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Introduction

e MEG experiment started to hunt the muon rare decay wh|ch
indicate the cLFV (L =2 e +vy) in 2008 -

e Requirements to get a few*1013 branching ratio
e High intensity DC muon beam
Realized by most intense proton accelerator @ PSI
e Good resolution gamma detector --> see next talk
Using large LXe calorimeter ( ~ 900 litter)

* Good resolution and less material positron spectrometer

COBRA magnet, drift chamber (for tracking) and timing counter (for trigger)
constitute the MEG spectrometer to get this requirements

ateral View - Cross-sectional View -

Target

COBRA Solenoid
u
@ JPS meeting @ Kyuteck
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MEG drift chamber
JPS meeting @ Kyuteck

Run 2009

Stable data acquisition succeeded

e Waveform digitizers for DCH were replaced

from DRS2 to DRS4

e DRS internal noise were reduced

e Spectrometer performance improved by

solving discharge problem which suffered
some drift chamber modules in 2008

e Higher spectrometer efficiency and better

resolution were expected than in 2008

1 NN,
3 Z

§
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i ®
-
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”
7

DRS4 waveform digitizer
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Spectrometer performance in 2009

Estimated by radiative muon decay indirectly

e+ timing (psec) 125< 95< §§§§ *
e+ momentum (%) 1.6 0.74 (core) ‘%3,3,_ :
e+ angle (mrad) 10 () / 18 (8) 7.4 (b, core) /11.2 (8) < 10t ﬁ
e+ efficiency (%) 14 40 L (m
K+ decay point (mm) 3.2(R)/4.5(2) ‘/B(R) /2.8 (2) <
/
Calculated by #of Michel positron Extract from residuals of two turn
mixed in MEG trigger —{ mmbiguiyestimatd | track
(1% turn)
e 0; Momentum resolution
) from 2turn method
° JPS meeting @ Kyuteck .I R %f(Mevs;“ ’010/9/13
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Run 2010

2MEG

MEG data taking started in Aug. = 2.7 times longer than in 2009
5 chambers replaced to new one = almost all chambers working fine

Remaining problems for positron spectrometer

* Noisy waveform baseline

™

Large periodic noise found around 14 MHz (related to HV supply modules) -
replaced after this years run

try to reduce by offline analysis for this run = in this talk

e Materials between DCH and TC affect low efficiency (~ 40 %)

hardware update is needed (will be done in 2012 hopefully)

Update for 2010

e Mott scat. analysis (to calibrate and estimate performance) --> in this talk

* Digitizers for Timing counters were changed from DRS3 to DRS4

e TC Z-fibers started to work

@ JPS meeting @ Kyuteck

(under studying)
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% MEG
Run 2010

e MEG data taking started in Aug. = 2.7 times longer than in 2009
e 5 chambers replaced to new one = almost all chambers working fine

e Remaining problems for positron spectrometer

* Noisy waveform baseline

Large periodic noise found around 14 MHz (related to HV supply modules) -
replaced after this years run

try to reduce by offline analysis for this run = R R .
e Materials between DCH and TC affect low eff
hardware update is needed (will be done in 20

e Update for 2010

* Mott scat. analysis (to calibrate and estimate
 Digitizers for Timing counters were changed f

e TC Z-fibers started to work (under studying)
‘ JPS meeting @ Kyuteck 2010/9/13
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Expected performance

B MEG

™

Mu-E-Qamma project group

23.55/13
0.03556

0.006853+ 2.693e-05
0.01981+ 0.0001879

C 60 vs. 8Z

e Assuming lower noise level g:::: E}Eﬂf
* Noise makes ~2 times worse Z resolution %Wé\/lm
e Z resolution related to 0 resolution strongly £ .-
* Lower noise bring better vertex resolution é;o.ooaz—
too 00081
o TC Z-fibers will bring more precisely °'°‘"7 N
position information o
2008 2009
e+ timing (psec) 125< 95<
e+ momentum (%) 1.6 0.74 (core)
e+ angle (mrad) 10 () / 18 (8) 7.4 (P, core) /11.2 (6)
e+ efficiency (%) 14 40
u+ decay point (mm) 3.2(R)/4.5(2) 2.3(R)/2.8(2)

0.1 0.15 0.2 0.25 0.3

o0Z ('meas-true)
2010 (Expected)

1.

