Performance of the MEG detector
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P MEG experiment

Lepton Flavor Violation

P U -> ey decay

P Lepton flavor violating decay

>~ ‘ :
(VR S Breesens
P In the SM with neutrino oscillation, ;101 o
the branching ratio is tiny(~10-% 3
R - -
P Previous experimental upper limit T
(before MEG experiment) -%10_5 . .......
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Signal & background

P Signal o
P u+ decay at rest / e

P 52.8MeV (half of Mu) (EY,Ee)

P Back-to-back (8,,¢,) I\N\' 2

B Timing coincidence (T,)

Y
P Accidental background P Radiative muon decay
P Michel decay e* + random'y P o> evwy
P Dominant background for us P Timing coincident, not back-to

P Random timing, angle, back, <52.8MeV

<52.8MeV
A% + et
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Background spectra

—

Rahiative muoni deca)é/ +
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Good detector performance (especially E. )

High rate positron measurement
Pileup identification
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MEG experiment

Supercoad
solenoid

p—

icting

=

%

il 3MW proton 'h.a"c"ce_l_gra o

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

P Requirement:

P Need many muon decays

P Detectors(e*) should be working in
high rate environment

P Good energy, timing, and position
resolutions
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| | MEG detector

im

Special gradient magnetic field

Sweeps out high rate e+ quickly

Constant bending radius of e+

COBRA Magnet
2 Ultra thin material
\ Drift chamber Precise e+ tracking
i ! / | f
[ — ]
Muon Beam
= : ot
: Timing counter
Stopping Target ! Precise e+ timing
||!|_f[5'j—‘%_|“"|| Plastic scintillator + PMTs
I : - .r'* - |
n 1
e ;
/'u"/' 4% 'ul Drift chamber
|
|
Liquid Xenon L
Scintillation Detector | i

2.7 ton of liquid xenon
Homogeneous detector o ]
Good time, position, energy resolution Waveform digitizer for all detectors (pileup ID)
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Positron spectrometer

Uniform B-field

solenoid

M* beam

> i | 1]/
DC “l ”M ”M‘ﬂl}ﬁ'u'll'u'll[.'l B \M

- -

S ) . A MWK
S 12F Special gradient Mu_ %
F 1.27T at center | ' | - ' '
o 49T at h en _ _ _
093_ 0.49T at each end Low energy positron COnstant Bending RAdius
T quickly swept away independent of emission angles
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Drift chambers

Z (9) direction >

506.15

111.00

 J 202.04
R(®P) direction

P Positron tracking

» Momentum, emission angle (8,®)
P 16 radial drift chambers

muon stopping target

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

» Chamber gas He:C,H, = 50:50

P Low material budget

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

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

Hredon - Dyrift circle

z-direction
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Timing counter

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

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

B Positron ¢, z position reconstruction(~5cm)
P Scintillating fibers (6x6mmz?) + APD

P Precise z position measurement, fast 8 emission angle information

TC with fibers exposed 0.1 : T e v
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2.7t Liquid xenon gamma-ray detector
P 900L liquid xenon

P 846 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)

P 200W pulse tube cryocooler

P Short scintillation wavelength
(178nm)

P Gas/liquid purification
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Reconstruction & Goal of gamma ray detector

P Reconstruction » Goal
P Energy: weighted sum of all P Energy resolution: 1.2-1.5%
PMTs P Vertex (Opening angle): 2-4mm
P Position: peak of light . .
distribution P Time resolution: 65ps

P Time: weighted average of time
of PMTs

P Pileup detection

|
» Waveform |
P Light distributionl

HH

A L X LR LR R R QN
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Calibration methods
» 55MeV y (CEX) P 9MeVy » Timing resolution

= | [Teq,
\2/,.. Pulsed n gen 2S00
>\. ] , H -
2 i :
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| ' ™
o =
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g B meanTeg = 23.7200 = 0.0051 ns
.g 28 [ sigTeg = 0.1465 = 0.0065 ns
E 2000 1 y i E’m_
s Tr‘+p—>1194;n, - Muon radiative decay events
i T[O—>YY (55,83MeV) N Y B T Q- T R TR T R Ty
/ Photon - positron time Time Ave (ns)
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P 17.6MeVy P PMT calibration
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MEG experiment 2008-2010

