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Muonスピン緩和 (μSR) の原理
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2 THE MUON SPIN ROTATION/RELAXATION (µSR) TECHNIQUE 6

over the counter solid angle and positron energy. The
answer becomes:

N1(t) = N0
1 exp(−t/τµ)(1 + A1Pµ(t)) (8)

N2(t) = N0
2 exp(−t/τµ)(1 − A2Pµ(t)) (9)

where

N0
i =

Ωi

4π
×

∫ 1

0
ρ(ϵ)η(ϵ)dϵ (10)

Ai =
∫ 1
0 a(ϵ)ρ(ϵ)η(ϵ)dϵ
∫ 1
0 ρ(ϵ)η(ϵ)dϵ

× 1
Ωi

∫

Ωi

| cos θ|dΩ

(11)

Here, τµ(= 2.2 µs) is the muon lifetime, η(ϵ) is the de-
tection efficiency of the positron counters and Ωi is the
solid angle of the counter i (=1,2). Ai is called the
asymmetry of the individual counters, which is typi-
cally 0.2∼0.3 in a conventional µSR setup.

The muon spin polarization Pµ(t), which is the in-
formation one would like to obtain from the µSR tech-
nique, is calculated by taking the corrected asymmetry
(eq.12), which is essentially the count difference of the
two counters normalized by the total count:

A1Pµ(t) =
αN1(t) − N2(t)
αβN1(t) + N2(t)

(12)

where the parameter α ≡ N0
2 /N0

1 = Ω2/Ω1 (= 1; ideally)
corrects the deviation of the solid angles between the
two counters, and β ≡ A2/A1 (= 1; ideally) corrects
the difference of the counter asymmetries.

In Fig.9, an example of the positron counts [N1(t)]
and the corrected asymmetry [A1Pµ(t)] is shown. A
Larmor precession of the muon spin is seen, as an ex-
ternal magnetic field perpendicular to the initial muon
spin direction was applied during this measurement.

The next section presents more details of the ex-
perimental setup which is required for the µSR mea-
surements.

2.2 Experimental setup for the µSR tech-
nique

In order to perform µSR measurements, one has to
visit a facility which produces many muons. Currently,
there are five such ‘meson factories’ available in the
world (see Table 1). The heart of these facilities is
a particle accelerator which provides a particle beam
with an kinetic energy of a few hundred mega electron
volts (MeV). For this high energy regime, there are two
types of accelerators available, namely, the cyclotron
and the synchrotron. The time structure of the muon
beam reflects the accelerator type of the facility and it
determines the details of the µSR setup.

In the synchrotron-based facilities (KEK and RAL),
muons come in a pulse, with a spread of ∼50 ns and a

Figure 9:
(a) A typical time spectrum of one positron counter. (b)

The corrected asymmetry (Eq.12) of the same measuremen-

t.

pulse-to-pulse interval of ∼20 ms. Since the muon ar-
rival time (t = 0) is known from the timing signal of the
synchrotron, µSR measurements are performed by tak-
ing the time spectra of decay positrons relative to the
muon pulse. The timing resolution of this ‘pulse-µSR’
method is limited by the muon pulse-width (∼50 ns),
but the experimental time window is virtually infinite
(∼ 20 ms ≫ τµ = 2.2 µs). The long experimental
time window makes this method convenient for mea-
surements of slow muon spin relaxation. The pulse-
µSR method is also convenient to introduce extreme
conditions, such as high-magnetic fields [25] and op-
tical radiations [26, 27], using a pulse magnets/lasers
synchronized to the muon pulse.

The cyclotron-based facilities (TRIUMF and PSI)
provide a continuous muon beam. As a result, one
needs a muon counter on the beam path right before
the sample, so that one knows a muon arrival time
(t = 0). The timing resolution of this ‘continuous-
beam’ µSR method is theoretically infinitesimally s-
mall; with carefully tuned electronics and small coun-
ters, sub-nanosecond resolution (∆t < 1 ns) may be
achieved [28]. The experimental time window is typ-
ically ∼12 µs, which is limited by the random back-
ground and the pile-up of second muon arrival (see
section 2.2.3).
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π+        → μ+           + νμ(S=0) (S=1/2) (S=1/2) π+

