
J-PARC muon g-2/EDM
 

 2012.11.5 
 

KEK 
 for the J-PARC muon g-2/EDM collaboration 



 

·  
Ɓ g-2/EDM 

ƁJ-PARC muon g-2/EDM  

·J-PARC muon g-2/EDM  

· R&D 
Ɓ  

Ɓ ASIC  

·  

 

 



 

 



 

 

   Χ 

 

1/2  

CPT :T ĄCP  

B:
E:  

q: m: s  

їg=2їa=0 

SM)їgґ2їaґ0 

EDM) 

+ 
- 

+ 
- 

T 

 



 
g-2 SM  

2

2-
=

g
am

()() sÝ³=D -

m 2.3104963255a 11SM-Exp

http://pdg.lbl.gov/2010/reviews/rpp2010-rev-g-2-muon-
anom-mag-moment.pdf 

G. W. Bennett et al. PRD (2006)  

ppm54.0
a

aexp

=
D

m

m

 

SUSY  

 
  ї  

BNL E821  



J-PARC muon g-2/EDM  
@J- PARC 

   g- 2  : 0.1ppm  
   EDM : <1e- 20 e cm 

ᴁ ἶὕ (MLF) 
Ḩ H-Line  

л +  :  ▌↓  106/sec   
  Ҳ  300 MeV/c (  = 3) 
  (pT)/p  < 10 -3  

  ά ↓ >50% 
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focusingї  

BNL E821  
їmagic momentum 
     g = 29.3, p = 3.094 GeV/c  Ą (am -1/(g2-1) ) = 0 
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dlim 1e-19e cm  

(FNAL) 5 (0.1ppm) 
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¸ E=0 
¸ PT/P L 10 - 5  
Â    
  300MeV/c  gm=3 (bm =0.92) 

 
¸   
Â 3 T (R=33.3cm), 1ppm local Ą MRI  

Â (<0.1ppm)  
 

¸  
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Radial tracking vanes (Silicon strip) 

 

 



Å  
Å  
Å  3T 
Å <10ppm <<10- 2V/cm  
Å  10 MHz  
Å early- to- late  
Å J- PARC 25Hz  
Å  

 

66cm 

e+ 

 ˄3T 

P˃ =300 MeV/c Instantaneous 
rate 

top view ( by Geant4  
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1 vane  

Frontend 
electronics 

4
0

0
m

m
 

Item Specifications 

 240mm (radial) x 400 mm (axial) 

 48 (subject for optimization) 

 Double- or single-sided Silicon strip 
sensor 

 axial-strip :  
 188mm pitch, 72mm long , 384 ch 
radial-strip: 
 255mm pitch, 98mm long, 384 ch 

 74 mm x 98 mm x 0.32mm 

 576 ( 12 sensors per vane) 

 442,368 ch 

 Period : 33ms, Sampling time : 5ns 

(side view) 

(top view) 

T. Kohriki 



R&D 

 



Detector R&D 
 

Simulation & Tracking study Sensor design & 
evaluation 

Readout electronics 
development & 

evaluation 

DAQ construction 
(Frequency standard) E-field & B-field 

measurement 

Software development 
(Framework inc. analysis) 

Mechanical design 

Power & thermal design 
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Ff 

Software Development 

Real raw data 

Data bank 

Event display Physics analysis Others 

Geant4 simulator 

Data reformat 

Digitization 

Simulation raw data 

Track finding 

Track fitting 

Reconstruction 

Framework 

 K. Ueno, W. Da Silva 
F. Kapusta, Y. Cardenas 



 
Å  

Å Vane # :48 
Å rate :5nsec 
Å  : 200mm 
Å  : 300mm 

 

Å Condition  
Å 3 Tesla 
Å 0 V/m 
Å ʴ˃ : 3 (300 MeV/c) 
Å R˃  : 333mm 
Å  
Å Ep>200 MeV 

 

side view top view 

Å  

K. Ueno  



 
t=0-40us (1us ) 
XY ˒½ 

G4 simulation 
1 spill (40000 muon decays) 

Strip Occupancy (SO) 

SO <0.5% / 5ns time stamp 
(5 hits/strip/spill) 

15 e+ signal, 30 BG signal 
at first 5ns 

Signal: e+ >200MeV 
.DΥ ŜҌ ғнллaŜ±Σ ʵ-ray, shower 

 
 

K. Ueno  



 

K. Ueno 
W. Da Silva 
F. Kapusta track finding efficiency 

G4 simulation 
Track finder (Hough) 

Single track fitting 

Track finding 

Hough transform & clustering  
 in fZ-plane 
Track finding efficiency 80%  

 ( for single track > 90% ) 
90%  

Track fitting 

GENFIT(Karman filter) 

Multi track reconstruction  
 

 



 

T. Kakurai, T. Mibe, 
O. Sasaki, T. Kohriki 
S. Nishimura 
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DSSD(Belle-II)  
Early-to-late  

 
 ї feedback 
 

 

 



DAQ 

O. Sasaki, T. Mibe 
M. Tanaka, T. Uchida 
J.F. Genat, K. Ueno 

· J-PARC 25 Hz
 

· оо˃ǎ

 

· ASD 5ns

 

·

 

·

ɲ¢κT << 
4x10-9

GPS
NMIJ

 

 

 



 

 AC-  
(DC) E-field 

(AC) EM-field antenna 

(DC) E-field 

(AC) EM-field antenna 

ά!/έ 9-field shield (come and go) 

AC-
 

wire 

metal plate 
(fixed) 

repulsive 
force 
Ą Torque 

polarized 
charges 

2011  
50mV/cm. 

