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In order to do μSR...
(a post at M15CR back in 1996)



• beam is ON,

• sample is READY,

• cryostat is cold, magnets are running,

• DAQ and spectrometer is working,

• analysis program is debugged,

• and Experimentalists are awake.
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21st century solution: APD/ASIC/FPGA/ethernet-based detector
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MPPC#1&2

2ch telescope
←2ch×16=32ch 

detector block

MPPCs are now connected by IC pins
↓

multi-coax connectors 
(or MIL 34pin flat connector?)

FPGA
↓

ASIC
↓

1GbE optical ethernet

HV↑

MPPC(Multi Pixel Photon Counter)
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□1.3×1.3mm
by Hamamatsu Photonics

Analog board Digital board

✓Inexpensive（～$30/piece）
✓high gain（～106)
✓low bias voltage （~70V）
✓works under ~Tesla magnetic field
x temperature sensitive: 50mV/K
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To ASIC

~2m extension was OK
(tested only for 2ch)



Technological elements: (1) Avalanche Photo Diode
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Technological elements: (2) Front-end circuit & ASIC
ASIC (Application Specific IC)

Sr90β（Emax=2.28MeV）

4bit digital control ×３
DAC0: Bias voltage
DAC1: Transistor adjustment
DAC2: Discriminator 
threshold

Control bits ×４
DAC0 enable
Gain ×10/×100
Digital out ON/OFF, 
Analog out ON/OFF

vx10amp2011(10倍)の電圧アンプの２段構成で全体として10倍及び100倍の電圧
アンプを構成している。 vx10amp2011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

OpenIP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。

iii) DAC4,DAC4N

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

iv) VCC2

アナログバッファ（10pF load, 帯域100MHz)　アナログバッファの入力切り
替えスイッチがOFFのときにVCC2入力電位が不定にならないように電位設
定用バイアス回路とスイッチを入れる。（１月１４日レビューでの指摘）

v) コントロール用デジタル回路

4. 各ブロック仕様とシミュレーション結果
4.1. シミュレーション環境及びプロセス情報

Schematic:CADENSE Virtuoso,ver

Simulation:HSPICE

Process:UMC025

Server name:HP-dc5800-2

HEADER Page 3

2011年5月31日火曜日 centre right

Vcc~72V
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Detector

Bias voltage control

4bit

4bit
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×10 ×10
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ASIC control via serial: 16bit×16ch=256bit
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ASICchip

FPGA

Tanaka@IPNS
Murakami@IPNS

Koda@muon



Technological elements: (3) Read-out module & FPGA
FPGA (Field Programable Gate Array)

TDC

ASC_IN[0]

ASC_IN[1]

ASC_IN[2]

・
・
・
ASC_IN[31]

Memory
DELAY

TDC_START_V

TDC_START_D[15:0] 

TDC_STOP_D[511:0]

TDC_STOP_V[31:0]

PROC_TRG

PROC_FWC
memory write

PROC_FRC
memory read

TRG

Packet 
generator

SiTCP:
Optical Ethernet

Slow control block e.g. DELAY

Clock 
(125MHz×4Φ=1ns)

LEMO:   
kicker pulse

TCP
 

UDP

FPGA block diagram

DAQサイクル

optical ethernet
FPGA
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iv) VCC2
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Schematic:CADENSE Virtuoso,ver

Simulation:HSPICE

Process:UMC025

Server name:HP-dc5800-2

HEADER Page 3

2011年5月31日火曜日 centre right

ASICchip
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IN[0]
IN[1]
...

TDC time window (64μs) 40ms−64μs for packet transfer

DAQ cycle Uchida@IPNS, Kojima@muon



Result of 32ch full spec detector @ RAL: Feb.29~Mar.02, 2012

time (ns)

ch#

hit map of
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①: single spectrum of

Rterm=100Ω+Cpass

②: single spectrum of

a noisier counter

③: coincidence spectrum 

of ① and its pair

single count rate: ~1e+/pulse

time (ns)



Count rate: DAC control and magnetic-field dependence (?)
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difference is magnetic field dependence, 
not the temperature dependence.
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Reproducibility after time suggests, the count 
difference is magnetic field dependence, 
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LF coil

sample→

new detector→

view from downstream of ARGUS

Preliminaly:10% increase 
in 4kG field. 

Beam normalization 
check underway.