Phy3|csr n
(less DC eff., lower LXe LY)

Other experiment(Lamb shift)
2009 s s Detector mstallatlon

XEC: liquid purification & preparation

DC: HV discharge problem fix

—p» DRS4 installation

DRS ‘ .
orys I

PSI accelerator
Shutdown period
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Current Status of MEG

P Physics data taking started in 2008 W MEG Collaboration

P 2008 data P ~55 Collaborators from Japan,
B Br(u->ey)<2.8x10-"! at 90%C.L., Italy, Switzerland, Russia, and
published in USA

Nucl.Phys.B834:1-12,2010
P Sensitivity: 1.3x10-!
P 2009 data

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

P Sensitivity: 6.1x10-12 (preliminary)
P 2010 data

P 1.9x statistics of 2009

P 2009+2010 combined analysis
result was presented this year

P Br(u->ey)<2.4x1012 at 90%C.L.
P Sensitivity: 1.6x10-12
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What's new in 2010

P 2010 data = 2 x 2009 data

P 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
P due to noise problem and more unstable DC layers
P Better calibrations of data

P Alignments inside/among detectors
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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
P 130ps in 2009 -> 50ps in 2010

19/Sep./2011 Performance of the MEG detector

17




Alignment inside/among detectors

P Optical surveys

P DC - target [[ ]
P double-checked by target hole
P Alignment by CR
» DC - XEC
» DC
> LXe

P Pb collimators
» AmBe

¥_vertex fom|
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Energy resolution

P Energy resolution is evaluated with 55MeV y in CEX data
P +p-->T0+n, T ——> vy

P Resolution map on incident position is measured by

moving Nal detector Upper sigma (%)
g CrrrT T T T T T T Tabwhe e 12 o] "';" 6 —————.————ennnnmnmnnmmmmmngnnmmnmnmw— 0w prm——
B0 i & 5 : 21 ndf 2945/4 | RLLARRRR
o | 5 mpl o T po 1041£0.1766 |, N
Ewo:— % 5_ : p1 1.201+0.03842 |:
L | sigma =169+0.08 % o i 5 5 :
St 4f
C FPWHM =467 +0.24 % -
2005— 3f
150F -
; 21
100 -
505_ 1 :_ S SO AU S S S
0|: uwf*"“uﬁ“&h*ﬁ‘%ﬂfﬂﬁ‘wmfl | Lobdonl |:><103 0: L L Lo E L l TI——] i  —— : i
400 500 600 700 0 20 40 60 80 100 12 140
Total number of photons Energy (MBV}

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

P Position resolution is
evaluated CEX data
with lead collimator

o -k
-20 -10 0 10 20 Z (cm)

24“ | T T T T | T T T T T T T T | T T T T T T T T

220 ¥}/ ndf 117.6 /121 :
Scale; 119.9+ 4.9

200 mean;, 5706+ 0.027 ] _ ;

180K % 0.6502 + 0,0271 S— AT S— =

Scale, 130.1 % 5.0 ’ ’ ’

160 mean, 05354+ 0.02542 | |

Entries /0.12¢m

1404 o 0.6748 + 0.0274 oAl h- i o 3

Floor 604+ 0.9

4 P> Resolution in 2009

P XY direction: 5mm

P Depth: 6mm

P MC expectation: 4.5mm ( due to
insufficient Q.E. Estimation?)

