
AXEL 
High pressure Xenon gas TPC 

for neutrino-less double beta decay search

T. Nakaya (Kyoto U.) for the AXEL group 

(contact Ichikawa(at)scphys.kyoto-u.ac.jp for more details.)
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High Energy resolution  
by Xenon proportional scintillation mode 
(Electroluminescence from ionization electrons)
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What we propose in the AXEL project

136Xe ~10bar　~1ton

ELCC plane

PM
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Mesh 
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 MPPC photon sensor array

e
atom

photon
electroluminescence process

Linear multiplication process 

High energy resolution  
(goal: <0.5%(FWHM)) Background rejection by event topology

Electro luminescence light collection cell (ELCC)
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AXEL 
 -Expected event topologies-

0νββ                                               α                         Compton γ

10cm 10cm

10cm

simulation

10atm, 15mm pitch, 1µs sampling (~1mm)
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ELCC  
-ElectroLuminescence Light  Collection Cell -

MPPC

Line of electric force

electrode w/ hole

mesh

anode

PTFE w/ holes(~φ5mm) 

Mesh electrode

 MPPC photon sensor array

MPPC

CELL pitch 7.5mm~15mm

➢Uniform response in wide area 
➢extendable to large size with 

the rigid structure
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ELCC -Electric field calculation-
  

operation point 
candidate

Integral of field over EL threshold

cell center 8



ELCC	-	electron	track	simulation-
➢ by	Garfield++	

w/	hand-made	EL	generation	code	

➢ ~15%	of	tracks	go	next	cells,	still	collection	
efficiency	is	~100%	

➢ 60photons	x	PDE/1e-		w/	3mm□	MPPC)
Edrift=100V/cm/atm 

EEL=3kV/cm/atm

electron tracks
EL generation

initial electron 
generation region

3mm
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Project	space	in	 
Kyoto	University

5m

2.5m

2.5m

gas system

electronics

Chamber 
10L, <10atm
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Prototype detector for ELCC demonstration

MPPC

8x8 sensors 
sensitive to VUV(175nm) photons

ELCC anode and PTFE

PMT

9cm

φ10cm

Purpose:	demonstrate	high	energy	resolution	
at	511	keV,	10bar.	
However,		only	122	keV,	4	bar	result	today…11



Event	sample
 waveforms	of	MPPC	and	PMT	
 EL	light	&	scintillation	light	are	observed
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MPPC: 65MHz 12bit 2Vpp

PMT: 100MHz 14bit 2Vpp
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Spectrum for 57Co (122keV) source

@ 4bar
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Next prototypeφ560mm

540mm
➢ demonstrate energy resolution 

at around Q-value 

➢ ~1,000 channel 
✓ Hamamatsu photonics 

VUV-4 MPPC 
✓ developing custom FADC 

board 

✓ Cathode voltage ~70kV 
✓ developing Cockcroft-

Walton power supply 

➢ aiming to get result by 2017 Fall
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(very) rough sensitivity estimation for 1-ton detector

  

Recognition of track 
with a blob at both 
ends. 
(algorithm 
optimization still in 
progress) 16



Summary
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Photon spectrum at various stage of correction/cut

Data at 4bar w/ 57Co(122keV)
 

fiducial&saturation  
cut

time variation correction  
& another fiducial cut

30keV
30keV

Cell-by-cell  
EL gain correction

30keV escape peak of Xenon

Dark current 
subtraction
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Energy resolution

Energy [keV] 29.78 33.62 92.28 122.06

# of photon 4517.3 5169.5 13900.2 18445.0

FWHM 7.3% 7.0% 4.6% 4.0%

ガウシアンでフィット 
122keVだけはバックグラウンドの影響を考
慮するため、 
“ガウシアン + ax + b”でフィット

2016年9月23日
JPS秋季大会＠宮崎大学試作機の性能評価 - 122keV @ 4気圧 -



SiPM

bias V 
(~60V)

fast, high gain for 1 p.e. calib.

multiplex
er

slow, middle gain

slow, high gain
1MHz FADC

sum 
amp.

1MHz FADC

25 MHz FADC

trigger

DAC 14bit

FPGA

bias adjust.

SiTCP

FADC board
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Finally, 
(very) rough sensitivity estimation

➢ Thin vessel in low-bkg. 
pressurized water 

bkg 7evts/yr → 0.1 evts/yr 

 → sensitivity to ~20 meV 

➢ detection of positive Ion 
➢ Could give good spacial 

resolution 
➢ an idea, but very 

premature

Pressurized water
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