μ+ νμ :always
 left handedμ+ → e+ + νe + νμ

pulsed: 
synchrotron 



μSR用 陽電子検出器の必要スペック

time (ns)

μSRはμe崩壊時間スペクトルの
exp(-t/τ)からの~1％程度のずれを

計測する。

co
un

ts

32~64μs時間窓TDC

~1ns 時間分解能 

20-25%立体角
高ダブルパルス時間分解能

＝低パイルアップ

A
sy

m
m

et
ry

∝P
μ(

t)

μSRスペクトルにすると…

結構歪んでいる。要パイルアップ補正
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J-PARC MLFパルスミュオン源（世界最高強度！）

time40ms

瞬間レート
180,000/2.2μs=100×109 cps for 4π
→100Gcps×0.20÷1000=50Mcps 

→試料サイズ・単パルス化 10Mcps 

D1実験エリアに供給されるμ+

180,000 μ+/pulse/300kW
φ40mm コリメータ

2.2μs ↓試料サイズに合わせて

φ20mmコリメータ
60,000 μ+/double pulse
30,000 μ+/single pulse

有効立体角20%検出器分割数1000ch

→30,000×0.20÷1000=6e+/pulse/ch

この高レートでの陽電子信号をなるべく数え落とさず計測！
しかも~1000chの高集密度で
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コスト計算

←S-line

CHRONUS分光器
RIKEN-RAL muon 
beamline port 4

606ch: MAPMT
+VME Discri+TDC
1-2億円(高級品)

Sライン建設費：
約６億円

BL電磁石~試料環境

これからの展開：
分光器本体は

0.5億円(磁石込み)

に抑えたい。

速くて
安くて
扱いやすい

検出器が欲しい！
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陽電子検出器: Kalliope
Kalliope=KEK Advanced Linear and Logic-board 
Integrated Optical detector for Positrons and 
Electrons

KEK, Kalliopeで

2013年年1⽉月24⽇日版 　KEKハイライト記事
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Kalliope検出器利用の分光器(384ch=12台→1280ch=40台)

KEKアニュアルレポート

2013表紙（旧分光器384ch）

2014年年から稼働中のD1新分光器1280ch
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D1-µSR装置構成 （PMT）

・・・

・・・

・・・

・・・

ミュオンビーム

試料

e+ or e-

カウンター
テレスコープe+(e-)

波高弁別器
（ディスクリ）

TDC

Copper
board (lite)

NIM VME
（電源のみ）

md1-daq
1Gbps
HUB

J-LAN

温度コントローラ
Oxford（ITC503)

温度モニター
Lakeshore（331S)

Windows PC@キャビン

・
・
・

GPIB

DAQ-MW
コマンド

アナログ

アナログ

横磁場電源

縦磁場電源

EPICS
loc

EPICS
loc

低速デバイス群

試料環境

温度
設定・計測

磁場
設定・計測

Daq-PC

LabVIEW版Autorun

KEK-ミュオン施設で稼動
（2002~2006）していたもの
をdaqとの通信だけ変更

元々は大学で学生実験と自分の
赤外分光と両立させるための自作品

J-LAN

最大５m
ヒーター・
NVモーター

アナログ

~20m
md1-dev

デバイス
サーバー
IROHA
と
EPICS IOC

Kalliope
Kalliope
Kalliope

Kalliope
Alone 

Archiver

md1-ctr

worker_x11
(山形DAQ)

muse-strgデータストレージ

MySQL
web可視化

つくば(Kalliope) 10



LabVIEW版Autorun（実験コントロール）
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TRIUMF製ウェブ版µSR結果モニタ（MySQL-検索可能）
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Kalliope検出器の変遷 14

2010/10

2011/2 2011/9 2012/4

2012/9

2012/10 PMT-based
old counters

APD-based
Kalliope

2012/12

試作機(PMT型分光器へ追加)

2013年に新分光器を製作
2014年2月から利用

2chシンチ(2008)

竹下聡史さん
(KEK→SPring-8→KEK)
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Kalliope Scintiblock (D1&S1 汎用分光器用): GN1274-2
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block#

