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LTV induced by slepton mixing

R. Barbieri et al., Phys. Lett. B338(1994) 212

R. Barbieri et al., Nucl. Phys. B445(1995) 215

The L — eY decay

° S‘USD/S‘U(.S) @K(p__,gy): 104<= 105
® SUSYS0(10) BRy = 100 BR,y, 5
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Lab. Year Upper limit | Experiment or Auth.
PSI 1977 <1.0x10° A. Van der Schaaf et al.
TRIUMF | 1977 <3.6 x10° P. Depommier et al.
LANL 1979 <1.7x10'° | W.W. Kinnison ef al.
LANL 1986 <4.9x 10" | Crystal Box
LANL 1999 <1.2x10'"" | MEGA
PSI ~2011 |[~101 MEG
- fr (M=2.4 p=0 N,=50GeV
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Signal and bacKground

sianal background

g accidental
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Oey = 180° H = eyVvv eZ — eZ\

Te = EY = 52.8 MeV . ./_'Y___, u /V
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Need U to avold muonic atoms



The sensitivity is limited by the accidental bacKground

no<RT n _o«RTnNn  o<R-T
g il phys,b 1 ac m

c,b

The n. of acc. backg events (n,,, ;) depends quadratically on the muon rate R
and on the quality of the measurement of the experimental quantities:

ey relative timing and angle, positron and photon energy

BR. « R XAt x A6? XAE X AE?
acc w ey ey € Y

DC beam, rather than pulsed beam, give lowest instantaneous rate X and thus
lowest bacKkground



Required Performances

BR (L — ey)= 107 reachable

BR,.,~ 210" and BR . = 0.1BR with the following resolutions

FWHM
~ —"~ ~
Exp./Lab Year | AE/E, | AE/E, | At A6, Stop rate Duty BR

(%) (%) | (8) | (mrad) (s cyc.(%) | (90% CL)

SIN 1977 8.7 9.3 1.4 - S5x10° 100 3.6 x 10°

TRIUMF 1977 10 8.7 6.7 - 2x 10° 100 1 x10°
LANL 1979 8.8 8 1.9 37 24 x 10° 6.4 1.7 x 1010
Crystal Box 1986 8 8 1.3 87 4x 10 (6..9) 49 x 101
MEGA 1999 1.2 4.5 1.6 17 2.5x 108 (6..7) 1.2 x 101
MEG 2011 0.8 - 0.15 19 2.5x 107 100 1 x 1013

5 Need of a DC muon beam




Experimental method

Detector outline

& ,- e Stopped beam of 3 10" |\ /secin a
\ 1 Liq. Xe Scintillati Lig. Xe Scintillation
AR 205 | target
\'\ H\ i/
I o Solenoid spectrometer ¢ drift
| R chambers for e* momentum
Thin Superconducting Coil /| |
Muon Beam ¥ '/ Stopping Target .o . y
™5 Vor o Scintillation counters for e* timing
& H / \\\ Timing Counter
| /. . . . . o
Drift Chamber =y N/ o  Scintillating fiber for e" z position
e
sitoneee ®  Liquid Xenon calorimeter fory
fii detection (scintillation)

MEG proposal: September 2002: 102 goal: A. Baldini and T. Mori et al.,

ltaly, Japan, Switzerland, Russia



The PSITVES5 DC beam

| w.ﬂl....l....|....|....|....|....|....|....
Dearad Payticles intensity as a function of the selected
egri 8 U. ;rErSS?on ! momentum
AST 104 a1
0 : * - Spectrometer ; = l
' cleaning stage —_ E : .
“I 10 o ! .
" i " § ¢ v
Primary . - . .1 Y i P
proton - Blas vamsport nE51 < 10k 2 /W8N
_ Degrader : Z-version E / .. v
beam _ | _ [ 1 = ¢ . Ve | .
- ASC ol z By wty e
The layout of 7ES \ . : / Tl
i = § N Measured ponls
* 1.8 mA of 590 MeV/c protons 10* i N
(most intense DC beam in the Vi
world) 104 | y Measwed ponls |
e 29 MeV/c muons from decay of ;
° '+
Ttstop at rest: fully polarized 0 0 40 60 80 100 120 140 160
P [MeV/c]



The positron spectrometer: COBRA spectrometer

COnstant Bending RAdius (COBRA) spectrometer
o High p.. vositrons quickly swept out: reduced #DCH hits

\—v/
Gradient field Uniform field
AN LA

o Constant bending radius independent of emission angles: ease of treigger

— \e—yr/

Gradient field Uniform field

W




The drift chambers

® 16 chamber sectors aligned radially with
10°intervals

® TJwo staggered arrays of drift cells

® Chamber gas: He-C,H, mixture

® Vernier pattern to medasure z-position
made of 15 um Kapton foils

® Embedded in He gas to reduce MS

* Zlliptic thin target slanted ~ 20° to
reduce MS
Plane

0(X,Y) ~200 pm (drift time)

Plane B 0(Z) ~ 300 pum (charge division vernier strips)
o(p) ~ 0.4%




COBRA Magnet

S/ Liquid Xenon

s
& scintilation Detector /4

2 102 X, along e* trajectory

10

Target (CHz):~280um

Helium /

~100um

chamber material
(Kapton, Al, He, C,H,)

~50um






The Timing Counter

\‘:\. \ ,. \

® One (outer) layer of scintillating bars read by PMTs : ¢* timing

One inner layer of scintillating fibers read by APDs: ¢ z for trigger and analysis (longitudinal position
is needed for a fast estimate of the e" direction)

®*Goal O, ~ 40 ps (100 ps FWHM)C ~ 2 mm

12



\ \ APD Cooled Support

APD F.E. Board .