120
100
80
1
T

20 s | B
u T«...L. i +JIH1+|-| 1 | L1 1 | L1 | L1 1 | L Tt
-15 -10 5 0 5 v(cm)
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Timing resolution

P Time difference between XEC and reference counter in CEX

T tSSMe“/ T T T : ’é\ 140_ UL T x\z II‘_ rI.dlf é.l!'llse\-]l4l fl['l T ]
QOO I Entrie: ......................... S 8405_: é i po 348.7+84.92 | |
u Mean : -0.003297 ] © L i
OO SR 1 W et S— T 120f o (PL . MOS824331
— Underflow : 1] :
e e o s Owr“w ..................... .................. = 100
SO0t f b L Iﬂﬂ’-gﬂl ........................ ............ 8405 : i
- : : : '/ ndf | 68.63/44 7 80 ;
1)) | mm— ......................... ......... Cmm ..................... 84 17+ 11:5-] C .
- n -u.nozsaf;i 0.001299 60_ @ ,,,,, SR .
300 :_ ..................... ......................... ....... | . .................. 0_]185i0_|]|]]|]_: : :
- : : 3 - : X2/ ndf 6.125e-11/0 | -
200 [ ......................... ......................... ......................... .................... —] 40
F ] o po 350.5+ 82.7 |
100 ......................... ......................... ......................... .................... B »of pl 46.02+ 9.549 | -
L ] L

xEC ™ Lrer (MSEC) % 50 60 70 8 9 100
P Result o (MeD
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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Background spectrum

RD + AIF in MC

+ Resolution + Pedestal Entries 10387

1 RMS 0.003303
w2/ rdf 82.24 /69

_ .................... ....................... AIF BD Con 2450 + 15.2
102 == E ; — E .| Sigma 0.02779 + 0.00576

| EScale 0.9926 + 0.0051
................ L] TRGAce 0.04254 +0.00010

— .. ,, ....................... ~ ................... ~ TRGRES 0. 03954 +0.00164

5. S | S S T T e S R T T ST EE T ST PR T T

10 B=le et | i ? i _'::::: Totalbackground o Contrlbutlon Of baCkgrOund eventS

________________ oo in signal region (51-55MeV)

LlLJ]]IJ.JJ]II].i]lll{J.IIl |.]l J;IJ.LJ

0.03 0035 004 0045 005 0055 006 0065 007 Remaining 6%
E, (GeV) (pileup, tail etc.)

Position dependent y 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
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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

h
=
=
=

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

=
=
=
=

P Detector response

P triple gaussian + acceptance

» 2009

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

30001k

[ ]
=
=
=

Number of events (0.10/ MeV)

» 2010 1000 g
P o =330keV (79%) + % [T T o N
1.0MeV(14%) + 2.0MeV(7%) S ey
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Positron
spectrometer
performance, cont.

\ reconstructed by *
(15 turn)

reconstructed by #

(2nd turn)
Muon decay point, angular resolution :
from tracks with two turns inside the drift
chambers DC
2009
Vertex zly
=1.5/1.1mm
0, = 9.4mrad _ I
Frorrprr o T REEE 22Xl | 4
g, =6.7/mrad (¢=0)  1400}- SR —_ i _ — el
1200 |- - e 1800 - . pas.. s
2010 oo R e gt SN O | |- =38 v o]
Vertex zly soo|- - s 1200 e
=2.0/1.1mm s00 |- - e 'E
0, = 11.0mrad prona 2 600
L N L1101
0,= 7.2mrad (¢=0) 2 - i
-ﬂ.lﬁ =01 05 il kos 00 LIS -Rlﬁ- <1 =005 0 Ok il IS
G [rad) of [rad]
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Positron - photon timing

P Radiative muon decay peak

% P In a normal physics run
<2500 E P Corrected by small energy
; dependence
432000:_ 1 » Timing resolution of T
&= 1500 . » 122psin 2010
P Breakdown
1000 mean = 6fSps | - eakdo
E sigma =124 5 ps ] B Photon T : 67 ps
¥ 1 '=5011%1 ]
500 Nrd : 50 66 - T, :107 ps
: ] P T_.: 65 ps (measured by
0_'2' — '_'1 Lottt ['} BE— i — 2' double TC Michel events)
t., (nsec) P Le/c: 75 ps (MC scaled,
x1.5)
P TC calib: 40 ps
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Performance summary

