Vertex z/y
=1.5/1.1mm

Og = 9.4mrad p TR 7T
1400 P otries : E . e b

o, = 6.7mrad (¢=0) : oin ] : - pred

4
1200 ' el ' -ty B
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Vertex z/y
=2.0/1.1mm
o, = 11.0mrad

800
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200
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— —_ o |ra
o, = 7.2mrad (¢=0) dme
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| Xe calorimeter




2.7t Liquid xenon gamma-ray detectom/%

P 000L liquid xenon

P 346 2" PMTs (Hamamatsu)

P Submerged in Liquid
P v energy, position, and timing

reconstruction

> Merits

P High light output(80% of Nal)
P Fast timing response(45ns)
P Heavy(3g/cm3)

P Challenges

P Low temperature(160K)

) 200W pulse tube cryocooler

P Short scintillation wavelength (178nm)

P Gas/liquid purification
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Reconstruction & Goal of gamma ray detectoru/%

P Reconstruction Goal

P Energy: weighted sum of all PMTs Energy resolution: 1.2-1.5%

P Position: peak fitting of light Interacltic?n point (Opening
distribution angle): 2-4mm

P Time: fitting time of PMTs
P Pileup detection

Time resolution: 65ps

P Light distribution
B Time distribution of PMTs
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Calibration methods u
> 55MeV y (CEX) P 9MeVy P Timing resolutién J

)

» & &

\ Pulsed n,gen

- .

captured by Ni .
Ao

[Energy (MeV)

NB = 109102 - 515

NRD = 8856 = 406

meanTeg = 23.7200 += 0.0051 ns
sigTeg = 0.1465 « 0.0065 ns

Number of photons

“+p->T110 | : .
Z +Op Lt , Muon radiative decay events
T0->vyy.(55,83MeV) . 1
. . 24 242 244
Photon - positron time Time Ave (ns)

i
5 .
SRR S
- 43
R
Gk

1

52645 60 80 100720 1:dl T +p=2>ny (129MeV)

~artFLvso

= 17.6MeV y . P  PMT calibration

[ LED gain calibration : PMT038 (1038) | 2 Indf 157516
1 o a2 5008
© 08F [ 0001485 + 3135605

07 A

06

; ‘

0.5F

N ) |Gain = 1.49x 10
»f  LED for gain

02f

0.1F

Published in
NIMA641(2011)19-32

A e 1 1
2000 4000 8000 8000 10000 12000 +4000
qsum?
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Calibration methods
P 17.6MeVy

Li(p,Y)Be reaction ——
CW accelerator!

' A
C-Waccderator .~ ¢

. a
- 28
- L . I'-
. >
"'- I', ..

Published in
NIMA641(2011)19-32

—

PP | _AJ.l.A | PR PO P

0 2000 4000 €000 8000 10000 12000 <4000
qsum?
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Calibration methods

P 55MeV vy (CEX) T +p->T0+n,
T0->vyy (55,83 MeV)

w
n

Energy (MeV)
3

-~
h

Energy (MeV)

.. 55Me :

50

_Opening angle | L
155 160 165 170 175 184

150
opening angle (deg)

Number of photons

e T e |
700 120 140

an+El.\'S()
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Energy resolution

» Energy resolution is evaluated with 55MeV vy in CEX data

P +p-—->10+n m0-—-> vy

P Resolution map on incident position is measured by moving Nal
detector

. 6 \ : : 5 5 5 E
T T ek | , 294574 |

: i ; s z 10.41£0.1766 ||
1.201+0.03842

| sigma =169+ 0.08 %

N R R VPP o
......... 2@@9 E,

- | FWHM =467 £0.24 %

07 L uf"‘.b"a"t*h"f%ﬂﬁ’&"wmfn | 41 kux L

~80 100 120 140
499 qg?)tal lll;ml[?ber og op(l'mtons E nerg y (M eV)

P Result of resolution in 2010
P 1.9% (depth>2cm), 2.4% (depth<2cm)
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Linearity
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Enerqy response

Non-uniformity due to

Geometry
Reconstruction algorithm

II||I|I|II|I||I|I||II||[|I||I|

Correction using
- 18 MeV calibration gamma (High stat)

- Additionally, 55 MeV calibration gamma 18 MeV data, uniformity before correction

18.5 [MeV]
Energy dependence correction

After correction : ~0.2 % uniform

R.Sawada MEG experiment



Enerqgy stability

Energy absolute scale calibration
CEX 55, 83 MeV y

T CW-Li peak history
Ni-G9G peak history
AmBe l;iistor_v
MEG BG scale history
- CR History

Energy scale time-variation calibration

Energy scale (a.u.)

