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Physics Motivation

u—ey search history

® Forbidden in the standard model
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® Discovery — evidence of new physics.
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® MEG is exploring the new physics region
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Predicted by new physics
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Signal & background %ey

® Signal
® u* decay at rest 180° /
e+
e 52.8MeV (half of M) (E_,E,) (\
H+

® Back-to-back (8,..¢.,)

e Timing coincidence (T, ) Y

® Accidental background ® Radiative muon decay

® Michel decay e*+ random vy ® L — evvy

® Dominant background ® Timing coincident, not back-to back, E

. < 52.8MeV
® Random timing, angle, E < 52.8MeV +
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MEG detector PSI in Switzerland

COBRA Magnet

Drift chamber

Muon Beam

>

Stopping Target
| ; : ————|

Drift chamber

Za

Liquid Xenon
Scintillation Detector

-

Eur. Phys. J. C, 73 (2013) 2365
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Key items for p—ey experiments %

Very high rate u beam

esolution

Efficiency Good resolution for relatively low (52.8 MeV) energy particles

d) Reducing accidental backgrounds
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Beam and target

Wien filter

‘ X |

590 MeV quadrupole ==
proton 1.4 Mmw magnets ;- .~

f'l.l “'\

beam | o

Slit opening Collimator position COBRA center

R, (Hz) at 2mA o (mm) oy (mm) R, (Hz) at 2mA o, (mm) oy (mm)
250/280 9. 10’ 21.8 18.6 7-107 9.6 10.1
115/115 3.5-107 21.4 1538 2.9-107 8.9 8.8
70/70 6.5-10° 20.4 15.8 5.8-10° 8.4 8.3
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Beam and target
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Beam and target
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Beam and target @aergrount

Separator Scan Slits
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R, (Hz) at 2mA o (mm) oy (mm) R, (Hz) at 2mA o, (mm) oy (mm)
250/280 9.10’ 21.8 18.6 7-107 9.6 10.1
115/115 3.5-107 21.4 15.5 2.9-107 8.9 8.8

70/70 6.5 10° 20.4 15.8 5.8-10° 8.4 8.3

qua(frupglégﬁ' i mm ’

R.Sawada MEG : Status and Upgrades

CLFV2013



Beam and target
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Beam and target

Beam spot size in sigma [cm]

esolution
Efficiency
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Beam and target

esolution
Efficiency
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590 MeV quadrupolesiil 1
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Y

beam |

Slit opening Collimator position COBRA center 205 “m th'Ck pOIyethylene plate
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Live time - online efficiency plane

N

—

Livg time
©
[6)]

Trigger and Electronics

o
©

® Trigger
® FPGA based trigger system
® Physics-event trigger
® v energy — 2x103 Hz
® Time coincidence between y and e* — 100 Hz ol

® Direction match — 10 Hz ol o 50092010
® >95% efficiency for signal . S

085 055 06 065 0.7 075 08 085 09 0.95

® Readout o _ 2008 — 2009 : direction- matci?'éi?ﬁff‘f‘é‘ﬁyergy
® DRS digitizer chip developed at PSI resolution improvement
® Sampling up to 5GHz (0.8 or 1.6 GHz used in 2010 — 2011 : multiple-buffer readout
MEG)
® 12 bit voltage digitization
® 16 ch per VME board DRS mezzanine board

http://midas.psi.ch/drs

® Slow-control and DAQ
® 9 frontend computers and an event builder
® MIDAS DAQ framework
® MSCB slow-control bus
http://midas.psi.ch
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Special gradient
magnetic field
1.27T at center

0.49T at each end Low energy positron COnstant Bending RAdius
quickly swept away independent of emission angles

® Made of thin materials (0.2Xo0) o corution
® Precise 3D field mapping

e & @S
(=2} ~] (=]
|III|III|III|III|III|I

o
o
c|||||||||

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

3

R.Sawada MEG : Status and Upgrades CLFV2013



T

N,
Cdmpensation coil-

e = Uniform B-field
solenoid

b O)— (s <= —

Positron spectrometer magnet u/%(

am———

w" beam ”
s | | | |'| '. ||
D¢~

Gradient B-field

Special gradient
magnetic field
1.27T at center

0.49T at each end Low energy positron COnstant Bending RAdius
quickly swept away independent of emission angles

e
-

S
>

o
o
c|||||

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

3

R.Sawada MEG : Status and Upgrades CLFV2013



T

. |
Cdmpensation coil.