Scinti #

32
31

Scinti 
block

15

1x1.2x1cm 
scintillator

□1.3mm, 50μm pitchのMPPC

(T2K version→新MPPC□1.3mm)
↑~3000円/pc→表面実装型: 790円/pc



シンチボードとアナログボードの間：1ch毎に同軸線で接続

cable installing tool

how to install a cable
removing cables

16



改良：接続を細線同軸ケーブル(KEL)へ

↑GN1347-2↓GN1372-1
��

断面

17

シンチ部を自由に配置できる
ノイズ耐性もOK



高磁場5T分光器用シンチファイバー検出器3008ch=94台

←GN1434-1, GN1456-1(鏡映)

2014年10月末納入

18

カバー内にKalliopeが2台
上流・下流各47台

シンチファイバを斜めに並べて
高磁場での陽電子軌道をマルチ

ヒット避けて検出



Kalliope検出器アナログボード: GN-1186-4

3. 回路ブロック図とその説明

3.1. ブロック説明

i) vamp1ch2012

vx10amp2012とvx2amp2012の電圧アンプの２段構成で全体としてlow gain及び
high gainの電圧アンプを構成している。 vx10amp2012はカレントミラーによる
直流帰還とコンデンサーによる交流帰還からなるシングルエンド増幅器であ
る。

低雑音の要求はないため片電源仕様とした。（FPGAと共に使用することを想定
している）

ii) コンパレータ：CMP1

Open-IPのコンパレータを微修正したもの。回路構成は全く同じである。

極性を制御することが可能である。

iii) DAC4

トランジスタミスマッチ調整用DAC及びしきい値調整用DAC

HEADER Page 4

2012年11月11日日曜日 centre right

Bias voltage control
4bit

4bit

4bit

Threshold control

DAC3

DAC1

×10 ×10

Buffer Analog out

DAC0 Digital out

VOLUME2012 ASIC (100MHz電圧アンプ)

Comparator

GND

To FPGA
Vcc~70V

R

T

C

GND

MPPC

Scinti-board HV in

from/to 
FPGA

DAC&Control bits
AmpTransister 

adjustment

DAC2
4bitT

パラメータ
•HV(共通)

•AmpDAC x 2 (DAC1,DAC2)
•ThDAC          (DAC3)
•BiasDAC        (DAC0)
•すべて4bit

←スペクトル歪み
←閾値を決める
←HVの微調整(±0.2V)

各チャンネルの4bitDACx4+control: 0x03210n

•HVを決め（OV=1.5V）
•AmpDACに対して
•ThDACスキャンをやり閾値決定
•（必要に応じてBiasDACを微調整）
•スペクトル歪みが最小になるセットを選ぶ

20ns

村上(素核研)

神田(東大理)テスト

19

田中真伸さん(KEK素核研)



FPGA

FPGAを使った時間記録とメモリ・データ転送: GN-1078-3
FPGA (Field Programable Gate Array)

TDC

ASC_IN[0]

ASC_IN[1]

ASC_IN[2]

・
・
・
ASC_IN[31]

Memory
DELAY

TDC_START_V

TDC_STOP_D[511:0]

TDC_STOP_V[31:0]

TDC_START_D[15:0]

PROC_TRG

PROC_FWC
memory write

PROC_FRC
memory read

TRG

Packet 
generator

SiTCP:
Optical Ethernet

Slow control block e.g. DELAY

Clock 
(125MHz)

LEMO:   
trigger pulse

TCP
 

UDP

FPGA block diagram

DAQサイクル

SFP ethernet

ASIC digital control

VOLUME2012デジタル出力

trigger

IN[0]
IN[1]
...

TDC time window (64μs) 40ms−64μs for packet transfer
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 内田智久さん(KEK素核研)＋小嶋

3. 回路ブロック図とその説明

3.1. ブロック説明

i) vamp1ch2012

vx10amp2012とvx2amp2012の電圧アンプの２段構成で全体としてlow gain及び
high gainの電圧アンプを構成している。 vx10amp2012はカレントミラーによる
直流帰還とコンデンサーによる交流帰還からなるシングルエンド増幅器であ
る。