Gamma energy (w>2cm) 1.9 % 1.9 %
Gamma timing 96 ps 67 ps
Gamma position 5(xy)/6(depth) mm 5(xy)/6(depth) mm

Gamma efficiency 58 % 99 %
e’ momentum 310keV (80% core) 330keV (79% core)
e* ¢ (¢=0) 6.7 mrad 7.2 mrad
e* 06 9.4 mrad 11.0 mrad
e vertex Z/Y 1.5/1.1 mm (core) 2.0/1.1 mm (core)
e* timing 107 ps 107 ps
e* efficiency 40 % 34 %
T, 146 ps 122 ps
Trigger efficiency 91 92
Stopping Muon Rate 2.9x107 / sec 2.9x107 / sec
DAQ time/real time 35/43 days 56/67 days

2009+2010 Combined
Expected 90% C.L. Upper Limit : 1.6x10*
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2011 run

hyS|csr n
(less DC ff., lower LXe LY)

Other experiment(Lamb shift)
2009 i e Detector mstallatlon

XEC: liquid purification & preparation

DC: HV discharge problem fix

—p» DRS4 installation

b ‘ .
ai SICS run

BTS repair work CEX,
2011 7 DC repair work

PSI accelerator
Shutdown period
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What can improve our result?

P Statistics : still the most important thing
P 2011 data = 2 x 2010 data ( 124 days expected )
P 2012 data > 2011 data
P Multi-buffer scheme for DAQ
P Livetime improved, wider direction match table can be used
P Better e* resolution & detection efficiency
P One of noise sources (HV distributor) is removed in 2011.
P 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.
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Multi buffer DAQ

P Dead time in 2009-2010 Live time - online efficiency plane
P 25ms/event ~ 83% livetime 2 |
@ 6Hz S0.95
» Multi buffer DAQ = e K TN
P Installed at the end of 2010  ossfi o — 08
P >99% livetime @ 10Hz 08 ; -
P Direction match table o7s IR :

between positron and
photon can be widen (92%
-> 96%). 0.65

0.7

068 ¥ 2009

05588 - Multiple Buffer

085 055 0.6 065 07 075 0.8 085 09 095 1
Online efficiency
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DC performance in 2011

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

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

P 2011 physics run (in a month after starting) I

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

P DC calibration is on-going. 6, ¢ resolution will be L)

checked after that.

counts

— 2011 old PS

— 2011 new PS

19/Sep./

counts

0.02}

10

Power

14 MHz

run70613
dc06B

0.00E+000

L L
1.00E+008
Frequency, Hz

1
5.00E+007

/7 2011 0ld PS5

—— 2011 new PS

-0.2 -0.1 0 0.1 0.2
AR |[cm]

1 1
1.50E+008

2.00E+008
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BGO array for CEX in 2011

CEX two weeks for scanning all the XEC inner \\ﬁ
face, and LH, target setup, y- -> 1 beam change s

Improvement of detection efficiency is
important to minimize DAQ time

Nal (3.67g/cm3) : 3x3 \
(6.5%6.5x33 cm®) £
005 I MC study
- - Red: Nal
0.04- ¢ Blue, Green: BGO
BGO (7.13g/cm3) : - |
(4.6x4.6x20 cm3) % ]\
0.02]- P b
Better detection efficiency > x2 - ; JJMM
Better position, energy resolutions 0.01 g R Ht
position resolution i_s important to know opening - - ' q Y WLIIIMM[
angle of two ys, that indicates true energy X T Ry - v oy
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Positron detection efficiency

o dc frames
W cables

O pre-amplifier
0O cable duct

P Positron efficiency ~ 40%

P New design of DC frames

P Design of a new DC system - is
a long term activity

P Feasible starting point for
improvements

P Thinner signal cables (1728ch)

P Thinner Preamplifier PCB (576
pcb)

P Expected: (50 +x) %
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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 The expected 90% C.L. upper limit with 2009+2010 data is 1.6x10-2,
which is already 7 times better than the previous experiment.