099 i

0.97!

AmBe 4.4 MeV y : =
CR peak o

PP g

Check
Fitting RMD y

0.98

0.97

0.96
Time Time Q 8
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Position resolution

v (cm)
[ N

P Position resolution
s evaluated CEX
data with lead
collimator

' oL
S RN
e e .

1
p—

U0
2/ ndf 117.6/121
220 F "
Scale 119.9+ 49
200 mean, 5706+ 0,027
18054 % 0.6502 % 0.0271 [.....JtfL
Lol 1301:50 | [
0.05354+0.02542 | |
140
120

0.6748 + 0.0274 |- E ’ Resolution in 2009
' P XY direction: 5mm
100E-- , P Depth: 6mm
80F gt P MC expectation: 4.5mm ( due to
PO |8 T insufficient Q.E. Estimation?)
40F-
20F

;ouiu#lf -hhﬁh |
0 -15

£
9
a1
—
=
~
7 )
-
=
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=
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c
Timing resolution %

P Tlme dlfference between XEC and reference

X /ndf 8015e-]
po0 348 7+84.92 |
|pl :1108.8 +4.33

0003297 ]
R.NIS ............................. , ......... 0. 1244_

"Ctmstlmt ~~~~~~~~~~~~~~~~~~~~~~ s4 1.7+ 11.5—
n -ooozsas 0.001299 -

P Result
P 119ps at 55MeV ( 171ps in 2009, thanks to electronics improvement )
P XEC resolution : ~67ps
P 119ps - beam spread(58ps) - resolution of reference counter(81ps)
P Breakdown
P XEC intrinsic(36ps), ToF(20ps), DRS(24ps), and 46ps
P Further improvement only possible by new detectors
P higher Q.E. PMT etc.
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C
Positron - photon timing %

illlllll'llll

Events /(0.080 nsec)
+

o
n
=
—

mean = 6+ 5ps
sigma =124+ S ps
Nrﬁl =5011+ 166

IIIIIIIII|IIII|I_*—_H‘II|IIIIIIIII
_|_
Iy
S

R R TR T NN NV st A M N TS WU R M A R B A I

-2 -1 0 1 2
te, (nsec)

P Radiative muon decay peak

P In a normal physics run

P Corrected by small energy dependence

p Timing resolution of T

P 122ps in 2010

P Breakdown
P Photon T_ : 67 ps
P T_: 107 ps

P T, : 65 ps (measured by double
TC Michel events)

P Le/c: 75 ps (MC scaled, x1.5)

P TC calib: 40 ps
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Alignment between detectors

® Positron spectrometer

@® Optical survey
® Photon detector
® PMT position scan using AmBe source

® Calibration 18 MeV gamma, with lead collimators

Cosmic rays passing both systems

~1lmm agreement
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Performance summary

Gamma energy (w>2cm)
Gamma timing
Gamma position
Gamma efficiency
e’ momentum
e ¢ (¢=0)

e" 0
e* vertex Z/Y
e* timing
e* efficiency

Tey

Trigger efficiency

Stopping Muon Rate
DAQ time/real time

1.9 %

96 ps
5(xy)/6(depth) mm
98 %
310keV (80% core)
6.7 mrad
9.4 mrad
1.5/1.1 mm (core)
107 ps
40 %

146 ps
91

2.9x107 / sec
35/43 days

1.9 %

67 ps
9(xy)/6(depth) mm
99 %
330keV (79% core)
/.2 mrad
11.0 mrad
2.0/1.1 mm (core)
107 ps
34 %