低雑音の要求はないため片電源仕様とした。（FPGAと共に使用することを想定
している）

ii) コンパレータ：CMP1

Open-IPのコンパレータを微修正したもの。回路構成は全く同じである。

極性を制御することが可能である。

iii) DAC4

トランジスタミスマッチ調整用DAC及びしきい値調整用DAC

HEADER Page 4

2012年11月11日日曜日 centre right



汎用データ収集プログラム (山形DAQ)
鈴木(山形)聡さん(KEK計算科学センタ)＋小嶋

 LinuxでもMacでもシングルCPU・1GbE1本で走る。C++コード
AloneのブリッジでDAQ-MW準拠コントロール。

21

（不安な点・問題点は山形さんの講演参照）
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ThDACの自動スキャン（Kalliope_Tune.py）
AmpDAC=4C
BiasDAC=0

DACs=0x0X4C05

ThDAC=X ThDAC=X
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HV	  =	  68.5V	  AmpDAC	  =	  88~8E,	  スリット全開
88

8C

8A

8E

570/156k	  =	  3.65 422/111k	  =	  3.80

326/76k	  =	  4.28 241/51k	  =	  4.72
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MAPMTベースのCHRONUSでも似た歪み(遥かに小さいが) 25
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友野 大 他、2010年秋 日本物理学会スライド



HV	  =	  67.5V	  AmpDAC	  =	  40	  ~	  46	  スリット全開

40

44

42

46

894/134k	  =	  6.67 987/185k	  =	  5.33

1082/198k	  =	  5.46 1515/249k	  =	  6.08
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HV	  =	  67.5V	  AmpDAC	  =	  48	  ~	  4E	  スリット全開

48

4C

4A

4E

1594/243k	  =	  6.55 780/180k	  =	  4.33

710/170k	  =	  4.17 630/160k	  =	  3.93
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threshold DAC (ThDAC) and amplifier DAC (AmpDAC) of ASIC for the best performance in
(2) characterization of the µSR spectra such as the full asymmetry and the spectrum distortion.
The m-APD are provided with a list of minimum operation voltages which distributes within
0.2 V in our spectrometer (66.6-66.8 V). In order to perform (1), we have developed a computer
program to scan the DAC values and take counts for a preset number of accelerator pulses.
In Fig.7, we show an example of the efficiency curve, the signal count for the threshold DAC
(ThDAC) scan. We choose the appropriate ThDAC as a few steps higher than the peak position
which corresponds to the noise level.

Threshold DAC

C
ou

nt
s/

10
0p

ul
se

Board #4

Figure 7. An example of efficiency curve,
which is a count of each counters for a preset
number of accelerator pulses. The condition
of measurement is HV=67.92V (over-voltage
of +1.1-1.3V), AmpDAC=3B. BiasDAC is
not used.

HV=67.92V
AmpDAC=3B

ThDAC=peak+4

C
ou

nt
s/

30
m

in
A

sy
m

m
et

ry

Time (μs)

Figure 8. µe-decay spectrum (top panel)
and asymmetry (bottom panel) of up-stream
counter. Symbols are for before (triangle)
and after (circle) the pile-up correction.

After determination of ThDAC for a set of a selective combinations of AmpDACs, we take
the time spectrum of µe decay (Fig.8) and tried to find the appropriate combination of DACs
and HV to give the minimum distortion. Since we receive 660k positron single hits integrated
for 120 accelerator pulses, each counter receives ∼4 positron events (660k/120/1280=4.29) per
pulse in the average. This high rate of decay positron signals result to a pile-up loss of counts
in early times. We employ a theory of pile-up correction [5], and found that the simple non-
extended correction scheme (eq.(2) of Ref. [5]) is practically enough to restore the µe-decay
with the detector deadtime τ as an adjustable parameter. The characteristic detector deadtime
is estimated to be τ ∼100 ns for single counters. We phenomenologically uses the same pile-up
correction scheme for coincidenced counts which results to a longer deadtime of τ ∼300 ns; this
is because the registered coincidence counts is reduced to ∼1/3 of the single counts, whereas the
countloss occurs in accordance to the single hit rate. The deadtime could be improved eventually
in electronics, because the recovery tail of the m-APD signal is typically ∼40 ns.

In table 1, we compare specification of existing spectrometers in pulsed muon facilities.
The new spectrometer has a similar solid angle and longitudinal-field capability with Argus
at RIKEN-RAL, but the count rate is more than 4 times higher, thanks to the high muon
intensity of J-PARC MUSE.