APD

PM

Main Support

Scintillator Slab

......

Scintillator Housing

PM-Scintillator Coupler



The Liguid Xe calorimeter

e 8001 of Liquid Xe
e 848 PMT immersed in LXe

e  Only scintillation light Txperimental

e High luminosity check.

e Unsegmented volume [na Lage

‘Prototype

Density 2.95 g/em®

Boiling and melting points —> las kK, 16l K

Energy per scintillation photon —> |24 &V

Radiation length —» 27T em

Decay-time 4.2 nsac, 22 nssc
7 45 nsac

=cintillation light wave length —> 175 nm

Scintillation absorption length = 100 em

Attenuation length (Rajleigh scattering) | 30 em

Refractive indeox I 74

14
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Refrigerato Signals

Cooling pipe

///

4

Al Honeycomb
window

Vacuum
for thermal insulation

A




[p radiative decay
‘!"\

Run 3328, ch 4

7

Laser A [LED T

J

Lower beam intensity < 107

e

l Is necessary to reduce pile- 3::
ups .
P (rough) relative 7 | I {\ ﬁ

Lo 5] 2
0
L T

Better o,, makes it possible timing calib.

to take data with higher

beam intensity <2~3 nsec F

A few days ~ 1 week to get : i

enough statistics ) F PMT Gain e i ﬁ
N . . £ .

Higher V with

light att. | e
T+p>T+n - pr—
= Can be repeated =" w g m w e
T > yy (55MeV, 83MeV) frequently /

T+p=>Y+hn(129MeV)

10 days to scan all
volume precisely

alpha !

(faster scan possible
with less points)

LH, target

Xenon

PMT QE & Att. L
Cold GXe -,
LXe s gt

ﬁ\llckel Generator

Calibration

\1

% Li(p.y)Be , 9 Mev Nlckel _line

IN’W qﬂ*ﬂ.‘uh
. Lip, vO)aIl76MeV

il

~daily calib.

Can be used
also for initial
setup

llluminate Xe from
the back

Source (Cf)

transferred by
mp air n/off

' LiF target at _ =
_ \ 1 e COBRA center Off
: T 17.6MeV y quelle
i ;. 'I . ‘ . b N

3cem 20 cm
Polyethylene

% | "ﬁﬂr' Hdh

:Tﬂ:I"

W 0.25 cm Nickel plate

ey
S0 ma EX . 80 Bd I
Channels




83 MeV |

Number of events /0,64 MeV)

Calorimeter energy Calibration by Charge Exchange Reactions (CEX)

0

T P =¥ T —YYR

timeresolution

*TT stopped 1n liquid H, target
*Tagging y at 180° provides
monochromatic y

*Nal crystal array to tag the
other y

*Dalitz decay °->y e'eto
study e*y synchronization and

e -

SE T

TTHTTHAT

o Rl



~ 70000

Li spectrum on Nal *Sub-Mev proton beam by a
80000 o Cockcroft-Walton (CW)

AR T A Impinge onalLi B.O, target

50000 [ .......... .......... .......... .......... __________ .......... .......... .......... ........ ] *17.6 MeV from 7Li
. 1ir6pMeviine *2coincidencey (4.4, 11.6)

o abmeV broag V1€V from 1B: synchronization

ol eeonance Of LXeandTC

1| T O T R N A O £ 1% *Short runs thrice a week

Counts /A4

20000 Il .......... .......... - .......... : ..... COUH’[SXZQ ........ ........ i

10000 [t

-IIIII :III:II i"'iIIIiIIIiIIIiIIIiII .
0 2 4 6 8 10 12 14 18 18 20
F(MeV)



DAQ:; trigger

Uses easily quantities:

®¢"- VY coincidence in time and direction

°Y energy
*Built on a FADC-FPGA architecture

® More complex algorithms implementable

&

*%* Beam rate 108 s!

* Tast LXe energy sum >45MeV  2X10° s*
Y interaction point (PMT of max charge)
e* hit point in IC

L)

&

)

L)

(4

L)

L)

* time correlationy — e 200 s

&

)

L)

* angular correlationy — e* 20 s

4

o6 ~5Hz trigger rate in 2008 data taKing

L)

18

Trigger:

Signals from Calorimeter and TC bar
are sampled at 100 MHz with separate
ADC

Several trigger combinations available
to study trigger and detector
efficiency for all subdetectors



Readout electronics: the Domino Principle

Axakg Waekrm Samplivg Chip D50

T

] FAD FEGA TRAM \ME

@ Waveform digitizing for all channels (pile-up rejection);

¥ Custom sampling chip Domino Ring Sampler(DRS) designed at PSI;

¥ 2.5 GHz sampling speed @ 40 ps timing resolution;

@ Sampling depth 1024 bins;

@ Readout similar to trigger;