Cost Estimate

• Scale: 103 channels=32ch×32 units

per 32ch unit sub total

Scintillator+MPPC+support $100?×32=$3.2k? $100k?（×32 units）

Analog board $1k or less $32k or less（×32 
units）

Digital board $0.6k $19.2（×32 units）

Optical ethernet switch $26k for 16×32ch
（16×1GbE→10GbE）

$52k（×2 units）

PC $5k for 1×10GbE $10k（×2 units）

total ~$200k

probably, 1/3~1/5 cost of PMT-NIM-VME 
based (20th century) detector system
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Run control and data-file format of USM/J-PARC
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Run control and data-file format of USM/J-PARC

run control data-file format analysis code

LEM/PSI MIDAS LEM-root musrfit

β-NMR/
TRIUMF

MIDAS ...
→MUD

custom made C C++ code
(long life of Li requires)

USMM/
J-PARC

??? edb (event data)

→J-PARC-root
→MUD

msrfit

Boundary condition for run control:
J-PARC neutron standard= ISIS-style script

Data-file format
RIKEN/RAL users is familiar with NeXus or .ral→WiMDA
Conversion code between file format is important

+musrfit



MIDAS system at PSI

13

from LEM
spectrometer→

User Interface

T,B,P,
NV,...hardware

http://lmu.web.psi.ch/lem/lemdaq/



msrfit vs. musrfit
As far as I understand...

• msrfit (Jess Brewer@UBC/TRIUMF) exists since 80s (I grew up with).
• command-line base
• table fitting
• mysterious SIGNAL line (=fit function definition) and SPECTUM line
• Suzanne Flaschin’s how to: http://einrichtungen.ph.tum.de/E15b/documents/fit/fit.html

• musrfit (Andreas Suter & Bastian M. Wojek@PSI) is actively maintained
• musredit (customized editor+gui) exist
• more readable FUNCTIONS line
• Users manual: http://lmu.web.psi.ch/facilities/software/musrfit/user/MUSR/MusrFit.html
• For LEM usage, depth-profile convolution is incorporated.

 Ag

     sample
       ~300nm

 STO

field profile
λ~a few 

hundred nm

Eµ=4keV
~27keV

muon stopping profileρ(z)depth(nm)
0

20

300

in musrfit
depth profile convolution

Pµ(t)=∫ ρ(z)Pµ(t,z;λ) dz
↓

penetration depth λ

LaY214(E211), T=4.99(K), B=~74(G)/2.27(A), Tr/Sa=14.01/-7.50(kV), E=20.58(keV)

s)µtime (
0 1 2 3 4 5 6 7 8 9 10

as
ym

m
et

ry

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

1  alphaLR     1.0207    0.0021

2  asy         0.2062    0.0017

3  lam         0.08      0.0

4  phase       13.76     0.50

5  field       70.74     0.0

6  Energy      20.0      0.0
7  deadlayer   20.0      0.0

8  penetdepth  491.349   0.099

9  SClayer     300.0     0.0

asymmetry      2

userFcn  libFitPofB TLondon1D1L 4 6 5 7 9 8

simplExpo      3

fun1 = gamma_mu * par5

musrfit: 2011-06-26, 02:23:18, chisq = 262.86217322072946 , NDF = 88 , chisq/NDF = 2.9870701502355619

2011/lem11_his_1134,h:1+5/3+7,T=5.00K,B=73.37G,E=20.58keV,Sample, Bpar, Konti-2

T=5K, E=20keV

LYCO, in SC state

Meissner geometry



Path from J-PARC-root to musrfit: just add keys as in PSI-root

map of µSR
data & analysis 



Path from J-PARC-root to musrfit: just add keys as in PSI-root

map of µSR
data & analysis 



Path from J-PARC-root to musrfit: just add keys as in PSI-root

map of µSR
data & analysis 



Path from J-PARC-root to musrfit: just add keys as in PSI-root

map of µSR
data & analysis 

β-NMR



Path from J-PARC-root to musrfit: just add keys as in PSI-root

map of µSR
data & analysis 

β-NMR custom code



Summary



Summary

Pulsed µSR requires multi-segmented detector
21st century solution is MPPC/ASIC/FPGA/ethernet-based detector
R&D is in the final step, and mass production is starting.

Users cares about run-control and data-file format
Run-control at USMM is an open question.

J-PARC muon has to be RIKEN/RAL & ISIS user friendly.
Common interface at J-PARC/MLF is based on ISIS neutron system
Can we introduce MIDAS to J-PARC/MLF?

Data-file format is an easier issue to handle
J-PARC-root file may become compatible with LEM-root file
which makes use of TRIUMF & PSI based analysis program.
File-format conversion program is important.



Summary

Pulsed µSR requires multi-segmented detector
21st century solution is MPPC/ASIC/FPGA/ethernet-based detector
R&D is in the final step, and mass production is starting.

Users cares about run-control and data-file format
Run-control at USMM is an open question.

J-PARC muon has to be RIKEN/RAL & ISIS user friendly.
Common interface at J-PARC/MLF is based on ISIS neutron system
Can we introduce MIDAS to J-PARC/MLF?

Data-file format is an easier issue to handle
J-PARC-root file may become compatible with LEM-root file
which makes use of TRIUMF & PSI based analysis program.
File-format conversion program is important.

My principle:
Don’t try to build everything by myself. Use existing facility.
→collaboration with LEM (PSI) & β-NMR (TRIUMF)!


