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C
HU—ey physics motivation “/zﬁ

Standard model New physics

T —

Many new theories beyond the
standard model predicts large
branching ratios

Br ~10-14-10-1

Branching ratio of p—ey (<10-49) is very small ' TeV scale new physics

Current limit : Br < 5.7x10-13 (90% C.L.) . .
MEG, 2013, arXiv:1303.0754 =N GUT frI.JlSpt{Jgf:nesrs
submitted to Phys. Rev. Lett.
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MEG detector

;  Special gradient magnetic field
Sweeps out high rate e+ quickly
Constant bending radius of e+

COBRA Magnet Ultra thin material
Precise e+ tracking

Drift chamber

ﬂ\ 5 P , I

Muon Beam /\\\ : :

> T e
; e

Stopping Target Timing counter

[ 1

Precise e+ timing

Liquid Xenon
Scintillation Detector

-~

2.7 ton of liquid xenon
Homogeneous detector

180° /
o

/’./. o Plastic scintillator + PMTs

N Signal

52.8 MeV e+ and y

[

Good time, position, energy resolution Waveform digitizer for all detectors (pileup ID)
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Drift chamber
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c
Requirements of LXe gamma detector “/@
' backgroun:d Signal 1?0\/9;

ut 52.8 MeV

Backg rou nd monochromatic
Slgnal

Background

Radiative 1 decay e+ annihilation in flight

ot /
V\ €
\
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Inorganic scintillators and LXe

Nal(Tl)

CslI(TI)

BaF2

BGO

LSO(Ce)

PWO

LaBr3(Ce)

GSO

Density
(g/cm3)

3.67

4.51

4.89

713

7.40

8.3

5.29

6.71

Radiation
Length
(cm)

2.59

1.86

2.03

1.12

1.14

1.88

1.38

Hygrosco
picity

Yes

Slight

No

NoO

No

Yes

No

Luminesc
ence (nm)
at peak

410

550

356

Decay
Time

245

1220

20

Light Yield
(%)

100

165
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2.7 t (900I) LXe calorimeter
—

Liquid xenon

Lateral:(Upstream) face

y Muon target
T

5
H I I N N = .

Lateral (Downstream) face

“’Bottom face

B Merits
B High light output(80% of Nal)

B Fast timing response(45ns) 846 2° PMTs (Hamamatsu)
B Heavy(3g/cm3) B Sensitive to 175nm VUV

m Challenges B Submerged in Liquid
B Low temperature(160K) m Purification system
B 200W pulse tube cryocooler B Gas phase (metal heated getter)
B Short scintillation wavelength (175nm) B Liquid phase (Molecular sieves)
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construction
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c
Calibration and monitoring “/@

4 4
PMT ) Energy ) Time)

\

-

\

LED
Alpha source (5.5 MeV)

\

AmBe (4.4MeV)
Neutron capture (9MeV)
Li(p,y)Be (17.6 MeV)
no0—vyy (55, 83 MeV)
Cosmic ray (160 MeV)

B(p,y) (4.4+11.7 MeV)
n0—etey (55-83 MeV)
Muon radiative decay

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, y17,6(14,8))8Be 14.8,17.6 weekly
UB(p, vaayi16)'?C 44,11.6 weekly
Nuclear reaction BNi(n, )/9,0)59Ni 9.0 daily
AmBe source "Be (o241 5, 1) 2 Cs 4.4 daily

12C>|< — 12 C)/4.4
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Calibration and monitoring

4 4 4
PMT ) . Energy ) Time)

\
AmBe (4.4MeV) B(p.Y) (4.4+11.7 MeV)

LED

Alpha source (5.5 MeV) N_eutron capture (HMeV) U—etey (55-83 MeV
Li(p,y)Be (17.6 MeV) Muon radiative d
ro—vy (55, 83 MeV y ecay

Cosmic ray (160 MeV)

[
[\
S
(—]

Boron lines

| =—— Lithium line

Number of events
[u—
(=}
[—]
[—)

MEG Cockcraft-Walton(C.W.)
proton accelerator
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Calibration and monitoring

.
PMT )

-
Energy )

\

LED
Alpha source (5.5 MeV)

\

AmBe (4.4MeV)
Neutron capture (9MeV)

170 175 130
Opening angle

CHEF 2013 Ryu Sawada

n0—etey (55-83 MeV)
Viuon radiative

Tagging detector

Pion Charge EXchange (CEX)

m+p—>1+n
- vy (55MeV, 83MeV) .-~

LH, target Calorimeter
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Energy Scale Uniformity

m Non-uniformity due to
m Geometry
m Reconstruction algorithm
m Correction using
m 17.6 MeV CW gamma for position

m 55 MeV CEX gamma for depth
(energy dependent)

m Checked using background gamma
spectrum during physics run

| After correction : ~0.2 %

CHEF 2013 Ryu Sawada

uniform |

— — - _

17.6 MeV CW data
uniformity before correction
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Energy Scale Stability

m Absolute scale calibration

m 55 MeV CEX gamma

m Time variation corrected using

m17.6 MeV CW gamma

m 9 MeV Ni-n gamma

m 4.4 MeV AmBe gamma

m Cosmic ray peak

e CW data (used for correction)

Before correction

e BG data (not used for correction)
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m Checked using background gamma  After correction
spectrum during physics run
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Energy resolution

Resolution map

Measured using 55 MeV CEX gamma rays

Typical 55 MeV CEX spectrum

Oy, = 1.56£ 0.03 %
FWHM, =4.54+0.11 %
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Lower tail due to