@ Trigger:
Signals from Calorimeter and TC bar are sampled at 100 MHz with separate ADC
Several trigger combinations available to study trigger and detector efficiency

for all subdetectors

19



The 2008 Physics run

. : : :
Long calibration run in summer We Iso took RMD data once/week at

with Ttcharge exchange (CEX) f = reduced beam ,ntens,ty -
*First 3 months physics data E Programmed |~
taking (september-december i NF beam
D rC . ,
2008) § g onodowas T RD
£ C
*During physics run, frequent Q| U SO SRS S U  SORS
calibration runs (CW, RMD) were § 3
conducted frequently 5 5“;
40'_ ...........................................................................................
*Another CEX run performed at g
end of run NE Air test in
: COBRA
20:— """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
i Gooling |

__system | | | |
ﬂgmﬂ 509 2609 0TM0 &AOEM0 0911 2011 01A2 1212 2312
Date

«\J



*DC showed frequent HV trips after 2-3 months of operation
* Increased #DCs had to be operated with reduced HV

* Reduced efficiency and resolution for € measurement
*Problem related to lomg term exposure to He

*The DC instability uncertainty cancels out in the pu*->e'y
analysis. BR = #u*->e"y/# Michel

*DC modules are now modified and runs without problems in the
laboratory and in the experiment since several months.



Light yield of LXe calorimeter

 LXe has been purified durng the run

monitoring the increase of the light yield ., | 4
with calibration tools (CW, alpha, LED, 10 i
W "
cosmic rays) W [ ’
§ 12
II.: |FI ‘Ir
Overall energy scale uncertainty during the LI o
whole run period: ~0.4% . [ ]
ll it ,l'Fl‘Ml"‘ R T S .
o ] i ]
*The light yield at the end of the run was i ]
/0% of the expectation R - R
i calibration physics run calibration -
I

s
Dhate

(WOSO6  ORNSOR  ORO0AR 0700
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DCH resolutions from 2008 data

Tracks with two turns in the spectrometer are used to

estimate theangular resolutions

The edge of Michel positrons used to

determine momentum resolution

Events / ( 0.05 MeV )
=
=
|

= aoee-  Michel

2000 §
1008 "" i

VGDB data

o A
Esirias. §RaE
Waii LR
L L1 ooy
40 £ el L TR
k DCH Poct anasess
asn [ panimm i TE
= = Waan EADANEd * O BMOI1Y
alignment Sums 347t ngomas
Jan |
250

= ' | ofAp =14 mrad
“ 0 ofe Tm mrad

™ -
—3.1 1 .05 1] 0.5 a1 0.5

mres [ ]

Moz FnaGIas

Ring DAdHE

60 DCH | o 1 dr b BT
s Prab FRE ST
ﬂllglll['.E'Jl‘l’ Cormbard ra bt ¥

M 0 ABETES < G OINLIR

Sigma Q38T = 040030

M: o0(A6) = 25 mrad
auu; a 0(0) = 18 mrad

| T
-E.15 =01 =103 1] 0.5 k.1 15



Y-¢ Timing resolutions from 2008 data

Intrinsic timing resolution y-e*timing resolution by using
using e* hitting several bars Radiative Muon Decay

doubles sample single bar res.
— 0.3

h
=
=]

ATVSGRZ] [ns
E
T

i
Events /(0.080 nsec)
9
]
=]

=
-k

ATC180 ps

=
-

o - i - | B

=
=
J2A

=]
21—

second bar hit t,, (nsec)

Corrected by small energy dependence:

e* time hit measured by TC corrected by ToF{DE&H-trajédtory) to target
L Xe corrected by ToF from target to conversion point
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Entrigz 69852
i) Mean x
E N Mzan y
5" 28—n"
g [ AMS
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g SAE- o
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S i
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Blind analysis: E, vs At, window

Blind box Analysis box (optional)

Pre-selection box



:} Entries 62446
g F \ Mean -1.537e-09
| RMS 491909
) 600 —
< 3 -
Z 10 =
@ 500—
= =
v C
Z 400—
i =
s 10° -
o 300
= B
= -
E 200—
10 = o
100—
: IIIIIIIIII| IIIIII Ih-l-rlJ-IJllL.l.l...lJ_l.LJnX10-g
Y .20 -5 -0 5 0 5 10 15 20 25

/ a5 50
Radiative decay + In flight positron annifilatior
resolution + pileup: in agreement with MCs




data + Feldman Cousins

Best fit in the signal region

[T ) [ PmaPlG o "Pogiion eneray” | (K P B4l ol Gamma emerar” |
: = '
&0 :,.
L. 3
& !
4]
]

0<N <14.6 _SckacoR i | Srarw et Yk

— Total

— Signal

BT 00800600400 o OO 004 D06 008
phi mnghs ol Mipped pos on dimc Bon wii gamma dmc Hon




E s E,

Hl——1— e RE
el datﬂ

E. (MeV)
E, (MeV)

Sb Sh
54 54"
52 : 52

so- . : S0

T R (oS : 48

"

i " : 1 S ;
A T S T W 23 %4 %6
E, (MeV) E, (MeV)
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Normalization with Michel events measured simultaneously with the
MEG trigger

N,, =BR(U" —€y) xk

e(TRG=MEG|e") ]
e(TRG=Michel|wackMe M ch

)[A(yhrack)-e(y) Psc ( Micner)

pre-scaling 107
f=A(DC)* € (track, p,> 50MeV | DC) x € (TC | p,> 50MeV) [

f=..0,

-Independent of instantaneous beam rate

-Nearly insensitive to e* acceptance and efficiency factors related to DCH and TC



90% CL limit

90% C.LN, <= 14.6 corresponds to BRI — ¢y) < 3.0x 10"
Compucted sensitivity 1.3 x 10"

