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Introduction
• Liquid argon TPC (LArTPC)  

- a 3D imaging detector (TPC) with massive target (ρ=1.4g/cm3)

- has a capability of good particle identification and good energy 
resolution up to several GeV

• A large size LArTPC(>20kton) is a candidate of neutrino far 
detector in a future long-baseline neutrino oscillation 
experiment and a nucleon decay search experiment
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Principle of LArTPC 

2D informations at readout plane (anode) with 
3~4mm pitch + timing information (z-direction) → 
3D track information

# of ionization electron from minimum ionizing 
particle is 1fC/mm (~6000e-/mm) after e-ion 
recombination(x2/3*)

No amplification in liquid 

Attenuation during drift due to impurity (O2,H2O) : 
1/e after 3msec drift (4.8m*) if 0.1ppb impurity
→ need a high purity LAr for long drift

Drift velocity ~1.6mm/μsec depending on E-field (*)

Diffusion is small (less than 1~2mm after 5m drift)

(* in the case of 500V/cm e-field)
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Toward a large LArTPC detector

• Realization of a long drift length (>5m) is one of key subjects

- Long drift → event containment, reduce # of readout channel

• It is important to establish basic technologies:

High purity 

High voltage

Readout system

c.f.  ICARUS(300ton) : ~27000ch
       (1.5m drift, 2x4mx20m anodes)

       WA105(300ton): ~7680ch
       (6m drift, 6mx6m anode)

stable long term operation with purity < 0.1ppb

reduce attenuation by increasing drift velocity 
→ more than 250kV (500V/cm)

low noise & high signal gain readout (signal-to-noise ratio > 10)



How to detect ionization electrons
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Figure 5. Event display of a cosmic track. (top): the raw waveforms showing the amplitude of the signals
on both views (different colours for different readout channels). (bottom): drift time versus channel number
of the reconstructed hits. This event was collected with anode A and the nominal values of the electric field
settings described in the text.

making a selection on the goodness of the linear fit, only tracks that cross the entire detector were
retained by applying a selection criteria on the endpoints of the reconstructed 3D tracks. Examples
of 3D reconstructed hits and corresponding tracks are displayed in Figure 6.

3.2 Definition of the stable effective gain

As explained in Ref. [7], we define the effective gain Ge f f of the device as the ratio of the mea-
sured charge (corrected for the finite drift electron lifetime) collected on both views to the predicted
charge deposition of an ionising particle. Under the assumption that only MIP events are present in
our selected sample, the average charge deposition along a track, predicted by the Bethe-Bloch for-
mula and accounting for electron-ion recombination [19] is �∆Q/∆s�MIP = 10 fC/cm. The effective
gain is hence defined as

Ge f f =
�∆Q0/∆s0�+ �∆Q1/∆s1�

�∆Q/∆s�MIP
(3.1)

where the indices correspond to view 0 and 1.
The measured Ge f f takes into account the charge multiplication in the LEM holes, as well as

potential charge reduction from the liquid-vapour extraction efficiency and from the electrostatic
transparency of the grid and the LEM. For amplification in holes across a LEM of thickness d with
the nominal electric field E0 =V/d, it is convenient to express Ge f f with the function [7]:

Ge f f (E0,ρ, t)≡ T eα(ρ,κE0)x ×C (t) (3.2)

– 9 –

gain > 15 is obtained thanks to 
double phase amplification simple detector configuration 
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R&D on 2D anode readout pad
•We developed a 2D anode pad

- based on PCB technologies (etching)

- possible to make a large area board

- 4mm pitch readout (small pads are connected 
along X or Y direction)

- charge is shared in x and y channel (x1/2)

- charge sharing is confirmed by cosmic data
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A large area 2D anode pad 

40cm 38cm

A large area anode pad was also developed for KEK 250L LAr detector

40cm

40cm

76cm

(drift length)

4mm pitch readout
380ch in total

based on 50cm x 50cm PCB (largest multilayer 
PCB in commercially available product)

x-z view y-z view

→ realize large area by connecting several boards

76cm x 40cm readout test : cosmic ray events
[w/ CAEN TPC readout elec.]

Event#1

Event#2
x-z view y-z view

← two example events taken during Nov. ~ Dec ʼ14
     cosmic test (analysis is in progress)



R&D on readout electronics

Developing a low noise readout electronics
Placing the electronics as close as possible to the anode

Present configuration Possible improvements
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Development of low-noise and economical electronics

• a front-end (ASIC) chip for low noise 
analog pre-amplifier is developed
- 8ch pre-amp&shapers in a chip

- aiming to use in the low temperature 
environment  (in first, testing in warm temp.) LTARS ASIC chip
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対して SN比が10以上のノイズレベル

・プリアンプゲイン 20mV/fC
・電源電圧 ± 2.5V

(developed with KEK e-sys group, 
  one of Open-it projects http://openit.kek.jp)
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②出力波形の確認!
テストパルスを入力し、出力波形を確認、シミュレーションと定性的な比較を行った。!

#$%&'を入力した際の出力波形を以下の図 (に示す。!
!

!
図 ()!#$%&'入力の際の出力波形!

!
資料のシミュレーションと比較すると、時定数が少しばかり長いが、波形、振幅など資

料と良く合っている。!