. Uniform B-field
N solenoid

b O)— (s <= —

Positron spectrometer magnet u/%

am———

w" beam ”
" | H”i"‘u"'u'n"

Gradient B-field

| ' / / \

Special gradient S
magnetic field —
1.27T at center

0.49T at each end Low energy positron COnstant Bending RAdius
quickly swept away independent of emission angles

S
o

i
-

&
>

o
o
c|||||||||

02 04 06 08 1 1.2 _ :
Distance along axis (m) @ Positrons do not hit magnet walls

R.Sawada MEG : Status and Upgrades



T

N,
Cdmpensation coil-

e = Uniform B-field
solenoid

b O)— (s <= —

Positron spectrometer magnet u/%(

am———

w" beam ”
s | | | |'| '. ||
D¢~

Gradient B-field

Special gradient
magnetic field
1.27T at center

0.49T at each end Low energy positron COnstant Bending RAdius
quickly swept away independent of emission angles

e
-

S
>

o
o
c|||||

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

3

R.Sawada MEG : Status and Upgrades CLFV2013



Drift chambers

Z (0) direction

'. ) w| R(P)direction

® Only high momentum e* (>40MeYV,
19.3cm<r<27.9cm)

® Chamber gas He:C,H; = 50:50

® |ow material budget (~2x10-3X, for one
turn of e* trajectory)

® Open frame at the target side

® Low MS, low y background

R.Sawada MEG : Status and Upgrades CLFV2013

® 16 radial drift chambers @
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e
Positron spectrometer performance %

Theoretical Michel spectrum
Response function

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

=)
S
S
—

\

® Detector response
® double gaussian + acceptance
® 0, = (79%) + 1.56MeV(21%)

Number of events /(0.25 MeV)
S
S
S

iency
_
[T I I I

Acceptance function—3_ 5|

Relativd effic

50' " 55
E (MeV)
e
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S
Positron spectrometer performance, cont. %

reconstructed by *
(18t turn)

¢ e T I T T
Ocore = 11.161 £ 0.196 mrad |
O, = 50.806 = 1.222 mrad

feore = 0.796 = 0.007

reconstructed by *
(2nd turn)

Events / 3 mrad

drift chamber

Angular resolutions
measured comparing two-
segments of 2-turn tracks

0=10463+0.069 mrad

Resolutions for signal (after MC corrections)

Events / 3 mrad

—_—
=)
o
S

Vertex position
Oz 2.5mm
oy 1.1mm(86%), 5.3mm(14%)

Emission angle
O, 9.4mrad

o, 8.4mrad(80%), 38mrad(20%) for ¢=0

11
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Timing counter

® 15x2(Upstream/Downstream) plastic scintillator bars (4x4x80cm?)

® Fine mesh PMTs at both ends, positron timing measurement

® Positron @, z position reconstruction using charge-ratio (online) or time-difference
(offline).

Time resolutions

TC with fibers exposed 73y ¥

0 V | T || T

| | ; + Double
ﬂ-lZ_? : : » Triple

0.1}

= ERE T T oV > il R = ¥
£ : ¥ ¥ L S PR EEL
© 0.06f+v.e" b A . gi'

*

s o ki B el o,

0.04[

0.02}

- 1 i i 1 Il i i 1 Il 1 Il 1 i i i I i i
0 15 20

Bar number

,"—Timing resolution of Al

ﬂ'
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2.7t Liquid xenon gamma-ray detector M/%