é

0.7
8(¢)/8(6)

40
4(R)/ 2.5 (2)

-@ JPS meeting @ Kyuteck
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EAMEG
Mott scattering analysis
e Introduction of Mott scattering E};’i |
S10® ott cross section @ .50 MeV
e Mott scattering is coherent and elastic o \\
* It has well known distribution monochromatic e+ 10*
for calibration and checking performances ! o
e Further, momentum of positron is tunable with :Ez <
O(100keV) L T T I T T

20 40 60 80 100 120 140 160
6 [degree]

e Mott target placed COBRA center position and
MEG target moved to “parking position”
Setup
Slant angle : ~ 50° for beam axis
Thickness :2 mm
Material : pure CH, = ,;,,:", MEG target

®
o
o
o
@ JPS meeting @ Kyuteck 2010/9/13 j
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Mu-E-Gamma project group

Mott scattering analysis

e 50 MeV monochromatic positron beam with u,?:lz |
S10® ott cross section @.50 MeV,
160 keV momentum byte S \\
. . 10-25
e MEG fiducial volume 70° — 110° o
107
e Background source 10 =
10%
* Cloud muons Michel decay (forward direction 10 N
. 10-31
domlnant) J 120‘ I40 IGl'JL IBDI ‘ ‘1 0‘ ‘120| ‘ 14[]‘ I l15(}I l J\

6 [degree]

* Mott scat. from MEG target (on its “parking
position”)

~~_Layout

e Background data (w/o target) was also taken

e Michel positron from cloud muons can be
subtracted

EG target

@ JPS meeting @ Kyuteck 2010/9/13 j




Mott scattering analysis

e Forward dominant

Michel e+ form cloud muons

e After that, Mott peak and Mott background
form MEG target remain

@ JPS meeting @ Kyuteck

2MEG

60f
40F

20F

e Energy spectrum g
* Selection criteria i
generated on the target plane ;ﬁ,ﬁ
MEG fiducial volume ig
35 MeV < Epsyr < 65 MeV s A )
#ofturn< 3 516;“:“."".'““"‘
e Subtract the background energy spectrum —%_’EE%
e Red line, very small contribution 2‘;‘;

0 C L L

2010/9/13




Mott MC comparison

e MC status

= 711 00—
< 220F ] g ]
o o J - e w/o cloud p+ & MEG target
T . z . . .
o o z  Simulation also has tail and
E;ggé " ' asymmetry, but it is sharper than
23 1 o0 [ data
: _ 1 400; 1 ] .
Zﬁ_ ................................................................. 3w ° asymmetry . Energy loss in target
TR o S s o R ST I -Mﬂ"j“ﬂi-
0%35 0.04 0.045 0.05 0.055 0.06 0.0 09)35 0.04 0.045 0.05 0.055 0.06 0.065 H .
) encrgy [GeV] * tail : From analysis
A R e = B - almost same shape
"100_ .......... o AN ................ .......... _ zgg i " e Few differences may be from
R 0 A I8 uncalibrated detector
S 1 A RO WO B S ~ resolutions and MEG target (on
b P I U B L e

60 80 100 '12g;deg] 060 80 100 ‘ 12:0 ”parklng pOS|t|0n”)
data MC

@ JPS meeting @ Kyuteck 2010/9/13
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e [tis important that positron tracks were

Preliminary result of Mott analysis

reconstructed by assuming MEG target |9
centered 2

(considering asymmetry and tail)

e Although DCH has not been calibrated yet,
momentum resolution estimated

approximately 1.7 % (o_,,.) for 50 MeV 700s
energy [Ge
* 0.84% (o from Michel data — .
7% (Ocore . > el P "minary,
e Need better understanding about tail and | :
influence of MEG target \:’
* After that, we can use it as a “signal like” e
calibration source S0 505 SIUEIE R B N B N
@ JPS meeting @ Kyuteck 2010/9/13
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Offline noise reduction

