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IFront End Board (FEB)

@® Characters
- Read waveform of 56 ch of MPPCs without

developed by S. Tanaka

dead-time Low gain ADC (5MSPS)
- Bias setting for individual MPPCs o W 5

- Wide dynamic range (~10° photons/us)

- 1 p.e measurement to determine MPPC gain

FEB uses two type of ADCs g
« SMSPS (56c¢h) '
- to record waveform of EL signal

Ry Tk : il o it | ¥ PRRIEE |

High gain ADC (40MSPS)

« 40MSPS (one for every 7ch, multiplexed) Vbac
- monitoring dark current of MPPCs DAC(TV) L Toin chont
EoS
MPPC
OP-amplifier negative input is adjusted to Voac Vore
compensate the offset for bias voltage tuning Hy L WA
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I Performance of FEB

@® Waveform taken by 40 MSPS ADC

- clear 1 p.e signal
@ Bias voltage tuning

- Gain of MPPCs can be adjusted within 1%
- Offset Is adjusted without changing MPPC gain

o common bias © bias with DAC
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IResponse of MPPC

@® MPPC is a pixelated photon detector
- Each pixel detect one photon
- Ex. 3600 pixel/MPPC

- MPPC has a nonlinearity under large
number of photons
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The nonlinearity worsen the energy resolution



lInfluence of the nonlinearity

@® Simulation of the influence of the nonlinearity
- Energy resolution; 0.39% — 1.1% (FWHM@?2.46 MeV)
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To correct the nonlinearity, we modeled the response

with the parameter “pixel recovery time”.

Nref
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I Measurement of the recovery time

@® In situ measurement of the response of MPPC

- The nonlinearity can be corrected completely from simulation study

- The energy resolution improved in 10L detector; 5.4% —> 2.4%
(FWHM@356 keV)
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I Sensitivity vs Background

BG-limited case : ; If BG free

KamLAND-Zen (*°Xe)

~500kg-yr ety

1 ton x 10yr g '
100 ton x 10yr > | NH ! 1 ton x 10yr
107 F =

| 1 lllllll 1 | lIIIIll 1 1 lllllll 1 L Liiii
107 107 1072 107!
Moot (EV)

How can we reduce the background?
Phys. Rev. Lett. 117 (2016) 082503.
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IWhat is the main BG source?

@ 2'4Bi y-ray; 2447 keV

- Energy difference from Ov B B; 0.4%

Pressure vessel; ~10 ton
—> 5 x 10% event/year

136Xe~1ton
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| Difference of tracks

OvpBAR Y -ray (photoelectron absorption

yX projection yX projection
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2-blobs

« Ov BB and r-ray BG could be discriminated by the number of blobs
« Reconstructed track by TPC is 3D image

—> Application of the deep learning technique
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IDeep learning

developed by S. Tanaka

@® 3D-CNN (Convolutional neural network)

@® Training with GPU x 2

- sighal and background data; 6000 event each A
@® Picking up the likelihood 0.9 or more
- Ov B B efficiency . Bb0% —27%

- y-ray contamination : 0.05% — 0.0004%

Background rate could be reduced to 0.8 event/year
1
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I Sensitivity with deep learning

10;' F KamLAND-Zen ('36Xe)l

o
£ | H f 1 ton x 7yr
102 F : with deep learning
NH

107

107 107 1072 107!
mlightest (GV)

« Can be swept IH region
« How can we improve the background rejection ability for NH region?
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I Outline of this talk
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| Diffusion during drift

@® Xenon ions drift to the opposite
direction from ionizing electrons

@ Diffusion of ion is smaller than

electrons
Raw track
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Reconstructed
by electron

By reconstructing the tracks by ion,
we can improve the background rejection ability
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I Mechanism of the ion detection

@ lon strike out electrons from the surface of metal wire

- Because of the ionization energy of the Xet ion Work function
—> work function of the metal is important Au (5.4eV) > W (4.4eV)

- Yield is a few %
@ Secondary electrons emits EL light
- Apply negative voltage to wire

- Secondary electrons are accelerated by the strong field
Yield of secondary electrons
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> our medium!l
—Kr lonization energies: |
- Xe: 12.13 eV /
Kr: 14.00 eV
Ar: 15.76 eV
®) Ne: 21.56 eV
Xe* He: 24.59 eV
: : -HV (-1500V)
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I Setup for ion detection

214Am a source (0OV)

||
a-ray
W-wire
$20um (-1500V)

\ $ Ldarift ~15 mm
I °

[ —

Cu electrode

(-1500V) M\ 0

Scintillation EL
of a-ray of secondary electron
5 msec
L T LT R >

EL pulse may occur 5-20 msec later
after the scintillation pulse
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I Very Preliminary Result

Scintillation of a-ray EL pulse?

PR / pulse timing (weighting w/ pulse height)
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I Summary

@® Front End Board for 180L detector
- 56 ch of MPPCs without dead-time
- Bias voltage for each MPPC
- Wide dynamic range ( ~ 10% photons/us)
@® Nonlinearity of MPPC worsen the energy resolution

- Established a model and parameters to correct

@ Back ground rejection

- Background can be discriminate by the event topology

- By deep learning analysis, we estimate that IH region could be probed out
with 1 ton x 7 years exposure

- To improve the BG rejection, we are developing ion detection method.
lon-like signal is observed with W-wire
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IBias voltage tuning

® Gain of MPPCs is adjusted within 1%

gain gain gain

gain
Entries 56 | Entries 56
Mean 315.5 Mean 302
Std Dev 14.66 i Std Dev 4.59
Underflow 0 B Underflow 0
4 = ]| Overflow 1 - Overflow 1
Integral 55 Integral 55
Skewness -0.3595 Skewness 0.465
%2/ ndf 13.39/ 22 %2 ! ndf 7.22/10
Prob 0.9218 Prob 0.7045
Constant 2.028 £ 0.433 Constant 13.76 = 2.71
Mean 313.9+6.7 Mean 301.9£04
2 - . ~1.H Sigma 2557 + 10.38 Sigma 2.776 £ 0.376
/ ‘W | N | Hp | Uﬂn o 1
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