Statistical fluctuation 5%

From sidebands analysis we expected 0.9 (left) and 2.1 (right) x 10
Bad luck



‘Future prospects

® Re-start of data taking in october, until december (as in 2008)

® Instabilities eliminated: DRS2=P DRS4 (timing improvement + noise
reduction)

® Data taKing and trigger efficiencies: 3-4 factor improvement
® Corresponding improvement in sensitivity: 3-4 * 10" for 2009 run

® Continue running in 2010 + 2011 for the final (107) goal

Proposal NnOowW
Lol P |

I
Planning | R ? D I Mmmbw_l—De‘mlaMDQ—l

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

http://meg.psi.ch
More details at http://meg.pi.infn.it
http://meg.icepp.s.u-toKyo.ac.jp
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Backup Slides
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Beam studies

Optimization of the beam elements:
® Wien filter for|l/e separation

® Degrader to reduce the momentum stopping in a 205 [Am
CH, target :

® Solenoid to couple beam with COBRA spectrometer

Results (4 cm target):
Z-version
® Ru (total) 1.3*10° U /s
® RU (after W.filter ¢& Coll.) 1.1410° /s
® RU (stop in target) 65107 U /5
® Beam spot (target) o= 10 mm

[1W/e separation (at collimator) 7.50 (12 cm)
10° W/s could be stopped in the target but only 3x107 are used because of accidental bacKground

33
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Detection efficiency

Detection efficiency

» The probability to detect a signal y-ray within the detector acceptance is
computed using the Monte Carlo simulation;

* The probahility that the energy of a 52.8 MeV y-ray is reconstructed >46
MeV (0.66) is corrected by taking into account

= position resolution smearing for the acceptance;

* positron direction smearing;

e Ey=0.61=0.03
* confirmed by ilahd RD spectra

Ho. EMelEma
-

2

j

Dats, MC 668%

o e, o, R - PR T el e Ty - ; =107
[+ =0 Rt a4 50 240 280 IO A0 ETiT ] A50




h1

100

80

60

40

20

On-line Z, resolution

55 MeV -line from TU-decay Em,m: 1 1607
- Mean 52.26
i RMS  7.113
i |

__ — LFEnergy

| e Fit (FWHM = 8.86 %) O =3.8%

" 45 MeV threshold

[ (@40 from signal)




Liquid xenon: waveforms: 2 digitizers

Trigger@100 MHz DRS2 @ 500 MHz or 2
Gz
|TF|'G'|'|II1.Ief-|:|.n11I | Fes Wavelarm PRIT @185 |
i = 0
o =
i :
m;_ —— y=ray Run 2008 3
15,;.:_ = f vy Run 2008 -4
[ -5
100 8
N 7
5::-_— . : <
@ az 24




x-source and Li line

* The position of the oi-source peak is ~the same as year 2008
* The Li peak (17.6 MeV) is higher!
* around ~ 30k phe

* jt was at < 22k phe

* integration still not Dptimized for this year’s waveform

2008 peak

§ 8 8 8 8

&

ul] 10000 iﬂﬂﬂ] 30000 40000 50000 EDOOD

—— Full spectrum
....... v - ray cut
- P.al'ti{:lE cut

photoelactrons

2009

2008

| Lithium and Alpha peak mnnilurin-u
f[l]l]
=

i
=1wu 8 Fe v T T s BT ol LSl e, L L LY :. Akl Tt L e oy B LG -

OO LI ABUWNRPWY. ( NVSURNIN, ORI

TTTT
-hr

[
k

1gmﬂj .Q. trmrmgymarma sy gt ot gy g o ;.

17000

16000 - —55% 1236 1237 1228 1329




Xenon waveforms in 2009

In 2009 xenon scintillation waveforms have the right time decay
constant: longer for gammas

| Rara Waneedarm PRTT ! 155 I

I TRt el | _aed g gt o ISR e i BT

[mV¥]
j

il = I R

R R

=500 =500 =400 =304 =200

_HHEn s8]

2008 2009



Events /(0080 nsec)

Dedicated RMD runs at lower thresholds

180
1640
140

120
100

e 2

—_— ....I..I..I. I"|'|"I'|”|"|"l'"|'| | rre | I..I..I.I..I..I..I.I. I..l..l..l..l. T

mean = 21 Bps
sigma = 184 = 7 ps




[T]

The magnet

® B =1.267 current = 3594
® Tive coils with three different diameters

® Compensation coils to suppress the stray field around the LXe detector

® High-strength aluminum stabilized superconductor

U thin magnet

(1.46 cm Aluminum, 0.2 X,)

AMSYS 5.6.2
JAN 11 2001
21:21:18
12— NOD&L SOLUTION
: STEP=1
SUB =1
TIME=1
11 BSUM (BVE)
. REYS=0
PowerGraphics
EFACET=1
AVRES=Mat
1 EMN =. 510E-06
8MH =1.6872
.510E-06
= .00s
L0115
09 = . 02645
0 -0e083s
] 1399
L3218
0.8 L Tqan2
-,
[Tesla]
0.7
0.6
05— |
0 02 04 06 08 1 1.2 It |
[m] End coil Liquid xenon
Gradient coill
Central coil

Center of magnet

<tV



BacKground and Sensitivity

Gamma energy %

Gamma Timing (ns)

Gamma Pasition (mm)

Gamma Efficiency (%)