P MEG physics run has restarted since the end of June 2011, and MEG
is accumulating more data 2011-2012 to reach O(10-%3) sensitivity.

P Possible major upgrades of experiment (sensitivity<~10-13?) are being
discussed.
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Linear-Fit

« Linear fit algorithm
= E =Cc+ 2 E-.Q.—
- The weights are computed
with MC

» w2 = distance from MC
» Analytical minimization
* Worked well for prototype

« With refinement of MC,
- Progressing

B T I T | I ] 1 | | T T T T | ﬁ T T i
1| | SRR SR, S e Foiies Bt
- ' ' Mean  O@O626 |
L A—-— HME D.01848 |
3001 Offi clal recnnstru on |
15:1 — Lmear fit- | S—

150

- Currently getting comparative 100

to existing algorithm (still
slightly worse)

EMEG

Eu-E-EGHamma Colloboratiomn

VY RRSSRCRIE: SRUISFWRI) SURCL uBV (RSO S S

- Working further improvement 0;
of MC
16/Feb/2011 Yusuke UCHIYAMA
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BGO

P Nal : 3x3 (6.5x6.5x33 cm3, 3.67g/cm?3)
P BGO : 4x4 (4.6x4.6x20 cm3, 7.13g/cm?3)
P Efficiency

P 17% Nal center, 35% center 2x2 BGO
P Position reconstruction

> Nal: 1.5cm, BGO: 1.1cm

0.05
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0.03

0.02

0.01

Pﬂm
mﬂ k
i

ﬁ

L B
B o e

0.06 0.07 0.08

o
o
w
o
o
B
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o
|
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* For normalization, need eff conditional on the e™ detection

v A - Position-dependent efficiency from MC
,,,,,, - & T - Weighted by the e" distribution
2580 1o « Confirmed with pi0 data (Nal-self)
@ 61.7 558 o | | |
-E-{I.I]'E _ _____ !;I?lrm:r"nnrl nearran |
Blo @ |e|@ ET ]I T ]| _____ woucon j
649|671 |66.:5 |68 | 5.3 o _§ | o
Ey (>4BMeV)= g1 X Eqng | | i
| = 0.647 x 0.893
25 U -0.58 £0.03

I R e e 9% decrease from 2008

o ] Sl ":ll o * Change of analysis window (46—48MeV) : 5%
. Irwn’“‘*_ * Higher pileup level & higher pileup cut threshold
0 T A C — rejected events have less significance,

o Michel trigger - almost no effect on sensitivity.

"t e’ distribution : o
R T .TL“r In 2010, pileup reduced by beam optimization

— g, (>48MeV) = 60% (expected)
16/Feb/2011 Yusuke UCHIYAMA 8



Purification system

P Gaseous purification P Liquid purification

i I I E B
GXe pump
(10-50L/min)
i E p g
Heat exchaphger
,_-_ GXe storage tank
Metal heated getter 2% Getter
HZO, 02, Nz"" LN2 Cryocooler
Diaphragm pump —> (>150W)
~1L/h — T T —— N2
Cryocooler % DQ | ———
(>150W) Ny
TN - | = Molecular sieves
_I H \ Il— =| Mainly H,O rejection
A Liquid pump Cryogenic centrifugal pump
(100L/h) ~100L/h
000 00O -\
OO0 00O
O00 00O
Purifier
LXe Calorimeter 1000L storage dewar
Liquid circulating
purifier
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Energy scale (a.u.)
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EMEG

Mu-E-Clamma Collaboration

Intrinsic resolution

* PMTs are divided into 2 groups (odd, even)
+ See difference of rec. time by the two