122 ps
92

2.9x107 / sec
56/67 days

R.Sawada

2009+2010 Combined

Expected 90% C.L. Upper Limit : 1.6x10712

MEG experiment




e

MEG experiment 2008-2010

Ph SICS run
(less DC eff., lower |LXe LY)

CEX

Other experiment(Lamb shift)

Detector installation
XEC: liquid purification

DC: HV discharge problem fix

& preparation
_ .DRS4 installation

Physics run Phys CS run

PSI| accelerator
Shutdown period

R.Sawada MEG experiment



Analysis

Run?2009 + Run?2010




Analysis method

Likelihood fitting with 5 observables

. Gamma energy

Ee : Positron energy

tey : Time difference
\ﬁeY . ¥ angle difference
ey ¢ angle difference

Unbinned likelihood fitting

T will explain later...

PF‘OJZCTIOH to Ee

-

R.Sawada MEG experiment

BG : Accidental
RMD : Radiative muon decay




Probability density functions (PDF)

RMD BG

Ly

by

mllllIIII|IIII|IIII|IIII|IIII|IIII|IIII

=

55 56
E. MeV)

Signal : CEX data Signal : Michel et edge fitting

BG - Sideband data BG - Sideband data

RMD : SM + detector response RMD : SM + detector response

R.Sawada MEG experiment
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Probability density functions

N

1 40 1
ey (mrad)

: 1 I 1 1 1 I 1 1 1 I 1 1 1 1 1 1 I
-40 -20 0
¢ev (mrad)

Signal : RMD data . MC+CEX (y), two turn (e*)

BG - Flat BG . Sideband data
RMD : SM + detector response RMD : SM + detector response 38

R.Sawada MEG experiment
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| iIkelthood and test-statistic

L (Nsig, NrMmp,; NBa) =

~N|  (VemMp—(Nrmbp))®  (NBe—(NBG))’

3 3
e 29RMD e 298G X

e
Nobs'

obs

H N81gS xz —|’NRMDR( )"‘NBGB(xz))

R.Sawada MEG experiment

H/f;/
Two Gaussian constrain
Nrvp and Ngc




| iIkelthood and test-statistic
Two Gaussian constrain

Ey vs T distribution without any selection. Newo and Nac

L (Nsig, NRMD}NBG) =

\

. (NrMD — {NrMD))” _ (vBa

Events / (33.04 nsec)

events

Events /(0.080 nsec)

\

R.Sawada MEG experiment



| iIkelthood and test-statistic

Ey vs T distribution without any selection.
L (Nsig7 NRMD) NBG) —

)‘p(Nsig)

R.Sawada

(

. (NrMD — {NrMD))” _ (vBa

1 B A O
Tl R e S e TR
- .-.v_—‘-v.. _*;--:.:"}
-.1

Two Gaussian constrain
Nrvp and Npg

\

events

Events /(0.080 nsec)

\

i '_:-f_!-. i

T,, (nsec)
E(Nsigv NRMD(Nsig)a NBG(Nsig))
£(Nsig7 NRMD) NBG)
MEG experiment

0
te, (nsec)

Profile likelihood ordering
Feldman-Cousins approach




c
Normalization %

H / Michel decay
/ V

2009 : 1.03 = 0.09
2010 : 2.21 £ 0.2

~ 10% Uncertainty

R.Sawada MEG experiment



c
Normalization %

H / Michel decay
/ V

2009 : 1.03 = 0.09
2010 : 2.21 £ 0.2

~ 10% Uncertainty

Events /(0.080 nsec)

p—
[94]
(=
>

T

2009 : 1.14 £ 0.10
2010 : 2.28 £ 0.27

~ 10% Uncertainty

MEG experiment



c
Normalization %

H / Michel decay
/ V

2009 : 1.03 = 0.09

2010 : 2.21 £ 0.2
. ~ 10% Uncertainty

<
2009 : 1.08 = 0.07
2010 : 2.23 + 0.16

4

~ 7% Uncertainty

Events /(0.080 nsec)