® y measurement with high resolutions /Resolution

and efficiency in a large acceptance \Efficiency
® Pileup elimination in offline analysis ® 900L liquid xenon

® 846 2° PMTs (Hamamatsu)
® Submerged in Liquid

® y energy, position, and timing
reconstruction

® Merits

® High light output(80% of Nal)
® Fast timing response(45ns)

® Heavy(3g/cm3)
® Challenges

® Low temperature(160K)
® 200W pulse tube cryocooler

® Short scintillation wavelength (175nm)

® Gas/liquid purification

13
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° ° ° ° e
Calibration and monitoring %

-

(

PMT ) Energy ) ;Time )

. 7
AmBe (4.4MeV) B(p,y) (4.4+11.7 MeV)

LED Neutron capture (9MeV)
Alpha source (5.5 MeV) Li(p,y)Be (17.6 MeV) m0—e*ey (55-83 MeV)

m0—yy (55, 83 MeV) Muon radiative decay
Cosmic ray (160 MeV)

Process Energy (MeV) Frequency

Charge exchange 7~ p—nn 54.9,82.9 yearly
7’ — yy

Charge exchange T p—ny 129.0 yearly

Radiative ™ decay ut—etyvy 52.83 endpoint weekly

Proton accelerator TLi( D, )/17,6(14,8))8Be 14.8,17.6 weekly
UB(p, vaayi16)'?C 4.4,11.6 weekly

Nuclear reaction BNi(n, )/9_0)59Ni 9.0 daily

AmBe source "Be (o241 5, 1) 2 Cs 4.4 daily

12C>|< — 12 Cya.4
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Energy Scale Stability

® Absolute scale calibration . e CW data (used for correction)
Before correction e BG data (not used for correction)

® 55 MeV CEX gamma

|

2009 | 2010 | 2011

gy scale (a.u.),
= &
)

® Time variation corrected using

S
]

Ener:
—
(]

® 17.6 MeV CW gamma A ,“’.;f’f“‘g“?’ ,,,,,,,

F

i!g o

® 9 MeV Ni-n gamma

® 4.4 MeV AmBe gamma

| ! L0 il ! | I | ! | I |

1 | | | | I 1
02/Dec 29/Aug 28/Sep 28/0ct 5/Jun 25/Jul 24/Aug 23/Sep 23/Oct

<« >
2 months

® Cosmic ray peak

® Checked using background gamma  After correction
spectrum during physics run

|

T T T T T T T T [ T T T T T T T T T T

2009 2010 ¢ 2011

=
%)

[
o

I ! I ! I T
raw energy 3
with old pileup elimination -
with present pileup eliminatior,

<
[ )

Energy scale (a.u,),

<
o

[
L

[
\%\ T T TTTIT T T 11T

laws I honeds ot ;ﬁ?g‘;@__,______,______,%ci_g;&ig;,fﬁﬁé;,,_hﬁ_.,%f,,g‘,,,,_,_g_,____.._,_.__?.,.‘,.:.,Mq,i_;

0.99

0.98

Number of events / (0.5 MeV)

[
\\Hﬁ) T T 11T

0.97

Background

0.96. | | I | b | o T B R R R
IQ‘ : : ‘ ‘ ‘ ‘og/Nov 02/Dec 29/Aug 28/Sep 28/Oct 5/Jun 25/Jul 24/Aug  23/Sep 23/Oct

spectrum
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Energy resolution

Measured using 55 MeV CEX gamma rays

Typical 55 MeV CEX spectrum

Oy, = 1.56£ 0.03 %
FWHM, =4.54+0.11 %

+
‘..:f
++
o
B aiandh saaadel
- - 4 T 1 1 1

20 40 60

Lower tail due to EY
® Energy deposit in material before entering

LXe (Magnet, cryostat, PMT holder etc.)
® Energy escape from LXe

—_
>
>
<
\n
<
<
)
~—
=i
5]
>
5]
S
=]
S
-]
=
=
=
4

i‘VA\/’erage resolutions
1.7% (depth>2cm), 2.4% (depth<2cm)