[zl Y

% All data taken as a “waveform” in

.
$ FT 1 3 f T | Our experiment
£ ~14 VIRZ | i ]
Y BT : A 1, vﬁ / h 1 | e It may be possible to reduce the
: {JH V J‘ \ noise by offline analysis
3 |« Result of FFT
=t | ] 15F :
%Lfd WW“ R —w—w—www | ® Clearly periodic noise exist
Amplitude by FFT Phase by FFT around 14 MHz
h * Previous peak can be seen at FFT
o.uos; LA f‘ ) H
SN LA analysis result
sl LTI P

T % < Pedestal waveform | This sample figure shows event
AL MNP by event and channel by channel
| FFT results

@ JPS meeting @ Kyuteck 2010/9/13 /
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Offline noise reduction

e Fitting needs huge amount of time to
analyze
* nonrealistic solution

amplitude [mV]

e Filtering
* Need to divide signals and noise clearly

At the point of frequency, signal cannot divide
from noise easily = see right figure

e Subtraction

e Less time for analysis but need to adjust
timing between each channels and need
pedestal channels

* How to adjust phase ??
JPS meeting @ Kyuteck

‘1 Mu-E-Qamma project
i - signal
L AAASEAT
§ H'iw = IJC[J\"S[( |
an Vi,
il
10" T“\w
"-.WJU'I Haﬁm
oty
WA
\QRHWM% 1 E
Sevterafail
0 L L L L 50 L L L \100 L L L L 150 L L L |200

freqency [MHz]

accumulation

Result of Fourier transform
for all channels few events

(peak = coherent noise)

2010/9/13
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Prospects

e Improvement of performance predicted by some updates

e Reduce noise in terms of hardware
It will be replaced to new HV modules after this years run
Better grounding, Gain optimization ...
* To reduce materials between DCH and TC, we will change
thinner cables and new design support structure hopefully

After that, we expected spectrometer efficiency will be improved about
15 % (40 = 46 %)

2010/9/13

@ JPS meeting @ Ky/iteck

/




EAMEG
Summary
e Feasibility check for monochromatic calibration started
e Momentum resolution from Mott is ~2.3 times worse than in 2009
However it from Michel is already nearly equal to last year’s one
e DCH calibration has not been finished yet
* Need more study to use for calibration as a “signal like event”
e To get better performance, offline noise reduction needed
* Noise components are analyzed by Fourier transform
We need fast algorithm except the filtering method
* 1/3 noise suppression bring the improvement numbers below ...
Momentum [%] : 0.74(core) 2 0.7 Angle [mrad] : 11.2(6) - 8(8)
Vertex point [mm] : 2.3(R)/2.8(Z) = 1.4(R)/2.5(2)
e Planning for further improvement is underway
e Better spectrometer performance will realize better sensitivity
K JPS meeting @ Kyuteck 2010/9/13 /
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Backup

JPS meeting @ Kyuteck
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- Waveform analysis

-~ MEGEERTIXITRTD
drift chamber cell T
waveform
digitizer(DRS4)IZ&>T
T—RUNEFITHOTLY
3.

— Waveformh s

Charge

Drift time
DIFEHEFAHEMNT
=5
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/,J]IJ:E:E--(Z)

e Hit reconstruction
e ZAA] : charge division

induced charge

cathode

™

B MEG

Mu-E-Qamma project group

z-direction

—

N

cathode
(outer/DS)

Vernier method(Z&Y1mmBlL T —V_cathode

(inner/Us

M Z resolutionZERK T 5 N

terfus.W‘ : . , ’

anode-US i anode-DS
avalanche anode wire

L _|>__‘ o

? oo A
® Xij_ fﬂA (glf%ﬁéﬁ_ Qd _e 50.4 n

Qu -+ Qd -

-0.2

Drift circle -0.4
r-direction

‘ \I/ ! 0.6

outer cathode foil

_l\II|III|IH|III|III|III|III‘\II|

00000000

cathode
(inner/DS)