!
!
!
!
!
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!
!
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Output signal shape
(-20fC input)

(2.8mm x 2.8mm)



• 32ch analog readout board (w/ 4 ASIC chips) is also developed

Input charge [fC]

O
ut

pu
t v

ol
ta

ge
 [m

V]

2500

2000

1500

1000

500

0
0 10 20 30 40 50 60 70 80

G
ai

n 
[m

V/
fC

]

32

31
30

29

28

27

26

Detector Capacitance [pF]
0 20 40 60 80 100 120

Detector Capacitance [pF]

Eq
ui

va
le

nt
 N

oi
se

 C
ha

rg
e 

[e
le

ct
ro

ns
]

1200
1000
800
600
400

200
0

0 20 40 60 80 100

Gain ~30mV/fC

ENC ~1100 (~5mV)@Cd=100pF

~10% decrease of gain
@Cd=100pF

9cm

12cmASIC chip

inputs (from LAr)

outputs
(to ADC)
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New readout system
• A new digital board is 

developed 

- it enables to make a compact 
readout system

ボード連結テスト

1.治具の作成
2.テスト環境構築
3.テストパルス確認
4.ノイズ確認

32ch analog board digital board
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Readout boards
directly connect to vessel !

32ch differential inputs (2Vpp)
12bits FADC (10~40MSPS)
Airtix-7 FPGA
Ethernet (RJ45 or SFP)
NIM-in 4ch, NIM-out 1ch
size: 9cm x 14.5cm

External trigger input

Ethernet for DAQ
(SiTCP)

~30cm



Cosmic test

• Performance of the new electronics has been evaluated 
based on cosmic muon signal of LAr

a small LAr detector (6.4cm x 6.4cm readout plane)

6.4cm
(anode area)

2D
anode anode

grid
field

shapers

cathode

5.5 cm

Trigger Scint.

Trigger Scint.

2D 
anode

cosmic μ

readout
electronics
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図# $%&'# '#()*++,-における波高値ヒストグラムと .*+/*0フィット#

#

.*+/*0 フィッティングを行うことにより、1*022 フィッティングでの 3,*+ 値である

45674829#5:8;*;-,#6*-0,<として ""=%'#>?@#()*++,-#を得た。この値が宇宙線の信号波

高値となる。あるターゲット中背の荷電粒子の阻止能7/AB/C<を記述する表現式 D,9),E

D-8()の式として知られ、この阻止能と入射粒子の運動量の関係性から、宇宙線のように十

分な入射エネルギーを持つ粒子であれば、エネルギー損失はほとんど4F+F303#G8+FH*9F8+

領域で起きる。そのため今回取得した宇宙線の信号量は、仕様で想定していた、ニュートリ

ノ事象の4G5による信号量と同等であると考えられる。よって電子がドリフトすることに

よる減衰を考慮しない場合、その信号量は &I@程度であると想定される。ここで $%J%&のノ

イズの結果より '#()*++,-のノイズ実効値は "K%!#>?@#()*++,-であるから、LM比は#

# $%&#

#

となり、LM比 "K%Nという値を得た。'#()*++,-のみに関しては、現時点で '%"%&の目標仕

様を満たしている。またこの ""=%'#>?@#()*++,-を電圧値に直すと $N%N=36程度である。

ここで '%J%J のダイナミックレンジ特性の評価よりまたダイナミックレンジの近似式によ

り出力電圧から入力電荷を計算する。なお多項式近似の方が精度良く求められる。'#()*++,-

のダイナミックレンジ特性の結果を & 次の多項式近似する事によって得られた近似式は以

下のようになる。#

# # $%J#

#

以上の式より、入力電荷を逆算すると "%!'I@程度となり、想定した &I@と近しい値となる。#
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5.5 考察 

本節では、前節の解析にて取得した宇宙線由来の信号の波高値や位置などから知り得る

事ができる諸項目について、考察する。"
"

5.5.1 宇宙線の主な侵入方向 
 #$%$& 項の宇宙線トラッキングにより、各イベントについて宇宙線の '(& 次元飛跡を取
得する事ができた。この &次元飛跡に時間方向)*軸+の情報を付加することで ,次元飛跡の
再構成を行った。以下にその結果の図を示す。なお全 &-!."/0/12分の ,次元飛跡再構成を
行ったが、見やすいように飛跡の本数を限定している。また本数を限定せずとも、実際に宇

宙線飛跡を描写する事ができるイベントは &-!."/0/12より少なくなる。"
"

"
図" #$&." ,次元飛跡再構成"

"
なお上図の宇宙線飛跡として表示している直線は、#$%$&項において '(平面で #プロット
以上がある直線付近に存在している場合に限定している。以上の結果より、宇宙線はある直

線に対して平行に入射していることが分かる。これは #$.$,項で述べた宇宙線トリガーによ
るものである。宇宙線トリガーを生成している、シンチレーション検出器の設置位置によっ
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signal size, noise size are as expected

MIP signal ~120ADC in ch4 →
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Plans toward a large detector
At KEK, R&D on fundamental technologies toward 
realization of large scale detector

- LAr purification(<0.1ppb), 
high voltage (500V/cm *long drift), 
readout system (S/N > 10)

- Realizing long term operation of LArTPC
with those technologies 

- R&D using a small detector

Concurrently with the fundamental tech. R&D, plan to start R&D at 
WA105 experiment (6m x 6m x 6m detector) as world wide effort on 
large scale detector [neutrino platform at CERN]

- demonstration both detector technologies and detector performance 
as a neutrino detector

new small detectors (e.g. 
ldrift=10cm, 100cm) are under 
construction/design

Cold test of 
detector 
component



Summary

• Toward realization of a large scale LArTPC ν detector, 
fundamental technologies R&D is in progress at KEK

•We developed a 2D anode readout pad and low noise 
readout electronics this year

- developed 4mm pitch 2D readout pad for 76cm x 40cm area (detail 
performance check using cosmic rays is in progress)

- improved S/N ratio using newly developed low noise electronics 
(ASIC)

•We plan to perform further R&D on the fundamental 
technologies using a small detector

• Recent R&D on high voltage system will be given by 
Sasaki-kun