B Energy deposit in material before entering
LXe (Magnet, cryostat, PMT holder etc.)

m Energy escape from LXe

Average resolutions

| 1.7% (depth>2cm), 2.4% ‘ Position and depth
| - I , | dependences are measured
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Position resolution

Measured using lead collimators with CEX data
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Timing resolution

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

Iy2  Pb converter
l/ Plastic scintillator

Energy dependence

o
[}
S
=

n’ 55 MeV
(s;f/'; =119 psec

Number of events /(0.03 nsec)

o =\3382/ E ,(MeV) + 109 (psec) | ]

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

L ! B ;
1 1.5 i ! L ! ‘ I ‘ I ‘

£%¢ - £ (nsec) 70 80 90

E, (MeV)

Time resolution :
= 119ps - beam spread(58ps) - resolution of reference counter(81ps)
Breakdown

Intrinsic
ToF (depth)
Electronics
Position resolution and shower fluctuation
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c
What is limiting the resolutions ? “ﬂﬁ

. B0 b0
w00 OO =

y incident

Photo-electron statistics is not the main
component. (Nphe ~ 100,000)

Photon collection [%]

Non uniformity of photon collection
efficiency

10""2|0""
Depth [cm]

Fluctuation of shower shape

Typical energy deposit in LXe

(color represents time of deposits)

Other possibilities

m  Angular dependence of PMT
response ?

m Insufficient knowledge of LXe
properties ?

CHEF 2013 Ryu Sawada Liquid Xenon Calorimeter for MEG 16
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New detector concept

Replacing PMTs in entrance face with SiPMs

l}" ' ,~. .

Present detector Upgraded detector (CG)
2 inch PMT 12%x12 mm?2 SiPM (Hamamatsu MPPC)

Higher granularity Better position and energy resolutions
More uniform collection efficiency Higher efficiency (9% improvement, MC)
Less material before LXe

(Gamma rays enter from the left side of the picture)

CHEF 2013 Ryu Sawada Liquid Xenon Calorimeter for MEG 18




c
Imaging Calorimeter “/Q

Event display of the same MC event

Two gamma rays pileup

Present

in entrance face

x16 more
“pixels”

Upgraded

in entrance face

Color code : Nphe / area
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EXpected performance

Energy response Present detector
— I Upgraded detector

shallow conversion (<2cm)

Position resolution

T ———

__horizontal __

0
TTTT

MC without smearing
MC with 0.7% smearing |
MC with 1.3% smearing—
2009 data |

5- 2.6mm_§

Position resolution [mm]

| L T ]
58 10 . 15 20
Energy [MeV] Conversion depth [cm]

I

deep conversion (>2cm) vertical

MC without smearing —:
MC with 0.7% smearing _|
MC with 1.3% smearing—:
2009 data ]

—— ]

_—

[
r———

Position resolution [mm)]

5 — 2.2mm-

N 58 10 . 15 20
Energy [MeV] Conversion depth [cm)]
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Development of hew SiPM for LXe

No commercially SiPMs sensitive to LXe light is available.

MPPC charge histogram

Prototype

pedestal

1p.e.

Teflon reflector

| _UV-enhanced
MPPC

\.\; ;~1cmi\ — Non-reflective

wall

2p.e.

3p.e. ..

[$2]
o

(=)
5 IIIII|IIIIIIIIII]IIIlIIIIIIIIIIII

o

Inner
vessel

UV-sensitive PMT ¢ 3mm sample
B 12mm sample

,
.
,
,
.
,
> 2
;
.
,

,

. 4Successfully operated
|m Single photon counting is possible |
m 17% of PDE for LXe light is obtained |

Over Voltage[V]
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c
summary “/@

The world largest LXe scintillation detector for MEG was developed

Stable operation for >5 years
Sophisticated calibration by many methods
Performance measured

Energy Resolution 1.7%
Position Resolution 5 mm
Relative time Resolution 67 ps

Efficiency 63%

Upgrade using a new type of SiPM sensitive to LXe light

m R&D in progress
Upgrade schedule

2013 2014 2015 2016 2017 2018

D pton [ v (W (W R
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Linearity

CHEF 2013
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c
Calibration “/@

4 4 4
PMT ) Energy ) . Time )

.
AmBe (4.4MeV) B(p,Y) (4.4+11.7 MeV)

Alpha source (5.5 MeV) Ei?gt\;())geczp?tugel\/fz\l\/ﬂ)e\/) mo—e*ey (55-83 MeV)

no—yy (55, 83 MeV) Muon radiative decay
Cosmic ray (160 MeV)

Gain Estimation

Middle pinhole

%2/ ndf 239.8/220
Constant 88.18 +1.13
Mean 0.9475 +0.0007
Sigma 0.06933 =+ 0.00060

»2/ ndf 7.941/7
p0 7.011e=06+ 2.443e-06
p1 0.005156 = 3.532e-05

Gain =5.16 x 10 °

36 LEDs are installed

9

Il 1 ‘.5 Il Il Il Il 2 x1 0
—Charge (e+)
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e
Calibration “/@
C PMT ) (

.
AmBe (4.4MeV) B(p,Y) (4.4+11.7 MeV)

_ Neutron capture (9MeV) o '
Alpha source (5.5 Mg Li(p.y)Be (17.6 MeV) n0—etey (55-83 MeV)

no—yy (55, 83 MeV) Muon radiative decay
Q.E. Estimation Cosmic ray (160 MeV)

4 4
Energy ) . Time )

25 alpha sources on wire (100 um ¢)
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Estimation of Q.E. from Quata/Qumc
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Upgraded
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