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Motivation & Event Signature

u->ey branching ratio
> LFV process Present limit:
> Forbidden in the SM 1.2x10°"" \
» Sensitive to SUSY-GUT, SUSY-seesaw eftc.
» Our goal : Br(u->ey)>1013~10-14

Experimental

Asyasansan

Clear 2-body o
kinematics b / € 52.8 MeV

)

Y 52.8 MeV

Br(jp-e y)

Michel decay (¢ *—e* v v ,) + random v

10

Background Rate ~ 10-14 102 O - 10
Radiative muon decay (¢ *—e*v v ,7) Vee
Background Rate < 10-14 Only allowed affer KomLAND
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MEG Experiment & Detectot

Xe Detecftor

Approved in 1999, i

at Paul Scherrer Institut

Physics run in 2006 Timing P
Initial goal at 1013, Coun'l'er " .f—:,-j"/ ;
finally to 10-14 o« 7 N

ut beam :
World’s most Intense
DC Beam 108 u+ /s

y detector :
800liter liquid xenon
scintillation detector
with 830 PMTs “ﬁ

e+ detector :
solenoidal magnetic
spectrometer with a gradient Drift Chamber
magnetic field (COBRA) ( 29pSB-9 H. Nishiguchi )
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‘ Large Prototype Detector

1TC2 T
Smaller acceptance TC--/Cﬁ‘ SEL
Xe detector Signals - )
Active Volume : 68.6 liter ”VS} =H
228 2" PMTs (R6041Q) : "
PMTs j ! Outer vessel
1N Gxe| Pl WYL/ Vacuum
A\_ Inner Vessel
Xe Level Meter
----------------- Acrylic Filler
Y ray ks
> —>
¢] Pumps
201p | e N P
blue LEDs = ||| Seg AL Al Filler
Al Filler —(_

| Copper Heater VA Dummy PMTs

TC1 TC% TC3

InS|d View
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' Beam Test at PSI

For neutron measurement LP Xe |
® T + p ->n(8.9MeV) + v (129MeV)
® Beam induced thermal neutron

115cm 115cm

150 em

11540 em

Nal

Scintillator

LX T
I"h-“‘a:/' =
ZBN 2

Ph-Collimatar
110 ¢m

2 g
8 8§

np->nno, t0->2y

S0000|-

40000 :

T

J0000

Main purpose of this beam test

® v (at rest) + p -> w0 + n,
e et e no(28MeV/c) -> v+ v

oL - ) @ (54.9MeV<E,<82.9MeV)

Prnhin sl enl re o e o] Almost monochromatic vy calibration

Nal Energy (MeV) of around 52.8MeV
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‘ Neutron Response in Large Prototype

LP Xe total charge

@000
n

c

50000
40000
30000
20000

10000

E(Nal)>100MeV

Tp->nno, 71;0->27

n"p->ny

FEEy S

LI B it } SR R ':. I l
20 40 60 80 100

QQ

LP Xe TDC timing (ns)

Neutron TOF ~ 30ns (115cm/0.14c¢)
Neutron Kenergy=8.9 MeV

No bias data for Xe

Require the beam correlation

E(Nal)>100MeV, Qsum<20000

| Qaum {{Qsum<12000) J'{Nal_E>100])*(PED> 1004 4RFTDC 100888 1TOC<10044RFTDC>=08AS1 TDE =0 n | Neutron

Entries 30978

o ; . . . _ Mean 1002

‘5 RMS 1748

> 4

il Xe detector response

[+]

#

_ for 8 9MeV neutron

=
(=]
=

=
(=]
<)

10

0 2000 4000 6000 8000 10000 12000
Qsum

It might be the first time to detect

the fast neutron like 8.9MeV in such a

large scale Xe detector.
45% detection efficiency @0MeV th.
30% @1MeV th.
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Thermal Neutron Response in LI

" beam test for LP energy

calibration o events/

Alpha data taken w/wo beam beam off
omost probably caused by

beam-related neutrons, |

L P I ol by by bu o 1y
0 500 1000 1500 2000 2500 3000 3500 4000
ADC [ch]

(thermal neutron capture?)
aEnergy deposit up to 9-10 MeV

o, events/
beam on

o by by by by by by by e 1y g
% 500 1000 1500 20002500 3000 3500 4000
ADC [ch]
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‘ What was occurred in Xer?