パイルアップ補正と検出器デッドタイム
μe崩壊曲線÷寿命→かなりの数え落とし

補正に必要な
実効検出器デッドタイムτ

N=Nobs/(1-Nobsτ)
τ~300ns for coincidence
τ~100ns for single counter

Table 1. Specifications of general-purpose spectrometers in pulsed-muon facilities.

Spec. DΩ-1 New D1 Argus
(J-PARC) (J-PARC) (RIKEN-RAL)

maximum longitudinal field (T) 0.15 0.4 0.4
solid angle (%) 8 23 25
counter channels (pair) 256 (128pair) 1280 (640pair) 192
data acquisition rate (Mhits/hour)* 40 180 ∼40

* Coincidenced counts of pair counters (if applicable) for 20x20 mm sample, double pulse.

In Fig.9, we show forward-backward asymmetry of a standard sample (silver), after adjusting
HV, DACs and deadtime parameters in the new D1 spectrometer. The Full asymmetry ∼0.16 is
significantly smaller than that of other general-purpose µSR spectrometers (0.2-0.25), because
the positron counters are placed in high-angle (51-60◦: see Fig.6) relative to the beam axis,
in order to maximizing the detector solid angle while accommodating various kinds of inserts.
Since the muon beam intensity is high enough at MUSE, we plan to re-position the positron
counters to gain a higher asymmetry.

Figure 9. Forward-backward asymmetry of silver 20×20 mm sample in transverse-field of 2 mT
and longitudinal-field of 10 mT. The data were taken in 10 minutes with kicker sliced single pulse
operation.

4. Summary
We have developed a new positron detector called Kalliope, built and installed a general purpose
µSR spectrometer at D1 experimental area of J-PARC MUSE. The spectrometer has been
employed for user programs of MUSE since February of 2014. The data acquisition rate of the
new spectrometer is 4 times higher than that of DΩ-1 spectrometer of J-PARC and/or Argus
spectrometer of RIKEN-RAL.
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D-line キッカー電源由来のノイズ問題
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新分光器 の問題と対策：キッカーノイズ
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4/7: 最終キッカーノイズ試験→完全に消えた

キッカー

縦磁場電源

検出器GND

縦磁場ケーブル

小電源

切り替え器

縦磁場コイル

(1) 片側だけC結合だと、同相ノイズを拾う？
(2)縦磁場磁石が磁場アンテナの場合は無力？
(3) 検出器GNDから遠い？→銅箔で直結
縦磁場コイル10mHぐらいとC=100nFの共鳴周波数は、
f=1/2π√LC=1/(2*3.14*√(10e-3×100e-9)=1/(2*3.14*31)e6
=5kHz。

赤線にも対称にC結合

ジッパーチューブをGNDへ
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32新分光器 の問題と対策（パスコン）：キッカーノイズ退治
注意：共振
周波数5kHz
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新分光器の問題と対策：検出器配置と温度管理

time window of measurement (default 64 µs) which may be changed from the data acquisition
(DAQ) PC, if necessary. When the time reaches after the start signal to this time-window, the
stored hit events are read from the memory, formed into a series of ethernet packets and sent to
DAQ-PC using SiTCP protocol [4]. The ethernet cables from each Kalliope units are combined
in a commercially available ethernet hub and data are transferred to the DAQ-PC. Since the
electronics are built in, Kalliope unit has only three wires connected: one optical ethernet fiber,
a NIM trigger cable and a power-supply cable. Compared to the traditional PMT-based system,
the reduction in the number of the cables is a great advantage of Kalliope.

3. New spectrometer at D1 experimental area
Employing 40 units of Kalliope detectors installed to a 0.4 T magnet, we have manufactured
a 1280 channel (640 telescope pairs) spectrometer. The spectrometer is installed at D1
experimental area of Material and Life science experimental Facility (MLF) as shown in Fig.5.
Detailed arrangements of Kalliope units inside the magnet is shown in Fig. 6.

Figure 5. Full view of the new D1
spectrometer at J-PARC.
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Figure 6. Diagram of the side and the tail
view of the new D1 spectrometer.

The ethernet hub, the NIM start-pulse distributor as well as the power supply for Kalliope
detectors are placed underneath the magnet, so that cables are confined within the spectrometer.
Connections to the spectrometer are only the two cooling water lines, power cables for the 0.4 T
magnet, one NIM trigger source line, one optical ethernet fiber from DAQ-PC and three 100 V
power supply cables. The minimized number of the connection lines makes this spectrometer
portable.