Mean

Mean y

RMS

RMS y

¥ I ndf

Amplitude 0.725¢
Wavelength (cm) 5.0
Phase (cm} kA
Vertical Offset 0.01051

.......... \
-0.8

2
o
=3
3
1
®
)
A
=]
W
o
N
o
-
o

3.0mm |

30 4
Z track [cm]

m 3.5mm ,«"‘
[1 0000000000000000 7{///
@ L Bhim Meeemkdvapidey Kyuteck e e
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Detector performance

- Efficiency
— Spectrometer Efficiency
— Drift Chamber Tracking Efficiency

- Resolution
— Drift Chamber Position Resolution
— Momentum Resolution
— Angular Resolution
— Vertex Resolution

JPS meeting @ Kyuteck

2010/9/12
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2MEG

Efficiency

- Michel positron trigger mixed in MEG physics run

- Spectrometer efficiency : BBHE RS 4L7=Michel positron®
L. targetlZlEFE>F=muonBMNSETETES

- Target muon® (& proton beamDcurrenth b RiEEL S
EMTES
N, = 6.677X101©=N
— N

X Q X E(e+)

stopu acc

X Q,..=(15.5+0.7) X 101

Eery ® (431 2)[%)] wmmmp £pcyy = (9314)[%]
43\pmes larger! &(matching) ~ 46[%.

Een) z14[%] In 2008

a JPS meeting @ Kyuteck 2010/9/12
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Resolution

« Zresolution
* R resolution

— Drift chamber’s intrinsic position resolution

™

IVIVITIGCIILULITL T COVIVULIVILI

- Angular resolution
« Vertex resolution

@ JPS meeting @ Kyuteck

202.04

— Spectrometer performance
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Z/R resolution

- Zresolution : charge division CEIER SNz

Zin Track D& =

 Rresolution : drift timeMLBERMINT=RER

in TrackDF& 2=
.+ TailZxZ&EL T2 gaussianTfit9 5

x1ﬂ3 AZ

300 — Entries 3334270
- Mean 0.001218
-0, core = 784pum

250 - RMS 0.1672
O, eff. = 1297um 1?1 ndf 5.328e+04 / 04
C p0 4.5942+04 + 7.070e+01

200~ p 0.0002155 ¢ 0.0000643
C p2 0.07845 + 0.00011

150 — n3 1.891e+04 + 6.657e+01
- 1 pd 0.003476 + 0.000278

100 ps 0.2542 ¢ 0.0006

50—
0o I A [INENE BN EN AN AVE AN AN A |t 1
08 06 -04 02 0 02 04 06 08 1

—

@ JPS meeting @ Kyuteck A2 feml

800

700

600

500

400

300

200

100

%5 MEG

Muy-E-Gamma pro|

gaus(0)+gaus(3)

| il [ . h
0—1 08 -0.6 04 02 0 02 04 06 0.8 1

AR

(=

x40

E Entries 3334270
= Mean 0.0007323
- Op core= 239um s 0.06062
E_GR eff. = 515um £ { ndf 2.353e+04 /19
- p0 4.025e+04 + 4.704e+01
C p1 -0.0D02682+ 0.0000216
= pZ 0.02391+ 0.00003
C p3 2.48Be+04 + 4.236e+01
c pd 0.002505 + 0.000093
- p5 0.09622 + 0.00013
:' 1111 | 1111 | 1111 I 1111 | 1111 | 1111 11

25

0.2 015 01 005 0 005 01 015 0.2 025
AR [cm])
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Momentum resolutlce

e MichelMtheoreticalZEspectrum|Z
selection efficiency M BE % &
resolutionZMIF =t DN EEDe"
energy spectrumé&7i b

= Michel Energy spectrum H\i5
resolutionZ §F i I 5 EMTES

e Resolution function&L T3 gaussianz
Alvs
o ¥R :0,eff=(0.57£0.02) [MeV]

e 52.8[MeV]IZxLTIX1.08% D
resolution&75 3

¥

I_éifchMC«":G)l:lf.ﬁi'i%s quality checkZ{T> I
@ JPS meeting @ Kyuteck
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M.che.(E)me))@ R(E)
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Michel spectrum