For example, ( 129Xe + n ) cross section (from ENDF-VI Library)

Thermal neutron 8.9MeV
Region Region
Capture process

. . Elastic, (z,n),
is dominant

.l 0 ,l,”'“w A

, and (z,2n) is
length ~ 3cm M\'Pkﬁ% A — occurred.
ih ~3 barn
: ~ 24cm
Data
Total
Elastic
(z,n)
(Z,2n) I1I|a7l |1||55| ““1I|a5l Enepgﬁl“mewJﬁ 182 1all ”““;E w
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Simple Calculation

| Gamma Energy Sum Spectrum | his2

\ Gamma Energy Spectrum of neutron captur | Entries 112916 |
10° _ ...... Mean 1:;?6
1u*—Therma| I 8 9Mev Neutron ' RMS; 2.599

ms_..NeUtron ............... ...... ...... | 104l InteraCtlon __________________ __________________ ________
Capture ________ | X | ol . T-o—tal _________________________ - /InelaSUC ______ -

ol \ e

0 1 2 3 4 5 & 7 8 8 10
Energy (MeV)

many y's sum
125Xe : 7.156MeV : |
127Xe : 6.73MeV 0 2 4 6 8 10 R eray Mev)
129Xe : 6.71MeV
130Xe : 9.06MeV
131Xe : 6.24, 6.41MeV
132Xe : 8.74MeV

133Xe : 6.01, 6.24MeV Target : Only Liquid Xe 37.2x37.2x49.6cm3
135Xe : 6.18, 5.66MeV Base : Geant4 + low energy neutron data formats of
137Xe : 3.83MeV ENDF/B-VI ( from thermal energies to 20 MeV )

Dominant process : Xe + n->Xe + n + 7y
No yfrom Xe+n->Xe+n+n
Small difference between the data and MC
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Neutron Background Concern

s Thermal neutron capture signal can affect PMT outputs
from the continuous energy deposit (up to 10MeV).
o If 20n/cm?/s, ~2uA @10°Gain in a PMT in final detector.
a v from radiative muon decay, | -> evvy, ~0.4pA

= Non thermal neutron component is also important.

= New PMT(R9288) development for the environment such
as higher rate and for high Q.E.

(29aSB-3 Y. Hisamatsu, 29aSB-4 A. Yamaguchi )

m Succeeded to develop the PMT available up to 2uA
current

= The flux of the neutron in a experimental hall should be
less than 20n/cm?/s for the MEG Experiment.
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Thermal neutron detection by *He

n+°3He ->p +3T, Q=765keV, 6=5400barns

| Model : 0.5NH1/1KF (DEXTRAY)
| Sensitivity (¢/s per n/cm?/s) : 0.5
= Active length/diam. : 10mm/10mm
Inside gas : SHe 8bars + Kr 2bars

Tek Stoppei

Raw data (4us/1div.)

175559 Acis 24 hay 04 18:07:45

SHe
propotional == 3
counter |
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‘Thermal neutron in PSI (uh)

SHe measurement
| | MEG
= Eif]itigeeps reaatrgr d e t e Ct O r \\
Almost realistic setup | =i N ”
\ (1T ¥ O wall .
- e =T 1.4n/cm2/s
LL - MEsEE |°
/ concrete 0.3 | 1™

+/et separator
L
o)

No beam transport
solenoid yet K/\R

i ® —~ Behind waII
ﬂﬂﬂﬂ _; 5
rg”:‘r:“:‘ 1 / 0.3n/cm</s

/( PMT output should not be
/ . .

reduced in this neutron.
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‘Bonner Sphere (for Non-thermal)

Using 3He and polyethylene spheres,

fast neutron can be thermalized and captured.
5 different sizes (2,3,5,8,10,12 inches)

-> can measure neutron energy spectrum

Sensitivity plot
of different bonner sphere

o
o
*

2”

c 5’!

005_ R l l l - l, \’}ﬁl -

0 m
10° 102 10" 1 10 10° 10° 10* 10° wE 10’ 10
nergy (eV)

Sensitivity{counts/nscm?)
o
T

10”

What spectrum of fast neutron?
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Neutron flux (n/cm?2/s)

Unfolded Neutron Energy Spectrum

Measurement results Neutron spectrum calculated by BON-3.

\ Neutron Flux with Bonner Sphere \
4 | Unfolded spectrum |

w
n

B s I T 18 NURN U WU FN W SO N

L 3
Arbitrary Unit

N
2]

Neutron flux (m’cmzls
w

N

15000|—........ ............ ............. — ............. ............ .......

-
3]

10000|—....... ............ ............. I ............. ............ .......

-

o
n

5000 |-

(=]

0 2 4 6 8 10 : :
Bonner sphere size (inch) J_

Size of Bonner Sphere (inch) I T T
Energy (MeV)
Reconstructed neutron flux ~ 12 n/cm?/s

Thermal component ~ 2 n/cm?/s

In total, at most 10 n/cm?/s into Xe, corresponds to < 1uA
No problem for PMT performance
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Summary

We observed the 8.9MeV neutrons from the
reaction of T p->ny by the large prototype Xe
detector in 70 liter scale.

The effect from the thermal neutrons was also
seen in our LP detector.

The neutron background will not affect PMT
outputs for the PMTs of the MEG experiment
because the thermal neutron flux is less than
2n/cm?/s and the total flux is less than 10n/cm?/s.
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