(1)}

+ Timing (ns)

e* Momentum (%)

e+ Angle (mrad)

Muon decay Point (mm)

Muon Rate (10°/s)

Running Time (weeks)

V= ¥ J l 3+ O L4 N 3
QITNYgre Cverit oCTio (1)

Accidental Rate (10-13)

# Accidental Events

90% CL Limit (10+)

Measured Single Event Sensitivity
Simulated |
05'1‘; Limited by Accidental Background
4 5._ 9.0 hence Detector Performance
>40
ix BR(U—ey) = (R, *T*Q/4TI* € * € * €, )
1‘285 Prompti@Hysics Background (Radiative)
= BR,, U< 310
100
0.5
1-0. ciden ac
22553 Aﬁ ) Eilmlt al( %1%18& fgr BARG ,
1.7 ? ..}cég ~ 1 ( ) ( ey)

Tweek =4x10°s

*The 3u010;‘e can be optimized to improve the limit
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MEG detection concept

* decay at rest._ g,y _ 159¢ Stopped beam of 3x10” ) fsec in a

< o-———-> 205 |m target
e Uty Liquid Xenon calorimeter fory
Le =Ty = 52.8 MeV detection (scintillation):  fast: 4 /22 /
* 45 ns Solenoid

Lig. Xe Scintillation

— Detector

=Y S@’ L (géc%meter
| OBRA) & drift

Vrenen V\\iiy?i’/ﬁstpping Terped \ | hamberSfOT e+
o AN \ Tin /90 ountes omentum
7\ measurement
- Scintillation
counters for
More on Lxe Calorimeter in R. Sawada talk e+ timing
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[ Positron track

A simulated
- eyevent

= \M

Hits on Timing Counter
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Timing Counter 2)

Two sectors upstream and downstream the target
Two layers of scintillation counters placed at right angles with

each other.
Outer layer: scintillator bars devoted to trigger, @ and time

measurement.
Two sectors of 15 bars each, read by 2 PMTs, on the inner and outer sides

Full PMT waveforms read out for dedicated charge an( ::

FWHM" ¥
ﬂ\ﬁ asuremeQS oﬂﬂg timin i s 9 w? L -
rlnms.lamaan mﬁlating fibre. —: INFEFIE
Samfimpactangles i T % ; = | I
mef:mqass@w fibhrs, ! f ;
B e e ﬂ; et pachaﬁgle
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Readout electronics

Axakg Waekrm Samplivg Chip D50

T

] FAD FEGA TRAM \ME

@ Waveform digitizing for all channels (pile-up rejection);

¥ Custom domino sampling chip (DRS) designed at PSI;

@ 2.5 GHz sampling speed @ 40 ps timing resolution;

@ Sampling depth 1024 bins;

@ Readout similar to trigger;

@ Trigger:
Signals from Calorimeter and TC bar are sampled at 100 MHz with separate ADC
Several trigger combinations are available to study trigger and detector efficiency

for all subdetectors
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Spectrometer calibration

+ MEG is a precision experiment
+ High experimental resolutions to reject background
+ Stable for a ~ 4 year scale

* PMT time walk correction-+ >~  Michel

* Same bar PMT time offset, _ Cosmics,Laser

* Interbar time offset < » Boron,Laser,Daliiz
* XEC-TC time offset > Daliiz

* BarV,, > » Cosmics
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Tc-LXe calibration with CocKroft-Walton accelerator

Reactions induced by Cockroft-Walton protons

(E -~ 1 MeV) on Li and B taraets
Reactio Peak o peak y-lines Boron target
Li(p,y)Be fzﬂ? %J(/ 5mb (17.6, 14.6) MeV - Lower cross section
B(p,Y)C 163 keV 210" mb (4.4, 11.6, 16.1) Me?V - Two gamma’s emitted
simultaneously U tool for
~, 70000 [
et S relative timing calibration
g eoo00 Lithium spectrum on Nal
~ i
Feoo _E 17.6 MeV line
3 40000 | f
° "% 14.6 MeVbroad >16.1 MeV >11.6 MeV
|| _¥resonance B
20000 Ecountsx20 {

4.4 MeV
\Vi \V4

0 2 4 & 8 10 12 14 186 18 20
E(MeV)
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IC bar measurements

PMTO

Y
4
N

PMT1

A

\amplitude of PMT

Sightdctive velocity

T : time of e* at the impact point on first hit bar

z : impact point along bar length

b01 PMT time offsets

o PMT Time Walk coefficients
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Detector calibration and performances: IC 1)

Timing counter parameters:._ "< o 1) r=lito
4 PMT Gaiin - charge response 2 2
= Effective velocity v, W
@ _Effertive attenuatinn lanerif Aosr 0, G
_PMT relative gain from CR,LIF and B Runs _
5 : gain }‘eff :::: : - 40 % Spread
? cm)t
(emy . |
Ba;",r o 5 10 15 20 25 30



Detector calibration and performances: IC 2)

Effective velocity measurement (cm/ns)

andzcius

Z (cm)

Events with

B0
|AZ|<10
B0
b= |
B =] ]
endecius timedi {bar==l && fabs{zbarvendzclus)ei.} barl) |
Entriza o4l
il Bhear TiGe-11
0 Bl 7327 l] -
0] LR
ar‘ BMSy 0 1045
a2 {ndd 1440 24 —
- Frob oaxr
po 3.03 & .40 e

timed|f {bar==1 && fabs(zbar+endzelus <10}

Eniries

barl

bart

EEEEEE

Ve,, determined with

-6l

=1 0l

o 14.62 +/0.17 =

Sal]