Resolution map

Position and depth
dependences are measured
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Position resolution

Measured using lead collimators with CEX data

x2/ ndf 117.6 /121
| Scale, 119.9+£4.9
| mean, -5.706 + 0.027
S, 0.6592 + 0.0271
-| Scale, 130.1 £ 5.0
mean,  (,05354 + 0.02542
1 oy 0.6748 + 0.0274
.| Floor 60.4+0.9

3. 3‘
LARC TS TN

SV~ . )
f‘ }“ ]

L

]
< ,

7

L 2 4
5 5 .

l-
o
D
h goes | Jaw, DR, CORS
, . 7, /)
7

Entries / 0.12cm

B ; ;

g

el " rmad rms
7 7 7

Position resoluti | e i i i |

v (cm)

Width is compared with MC
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Timing resolution

Time difference between LXe calorimeter and a
reference counter in CEX data

Pb converter
l_/ Plastic scintillator

Energy dependence

120 [psec]

800 n’ 55 MeV

62" =119 psec

Number of events /(0.03 nsec)

600

Time difference I
between calorimeter4w

Time resolution
80

40

and pre-shower o0l | : = 55 ) 109 s |

o =\3382/ E,(MeV) + 45" (psec) |

s - M —— m— ' | _1 ] | | ] 1 | L]
[ﬁ Time resolution : ;f Time difference [nsec] 40 80E 100 [MeV]
=?19ps - béaps) - resolution of reference counter(81ps) Y

Breakdown

O:‘i“\‘\‘\

Intrinsic
ToF (depth)
Electronics
Position resolution and shower fluctuation
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Positron - photon timing

Time difference between

2011 data

gamma and positron
I | I I I I | I I I I | I I I I

12000

080 nsec)

> 10000

3000

6000

N

4000 o = 16430 + 374

o, =130=4ps

Number of events /(0

2000

H+

III|III|III|III|II+-||'|III|III

0|||||||||||||I_||||

o) -1 2

TeY (nsec)

by

® Radiative muon decay peak

® |In normal physics run

® Corrected by small energy dependence

_ —

ﬁTlmmg resolution for signal is pS \

taking into accountth nergy epennce

R.Sawada

MEG : Status and Upgrades
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Time Line Previous publication (Phys. Rev. Lett. 107, 171801) <

New publication <

Physics run

Detector R&D

Physics run

Magnet

construction

Detector construction

—

Beam line
commissioning

Engineering

| o R /

_wa we ayestaﬂing 2 si r. 3‘

analyzing

20
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New result from

Run2009-2011




Data statistics

DAQ efficiency 87%—96% in 2011

k factor
= SES-1 (x1019)
5

2009 2010

R.Sawada MEG : Status and Upgrades CLFV2013



@& v
Improvements for the new result - Y

@® 2011 data

® Doubled the statistics
® Hardware modifications
® Nal detector used for calorimeter calibration run was replaced with BGO
® Laser tracker system for target and drift chamber initial alignment
@® Improvements of analysis, applied for 2009-2011 data

® Reconstruction improvements (next slide)

® Physics analysis

® per-event PDF for e*

R.Sawada MEG : Status and Upgrades CLFV2013



° ° - e
Reconstruction improvements (ew ) %

Y 1 €

Improved pileup unfolding using waveform FFT based offline noise reduction

® 7% higher signal efficiency ® 6% higher signal efficiency
® Reduced tail component i ® Angular resolution improved a few
’ percent

Revised track-fitter

o higher efficiency
® Reduced tail component

| T T T | T T T ]
background spectrum]
raw energy '

. with old pileup elimination
= Wwith present pileup elimination

Number of events / (0.5 MeV)

! - old analysis
: ey i 3 present analysis

- background spectrum : 3
! | | ! | ! | ! ;' - L L I | I I ! |

50 55 60 70 f 52 56
E y MeV) . E. ™ev)
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Analysis method

Likelihood fitting with 5 observables
: Gamma energy

. Positron energy

. Time difference

. 6 angle difference
. @ angle difference

Unbinned likelihood fitting

T will explain later...