V
53

E 3500

0
g

@ 2500
8

Ev
(g )
g

1500

g 8

O_IIII|IIII|IIII|IIII|IIII|IIII|I I|IIII|

% I I S T Y VA A O MO

505 51 515 52 525 53 535 54 545 55

—_—~

E (MeV)




e
%5 MEG

Muy-E-Gamma pro|

Angular resolution

- Angular resolution is estimated by double
turn track

— Compare 15t turn and 2" turn

o MC(’J:éstud M5, 2 turn method TlZO D

ambiguity estimated

reconstructed by *

* turn)

reconstructed by &
(27 turn)

P A o k) | B¢ BES > TN
SEAHS

MoTLYS
> NEFHEIET D

¢ Resolution hdelta_phi |_6 Resolution | hdelta_theta
— Entries 15860 = Entries 15860
3500 f_ Mean 0.00536 1600 :_ Mean 0.0001863
- 0, /V2=8.3[mrad] RMS 0.02159 Oy /V2=14[mrad] RMS 0.02231
- ¢ 2 ndf 103.6/33 14007
3000 X - - 2
- - «2 I ndf 182.9/ 44
- po 92.85+ 2.66 nl
C 1200 0 80.78 £ 0.70
2500 p1 0.007084 + 0.000166 C - i
- p2 0.01185 + 0.00024 1000 Pl 3.55¢-05 £ 1.74e-04
2000 — p3 40.96 + 2.56 - C p2 0.02019 + 0.00014
- p4 0.00229 + 0.00061 C 0.0001863 + 0.0000790
1500 = p5 0.03033 + 0.00083 600 0.05 = 1.41
5001 200
:I Ll L ‘ | - J—l - ‘ - L1l | Ll Y —— | | —— | | - : 1 L | I\
25 -0.2 -0.15 -0.1 -0.05 O 0.05 0.1 0.15 02 0.25 -8.15 -0.1 0.05 0.05 0 15

3
(-
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Mu-E-Gamma orol

Angular resolution s MC88yu,vs. 80,
- TrackZtarget®x CRLI-FFDAE D ERE Tool 4
TrackB &M oK&H D 5
— 2 turn method g“‘”z

8 MC( Jiéstud M5, 2 turn method Tl £
”ﬁ'é’&%ﬁ%d:b) LLECREDL - ©
_ab\%b\ou\

| 1 1 1 1 | 1 1 1 1 ‘ 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 | 1 1 |
— *L% *ﬁ IE d é 0.007 0.008 0.009 0.01 0.011 0.012 0.013

00 (meas-true)

i
1

¢ Resolution hdelta_phi |_6 Resolution_| hdelta_theta

— Entries 15860 = Entries 15860
3500 f_ Mean 0.00536 1600 :_ Mean 0.0001863

r O'd) /\/2= 83[mrad] RZMS 0.02159 1400% /\/2= 14[mrad] RMS 0.02231
3000 ¥ I ndf 103.6 /33 C ,

- po 92.85+ 2.66 1200—=> 11 [mrad] A 1829744
2500 p1 0.007084 + 0.000166 . ! 80.7820.70

C p2 0.01185 + 0.00024 1000— p1 3.55e-05 + 1.74e-04
2000 p3 40.96 + 2.56 200 C p2 0.02019 + 0.00014

- p4 0.00229 + 0.00061 = p4 0.0001863 + 0.0000790
1500 p5 0.03033 + 0.00083 600 05 0.05 + 1.41

500 200
:I Ll ‘ Ll J_l Ll ‘ - L1111 | Ll : |
25 15

|l|\||||\|||||| | N —| | N N — '
-0.2 -0.15 -0.1 -0.05 0O 0.05 0.1 015 02 0.25 -8. -0.1 -0.05 0 0.05 0 15

q .
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Vertex resolution

e Hole method

(-

Target EIZHIT TSN ZEBERINT-
vertexMENIZEBITTESHN T, target L
T®Dposition resolutionzx RIELAHZEMNT
=5