< 1% precision by
using bar and fibre

information
simultaneously
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Inter-PMT offsets

t1 - t0 for bar TW corr 28 t1mtObarTW28

Entries 8306

] we e Average At iIs PMT offset in
3 COSMIC runs
S MEG physics runs TC hitmap
e T N T N S N
2D Hit Map all TICP Hit Rec TW corrected No offset corr | M:”' """"" ’"| 2D Hit Map all TICP Hit Rec TW corrected |
30— ; 8o |||||‘
n | - |
25 0l éf 0
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Inter-bar offset extraction

LX) e+t L™
Boron 4.4MeV (XEC) and 11.7MeV(TC) pr =7 e || T
2g XEC | ) c
DTmean(ns) vs bar
Deg!? DTegf? ATyyns]
Entres 958 - i A Scp
F M 2183 i z N
I pemprey g 11 0.5% i 3 A 038/10
T b
2 -bKyg (rescaled) - i A ) /
100 05 i, p b 25/10
i T T i 10/11
i LT A 24/
L N i B
" 15 ; : g 01/12
40; r i 5
: 2 =
“F i ; . Stable in time!
R My -2.5" : relative to bar 1/
00 5 1 o 1 5 20 25 30 35 40 45 50 : [ I ‘ [ I ‘ I I ‘ I ‘ [ I ‘ [ I ‘ |

0 5 10 15 20 25 30

ATYy[ns]
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bar #

e*/

Istbar

v

1Z|

On sample of two hit adjacent

bars (‘doubles’) test time walk

correction (¢, and c,)

DT=T
A

“Double’ and ‘triple’ hit events

On events with three adjacent hit bars

(triples)

minimize the differences (for all the bars)

ocC OB

> “loaT

1
2

C
O0A

COC + COB
'AOC 'AOB

VAOA -

time diff 2 bar Time Walk PMT corrected1 2barPMTCorr1

2000+
1800"
1600,
1400,
1200~
1000 -
800"
600"
400,

— 7T
B
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200+

Entries
Mean
RMS
Underflow
Overflow
Integral
%2 / ndf
Prob
Constant
Mean
Sigma

22587

0.1223

0.4307

518

760

2.129e+04
27717247

0

1740 = 18.1
0.1974 = 0.0008
0.1062 = 0.0008
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Detector calibration and performances: IC resolution

Timing resolution (timing difference between adjacent bars)

deltaT deltaT
140 — Entries 988
- Mean 3.458e-010
120 — RMS 4.39e-010
N %2 I ndf 183.7/ 77
100 —
— Constant 131.9+ 8.4
80 — Mean 2.392e-010 + 2.736e-012
— Sigma 5.435e-011+ 2.318e-012
60 —
40 —
20—
ol el | Newwe oUW e o <10

1.5

;= 54 ps, close to project goal (100 ps FWHM)
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MEG absolute time offset

Dalitz T® events Ty e'e

— Same topology as signal !
— Gamma/positron energy range (can be chosen) same as for signal

— Worse resolution due to LH, target
Comparison with signal is not exact

LXEC LTC

g . DTeg17 - DTeg17 51
S : L. -
250 — . .
- Barl7 fgggﬁﬁ’:‘?" 43
. . — = 26.062+0.01ns o 685
Centre of signal window ™ 22 o 2017
f & - 0=267+10ps go?:stant 235.2'2015;71
150 — Mean 26.06 + 0.01
B Sigma 0.267 + 0.010
Control sample -
100 —
(flight length correction) -
50?
MC validation - B e e RN
ns
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DCH TracKing efficiency

Tracking efficiency in the Drift Chamber was severely limited by HV trips
A substantial and growing with time number of DCH planes had low or no
efficiency

More details in the dedicated talk on Drift Chambers

In spite of that DCH were adequate for many studies
Highly pre-scaled TC trigger ~ 6000 C total live protons on target 2.8 x 107 J/s/2mA
Implies ~ 8400 x 10' total muon stops

N = 11895 satisfying selection cuts

= 8.4x10" Number of muon stops calculated

X 10”7  prescale factor known

X 0.30 TIC acceptance x efficiency for Michel measured

X 0.182 fraction of Michel spectrum > 48 MeV calculated

X (0.92-1.0) conditional trigger efficiency for TIC measured*
X 0.091 Michel geometric acceptance assumed

u->ewv

X &,y drift chamber reconstruction & cuts  unknown

&ocn= 11895 x107/0.3/0.182/0.92/0.091 / 8.4/ 10" = 0.28-0.31
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Momentum resolution from MC

No source of fixed momentum particles — fit to edge of

Michel spectrum
Generate Michel spectrum without inefficiencies
Fit convolution of generated MC spectrum with

Gaussian to reconstructed MC spectrum

Fit range (51.5-54.0) MeV/c

Done for “tight cuts”
Resolution worse than original MEG predictions: DRS
noise + ?
Tails from large angle scattering, pattern recognition?,
others?