- Electronics contribution canceled out
- U{{Tudd 'Te'ulerl}""z}

L L LK
LR L L

I RN R YR EQ ]
LA i B2 N RN
BEER ARSI RER
FEEFEFEAR
FERIBRERER
BRSNS B
AR RN XN NN

55 MeV | 83 MeV

e :r 5“ ! ! ! EI ) I ! ! ! ) ! l! LI} I! 1 LI} I:
H 5 d : : l =
L1y '_T..'.“..‘.‘. ? ........... S q, .................. .................. ............... =
2009 3L5 30.5 b ‘"}g M;‘ﬁmx =
=E 35 :_ ............... ; ,. ................ h-\‘-_\-‘_‘-:_\_\__\-\_ ......... .................. ............... _:
D L SR — . S -
-7 SR U N SO O SR, - E
Intrinsic time resolution is 15 oSS HOTE ]
dﬂfﬂiﬂﬂtﬂd by D.E. Statisﬁﬂs 1“;_ O | Y . S ¢ .................. .................................. _g
5;_ e e e et e T s v B ..................................................... _;
-I 1 I 1 II 1 1 i 11 1 I 1 II L1 1 I_
%o 50 60 70 80 90 100
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TC resolution: intrinsic+tDRS

- 6(AT)/N2 in double bar Michel AT =T _T
g . . . - TA B
events =upper limit on TC intrinsic — A
resolution +DRS il
F B
M. De Gerone
0.4 T Tistolres
s _ ®  double_300%_newiit Entries 30 [} ; :
£ 0120 | o smememe | ms | cas] EStimate of resolution
2 b & 1 on positron impact point
= E _* : i
) | T PN s P at TC: o(T+¢)~65 ps
e St T |2 e Al
046 i 1 Resolution on average
0.04} - .4 ~5psworse in 2010
gl 1 with respect to 2009
00 ~"5 10 15 20 25
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Moise RMS [mV]

o [um]

The Future

single hit resolutions vs noise RMS from MCl

PR | e PEREE SR N R W | I T Y
0.5 1 1.5
MNoise RMS [mV]

¥ Assuming for 2011 the
expected noise RMS from the
test on the new HV modules
(see M Hildebrandt's talk), we
should be able to reach ~600
Hm resolution in Z single hit
position and ~230 pym in R

Moreover, with reduced noise, subleading contributions to resolution clearer (and easier to correct for)

B resolution vs z resolution |

= [zt ! mall 1L573/3
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E .:__-. ------------- -._!' :'
o & E
LY S———— e : =
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0.0065" - ' !
= 1 1
0.0D6=— . 1 ! =
F _.?" 1 1
0055 =" 1 . —
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Z hit resolution {cm)

@ resolution vs z resolution |
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E C 1wl wa2eed (3 i
g [LﬂﬂBS_.‘ OBSDY = DUM0T263 - 9
S googhpl  savin:esesis rw £
= E ~ -
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Z hit resolution {cm)

¢ From MC studies (not taking
into account all the other
possible improvements
described in previous slides) we
expected an improvement of
$ ~15%in0©

& ~5%ing

¢ ~10% in momentum (but bigger
data/MC discrepancy not yet
explained)
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Alignment

About 15 x 15 x 13 mm

These screws were replaced by
plastics

0:1 :
cos 8
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Systematics EMEG

Mu-E-Gamma Collaboration

. Systematic effects are taken into account in the calculation of
confidence interval by profiling on (Ny5,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 > 2.4x101% for combined result

Relative contributions on UL

Center of .. and o, .18
Positron correlations 0.16
Mormalization 0.13
£, scale 0.07
FE. bias, core and tail (.06
Contribution of each item fey center 0.06
was studied with toy-experiment £ BG shape 0.04
by comparing the result with E. signal shape 0.03
nominal PDF and that with Positron angle resolutions (#.. @.. z.. y.)  0.02
fluctuated one. ~ angle resolution (., v w. ] 0.02
F. B shape 0.02
Fl. signal shape 0.01

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



Alternative Energy Reconstruction

L]

Treat each PMT as a detector and fit energy for each PMT

-

Calculate event energy from tube energies

* weighted mean energy of truncated distribution

-

Correction table for gainxQE is prepared from output of PMT for each event

-

Potential advantages:
* can optimize PMT selection

* Insensitive to vast variations in solid angles subtended by nearby PMTs
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