p—
[94]
(=
>

T T

2009 : 1.14 £ 0.10
2010 : 2.28 £ 0.27

~ 10% Uncertainty

A4
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Result

R.Sawada Recent Result from the MEG experiment



Data statistics

# of muons stopped on the target

2009

lll]lll]lll]llllllll

10—

l)?-‘ll 0611 I IR 2V 29I 2

<

18/08

29/08

i i
09/09  20/09

i
01/10

12/10

i
23/10

>

~1.5 months

R.Sawada MEG experiment

~3 month

i
03/11

11 llllllllllllllllllll

14/11
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Sensitivity

2009 : 3.3x10°1%

Ix10712
15
Upper limit

2010 : 2.2x1012

L Ix10712

15
Upper limit

Sensitivity : Median UL of MC with
background-only hypothesis

R.Sawada MEG experiment

2009+2010 : 1.6x10712 -

_ Ix102

15

Upper limit

L1



T 1me side-bands

Events / (33.04 nsec)

sideband
B — ey)< 1-8 x1072

consistent with U.L. of MC
experiments w/o signal

ﬂ.lIII|III!Illll.l.lld_'lﬁblllllllllll

I.klllll

|‘ Y |||9|.|.| [ ®

111 | 11 | o- ] ] ] ] L
S5 56 -0.999 -0.999 -09985 -0.998
E. (MeV) cosO,,

contour : signal PDF (39.3, 74.2, 86.5 %) 48
R.Sawada MEG experiment
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Angle side-bands

IIII|IIII|IIII|IIII|.IIII|IIII|IIIIPI
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[

|IIII:I

®

51 52 53 54 55 56 1 -0.9995 -0.12_?9(1 -0.9985 -0.998
E, (MeV) cos®;,"* (A¢, =-0.10rad)

no unexpected time correlated background

contour : signal PDF (39.3, 74.2, 86.5 %) 49
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RY
SN\

-Selection: [T, |<0.278ns; ©,,> 178.34 deg

51<E <55 MeV; 52.34<E_ <55 MeV

_j

IllldlllllIII'I.II-I\Illll :.llll

III.I|!II.Ill.lv‘lz‘l"ll.l.;:lllllllIII|IIII
4% 51 52 33 54 35

(

IIII|IIII¢II

-0.9995 -0.999 -0.9985 -0.998
cosO,,

UI IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

=

=
=
o
S

contour : signal PDF (39.3, 74.2, 86.5 %)
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c
2009, Result “/Q

Nsignal Best fit : 3.0(preliminary) — 3.4(updated result) 2009 result stable

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2

[T

Confidence level

R R R R N R e A R S EE R E R AR R S KRS g

lIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

T B ¥ [
10 15 20
Branching ratio

1.7 x10 < B (0 — €7Y)< 9.6 x10'% @ 90% C.L.
Best fit : 8.2 x101* p-Value of background-only hypothesis: 8%

o1
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contour : signal PDF (39.3, 74.2, 86.5 %)
R.Sawada MEG experiment

-0.9995 -0.999  -0.9985 -6.998
cosO,,




200942010

=]
>
1 T T 7T

Events / (56 psec)
Events / (0.24 MeV)
Events / (0.4 MeV)

50 52 54 5 58
Gamma Energy (MeV)
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2009+2010 hkelihood

'C(Nsigy NRMD(Nsig)v NBG(NSig))
L(Nsig, Nrvp, Npa)

(-
&

I I

-~
-
“~

lll|llll|llll|llll|llll|llll|llll|lll~f.|llll|lll

9

8
d
6
5{—
43
3l
2E
=
0

. Ix1012
15
Branching ratio

| |

Note these curves are not directly used to derive the
U.L., which are obtained in a frequentist approach
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2009+2010 result

Confidence level

TTTTTT IIII|IIII|IIII|IIII|IIII‘|IIII

arXiv:1107.5547 [hep-ex]
PRL accepted

| x10712

10 15 20

Branching ratio

B — ey)< 2.4 x10'2 @ 90% C.L.