We start a commissioning of the new spectrometer on February 18th 2014. The procedure
of the commissioning is (1) determination of the appropriate bias voltage (HV) for m-APD,
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新分光器の問題と対策（遮熱板配置）：ドリフト改善
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.2
°

48
.5

°
時間経過：15分ごと

ΔAsy=−0.03/1.5h

4kG magnet 循環冷却水

電磁石と検出器の間に
水冷式の遮熱板を導入
通電で+5℃→+1℃

さらに内側の遮熱板製作中
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電磁石に通電すると
データ転送が遅くなりRev-Qが増える
Kalliopeの数える加速器パルスが飛ぶ

35

解決：遮熱板設置で大幅に改善。
温度上昇によるFPGA動作不良か？

新分光器の問題：電磁石に通電→SiTCPパケットロスする

• ネットワークスイッチは磁石架台に置いてある
（～100ガウスの漏れ磁場の影響あり？）

• ノイズ対策の共振回路＋電磁石電源ノイズ？
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                 新D1-μSR分光器

諸元 DΩ-1
J-PARC

New D1
J-PARC

ARGUS    
RIKEN-RAL

CHRONUS
RIKEN-RAL

磁場 (kG) 1.5 4 4 4

立体角　　
チャンネル数

8%/128pair

PMT
23%/640pair

MPPC
25%/192
PMT

26%/606

MAPMT

データ収集
レート

20-40M/h
for15x15mm

100-200M/h
for15x15mm

40M/h for 
25x25mm

86M/h for 
unknown size

新D1-μSR　
分光器
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Table 1. Specifications of general-purpose spectrometers in pulsed-muon facilities.

Spec. DΩ-1 New D1 Argus
(J-PARC) (J-PARC) (RIKEN-RAL)

maximum longitudinal field (T) 0.15 0.4 0.4
solid angle (%) 8 23 25
counter channels (pair) 256 (128pair) 1280 (640pair) 192
data acquisition rate (Mhits/hour)* 40 180 ∼40

* Coincidenced counts of pair counters (if applicable) for 20x20 mm sample, double pulse.

In Fig.9, we show forward-backward asymmetry of a standard sample (silver), after adjusting
HV, DACs and deadtime parameters in the new D1 spectrometer. The Full asymmetry ∼0.16 is
significantly smaller than that of other general-purpose µSR spectrometers (0.2-0.25), because
the positron counters are placed in high-angle (51-60◦: see Fig.6) relative to the beam axis,
in order to maximizing the detector solid angle while accommodating various kinds of inserts.
Since the muon beam intensity is high enough at MUSE, we plan to re-position the positron
counters to gain a higher asymmetry.

Figure 9. Forward-backward asymmetry of silver 20×20 mm sample in transverse-field of 2 mT
and longitudinal-field of 10 mT. The data were taken in 10 minutes with kicker sliced single pulse
operation.

4. Summary
We have developed a new positron detector called Kalliope, built and installed a general purpose
µSR spectrometer at D1 experimental area of J-PARC MUSE. The spectrometer has been
employed for user programs of MUSE since February of 2014. The data acquisition rate of the
new spectrometer is 4 times higher than that of DΩ-1 spectrometer of J-PARC and/or Argus
spectrometer of RIKEN-RAL.

References
[1] Kadono R and Miyake Y 2012 Rep. Prog. Phys. 75 026302
[2] Tanaka HKM et al. 2005 Nucl. Inst. Meth. A 554 201
[3] Tanaka M et al. 2014 preprint
[4] Uchida T 2008 IEEE Trans. on Nucl. Sci. 55 1631
[5] Ida T and Iwata Y 2005 J. Appl. Cryst. 38 426

データ収集レートが５～６倍
１測定３０分→５分
新たな問題
(1) データをどこに保存するか？

max. 1GB/5min...
→40TBのストレージを購入。
8TBをDラインに。１ヶ月持つ
→KEKのテープバックアップ

(2) どう解析するか？
→自動解析？前人未到の領域

15x15mm Ag plate LF=100G

TF=20G

K. M. Kojima et al, J. Phys: Conf. Ser., to appear, (2014)
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Muon以外の利用 とKalliope派生商品（NIM-TDC: GN-1245）

