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Performance of the prototype detector of AXEL

136Xe ~10 bar

ELCC plane

PM
T 

150~200kV

Φ
3m

2.5 m

 CSDA range ~30cm

What’s AXEL?

Kyoto University, Univ. of TokyoA, Tohoku UniversityB, Kobe UniversityC 

Sei Ban,
A.K.Ichikawa, T.Nakaya, A.Minamino, K.D.Nakamura, Y.Ishiyama, 

S.Tanaka, K.Nakamura, M.Yoshida, M.Hirose, 
H.SekiyaA, Y.NakajimaA,  K.UeshimaB, K.MiuchiC

We are developing a high pressure Xe gas TPC to search for 0νββ from 136Xe (Q=2458keV).
Feature 
● Good energy resolution : 0.5% (FWHM@2.4MeV) 
     -> Using proportional scintillation mode  
  
● Large mass (high pressure gas) 
  
● Background rejection with tracking 

ELCC (Electroluminescence Light Collection Cell)
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linear process 
-> Good linearity and stability

● Electroluminescence process

R&D Status

Prototype chamber with 64ch MPPCs, two PMTs and up to 10 bar Xe gas.
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Obtained spectrum and Energy resolution
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Deposit energy [keV]  vs  FWHM [keV]

Gas Pressure 4.0 bar

E (EL regeion) 2.7 kV/cm/atm

E (drift region) 100 V/cm/atm

Source 57Co (122 keV γ-ray)

Measurement conditions

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%

●  Extrapolated energy resolution  
   at Q-value 

A = 0.3907 +/- 0.0365 
B = 0.0023 +/- 0.0028
-> Extrapolate to Q-value 
 FWHM 2.03% (@2458keV)

A = 0.4197 +/- 0.0191
-> Extrapolate to Q-value 
 FWHM 0.85% (@2458keV)
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 The energy resolution was evaluated  
by fitting these peaks with Gaussian. 
 Using “Gaussian + pol1” for 122 keV  
peak considering continuous component.

On-going project and Problems
Gas Pressure 8.0 bar

E (EL regeion) 2.125 kV/cm/atm

E (drift region) 57.8 V/cm/atm

Source 57Co & 22Na

Measurement conditions

 Evaluating the energy resolution using higher energy gamma ray (511 keV) 
 But cannot seen the peak of 511 keV 
  -> Due to too weak electric field.

Sparks is the biggest problem now. 
-> prevention of discharge 
    - Fixed the weak point to spark (screw hole) 
    - more controlled hole size of  
      the anode and the PTFE body.

photon
0 50 100 150 200

310×

co
un
t

0

100

200

300

400

photon
0 50 100 150 200

310×

co
un
t

1

10

210

Co
un
ts X-r

ay
 

(30
ke
V)

Es
ca
pe
 pe
ak

12
2 k
eV
 

pe
ak

51
1 k
eV
 pe
ak
 

inf
err
ed
 fr
om
 30
 ke
V p
ea
k

Number of photons

×102

Problem : spark!!
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Energy spectrum (simulation)

Next prototype detector 
● Demonstration of the energy resolution using  
    higher energy gamma-ray source (around Q-value) 
  
● Started simulation now. 
  
● Design of detection region and readout electronics  
    are also started to consider 
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fid_el_000-022.root
/home/axel/AXEL_anal/HP10L/20160613/per3_Neutrino2016

axel@haruna  2016/06/27 17:49:58
ver=3.0, com=none

[dat2ana]
thr_factor=3.0

bl_half_width=2
el_search_rebin=50

el_edge_continue=40

[module]
depth=6000[clock]

s]µfreq-time=16[
trig: post=93%, fall, ext

s]µ=0.15[cm/driftV
[analysis param]

hit_factor=1.1
integ:darkrate=0

integ:pde=0
  offset=26.8 slope=0.0

photon:el_gain=0
photon:allsum=0

photon:unixtime=1
  slope=0.00001460

photon:mppc satu =0
photon:z position =1
  slope=0.00250000

[cut]
fid=1 : clk=20

photon=0 : 0-100000
hitvol=0 : 0-100000

hitch=0  : 0-64
width=0  : 0-4096

height=0 : 0-10000
z fid=1  : 2.0-7.5

pmt coincidence=1
saturation=1 time [sec]
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/home/axel/AXEL_anal/HP10L/20160613/per3_Neutrino2016
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ver=3.0, com=none