Data set Bt LL UL

2009 32x 107" 1.7x 107" 9.6 x 1072
2010 —9.9 x 107" — 1.7 x 107"
2009 + 2010 —1.5x 10" — 2.4 x 107"

R.Sawada

Systematic uncertainties (in total 2% in UL)

® relative angle offsets
@ correlations in et observables
® normalization

MEG experiment



® 2009+2010 data

Zero-signal I1s consistent

5 times tighter new [Imit

G. Isidori et al 2007 PRD 75 115019
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Q
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©
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T o7
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C
m

b

By — ey)< 2.4 x10?
© 90% C.L.

B <— 2009 UL

MEG constraint
<« 2009+2010 UL

<€ 2009+2010 Sensitivity

|- Lol i L Ll 1 1

20 25 30 35

B-physics constraint 18

40 45 50

g-2 constraint  Aa,x10"

[B(B, — p*u™) <8X 1078, 1.01 < Ry, < 1.24, 0.8 < Ry,, < 0.9, AMy = 17.35 = 0.25 ps~']

R.Sawada MEG experiment

K. Hagiwara et al 2011 J. Phys. G: Nucl. Part. Phys. 38 085003
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e

2011 run “

(less DC ef lower

CEX

Other experiment(Lamb shift)
2009 Detector installation

XEC: liquid purification & preparation
DC: HV discharge problem fix DRS4 installation

DRS4
' PhyS|cs run

BTS repair work

AU 7 DC repair work

PSI| accelerator
Shutdown period

R.Sawada MEG experiment




Data statistics : present and future

2011

e o s e

ml!

>

# of muons stopped on the target

F ™ on target

Rul

llllllllllllllllllllll

W05 09 200 000 200 10 i |5,”)6I.'||03,.m,;||m:n-r.!umm:n1:.'nm||“1,09;1|29;|]9;|||7;|0,’|103,!";“21;||,'||[]9,,'|2,'“
Last Updated on Fri Nov 23 07:05:14 2011
< > >

~1.5 months ~3 month ~6 month

iTe
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c
Summary %

P MEG experiment has started physics run in 2008, and MEG detector has been working
since then, and the performance is still being improved.

P 2009+2010 data : 5 times stringent new limit on Br than the MEGA result (1.2 x 10-11)
P Sensitivity : 1.6 x 1012
P Consistent with 0 signal
P Upper limit : 2.4 x 1012 @ 90%CL

P MEG physics run has restarted since the end of June 2011, and MEG is accumulating more
data 2011-2012 to reach O(1013) sensitivity.

P Possible major upgrades of experiment (sensitivity<~10137) are being discussed.

R.Sawada MEG experiment



R.Sawada Recent Result from the MEG experiment



What can improve our result?

P Statistics : still the most important thing

P 2011 data > 2009 data + 2010 data
P 2012 data > 2011 data
P Multi-buffer scheme for DAQ

P Livetime improved, wider direction match table can be used

P Better et resolution & detection efficiency

P One of noise sources (HV distributor) is removed in 2011.
B Thinner DC cables, preamplifiers, rearrangement of cable layout etc.
P Better gamma resolution & calibration

P Stable & better quality data with new detector (BGO) for CEX

P New reconstruction algorithm, improve Q.E. estimation etc.

R.Sawada MEG experiment



. . . n e
Positron detection efficiency %

P Positron efficiency ~ 40%

o dc frames

W cables

npeampifer) I New design of DC frames

O cable duct

P Design of a new DC system
— 1S a long term activity

P Feasible starting point for
Improvements

“hinner signal cables
1728ch)

"hinner Preamplifier PCB
(576 pcb)

R Sawada MEG experimeb Expected: (50 +x) %



Purification system

Gaseous purification

) eoabEEs

Metal heated getter
H,O, O,, N,,...

