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B :  1 ~ 1.5 T 

E42/45/72 Hadron experiments @ J-PARC
E42 : Search for the H-dibaryon(uuddss) in mass region near ΛΛ threshold via 12C(K-, K+) reaction
E45 : Baryon spectroscopy with (𝛑,2𝛑) reactions at J-PARC E45 
E72 : Search for a narrow Λ* resonance using the p(K−,Λ)η reaction

TPC trigger hodoscope

HYPERON SPECTROMETER @J-PARC
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TPC TRIGGER HODOSCOPE
Suppression of 30 % background

(80 cm)
(7 cm)
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MPPC - S13360-3050CS
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METHODS OF BIASING MULTI-MPPCS

Series
connection

Parallel
connection Individual biasing

Schematic 
drawing

Bias HV ~58 x [N ch] V ~58 V ~58 V

S/N 〇 bad 
(due to long tail)

〇

* Weak points

: MPPC

HV

Vout
: Preamp

HV

Vout

HV

Vout
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PROTOTYPE TEST FOR BIASING METHOD 
Setup & purpose (MPPC - S13360-3050CS)

Trigger’s counters  
(σT  ~ 110 ps)

7012 60°

150

MPPC

PMTPMT

10

PMTPMT

Cosmic ray
(side view)

(top view)

1. series connection

2. parallel connection

3. individual biasing

Prototype with short scintillator and 4 MPPCs

Directly compare the time resolution of the 
three biasing conditions

Test conditions

(w/ summing amplifier)

196 ± 3 ps

273 ± 3 ps

170 ± 4 ps
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NEW READOUT CIRCUIT DEVELOPMENT

It consists of separates boards.  8 preamps and MPPCs, 
the other is a summing-amplifier.
Up to 8 MPPCs available on one side of the scintillator
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CIRCUIT DIAGRAM
Preamplifier part Sum-amplifier part
AD8000 (ultra-fast Op-amp)

Coupling capacitor  
 to reduce DC offset 

Pole-zero  
compensation

Baseline  
adjustment

Sum-amp gain 
(X1 ~X4)

Vin = iMPPC ⇤R1
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Vout/Vin = R4/(R2 +
R3

2⇡fcR3 + 1
) ⇠ 19.4

<latexit sha1_base64="ECgaP0Au+bSp26qbFwu6xtpVTjc="></latexit><latexit sha1_base64="ECgaP0Au+bSp26qbFwu6xtpVTjc="></latexit><latexit sha1_base64="ECgaP0Au+bSp26qbFwu6xtpVTjc="></latexit><latexit sha1_base64="ECgaP0Au+bSp26qbFwu6xtpVTjc="></latexit>

Current in
Vout

Preamp’s output



200 mV

10 ns

Scintillator + 90Sr output

PCB (back side) - MPPCs on the board

S13360-3050PE (50 um pixel, 3 x 3 mm2) 

33.5 mm
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MULTIPLE MPPC SIGNAL READOUT CIRCUIT

PCB (front side) 
Readouts

8 preamps

Bias HV adjustment Amp gain adjustment

New readout circuit
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TEST FOR TIME RESOLUTION MEASUREMENT

Setup & purpose

MPPCMPPC

PMTPMT

PMTPMT

Leading edge 
Discriminator 

(Threshold : 0.1 MIP)

Gate generator

TDC (LSB: 35 ps)  
Caen V775N

QDC  
Caen V792N

(Trigger)

(x10)

80 cm

Measure the time resolution of 
the real-size hodoscope using the 
new readout circuit.

Setup & purpose



TPC Hodoscope’s σT  ~ 140 ± 1 ps (~ 2 MeV MIP )

 left PMT : QDCHodo ~ PMT1TOF
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ANALYSIS & TEST RESULT
Red line : TOF distribution 
after time walk correctionTimewalk correction t0 = t+

ap
Q�Q0

+ b ln (Q�Q0)
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σ  ~ 142 ± 1 ps σ  ~ 177 ± 1 ps σ  ~ 172 ± 1 ps

Time-of-flight distributions
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OPTIMIZATION STUDIES
Bias voltage dependence

Summing-amplifier’s gain 
amplification X1 (default) X2 X4

Time resolution 140 ± 1 ps 142 ± 2 ps 152 ± 1 ps
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SUMMARY

• We developed an 80 cm long counter with 140 time resolution 

using MPPCs.

• New attempts have been made to improve time resolution.
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EJ-200
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EJ-200
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MPPC
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Equivalent circuit of MPPC’s single GAPD

RS : Resistance of the entire APD during a discharge 
RQ :Quenching resistor 
CJ : Junction capacitance 

Current flowing through the APD as a function of time 

typical values
RS ~1 k, RQ~150 k, Cj~0.1 pf

I
i-I



MPPC
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HAMAMATSU S13360-3050CS (3 x 3 mm2)
Vop = Vbr(51 V) + 3.0 V (Vbr : breakdown voltage)

DATA SHEET
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TIME RESOLUTION DEPENDENCE ON THE NUMBER OF MPPC (PROTOTYPE TEST)

~ 160 ps 

~ 102 ps 
~ 51 ps 

~ 344 ps 
one MPPC data

four MPPCs data

Extrapolation

�2 = a2 + (b/npe)2
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CIRCUIT DIAGRAM



CIRCUIT DIAGRAM



EVENT SELECTION

(Red histograms of the selected event)
Bottom trigger Top trigger
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Hodoscope 

In the position distribution, selected the 8 cm section of the both triggers. 
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