[dat2ana]
thr_factor=3.0

bl_half_width=2
el_search_rebin=50

el_edge_continue=40

[module]
depth=6000[clock]

s]µfreq-time=16[
trig: post=93%, fall, ext

s]µ=0.15[cm/driftV
[analysis param]

hit_factor=1.1
integ:darkrate=0

integ:pde=0
  offset=26.8 slope=0.0

photon:el_gain=0
photon:allsum=0

photon:unixtime=0
  slope=0.00001450

photon:mppc satu =0
photon:z position =0
  slope=0.00250000

[cut]
fid=1 : clk=20

photon=0 : 0-100000
hitvol=0 : 0-100000

hitch=0  : 0-64
width=0  : 0-4096

height=0 : 0-10000
z fid=0  : 2.0-7.5

pmt coincidence=1
saturation=1
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ver=3.0, com=none

[dat2ana]
thr_factor=3.0

bl_half_width=2
el_search_rebin=50

el_edge_continue=40

[module]
depth=6000[clock]

s]µfreq-time=16[
trig: post=93%, fall, ext

s]µ=0.15[cm/driftV
[analysis param]

hit_factor=1.1
integ:darkrate=0

integ:pde=0
  offset=26.8 slope=0.0

photon:el_gain=0
photon:allsum=0

photon:unixtime=0
  slope=0.00001450

photon:mppc satu =0
photon:z position =0
  slope=0.00250000

[cut]
fid=1 : clk=20

photon=0 : 0-100000
hitvol=0 : 0-100000

hitch=0  : 0-64
width=0  : 0-4096

height=0 : 0-10000
z fid=0  : 2.0-7.5

pmt coincidence=1
saturation=1
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Event which has no coincidence 
of two PMTs 
-> cut

fid_el_000-022.root
/home/axel/AXEL_anal/HP10L/20160613/per3_Neutrino2016

axel@haruna  2016/06/27 15:57:25
ver=3.0, com=none

[dat2ana]
thr_factor=3.0

bl_half_width=2
el_search_rebin=50

el_edge_continue=40

[module]
depth=6000[clock]

s]µfreq-time=16[
trig: post=93%, fall, ext

s]µ=0.15[cm/driftV
[analysis param]

hit_factor=1.1
integ:darkrate=0

integ:pde=0
  offset=26.8 slope=0.0

photon:el_gain=0
photon:allsum=0

photon:unixtime=0
  slope=0.00001450

photon:mppc satu =0
photon:z position =0
  slope=0.00250000

[cut]
fid=1 : clk=20

photon=0 : 0-100000
hitvol=0 : 0-100000

hitch=0  : 0-64
width=0  : 0-4096

height=0 : 0-10000
z fid=0  : 2.0-7.5

pmt coincidence=1
saturation=1 time [sec]
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Fiducial cut of drift direction (2 - 7.5 cm) EL gain correction 
 Total number of photon of 30 keV gamma ray for “each cell”

Saturate -> cut
(event#18612)

fid_el_000-022.root
/home/axel/AXEL_anal/HP10L/20160613/per3_Neutrino2016

axel@haruna  2016/06/27 16:04:43
ver=3.0, com=none

[dat2ana]
thr_factor=3.0

bl_half_width=2
el_search_rebin=50

el_edge_continue=40

[module]
depth=6000[clock]

s]µfreq-time=16[
trig: post=93%, fall, ext

s]µ=0.15[cm/driftV
[analysis param]

hit_factor=1.1
integ:darkrate=0

integ:pde=0
  offset=26.8 slope=0.0

photon:el_gain=0
photon:allsum=0

photon:unixtime=1
  slope=0.00001450

photon:mppc satu =0
photon:z position =1
  slope=0.00250000

[cut]
fid=1 : clk=20

photon=0 : 0-100000
hitvol=0 : 0-100000

hitch=0  : 0-64
width=0  : 0-4096

height=0 : 0-10000
z fid=1  : 2.0-7.5

pmt coincidence=1
saturation=1
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A schematic of next prototype detector  
and simulated energy spectrum with 88Y gamma-ray source

Number-of-photons spectrum


