
High pressure xenon gas detector 
with segmented electroluminescence 

readout for 0nbbsearch

Kiseki Nakamura | Kobe university

for the AXEL collaboration



AXEL experiment
ÅHigh pressure xenon gas TPC for 0nbbsearch
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Å Similar concept as NEXT experiment

Å We introduce a new idea "ELCC" for signal readout

Å Need proof-of-principle by simulation and prototype 

detectors



Segmented EL readout: ELCC

ÅDetect EL photons for cell by cell

ÅEnergy measurement and tracking

ÅGood uniformity in wide area

ÅRigid structure --> large size

SiPM

EL



ELCC simulation

ÅElectric field simulation (gmsh + elmer)

ÅBy applying high electric field in the EL region, 
electric field lines are pulled into the cell hole
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Collection of line of electric field

ÅLarger aperture is better

ÅTaking some Edrift, large EEL is better
(Edrift=100V/cm/atm, EEL>2.5kV/cm/atm)

square

cell pitch

hole 

radius

EL 

length

Edrift

EEL



Collection of line of electric field

ÅHexagonal placement is better

ÅNext prototype will be OK
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Uniformity of EL generation

ÅEL Yield is proportional to [electric field strength] 
x [path length]

ÅUniformity : 1.4%

ÅSince initial electron number is 1e5, effect on 
energy resolution will be 1.4%/ã1e5 = 0.005%

Electric field along the path

Initial position dependence 

of EL yield



Electron and photon propagation 
simulation

ÅElectron track by Garfield++

ÅEL photons by Monte Carlo method

Å6photon/e- @SiPM(3mm square)
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Estimation of energy resolution
ÅSimulation process
Å0nbbevent by Geant4

Åstatistical fluctuation with fano factor

Ådrift to the ELCC plane with diffusion

ÅEL generation (6photon/e-)

ÅSimulated energy resolution: 0.37%(FWHM)
Åionizing process: 0.27%

ÅEL process: 0.25%

Detected EL numDetected EL num



Prototype detector

ÅParameters
ÅSensitive region:

6 x 6 x 9 cm

ÅCell num: 64

ÅGas pressure: 4 bar

ÅEdrift: 100 V/cm/atm

ÅEEL: 2.7kV/cm/atm

ÅMPPC-VUV3
ÅPDE: 23%

ÅSize: 3 x 3 mm2

Prototype detector

anode electrodeMPPCs

7.5mm

9cm

arxiv: 1701.03931



cross section view

ELCC design

ÅTo prevent discharge, PTFE holes is slightly smaller 
than anode(Cu) holes



High voltage applying

ÅTwo HV modules to control both EL field and drift field
ÅHFR10-30N, HFR10-20N [Matsusada-precision]

ÅDiode and resistance for circuit protection
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Gas circulation system

ÅCirculate high pressure xenon gas
Åpump: PumpWorks PW2070

ÅSAES micro torr MC1-902FV

ÅAPI-GETTER-I -Re

ÅNumber of photons slightly increase at first

used for

analysis