,& = Entries 11012 %
8 1000 (T A T \F T ans preetl I -
= i .
~ URMS LI-L KC \ _|_+ %2 | ndf 17113
— + Amplitude 0.06029 + 0.00114
—_— Sigma (MeV) 0.4119 + 0.0209
B +
B +
i .
600 T
A -
L + +
400
B +
L ++
200
L +t
B +F
g
%5 40 45 50 55 60 65

Momentum [MeV/c]
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Momentum resolution from data

No fixed momentum particles to

measure response function
* Fit to edge of Michel spectrum to

demonstrate resolution
Edge of spectrum most sensitive to
Gaussian part of resolution function
— fit of high energy tail very
dependent on model for tail in
resolution function

Currently worse than MC by a factor

of 2, but inefficiencies not yet in MC
resolution
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Tracks

Tracks
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Track IC Match and Propagation time

Need to correct for track propagation delay to precision of 50 ps [J track length to 1.5 cm
Trajectory known from target plane through spectrometer to very good precision
Projection to TIC complicated by material after spectrometer causing scattering, energy loss

Currently, project to fixed @ of timing counter with using propagation of Kalman state vector
No correction for mismatch with reconstructed position in timing counter
Typical propagation distance is of order 1 m
Systematic uncertainties in dR, dZ seen, of order 1 cm

2 = rawdeltaR 2 3000 rawdeltaZ
o 6000 Entries 42246 S C — 42246
= . Mean -1.895 = L ntries
Z RMS 1.959 2500 r Mean 0.7236
5000— %2 I ndf 8.421/2 = RMS 0.955
L Constant 5989 + 55.4 C 2
B Mean -1.654+ 0.012 C niadt 46.06 /10
4000 Sigma 1.106 £ 0.021 2000 — Constant 2838 + 24.2
- C Mean  0.8231+ 0.0364
3000|— 1500 — Sigma  4.351+0.048
2000— 1000—
1000— 500—
C 1 1 1 1 1 L L L L L L L | L L 1 C 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
915 -10 -5 0 -30 -20 -10 0 10 20 30
R‘lral:l( projection'RTIC cluster [CITI] eral:l( projection"ZTIC cluster [CI‘I"I]

Fully corrected photon-positron timing difference currently at level of 150 ps in RD signal with photon
energy above 40 MeV
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Using DCH to Study Timing Counter

e Use DCH trigger data
— Require 4 hits in 5 contiguous chambers
— Run standard analysis, positron selection criteria
— Measure probability of having a TIC hit

1 Entries 4803

: Mean 0.05103

. |Entries 5130 ' 1. :
;| Mean  0.05102 0.9F 5 : 5 : 5 : :

= . |RMS__ 0.001548 = . |RMS__ 0.001542
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0.9 ;

efficiency

0.7 5 0.7/
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:;:‘"'"""';"'"+"‘wwwMﬂW‘""”H"j"'"
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:IlllilllliIIIIiIIIIiIIIIiIIIIiIIIIiIIIIiIIIIiIIII :IIIIiIIIIiIIIIiIIIIiIIIIiIIIIiIIIIiIIIIiIIIIiIIII
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Radiative Decay peak is searched in:

e Dedicated Low Intensity run

e Standard Intensity

RD detection

The distribution T,-T, shows a clear peak!!

Selecting high Ey time resolution is close to design value !!

Low intensity runs

Standard runs

@ F TTTTTTT T Entries 1469
5 40 1= Mean 2.618e-08
> £ RMS 2.299¢-09 %)
2 E H 2 ndf 349.8/198 [=
35F PO 2.138e-08 1.275¢-09 S 180
£ A pt 2.617-08 + 1.852e-11 =]
E p2 2.869-10 + 1.806e-11
30 p3 5.207 0178 L
B £ 160
251 3] -
20F ] |
C ] 140—
15 = L
101 = 1201 __
y | ]
L B N W R TR TE TN S T S e - 1y 1000 |
%1 22 23 24 25 26 27 28 29 30 k|
dT w/ total mass constraint of 105 MeV & good trk (s) ' . \
23 24 25

B

Emilias
Mean
RMS
2* I rlt

2 505a-08
1.7 76a-10

4 2 0%ke-11
: T9188-11

13938
2.5908=-08
1.699e-09

108.5/ 118
STIxTA

|2.?|.

P S
28

i 129

dT w/ mass<105MeV & Eg btw/ 25-45MeV & Ep<S50MeV,trig 0,1,2 (s)
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Conclusions

Tracking efficiency in current run is poor, mostly due to DCH performance
Momentum resolution not yet corresponding to MC (Inefficiency?)

TC fibre performance limited by malfunctioning digital electronics, adequate otherwise
TC bar performance in line with design parameters

Radiative Decay peak cleanly detected with good time resolution

Analysis currently adequate for data with MEG sensitivity of order few x 10-1

Significant improvement in MEG sensitivity per day can be achieved
— Replacing TC fibre electronics

— Improvements in DCH resolution function
* improved chamber efficiency (hardware)
* Improved noise performance (hardware)
* some tuning (software)

[1 increase in sensitivity per day by 3

Design sensitivity is within reach in three years data taking !

