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pulsed USM: USR spectrometer

20th century system=expensive
>$200/ch for PMT alone
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2| st century solution: APD/ASIC/FPGA/ethernet-based detector
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Technological elements: (1) Avalanche Photo Diode

MPPC(Multi Pixel Photon Counter)
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Technological elements: (1) Avalanche Photo Diode
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Technological elements: (2) Front-end circuit & ASIC
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Technological elements: (3) Read-out module & FPGA

FPGA (Field Programable Gate Array) DAQ cycle Uchida@IPNS, Kojima@muon
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Result of 32ch full spec detector @ RAL: Feb.29~Mar.02, 2012

. [ single hit histogram of ch030 | Emfiizgle_chﬁ(;l‘:si;)m4
single count rate: ~|e+/pulse : il
3 (D: single spectrum of
| 2D Histogram of single hit | _h2single -
Ee 15t wk Rterm=100Q+Cpass
®_’30_— .| Meany 14.32 =
- e Sl ot | RMSx 2249 -
- Te eo e o RMS y 8.962 10;
g3 - hitmap of -
- single counters '
Ch#152 . g e T e 6 o0 20000 3%(‘)“0" I Jtléol()llll H!o&od“ | ét‘)ioclil
E IR [ single hit histogram of ch006 | single_ch006
L Entries 725994
10— E Mean 5572
- C RMS 2413
— B .
@, s (2): single spectrum of
0000 20000 56000 40000 50000 60000, 102; a noisier counter
time (ns) :
10
I Coincidenced Hitmap from MUSE000839_01_001_000.edb, gap = 10 I h2double =
Moanx 5538 i
@ _50 :— ' Meany 14.31 1
E ! gmg ; sz'ggg 0 10000 20000 30000 40000 50000 60000
25— [ double hit histogram of ch030 | double_ch030
~ Rl S . Entries 361902
C T . = Mean 5544
20— oo . ’ ’ C RMS 2215
ch# - hit map of wl -
15 o 3): coincidence spectrum
] . -coincidenced :
10— - 10° of (1) and its pair
i counters ; @ P
3 | Wl
C R R R R B R B I =
0 10000 20000 30000 40000 50000 60000 B tim e (n S)
. e
time (nS) 0 i0000 20000 Jgﬂoltlxl - 406031‘ ‘ Loéof) — 60000




Count / 20000pulse

610 DAL LU LA L I N AL AL LA

Count rate: DAC control and magnetic-field dependence (?)

Single count as a function of

02x10° threshold DAC & bias DAC

—@— Ach#1
® BeamOff Correction
® DACO=max
@® DACO=min B
— +0.4V
— -0.4V

Rterm=100Q+ Cpass |

Gain: x10
other counters are frozen|
to flat-3 DAC setting.
all bias DACO=0

T approved
threshold level
002 %6 "8 70 12 14 16
DACZ2=ThresholdDAC of Ach#1
* threshold DAC2 spans from
MPPC noise floor to 1/2 e+ rate
* bias DACO spans ~+0.4V equivalent
which is ~1 digit in threshold DAC

* gain control:
corse by DAC2, fine by DACO




Count / 20000pulse

Count rate: DAC control and magnetic-field dependence (?)

Single count as a function of
threshold DAC & bias DAC

@2x10°
4
610 LA LA L L AL LA L L L L
—@— Ach#1
® BeamOff Correction
4 ® DACO=max
@® DACO=min B
— +0.4V
— -0.4V
4

Rterm=100Q+ Cpass

4 Gain: x10
other counters are frozen|
® to flat-3 DAC setting.

4 all bias DACO=0
4

T approved .

threshold level

O...l...l...l...l.

0O 2 4 6 8 10 12 14 16
DAC2=ThresholdDAC of Ach#1

* threshold DAC2 spans from
MPPC noise floor to 1/2 e+ rate

* bias DACO spans ~+0.4V equivalent
which is ~1 digit in threshold DAC

* gain control:
corse by DAC2, fine by DACO

magnetic field (LF//board, TF_| board)

22000

21000

19000

18000
3-6am

17000

Count / 20000pulse

16000
0

20000 -

Single count rate as a function of

T T T | T T T T | T T T T | T T T T
Gain: x10; DAC2="4" —@— H//board (LF)
other counters are frozen
o
~ to flat-3 DAC setting. H_I_board (TF) |_
all bias DAC0O=0

11pm
Rterm=100Q+ Cpass 9pm

~6pm Reproducibility after time suggests, the count
difference is magnetic field dependence,
not the temperature dependence.

1000 2000 3000 4000
Magnetic field (Gauss)




Count / 20000pulse

Count rate: DAC control and magnetic-field dependence (?)

