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Neutrinoless double beta decay ﬁ

It occurs only 1f the neutrino has Majorana mass term
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It the neutrino 1s Majorana ......
- naturally explains the smallness of the neutrino mass

- One of the conditions of Leptogenesis scenario



Neutrinoless double beta decay
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Mass ordering of neutrino :
normal ordering is favored

NO, IO (w/o SK-atm)
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(Rough estimation)

Ton scale & background free are required

— high pressure xenon gas TPC
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AXEL experiment



A Xe ElectroLuminescence : AXEL

High pressure Xe gas TPC with unique cell readout structure
for Ov{3pp decay search

Tracking
(BG rejection)

. T few meters
Detection of Ionization signals < R e — |

¢ Electroluminescence (EL) process . A
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— less fluctuation of multiplication g . CGU
Detail is in the next page :
v
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150~200kV

Good energy resolution Large mass

— goal : 0.5%FWHM @ Q-value  — ton scale 136Xe(p[3-decay nucleus)



A Xe ElectroLuminescence : AXEL \a

Electroluminescence Light Collection Cell : ELCC

- Energy measurement and Tracking
- Uniform response regardless of event position
- Extendable to large size thanks to its rigid structures

Ionization electrons are collected into cells

if EgL > Ebpritt , And generate EL light

Drift anode electrode

PTFE w/ holes

Mesh electrode

MPPC (photon sensor) array

EDrift




' A Xe ElectroLuminescence : AXEL

Road map of the AXEL experiment 202X ~

- Finish evaluation of the prototype detectors until 2021
- aiming to start physics run from 2024

=N

ton scale

—

- sweep out NO

- 2024 ~
\\ (~ 1000L scale

- Physics run

2014~2018
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= - Know-how of enlargement

- ~0.08kg Xe - Energy resolution study

- Demonstrate the ELCC concept (511 keV ~ near the Q-value)
- Energy resolution study - Background study
( 122keV, 356keV)
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Prototype detector

VUV-sensitive PMT | ELCC nit
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Prototype detector @
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- Energy resolution is evaluated by Gaussian fitting

- 1.57 % at 662 keV — 0.81 % at Q-value by JE (FWHM)
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Prototype detector
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Prototype detector
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Low radioactive materials @

B REREIBO I HIRBERENERMZRAWDHNEND S
MREZRICHWSRM O EEZ HNTWS

— FEDHERZRET. \v I U057V NRICKEDGEZERMD
BELZ1To>TWL

- MPPCD /Ny r—IHEWZ EHVFIAR U 7z D T,

PEEK/Cw o —3I OMPPCZER N EFRFELTWS

middl .
ddle_U lower_Th isotope_60Co
o > 10 0.4
L D .
5 60 5 5
m 8 m -
i r % 0.3
40 6 -
i - 0.2
20f * :
- 2:_ § 0.1:—
OF OF * of :
i o - T f
—20[- . -0.1F
5 ~E :
_40 C 0.2
40_ -6 C
o _af 0.3F
‘Olhlvlolxlmlkl13 10 | | | | | I | 0.4C 1 1 | | I 1
oy = &) = = X @ = o =
¢ & > @ W =5 5 ¢ £ & = B & & 5 B g & 3 2 &5 & £ F
L g 2 L W o a g L 8 O L W o @ @ T % 5 & W I E 5
2 - | c £ > £ 2 = = o 3 - £ <@ s > T o o N
8 S E > o g | © s O - S 2 i < 5 (.)I - S > @
o B © ° g S - ©c ° o °> g
s () s [} S o
S P = &



Ba*+ tagging 9‘
(130)Bat+ : daughter nuclei of 136Xe 35 decay
— tagging Bat++ is a strong evidence of Ovp[) decay
Our strategy : drift Ba*+ 1on — trap in solid xenon (Bat+—Ba®)?)
— excite it by laser — detect the de-excitation light

Field shaper
& reflector

PMTs

PMTs are placed
at the side wall
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‘Ba** tagging : R&D

.
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Summary @

AXEL 1s a high pressure xenon gas TPC for neutrinoless double beta
decay search

- High energy resolution with EL and cellular detection scheme

- Topological information

—

Performance evaluation with prototype detector 1s ongoing
- estimated 4E : 0.81~0.84 % (FWHM) at Q-value

Background rejection strategy for future measurement
- Choice of materials : low radioactive materials
- Bat+ tagging — Ba*+* tagging and detection system