Diaphragm pump
~1L/h

R.Sawada

Liquid purification

Heat exchanger

Cryocooler
(>150W)

GXe pump

(10-50L/min) |i
I

j L1

GXe storage tank

Cryocooler
(>150wW)

Molecular sieves

Mainly H,O rejection

Liquid pump Cryogenic centrifugal pump
(100L/h) ~100L/h

N

LXe Calorimeter

Purifier

1000L storage dewar
Liquid circulating

purifier

MEG experiment



Intrinsic resolution

* PMTs are divided into 2 groups (odd, even)

 See difference of rec. time by the two

- Electronics contribution canceled out
- 0((Todd 'Teven)/ 2)

55 MeV | 83 MeV

’

Mu-C-GQamma Collaboration

AR A R X B
LAA R LA LY L
AR A B L]

N
hn o
1

2009 37.5 30.5

Intrinsic time resolution is
dominated by p.e. statistics

NOwW W
th = un

—~
o
U
¥
-

S’

240

<
N
=

2t

)

[
= W =
L |

Illllll 1 lllll

Liet 111l

lllllllll

16/Feb/2011 Yusuke UCHIYAMA
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TC resolution: intrinsic+DRS
. 0(AT)/N2 in double bar Michel

events =upper limit on TC intrinsic

resolution +DRS

M. De Gerone

I

—
-
p o

.
- : I
-
-
-
.

o(AT)N2 (ns)

".oawaaa

bar#
NVIE G expemmem:

AT =T, -T,
/

/

/

/

Estimate of resolution

| on positron impact point
| at TC: o(T+¢)~65 ps

Resolution on average
~5 ps worse in 2010

1 with respect to 2009
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T1ming

DRS, Electronics timing accuracy :
130—48 psec

2010
143 ps

j:lllllllllll

Events /(0.080 nsec)

megﬁi_ = 6XS5ps
sigma = 124 £ 5 ps
Nrd =5011+ 166

mean = 3z 14 ps
sigma = 143 = 7 ps
Npp =4375+157

RD
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0
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05% limit

B x 102

Data set  Best fit LL (90% C.L.) UL (90% C.L.) UL (95% C.L.)
2009 3.0 0.17(0.17) 9.6 (9.4) 11 (11)
2010 -0.99 - 1.7 (1.7) 2.3 (2.2)

Combined  -0.15 - 2.4 (2.3) 2.9 (2.8)

R.Sawada MEG experiment



Events / (56 psec)
Events / (0.4 MeV)

Events / (0.24 MeV)

50 52 5 5
Gamma Energy (MeV)
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Events / (56 psec)
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Events / (0.4 MeV)
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2009 2010
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. n e
Alignment inside/among detectors %

P Optical surveys
P DC - target

P double-checked by target
holes

P Alignment by CR

>
>

DC — XEC

DC

P Xe
P Pb collimator:

P AmBe

R.Sawada

MEG experiment
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Background rejection

R.Sawada

Cosmic ray rejection

CR data
Signal MC

‘hwaku3

Entries

Mean x
Mean y
RMS x
RMSy
Integral

0.
0
0!

2

MEG experiment

2.
GammalnOutRatio

Inner/Outer charge Ratio

AR NI — i — 1

Original

Pileup elimination

x

R

P s

AR R R R
L0000 0000

R
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S0 0000
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1.Find pileup

12

3

lacement

2.Reconstruct energy w/o pileup region, calculate expected

charge

3.Replace these charge




Correlations In positron variables

AR A =

R.Sawada MEG experiment



Correlations In positron variables

AR A =

At. \ &5

R.Sawada MEG experiment




: . : . c
Correlations in positron variables %

AR A =—>
Ate \ &5 f

R.Sawada MEG experiment




Correlations In positron variables

AR A =

R.Sawada MEG experiment



two turn method




Correlations

Many of correlations can be measured using data

Agreement with MC <10%

Large uncertainty 25% is assigned to un-measurable correlations

Data : two turn method

Entries 36 | 36
Mean 1.966 - -0.7529
RMS 1.673 - 2.239

¥/ ndf 132.6/10 86.73 /10

po <0.003987 + 0.000168 | : -0.00591 = 0.00018

. | pt -0.01462 + 0.00041 . - 0.01619 = 0.00039
- +

.
. " -1
p—— { .
p
i

R.Sawada MEG experiment



€
Correlations and physics analysis %

All the known correlations are implemented in signal PDF including event-by-event feature

Both the fitting and the toy-MC generation

Full MC Pevy VS ’198‘)(

=} ::. |1 ]
"y mm

When correlation is included,

Oinner IS Used, Instead of o1

R.Sawada MEG experiment



c
Alignment of drift chambers %

Initial values : optical survey

Michel positrons — Cosmic rays
lterative process — Fitting all chambers

e e Millipede method,
Independent of initial values CMS-NOTE-2006-011

1.5 um and 102 mrad level reproducibility, from different initial alignment.