NIM入力Kalliopeデジタル（GN-1245-1）

TDC 
1ns時間分解能

64μs時間窓
1000hits/ch

1台32ch入力

KalliopeデジタルをNIM入力化した。
ASICの制御は出来ないが、代わりに
プログラム可能なNIM入出力を持つ。

メアンダライン中性子検出器の
時間差読取り回路(府大・KEK)

100MHz Amplifier
~100mV入力
アナログ出力 

4bit threshold DAC
1台32ch入力

Δt~100ns

トリガ
レーザー

Kalliopeアナログ出力

レーザーの疑似中性子信号が読めた
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NDIP2011

Readout electronics for multichannel MPPC

Our evaluation board with EASIROC and SiTCP I/O components
Analog I/O
MPPC input (32 ch)
HV input
Analog signal output / probe output

Digital I/O
NIM level input x5 (400 Mbps)
NIM level output x4 (~ 1Gbps)
LVDS output (640Mbps)
SiTCP (SOY)

*Using a general purpose SiTCP board 
(SOY) to communicate DAQ computer. We 
are able to implement SiTCP in one board.

EASIROC

MPPC input

HV adjust

ADCSerial DC charge

FPGA
Slow control

Discri OR

Analog out / Probe out

Discriminator bus
Digital 

TDC

LVDS outputs for external TDC

SiTCP

HV input32ch-LVTTL input

32ch-LVDS output

LVDS-LVTTL
level adapter board 

(GN1220)

Kalliopeデジタル
ボード

single_ch015
Entries  31479
Mean     8330
RMS     789.5

7000 8000 9000 10000 11000 12000

10

210

310

single_ch015
Entries  31479
Mean     8330
RMS     789.5

single hit histogram of ch015

single_ch015
Entries  591011
Mean     8586
RMS     916.9

7000 8000 9000 10000 11000 12000

210

310

410

single_ch015
Entries  591011
Mean     8586
RMS     916.9

single hit histogram of ch015

single_ch011
Entries  42748
Mean     8458
RMS       789

7000 8000 9000 10000 11000 12000

1

10

210

310

single_ch011
Entries  42748
Mean     8458
RMS       789

single hit histogram of ch011

30MeV/c decay μ+

27.5MeV/c surface μ+

21.5MeV/c surface? μ+

time (ns)

sorry, no photo

T. Adachi (Thesis)

Kalliope派生商品（LVDS-LVTTLアタッチメント: GN-1220） 39



Kalliope派生商品（仁木工芸A3N00モジュール読み出し関数）
仁木工芸VME-QDC(A3200)

A3200: PMT用の負極性入力
0~-2.5V QDC(電荷ADC)。
A3400: Ge検出器など汎用正極性
入力0~+12V ADC

最高分解能5nsのタイムスタンプ
機能を持ち、波高とトリガから
の時間を記録出来る。
特にedbデータのバイト長で
40msをカバー出来る。

VME-ADC(A3400)
Shaping
Amp.�

DG535� COM_G/T�

G/T�IN�

SIGNAL8IN�

Timing8
Amp.� C.F.D.� Gate8

Genarator�

NIM>TDC�

25Hz,101µsec_delay�

Gain_0.58
CourseGain_508
ShapingTime_6µsec�

Ge����

山形DAQの拡張

加速器トリガ

A3400

Kalliope

Muonic X-ray spectrum
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• Kalliope陽電子検出器(1ns時間分解能・64μs時間窓32chTDC)

• 1280chの分光器を製作しJ-PARC D1実験エリアに設置した。

• 2014.02.17のビーム再開から利用

• 3008chの高磁場5Tesla分光器も製作済み。～1万円/ch

• 問題点

• キッカーノイズ：対策済み。

• 検出器設置位置・温度管理：対策中。

• デッドタイムτ~100ns：次のASIC(VOLUME2013)で改善？

速くて
安くて
扱いやすい

検出器が欲しい！

現状まとめ

(そこそこ)速くて
安くて

(まぁ)扱える
検出器が出来た。
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他のプロジェクトでもKalliopeを再利用して頂けると幸いです。