JPS meeting @ Kyuteck

\
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Mu-E-Qamma project group

vert

ex
Entries 486023
Mean x -0.04206
Meany -0.4486
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Vertex resolution

e Hole method

- Target LIZHITTWSNEBERINT-
vertexMENIZEBITTESHN T, target L
T®Dposition resolutionzx RIELAHZEMNT
=5

vertex
Entries 486023
Mean x -0.04206
Meany -0.4486
RMS x 3.215
RMS y 1.223

Y projection e o 50

40

6

¥~ Indf 32.1/ 37 ¥/ ndf 188.6/ 104
,...l...2|‘7..|.‘.|......p0 8820+ 14.5 7.\\|\.3.‘i.\|\..‘..\.H‘po 1211452 ‘ | | | | | | | ‘
3000y = [mm] pl -0.4224 + 0.0000 rO. = >. [mm] pl SLIE00 TS s g 2 4 6 g 10
E p2 1.00104_;0.%'22 00—z Pé 2.204 i] 2%46 e* on target z[cm]
E L9+ 0. - p -110.
700 = 53.88+ 25.67 0ol— p4 5642+ 16.1
600 E 0.1545+ 0.0572 = pS 0.2918 £ 0.0104
- 400.3+ 10.8 L Pé 3554x11.7
500 :_ 0.3224 + 0.0000 00— p7 -1.7£0.1
S0UE 4127+ 21.2 r P8 1954+ 109
E -0.7218 + 0.0369 - PY -3.565+ 0.016
400 0.2898 +0.0270 | 00— ) 0.3173% 0.0254
"00:7 -0.35+£0.12 - pll -3£0.1
T E 3 oo
200 — =
:"'l"'l" "l"'l""' "LJ"l"'l"‘: L ™ o L b Py v b b b e b by
% "% "6 4 2 R S —
et on targel ylem] 10 8 6 4 2 0 2 4 e§0n largget Z[le]
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. AN . —
o IRTE. drift chamber® 73 f#EEILnoiselZ k> TrE<HFHIEESN TLVA
LEEElEmEELEE | 0.013 | 2/ ndf 235513
= C | Prob 0.03556
: . D o012 | PO 0.006853:2.693¢-05
£ 800 S CE [t 0018100001879
S b 0 9= MC 80 vs. 87
=700 — 8 -
= ootf
600 D 0.009
¥ %S,
S0 0.008
: [ ] 00073.
v I F R TR N B S B o:' T IR X B X T ¥ S ¥ I
D02 008 08I Level V) d0Z (meas-true)

o Noise levelZ1/3F THREENILZ resolutionH¥24E B <% 5 (MC simulation)
o ZresolutionM B MNIEO resolutiont R<% 5

o MEGEEEZ Tl drift chambermM b MD{E & ZwaveformEL THGL TULVST=
@&5 . offline, an%\{gls’CHw’)B?H’é_IA"'EEﬁ‘%é
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Future prospects

- CalibrationM5TEE TILXELVD T, 2009FD
resolutionlXE-RED RHhHY

- TE RS RE D) #& R 2 K YEfficiency, ResolutionH X
= L1-IHE. Resolutionz EXIZFHIEL TLNAD(F
noise CTéh 5

- Ground 581t %§ . hard@E Thoise D& Z 1T

« Drift chamberlXFEIZIRARF=EINZTRTHDT—
FZwaveformEL TUNEL TLVS =8, offlineT
noiseZ B9 5L AIEET. IREZD=HD
studyZxEDHTLVNDEZATHS

e JPS meeting @ Kyuteck 2010/9/12
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Summary
2009F runTHDZEF AN FOA—2DEREFHmZ T o=

™

ZED2008FrunéENLLEREFRIZRT

Efficiency (%) 14 43
Z/R resolution (um) 819/202 784/239
et momentum (%) 1.6 1.08
e* Angle (mrad) 10()/18(8) 8(¢)/11(06)
Vertex resolution (mm) 3.2(R)/4.5(2) - /3.1(2)

- INbDOFER Epreliminary’ZEH D THY . calibration O EEHT

HEDREFICKY., R LT DHAEEENH D

« SlZresolutionZ ] £ 571=8OIZI]Esoft warelZ& 5

o

noise reduction algorithm@MtestzEH TLNDEZATH S

JPS meeting @ Kyuteck 2010/9/12
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