Fitting error : 130 um and 0.2 mrad.

R.Sawada MEG experiment



Alignment of the target
e < 0
"

_e
0]
\%
-
R
SN\

verterposition_z_vs_y_higio
Entries 3445217
Mean x 0.4059
Mean y <0.39
RMS x 2.29

P

.
i1 o F & B = == = = =
So
-

..
. ¢
1 Il IH BH BB =B = =
.
-

-
L
-
-
™
=~
-
1
]

assumed target positron track

actual target

When mis-alignment exists...

z_vertex |cm]

hole position depends on angle

382
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Alignment of the target

_S
0]
V
-
RY
SN\

+2 | ndf B.239/6
Prob 0.2211

Y-hole [em]  -1.492 + 0.01057

A P [em] -0.03575 = 0.01852

P

.
i1 o F & B = == = = =
S
-

sumed target positron track

actual target

Confirmed that When mis-alignment exists...
Optical survey position is correct

hole position depends on angle

83
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€
Magnetic field ey

1. Calculated field : Accurate, but possible systematic differences

2. Measured field : Realistic, but possible measurement errors

Possible misalignment of hall sensors

——> causes false By and B, from B,  Secondary effect

1.27T @center, 0.49T @ends
» 1

Hall sensor(3-axis) 9 (B \ Non-negligible

Ideally zero

3
R.Sawada MEG experiment 4



€
Magnetic field ey

1. Calculated field : Accurate, but possible systematic differences
2. Measured field : Realistic, but possible measurement errors

3. Reconstructed field : Realistic, and measurement errors are reduced

Possible misalignment of hall sensors

——> causes false By and B, from B,  Secondary effect

1.27T @center, 0.49T @ends

~

Hall sendor(3-axis) Small

(<0.2xBz)

Ideally zero

Can be found and corrected
using Maxwell equations

R.Sawada MEG experiment



2009 data 2009 data
DCH alignment using Michel tracks Millipede alignment

Calculated B field Reconstructed B field

— 0 <-0.35rad

— -0.35<¢p<0rad
0<¢<0.35rad

— 0 >0.35rad

— 0 <-0.35rad

— -0.35<dp<0rad
0<$<0.35rad

— 6>0.35rad

max. spread

. d
max. sprea 80 KoV

180 keV

1 T T | 1 T T | I T =]
L1 1 1 | L1 1 1 | L1 1 1 | |

=
o

—5

Ee , [MeV]

%2 I ndf B8.239/76
il

hole #1 (2009,0pt.sur.) | 148418 ; ; . orob o221
Pruls 7.3%ie-20 - é é f

¥ehembe fomn |0 44l @ 0.0082TT

A P|om] &0as17 = 000068

Y-hole [cm]  -1.492 = 0.01057

AP [em] -0.03575 = 0.01852

Y-hole [cm]

AY ~ tan(g@)-AP

R.Sawada MEG experiment



Systematics EMEG

Mu-E-Gamma Collaboration

. Systematic effects are taken into account in the calculation of
confidence interval by profiling on (N, Ngz) and by fluctuating PDFs

according to the uncertainty values
- all the results shown so far already contain systematic effect.

Size of effect of systematic uncertainty is in total 2% on the UL.
- 2.3%x1012—> 2.4%x10°12 for combined result

Relative contributions on UL

Center of 0., and ¢, 0.18
Positron correlations 0. 16

Normalization 0.13
E. scale 0.07
£ bias. core and tail 0.06
Contribution of each item {o center 0.06
was studied with toy-experiment £ BC shape 0.04
by comparing the result with _I; signal shape 0.03
nominal PDF and that with Positron angle resolutions (f.. @.. zo. y.)  0.02
fluctuated one. ~ angle resolution (., v.. w.) (.02
I'. BG shape .02
I signal shape 0.01

Crimean Conf, 4/Sep/2011 Yusuke UCHIYAMA, the University of Tokyo @



Multi buffer DAQ

P Dead time in 2009-2010 Live time - online efficiency plane

YT T rrrr[rr
i

: :

: :

P 25ms/event ~ 83% livetime @ 6Hz

P Multi buffer DAQ

Live time

P Installed at the end of 2010
P >99% livetime @ 10Hz

I Direction match table between
positron and photon can be widen
(92% -> 96%).

