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.)



neutrino-less double-beta (0vS ) decay
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Keys for OvBf decay search and our approach
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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

Electro luminescence light collection cell (ELCC)
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AXEL

simulation

-Expected event topologies-

10atm, 15mm pitch, 1us sampling (~1mm)
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ELCC

-ElectroLuminescence Light Collection Cell -

CELL pitch 7.5mm~15mm . :
Line of electric force
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oles(~p5mm)

ctrode

Sensor array




ELCC -Electric field calculation-

v" by Finite Element Method(Elmer)

v" Electricfield lines are collected into cell when
EgL/E drifc and hole size is sufficiently ‘arge.

v" Non-uniformity of field inside cell : < 1.7%
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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/ 3mmao MPR&) electron

E,.=100V/cm/atm

generation region
E; =3kV/cm/atm

" EL generation
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Prototype detector for ELCC demonstration

8x8 sensors
‘_ sensitive to VUV(175nm) photons
-
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Purpose: demonstrate high energy resolution
at 511 keV, 10bar.
However, only 122 keV, 4 bar result today...1 |




Event sample

waveforms of MPPC and PMT
EL light & scintillation light are observed

MPPC: 65MHz 12bit 2Vpp
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Spectrum for >’Co (122keV) source
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Energy resolution at 4 bar
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Extrapolated FWHM enargy resolution at C value(2458keV)
v' 0.85% when extranclated by A\E
v’ 2.03% when extranclated by AVE + BE?2

Next step : measurementof 511 keV@ 20 bar w/ improved discharge protection
and gas circulation 14




slow; high gain

' slow, middle gain

ast, hgh gain o

Bl multinlexer

Next prototype

>

demonstrate energy resolution

at around Q-value

~1,000 channel

v Hamamatsu photonics
VUV-4 MPPC

v developing custom FADC
board

Cathode voltage ~70kV

v developing Cockcroft-
Walton power supply

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

0 10bar 1ton enriched 1*°Xe

O Signal
v’ afew events/year @ mgp=20meV ¥ |

- 79% contained in fiducial volume . b,
- 49% after clustering - "
e 1 o T
- 22% after blob-recognition % ., e
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O Background

v Only #¥*Bi considered now. (cannot €.
be separated by £) ’

v" 10 ton low background(3ppb)
material

- 12k evts/yr in fiducial
- 75 evts/yr after clustering
- 7 evts/yr w/ blob-recognition

v conside.ringthin vessel in
pressurized wator

- 0.1 evts/yr

4
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Recognition of track
with a blob at both
ends.

(algorithm
optimization still in
progress)
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Summary

» AXEL is a high pressure Xe-gas TPC to search for Ovff

» We have developed a new electroluminescensce read out
method, ELCC.
O high energy resolution
0 extendable to large size
» Performance demonstrated at 122 keV, and to be

demonstrated at 511 keV in this year and 2 MeV in the next
year

» |tisfor pure Xenon - very slow drift - not applicable to T2K
ND...
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Data at 4bar w/ >7Co(122keV)

EgL=2.7kV/um/fatm
E 4rife=100V/cm/atm

Photon spectrum at various stage of correction/cut

time variation correction
& another fiducial cut subtraction
: ; : Cell-by-cell
fiducial&saturation . Y .
EL gain correction

cut
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bias adjust.

slow, high gain

—

slow, middle gain
1MHz FADC

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

-

trigger

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

Pressurized water

> detection of positive lon
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