PPOJ@CTIOH to Ee

-

) +NRMDR( i) +NBc;B( i))

by

BG : Accidental
RMD : Radiative muon decay

R.Sawada MEG : Status and Upgrades
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I ikelihood and test-statistic

L (Nsig, NrMmD, VNBG) =
—N [_ (Nemp—(NrmD))? (VBa—(NBG))

3 3
e 209RMD e 298G

Two Gaussian
constrain
NrvDp and Ngc

o )

€

Nobs!
Nobs
][] (NaigS (7)) + NrmpR (77) + NeeB (7))

A\

- J

—_
[P
%]
177}
=

N

en

en

~

~
j72]

e
=
5]
>

=

Number of events /(0.080 nsec)

L Nsi 7]<fRMD Nsi 7]<7BG Nsi
(N - (A o) . (Nsig)) Profile likelihood ordering
£(Nsig7 NrmD, NBG) Feldman-Cousins approach
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Examples  Signal PDF
Per-event et PDF g bata

Typical event

New

Resolutions :

fitting error

Scaling factors extracted from
1) Michel spectrum : Momentum
2) 2-turn method : Angular & Vertex

Correlations : between observables

\_

Correlation parameters extracted from
data and MC

]gi Sensitivity improv !
\_ J
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) ) contour : signal PDF (39.3, 74.2, 86.5 %) e
Time mde—bands 2009-2011 data LL v

Tey Negative sideband Tey positive sideband

¢o)
L ©, B3 .0 o0 Dy | 3 00 1 L x

-0.9995 -0.999 -0.9985 _. -1 -0.9995 -0.999 -0.9985
cos B¢y | cos B¢y
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e
Sensitivity %

Median upper limit of pseudo-experiments (MC) with background-
only hypothesis

2009-2010 2009-2011

—— Upper limits —— Upper limits
[ N I 500 — "~ 1 T T T T T T T

400+

300

n

200f
sidebands

| : X10-12 | | | | | | |
6
Branching ratio Branching ratio

median = 1.3x10-12 median = 7.7%10-12

c.f. 1.6x10-2 in previous publication

(20% improvement) | First IL:GL Sejrch with ’ * ) eS|t| |
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200942010 data

00 00 O oo O

@I ! | I
.l

5
O
©

By 51 "s2 53 54 55 56 21 209995 -0.999 -0.9985
E,MeV) cos B¢y

contour : signal PDF (39.3, 74.2, 86.5 %) errors : MINOS 1.6450 30)
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Comparison with previous analysis

® Previous analysis
® New analysis

Numbers : rank in each dataset
R Change of UL by modifications of

reconstruction algorithms. (MC)
600 L L L L L

500

400

300

200

=
® L
S

I_I | |
10 15
NsigUL90  -NsigUL90
New Old

® High ranked events are stable

® Differences of observables by modifications of
reconstruction algorithms are smaller than
resolutions.

. o . A .
IH T TT | T 1T | T 1T | T | T 1T | T T F
S, /,
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RY
SN\

2011 data

©)
%
O

@OO o
©)
0 080 o

O
L o

So

Q0
o e

I I |OI ) | I I I | I I I

O

o
q
)

Q¢

Q

4 ! OO| : ! O _ . | <5>
§0 51 52 53 54 55 56
E. (MeV)

contour : signal PDF (39.3, 74.2, 86.5 %) errors : MINOS 1.6450 39
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2009-2011 data

@% I dol I Q_)Ol I I I | I I I

P

O

O

800 om0 L . .
4§ 54 55 56 -0.9995 -0.999 -0.9985
Ee (MCV) COS @e'y

;i Nsignal bes

=

contour : signal PDF (39.3, 74.2, 86.5 %) errors : MINOS 1.6450 218,
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(&
2009-2011 Fit Result ey