VYV 2009
% Multiple Buffer

035 055 0.6 065 07 075 08 0.85 09 0.95
Online efficiency
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c
Current Status of MEG %

P Physics data taking started in 2008 | MEG Collaboration

P 2008 data P ~55 Collaborators from Japan, Italy,

Switzerland, Russia, and USA
P Br(u->ey)<2.8x101 at 90%C.L., published

In Nucl.Phys.B834:1-12,2010
P Sensitivity: 1.3x1012
’ 2009 data Koshiba Hall S.'.:;f(-—)l;

=

P Br(u->ey)<1.5x10 at 90%C.L.
(preliminary)

P Sensitivity: 6.1x1012 (preliminary)
P 2010 data

P 1.9x statistics of 2009

P 2009+2010 combined analysis result was
presented this year

P Br(u->ey)<2.4x101? at 90%C.L.
P Sensitivity: 1.6x10712

R.Sawada MEG experiment



c
What's new in 2010 %

P 2010 data = 2 x 2009 data

> There was a problem of beam transport solenoid, and 2010 beam time finished
prematurely.

P Timing improvement by waveform digitizer

P Positron tracking performance and efficiency slightly worse

> due to noise problem and more unstable DC layers

P Better calibrations of data

P Alignments inside/among detectors

R.Sawada MEG experiment



Waveform digitizer upgrade

P DRS chip developed at PSI

P Fine tuning of DRS4 digitization board (introduced in 2009)

P> Noise reduction on digital board & time jitter minimization

P Contribution of timing resolution from electronics

> 130ps in 2009 -> 50ps in 2010

DRS4 MEZZ 1.3] & —
HU14 Feb. 89 | & =

R.Sawada MEG experiment




DC performance in 2011

P Found that one of noises (14MHz) coming from DC HV
distribution system

. 1 primary HV power supply(ISEG EHQ 103M) and 16 HV [ run70613
distribution modules with 2 ch. each (PSI) [ dc068

P 2011 physics run (in a month after starting)

P 32 different primary HV power supplies(ISEG EHS)
. dz, dr improved before/after exchange in 2011

0 A

I DC calibration is on-going. 8, ¢ resolution will be checked 00OEW000  SO0E007 | 100E-G08  1S0Ev008
Frequency, Hz
after that. !

T 1T 1T T”Y T T 71 T T 1

= — 2011 old PS ‘

0.09
0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01

0

2011 old PS

—— 2011 new PS i | | 2011 new PS
A8 l |

counts

Ty ITTY!!I!I TIT*Y'] 1 l] 111T11Yr1 IRARRARREAY

Ll lllllllll Lll‘l.l iAll lllllllll

t
|

AZ |cm|
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Background spectrum

RD + AlIF in MC

+- Resolutlon + Pedestal Entries 10387

. - f | Mean 0.04502
1 rRMS 0.003303
x2/ rdf 82.24 /69
AIF RD Con 2459 + 15.2
1 cr 0.025 + 0.011
.| Sigma 0.02779 + 0.00576

Contribution of background

EScale 0.9926 + 0.0051 events In Signa| region
TRGAcc 0.04254 + 0.00010

TRGRes  0.03954 +0.00164 (51-55MeV)

Remaining

| P — ] | T . i Lol _l A l asal Ll .l 1 hasalisaal . . . j 1 1 6 %
0.03" 07035004 0045 005 0055 0.06 0085 .07 (Plleup, tailetc.)

E, (GeV)

Position dependent Yy background spectra --> PDF for likelihood analysis
These can be extracted directly by time sideband data
Detector response (energy resolution, energy scale) can be double checked by this,
And the result is consistent with CEX data

R.Sawada MEG experiment