ї  1mV/cm  

g-2  J. Murata, T. Sakuda 
S. Ozaki, H. Murakami 

E<<10[mV/cm]  
ї  ї  
ї  



  

·The requirement 
ƁDB/B << 0.1 ppm ( ) 

Ɓ ї ~10ppm  

Ɓ   <10ppm  

·  
Ɓ  
¶Biot-Savart low 

 

Ɓ  

 

 
26 http://w3p.phys.chs.nihon-u.ac.jp/~takizawa/tex/Micro-esr 
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T. Mibe, K. Sasaki 
O. Sasaki 



 

z 

r 

MRI magnet (1.6 T) 

Sample 
stage 

NMR 
probe 

ü DC-NMR with sweep coil 
ü NMR sample : H2O + MnCl 
ü Super-sonic motors : axial(z) and radial (r) movement 
ü System developed by YŜƴΩƛŎƘƛ Sasaki (KEK) 

Bore : 80cm 
Length : 200cm 

r [mm] 

W  
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.
κ
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ύ

 

NMR probe KEK 

g-2  T. Mibe, K. Sasaki 
O. Sasaki 



 

PCB board (G10+Cu, 10 layer) Optical transceiver Voltage regulator 

Registers, capacitors FPGA/PROM Solder (with Pb, Pb-free)  

 1
0
 x

 1
G

b
p
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PHENIX trigger board 

Belle-II data transmission test board 

metals 

g-2  T. Mibe, K. Sasaki 
O. Sasaki 
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g-2  

FPGA PROM Optical module 

T. Mibe, K. Sasaki 
O. Sasaki 



 

1ppm 

10ppm 

0.1ppm 

per piece 
ɲ.κ. ϪмллƳƳ 

m= c mH ×V
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T. Mibe, K. Sasaki 
O. Sasaki 



Optical module  
Finisar 3Gbps tranceiver (850nm) 

chassis bolt 

PCB board receiver 

transmitter 

fixture 

g-2  

Optical module  
 

 

 
 40%  

Receiver, transmitter  
ї  

T. Mibe, K. Sasaki 
O. Sasaki 



DC-DC  

· ї  
Ɓ DC-DC  

Ɓ  

g-2  &  Y. Iwashita, T. Mibe,  
O. Sasaki 

 

·  (Buck converter) 
 

 

 

· (Flying capacitor) 

OK  
 MHz swiching  
 popular 
  

NG  
  

 
 

OK  
  

NG  
 10kHz swiching  

 



Frontend ASIC 
Requirements 

Å  
Å Hit rate: 1.6 MHz /strip 

Å   
Å > 5 life time - > 40ms 

Å  
Å 768ch in small space - > 128ch/chip 

PreAmp 
Shaper 

DAC 

Comparator TDC 

Compressor 
Serializer 

FPGA 

5ns time stamp 

40ms digital memory 
Zero data suppress 

~100ns  
good S/N 

Timing shift << 5ns 

 M. Tanaka, T. Uchida 
M. Ikeno, H. Ikeda 
K. Ueno 

Open-It  

 

Digital control 



 

parameter Requirement 

Timing measurement 5nsec 

Buffer depth 41ɛsec 

# of ch 128 

pulse width ~100nsec 

Noise@30pF <3000e 

Timing shift <<5nsec 

PWD as small as possible 

Digital 
Block 

Analog 
Block 

M. Tanaka, T. Uchida 
M. Ikeno, H. Ikeda 
K. Ueno 

 



 

Preamplifier output 

Shaper output 

Comparator output 

 

·2011   32ch  (Analog & digital )  

·2012   32ch  

        128ch  

·2013   128ch  

·2014    

M. Tanaka, T. Uchida 
M. Ikeno, H. Ikeda 
K. Ueno 

 

  

Analog part (SlitA) 
 16ch x 2 (F.C. & C.C.) 

Digital part (GM2DV0) 
16ch  



SlitA 

Mounted 
by me 

 with AVR 

Program writing pin 

Control switch 

CLK 
SDI 
CLB 

IC socket (AVR 
is mounted) 

Process : UMC 0.25mm 

*AVR  

M. Tanaka, T. Uchida 
M. Ikeno, H. Ikeda 
K. Ueno 

 



SlitA  
·Brief check 
ƁDC check 
ƁDigital control check 
ƁSignal check 

·Rough checkTendency & consistency with Sim. check  
ƁGain 
ƁNoise, jitter 
ƁPileup 
ƁThreshold scan 
ƁCrosstalk 

·Detail check 
ƁAdjustment of filter 
ƁEach parameter as well as described above 
ƁResponse of negative charge 

·Detector test 
 
 

Now 

M. Tanaka, T. Uchida 
M. Ikeno, H. Ikeda 
K. Ueno 

 



Setup 

Test pulse in 

100f Cd 

S 

AMON 

SlitA 

Oscillo. 
DPO7254 

Active  
probe 

Function 
Generator 

Block pulse50kHz width 50ns  
Ampl. 30-180mV 1MIP:30mV 

Trg. 

D1 or D32 

M. Tanaka, T. Uchida 
M. Ikeno, H. Ikeda 
K. Ueno 

 



Gain FC  
Cd=1pF Cd=11pF 

Cd=28pF Cd=52pF 

A=36.7mV/fC A=36.8mV/fC 

A=37.2mV/fC A=33.5mV/fC 

Sim.(Tanaka-san) 80 100mV/3fC@Cd=30pFshaping = 100ns Consistent with Sim. 
Dynamic range : > 5MIP 

M. Tanaka, T. Uchida 
M. Ikeno, H. Ikeda 
K. Ueno 

 