Unbinned likelihood fitting on 5 dimension observable data
dotted line : 90% UL

Nsig — -O.4+4'8-1.9
Nace =2413.6 + 37
NrvD = 167.5+ 24

durad) errors : MINOS 1.6450
R.Sawada MEG : Status and Upgrades CLFV2013




Confidence Level

Previous limit : 2.4%x10-12 (MEG, 2011)%

2009-2011 result %

Confidence level Likelihood

-
e

) IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

IIII|IIII|IIII|IIII|IIII|IIII|IIII[IIII

2009-2010

— 2009-2011

3

1S =N W R U1 N R0\D

sk IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

|
10 5
Number of signals Branching ratio

normalization : 7.77x1012
'B < 7‘}, arXiv:1303.0754 [hep-ex]
iﬂ BT L e accepted by Phys. Rev. Lett.

Dataset  Bg: x 10'2 Bgg x 10*?  Sgp x 102

Systematic uncertainties (in total 1% in UL)
* relative angle offsets
e correlations in e* observables

2009-2010 0.09 1.3 1.3
2011 —0.35 0.67 1.1
2009-2011 —0.06 0.57 0.77

Likelihood curves are not directly used to calculate UL

R.Sawada MEG : Status and Upgrades CLEFV2015



€
Expected final sensitivity %

Data taking will be done until Summer 2013
Since 2012, 15% higher beam rate is used Observed limits and sensitivity

® Obtained 90% UL
Expected 90% UL (MC)

Median (sensitivity)
= Median * 1o

Median * 20
30 discovery (MC)

2009-2011 sensitivity
7.7x1013

Expected 2009-2013 sensitivity
~5%x1 0-13

Branching ratio

double the statistics
X - S s MEG2011 5

k factor
= SES-1 (x1019)

| | | | | | | | |
100 200 300
Accumulated DAQ days

2009 2010 20112012+2013
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MEG Upgrade

arXiv:1301.7225 [physics.ins-det]

The proposal was accepted by PSI




c
Beam and target %

s‘m Z—Er Momentum Spectrum
Q

k\.-_*_,_ target stops versus

31 32 33 . _ .
Hunnummnllnﬁf/c ranglng OUt partICIeS

Target Stopping Quality Factor vs. Target Thickness

I I 1 I i
e Suface Muon Beam 20.5 Deg

Baseline design )

® 7x107 /s | [ ——
® Surface beam |
® 140 um thick target, 15° slanted =

-

- -

] -

e ‘ 140 1 180 200

| >2 times higher

————

Target Thickness [microns]
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Detector

Upgraded
MEG
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Expected performance
® Unique gas volume Efficiency - >85%

® He/lsobutane 90:10

® Stereo angle (7-8°) wires

® ~1200 anode, ~6400 cathode wires
® Low material : 1.7x 103 Xq

Hit resolution : 120 um
Momentum resolution : 130 keV
Angular resolution : 3.7 mrad (@), 5.3 mrad (0)

R.Sawada MEG : Status and Upgrades CLFV2013



e
Pixelated timing counter %

Plastic scintillator plate + SiPMs

UO00Uuy
UO00000

\

Support plate




[LXe gamma detector

" 12x12mm? SiPMs sensitive to LXe
scintillation lights
Development in progress

\ Computer graphics

\

Position resolution [mm)]

Present detector
Upgraded detector

Energy response

R — T —
shallow conversion

0.5
0.4F
0.3F

0.2F

Position resolution
“horizontal

<> p— [ w - n =) ~ [J
TTT T T T T T[T T T T[T T T T[T TTT [ TTTT[TTTT [ TTT

5 —= 2.6mm

P IR

N BT
10 | 15

L 1]
20

Conversion depth [cm]

deep conversion

0.9
0.8
0.7-

0.65
0.5F
0.4
0.3
0.2-

Position resolution [mm]