62



Backup slides
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Drift Chambers 1)

MEG target

DC planes
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Timing Counter 3)

TC after
installation
in MEG




Detector calibration and performances: DC
¢r target

& Target position and drift chambers alignment checked
by optical survey. Target orientation Known within 0.2°.
& Final alignment based on tracks:
- cosmic rays;
- Michel positrons = x-t calibration, algorithm refinement

At &
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Waveform analysis

Based on waveforms on 2 anode ends and 4 pads associated with each cell

D
|

- &8 58 8 8 B %
TTIIT T T I TITTIIT

waveform noise limits resolution oo ool b

]
| :
A E WWWWM

Rkt Uv L

601/ Ch it 2 5 i

Al

BB EE S

8

.“|””|””,W,w,““,""'“ II|L

iy

hardware improvements anticipated
Improvement in noise level would significantly improve resolution
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tracks

Check of Angular Resolution

No source of positrons of known direction

Fitting provides event-by-event estimate of 0, @

s000- e v Feseof i Mean 0.6718
‘mmi RMS __ 0.07561 = ::nno; N '+ RMS 0.385
; ~ ] 1 d zsno;
Calculated - Calculated
2000/~ 1500?
E o 1nno§ 0
1000— " ¢ E
- funcertaint - uncertaint
T R T e S o.‘gs R o= 0.5 1‘_;~—W‘»'—t; '[degreeg‘l.s
y in y in

Target designeda/,itldﬂrtﬁ

to test of resolution in

projection to thga
[0 infer 06, 6(p6 mtrad

data to MC

Position of hole vs. angle of track with respect to target normal sensiti

to target position

Difficult to quantitatively match distributions
Beam spot has different shape

Hole on falling distribution

Work in progress

Position of hole good to at least 1 mm —
neglibible contribution to 6, uncertainty

12 mrad

Take slice in target projection around hole, try to match depth of dip
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First try requires increasing resolution in 8Z, Y by 50%
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Detector calibration and performances: DC
resolution

DC performances: momentum resolution

-4
L)
=
=

-
=2
=
=

BOOO—

G000

Entries/250keV (400k events)

preliminary

utJ bl

HRNT S TN Sy T A !
10 20 30

0

E, . =52.84 = 0.02 MeV/c

0,=0.48 = 0.01 MeV/c

Reconstructed Spectrum (Michel Trig.) |

FWHM, (meas.) = 2.1 %
I FWHM, (MC) =0.9%

e I -
60 70

Momentum (MeV/c)
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Expected improvements in:

- detector resolution

- tracKing efficiency

Decay vertex resolution
g,= 1 mm
as required (holes on target)



counts

Drift Chamber Performance from Tracking

R pos1uon resoruuon

Look at difference in hits in 2 planes in chamber projected to central plane using trajectory information:

insensitive to multiple scattering
Typical spatial resolution of 260 microns
Systematic effects with drift distance and angle — ad-hoc corrections applied

Z position resolution

— Similar technique to that for R@resolution

= 1 — 1
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2000 RMS 0.08779 1200E RMS 0.08527
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TC time resolution stability

doubles sample single bar res.

- 0.3
7] -
= -
a8 L Runs 24xxx « Same TW calibration constants
£0.25 — Runs 25xxx ,
8 F  Stable over time
gu.z_— Runs 27xxx no need of different
CI - sets of constants
0.15 :_ Runs 30xxx 1
0.1 — :I:._I :‘: e =
Db e ngtB BEFL e e L SRESE T
= ===~ —a i% maS=s ﬁ#— =T
Tl e == =+
0.05 [ —— i
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second bar hit
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DCH-TC match hitmap

Extrapolate tracks from DCH to TC bars

DATA MC

_ 22r
50 20

i 185
e 165

_ upstream 14;_ downstream
30 12

i downstream 10 upstream
20 8

: o
10 4

A e 1 ' | ) - r‘ﬂ _”d J AN

020 45 40 5 0 5 1 DZ=ZDCH_Zbar a0 - 50 [cm]

e [¥L—IT-T4

Given a track and a TC bar hit matching efficiency is 91%
Some data/MC discrepancy
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Inter-bar offsets monitoring

DTmean(ns) vs bar

ATW B Barl5: change in DRS board
- i
mean 05 % i ASep
ms/ g1y A 0510 Weekl
e L o A 13/10 cekly
- 1 ! x Q| A 2010 monitoring
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Effective velocity with TICZ

Pass-thru cosmics, 2 hit fibers (clusters) expected

. nclus ht:
Single-cluster ot
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0.3;\
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‘IC — LXe relative timing calibration with Boron

Tir .

II‘UIIIF

500

400

300 ==

200

100

Entries
Mean
RMS

%2 [ ndf

Consta

Mean -3.198e-08 + 2.

Sigma

nt

-3.15%-08
3.614e-09
11.23/8

462.4 + 10.7

Time di iGN

1.18e-09 + 3.

5518

300

250

200

20

-15

150

Time difference (s)

For coincident gamma’s

at the target
Tic~Txe =-32 nS

100

50

75

TC-L Xe timing
difference at target
Correlation between

DA EN i‘ ﬂ er energy photon in LXe ‘ htemp

and timin

,_
8
-

resamtion
Mean -3.145e-08

RMS 2.897e-09

32 I ndf 4503/5

Mea -3.199e-08 2.953e-11

Constal 272+9.7

Sigma 8.847e-10 = 3.769%e-11

.6 MeV in LXe

_|_||||)<1‘:|-g

'L_
(5]

-40|||

—25 20 5
Time difference (s)



o(AT)/sqrt(2) [ns]

TC time resolution

s Estimate of single bar time resolution

DT

—\/5 Assuming the two bars to have

the same intrinsic time resolution

doubles sample single bar res.

o
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o
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o
o
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0.05

15

20

25 30
second bar hit
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Upper limit on average
time resolution (o) in
60-90ps range

Includes effect of DRS
digitization (~10 ps)