Single count as a function of
©2x10° threshold DAC & bias DAC

610 DAL LU LA L I N AL AL LA

—@— Ach#1
® BeamOff Correction
® DACO=max
@® DACO=min B

— +0.4V
— -0.4V

Rterm=100Q+ Cpass

Gain: x10

310 other counters are frozen|
® to flat-3 DAC setting.

4 all bias DACO=0

210 + i
4

110 T approved .

threshold level

O T B B B

0O 2 4 6 8 10 12 14 16
DAC2=ThresholdDAC of Ach#1

* threshold DAC2 spans from
MPPC noise floor to 1/2 e+ rate

* bias DACO spans ~+0.4V equivalent
which is ~1 digit in threshold DAC

* gain control:
corse by DAC2, fine by DACO

Single count rate as a function of
magnetic field (LF//board, TF_| board)

22000

T T T | T T T T | T T T T | T T T T
Gain: x10; DAC2="4" —@— H//board (LF)
other counters are frozen
o
21000 F to flat-3 DAC setting. H_I_board (TF) |_
all bias DAC0O=0

11pm

20000 L Rterm=100Q+ Cpass 9pm

19000

18000

3-6am

Count / 20000pulse

17000 Fgpm Reproducibility after time suggests, the count-
difference is magnetic field dependence,
not the temperature dependence.

1000 2000 3000 4000
Magnetic field (Gauss)

16000
0

view from downstream of ARGUS

new detector—

Preliminaly:10% increase
in 4kG field.
Beam normalization
check underway.

sampl

LF coil




Cost Estimate

e Scale: 103 channels=32chx32 units
per 32ch unit sub total
Scintillator+MPPC+support | $100?7x32=%$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 16x32ch $52k (%2 units)
(16 X 1GbE—10GbE)
PC $5k for 1x10GbE $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

run control | data—file format| analysis code
LEM/PSI MIDAS LEM-root musrfit
B —NMR/ MIDAS custom made C C++ code
TRIUMF ,MUD (long life of Li requires)
USMM/ 277 edb (event data) msrfit
J-PARC —J-PARC-root
—MUD
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run control | data—file format| analysis code

LEM/PSI MIDAS LEM-root musrfit

B —NMR/ MIDAS custom made C C++ code
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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

B —NMR/ MIDAS custom made C C++ code
TRIUMF ,MUD (long life of Li requires)
USMM/ 277 edb (event data) msrfit
J-PARC —J-PARC-root .

+musrfit
—MUD

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

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




MIDAS system at PSI

LEM Data Acquisition

VYME-PCI
Interface

from LEM

spectrometer— l“

8183100

PSI CFDS50
4x 8-Ch NIM/ECL, programmable

1 CAEN ¥1190B 64-ch TDC
100,200,800ps LSB
2 8183820 32-Ch Scaler

User Interface

RAun Control

Backup to PSI archive

Electronic logbook

T. Prok

event-by-event

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

Slow Control:
pressure, temperature, motor control,

$ $ $ $ - -Lfvtl—r-ne:eretc. T’ B, P,
Lantronix Terminal Server NV L h a rd ware

32 x AS232

K

High voltage:

SL 4, lem00

MIDAS Frontend PC

FP-AlI/AO modules for transport system
ISEG NHQ for detectors
MSCB HVR400 for detectors

tepfip or internal

teplip

SL 4, lem00

MIDAS Backend PC

& at EOR: append runlog.txt

Data

RAID system (level 1)

2x 80GB SATA (system)

2x 500GB SATA (data)

creates histograms

during run: saves histograms
every 5min in Cern Root format

:

plot histograms
online analysis
online fitting

13




msrfit vs. musrfit

As far as | understand...

e mesrfit (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

e musrfit (Andreas Suter & Bastian M. Wojek@P$I) iS actively maintained

* musredit (customized editor+gui) exist
e more readable FUNCTIONS line
e Users manual: http://Imu.web.psi.ch/facilities/software/musrfit/user/MUSR/MusrFit.html
* For LEM usage, depth-profile convolution is incorporated.
depth(nm) , muon stopping profi‘le’,o(z)
0 PEEREE R RN Meissner geometry
20 d — LT*— ’.T.‘:.:" £ z: 0.3
ﬁe)ii;:;:vflle - 5 A—,—%i 0_2 :“‘ LCO, in SC state |n musrﬂt
hundred nm sl BT A depth profile convolution
e . g Pu(t)=] p(z)Pu(t,z;A) dz
ooy & % i enetration depth A
300 - T=5K, E=20ke p p
STO BT R




Path from J-PARC-root to musrfit: just add keys as in PSI-root
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Path from J-PARC-root to musrfit: just add keys as in PSI-root
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Path from J-PARC-root to musrfit: just add keys as in PSI-root
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Pulsed ySR 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.
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' Don'’t try to build everything by myself. Use existing facility. }