0.15
,

58
Energy [MeV]

vertical

> p— [ w - N N 3 oo
TTT T T T T T[T T T T[T T T T[T T T[T TTT[TTTT[TTTT

5 = 2.2mm

= o ——

0TS 20
Conversion depth [cm]

i'—I"-Iallf the position resolutions
1 About Half the energy resolution
compared to present calorimeter

R.Sawada
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Electronics

Present

WaveDREAM
Board

Type 1
Trigger
Board

Type 2
Trigger
Boards

I -
| } -

|

|

|
[Nl
640 channels E i

256 channels

PC

-
O

PC

-
@)

;Re‘adout, HV and trigger are intrd sae ard

= o ———
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Electronics

WaveDREAM board

;

1

Bo—

~
~
~
e en So
~
bl
I
~
~
O
_-
C
ore -—T

HV
Regulator

Cockroft-
Walton

® VME — 3 HE 19" crates
® Higher density
® Cheaper
® Faster

® “Added value” to DAQ boards
® Switchable gain amplifiers
® Second level trigger

CLKIN
CLK OUT

2
&
T

L

o)
C
wn

POLLLLLL eyl

by

® Put SiPM HV (70-210V) on
boards

® Digitize all inputs continuously
with 85 MHz/12 bit

® Upon trigger, read DRS
through same ADC

DCi
K—C oy

256 Channels 5 GSPS/12 bits on a 3HE crate including

L Ly N

trigger and SiPM high voltage

°
Atz Alddng 1amogd

\ Trigger concentrator board

WaveDREAM2 boards

DAQ concentrator board

R.Sawada MEQG

: Status and Upgrades
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C
Other possibilities ey

Active target ' Low momentum e* detector

~ Target made of 250Hm p|astic i @ |dent|fy baCkground Y from radiative
scintillation fibers { muon decay

® Very precise measurements of muon § @ Half of background ys are from radiative
decay position § decays

RDC : radiative decay counter

Further improvement of spectrometer performance {i

S e

|

Hardware development ongoing
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Schedule

Design

Construction

Engineering Run

Run

R.Sawada MEG : Status and Upgrades CLFV2013 4



Data statistics 1n the future

k factor

= SES' (x1012)
50

<

2009 2010 2011 2012+2013
> <€

Result published VPRI e e Upgrade
the final result

R.Sawada

MEG : Status and Upgrades

CLFV2013 4



e
Expected performance and Sensitivity %

PDF parameters Present MEG Upgrade scenario

e™ energy (keV) 306 (core)
e’ 6 (mrad) 9.4

e’ ¢ (mrad) 8.7

e’ vertex (mm) Z/Y(core) 24/1.2
v energy (%) (w <2cm)/(w >2cm) 2.4/1.7
v position (mm) u/v/w 5/5/6
y-e* timing (ps) 122

130

5.3

3.7
1.6/0.7
1.1/1.0
26/22/5
84

Efficiency (%)

trigger

LSensitivity in three year :

—3S50 Dlscovery

— 30 Discovery

—90% C.L. Exclusion

—

<
[
N

Branching ratio

[ 90% C.L. MEG 2()13

Upgraded MEG in3 years

0 20 40 60 80 100
weeks

R.Sawada
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c
Conclusions %

~ Related posters

® First L—€Y search with 0(1 0_13) SenSitiVity “Measurement of inner Bremsstrahlung

o in polarized muon decay with MEG” by Y. Uchiyama
® Sensitivity : 7.7x10°13
R&D on the drift chamber for MEG upgrade by L. Galli et al

® No excess was found Active target for MEG upgrade by A. Papa et al

\
® 4 times stringent new limit : @ 90% C.L.

® Data taking will be done until summer 2013

® Double the statistics

® Expected sensitivity :

® Upgrade proposal was accepted, and R&D ongoing

® More intense beam, double the efficiency and half the resolutions.

® Expected sensitivity : in 3 years starting from 2016

R.Sawada MEG : Status and Upgrades CLFV2013 49






Track reconstruction

R direction ( drift time ) Z direction ( charge ratio%J
Z-airection

. . . >
| r-direction Drlﬁ'. CII'Cle induced charge N

: cathode
\ | outer cathode foil (outer/US cathode
J\ (outer/DS)
.0.0.0.000000.0000
anode- US i anode-DS
' ' avalanche anode wire
| inner cathode foil o _D_ _\/_

3.5mm @ k/
9 ¢ 0 ¢ 0 ¢+ 0 ¢ 0 4 0 4+ 0 o+ 0 cathode

(inner/US cathode

45mm  charged particIeJ o Se?setw:re' (inner/DS)
+ potential wire

TITI]TIIT]TTTTITITT]ITIIITII‘]IITI

 IETCIT R S V| TN S LY TN U G G
-30 -20 -10 0

Single hit intrinsic resolution

'R :210pm (core, 87%), (tail,
| £ :800um (Core, 91%), 2.1 mm (tail, 9%) |

o1
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Calibration and monitoring

-

\

LED
Alpha source (5.5 MeV)

PMT )

-
Energy )

?AmBe (4.4MeV)

Neutron capture (9MeV)
> 5 MeV

TO—=71Y . 00 MeV

MEG Cockcraft-Walton(C.W.)
proton accelerator

-
Time )

B(p,7) (4.4+11.7 MeV)

m0—e*ey (55-83 MeV)
Muon radiative decay

[
[\
S
(—]

ot
[
S
(=]

Number of events

Boron lines

| =—— Lithium line

R.Sawada
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Calibration and monitoring

4 4
PMT ) Energy )

‘ AmBe (4.4MeV)

LED
Alpha source (5.5 MeV) Neutron Capture (9MeV)

viuon radiative

Tagging detector

Pion Charge EXchange (CEX)

m+p—>ml+n

0 yy (55MeV, 83MeV) .-~

LH, target Calorimeter

R.Sawada MEG : Status and Upgrades CLFV2013

170 175 130
Opening angle




Energy Scale Uniformity

® Non-uniformity due to 17.6 MeV CW data
uniformity before correction
® Geometry
® Reconstruction algorithm

® Correction using

® 17.6 MeV CW gamma for position

® Monitored weekly

® 55 MeV CEX gamma for depth
(energy dependent)

® Checked using background gamma
spectrum during physics run

i’Ai‘ter correction : ~0. i

R.Sawada MEG : Status and Upgrades CLFV2013 4



Linearity
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Alignment between detectors

® Positron spectrometer
® Optical survey
® Photon detector
® PMT position scan using AmBe source
® Calibration 17.6 MeV gamma, with lead
collimators

Cosmic rays passing both systems

|

—— - - = : g _ — E—— ‘:—-_T
~1mm agreement in various methods |

‘gﬁ
L
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Probability density functions (PDF)

RMD BG

Ex

e o o o
S 2 2 =
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Probability / (60 keV)

L
55 56
E. [MeV]

Signal : CEX data Signal : Michel e* edge fitting
BG : Sideband data BG : Sideband data
RMD : SM + detector response RMD : SM + detector response
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Probability density functions (PDF)
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Signal ; RMD data Signal : MC+CEX (), two turn (e*)

BG : Flat BG : Sideband data
RMD : SM + detector response RMD : SM + detector response
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e
Normalization %

IJ- et Michel decay

2009 :1.21 £ 0.07
2010:2.66 £ 0.13

2011:4.10+0.20 ~ 5% Uncertainty
x1012" .

g
2009 :1.20 £ 0.06
2010 :2.52 £ 0.09
2011 :4.056+£0.16
e A x10712
2009:1.19+0.06 A0 :
2010:2.41+0.13 4% Uncertainty

2011 :3.96 £ 0.24
x1012 :
~ 6% Uncertainty
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Event distribution (previous analysis)

by

2009+2010 data
B <2.4x1012
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200942010 Fit Result

Nsig =0.3*"*115
Nacc = 1198.4 + 26
Nrvp = 83.4 £ 13

E&lrad)
errors : MINOS 1.6450
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