
GLD-MUON R/D
T.Takeshita for GLD @Snowmass 05

GLD-MUON system
R/D results

scintillator and photon sensor
R/D needed

GLD-muon R/D at Snowmass 05 T.Takeshita 

The GLD Concept
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GLD-MUON : detector
10cm 5.35m
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GLD detector



GLD-MUON : system

10cm>X

̃5cm

barrel module endcap module

4.5 ~ 7m
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4.5
~

6.5m
5.6k bars

3.2k bars

scintillator bars + MPC



• scintillator bar R/D at Kyungpook N. U.

• production at Misung co.

• TiO2 coated

GLD-MUON : scintillator R/D
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extrusion machine

PPO+POPO
1.3%+0.03%



GLD-MUON : scintillator R/D cont.
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Evolution

MINOS

no dopant

1st batch

2nd batch

• Progress



• Progress and study

GLD-MUON : scintillator R/D cont.
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MINOS=100

relative light yield 

2nd

1st

POPOP optimization



• detector is in the magnetic filed of 3T

• photon sensor at the both ends of scintillator

• we need small and semi-conductor photon sensor

• candidate is SiPM or MPC

GLD-MUON : photon sensor R/D 
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2µm

a pixel E (V/cm)

1     10     10     10
2               4              6

2µm



• test samples :  MPC(H100,H400) Multipixel 
Photon Counter     and               
SiPM(R1156) 

GLD-MUON : photon sensor R/D 
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GLD-CAL

Russian SiPM (Silicon Photomultiplier)

2ns

500mV

Photoelectron peaks observed with an oscilloscope
（using ORTEC 820A Fast Amp）

ＧＮＤ

e-

・Number of pixels: 34 x 34 = 1156 
・Bias Voltage : 64～67.5V
・Gain is ～10^6

Pictures of Russian SiPM

≒１ｍｍ

≒１ｍｍ

GLD-CAL

400pix <50μm>

100pix <100μm>

Effective area:
72.25%<100pix>
42.00%<400pix>

HPK MPCs

Hamamatsu MPC (Multi-pixel Photon Counter)

・Number of pixels: 100 and 400 
(direct comparison with R1156 is difficult)
・Bias Voltage : 47～51V  
・Gain : 10^6～10^7
・Now under development (Not commercially available yet)
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GLD-CAL

400pix <50μm>

100pix <100μm>

Effective area:
72.25%<100pix>
42.00%<400pix>

HPK MPCs

Hamamatsu MPC (Multi-pixel Photon Counter)

・Number of pixels: 100 and 400 
(direct comparison with R1156 is difficult)
・Bias Voltage : 47～51V  
・Gain : 10^6～10^7
・Now under development (Not commercially available yet)
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R1156

H100/H400



• Photon Counting capability

• at room temperature

GLD-MUON : photon sensor R/D 
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GLD-CAL

Photon Counting Capability

R1156 (V_B=63.2V, T=20C, Amp Used)

H100 (V_B=49.1V, T=20C, no AMP)H400 (V_B=48.8V T=20C, Amp Used)

! Photon counting up to several 
photons possible at room 
temperature
! H100 is excellent in photon 
counting !!  

c.f. gain: H100 > H400 > R1156 
Q ~ C(Vbias-Vbreakdown)
H400_48.8V H100_49.1V

R1156_63.2V

GLD-CAL

Photon Counting Capability

R1156 (V_B=63.2V, T=20C, Amp Used)

H100 (V_B=49.1V, T=20C, no AMP)H400 (V_B=48.8V T=20C, Amp Used)

! Photon counting up to several 
photons possible at room 
temperature
! H100 is excellent in photon 
counting !!  

c.f. gain: H100 > H400 > R1156 
Q ~ C(Vbias-Vbreakdown)
H400_48.8V H100_49.1V

R1156_63.2V
GLD-CAL

Photon Counting Capability

R1156 (V_B=63.2V, T=20C, Amp Used)

H100 (V_B=49.1V, T=20C, no AMP)H400 (V_B=48.8V T=20C, Amp Used)

! Photon counting up to several 
photons possible at room 
temperature
! H100 is excellent in photon 
counting !!  

c.f. gain: H100 > H400 > R1156 
Q ~ C(Vbias-Vbreakdown)
H400_48.8V H100_49.1V

R1156_63.2V

H100 is excellent

R1156

H400

H100

ADC-dist.



Entries  499712

Mean    406.2

RMS     189.2
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Entries  499712

Mean    406.2

RMS     189.2

• MPC H100 photon counting capability GLD-CAL

H100: Peaks up to ~40 photons can be observed. 

LED 4.5V×10ns LED 5.5V×10ns

LED 6.5V×10ns LED 7.5V×10ns

These data were taken by changing LED light intensity.
Up to ~40 photon peaks can be observed. Excellent !

different led drive voltages

up to ~40 photons or pixels

GLD-MUON : photon sensor R/D 
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changing led pulse width

up to ~60

ADC-dist.



• Noise rate 

• -30mV threshold 

• with amp (x200)

GLD-MUON : photon sensor R/D 
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GLD-CAL

H100-1 H100-２

H４00-1 H４00-２

Noise rate measurement (H100/H400)

! At 20C:
! H100: below 10kHz
! H400: below 0.3MHz

! H100: More noise rate at 
lower temperature??

!Other effects such as 
gain change and cross 
talks should be taken 
into account to 
understand. 

0.1MHz
0.1MHz

0.1MHz0.1MHz

-20C

-10C

0C

10C

20C

!Threshold = -30mV with fast amplifier (200 x ) : same as R1156 
!Measurements performed at bias voltages where photon counting is possible       

GLD-CAL

H100-1 H100-２

H４00-1 H４00-２

Noise rate measurement (H100/H400)

! At 20C:
! H100: below 10kHz
! H400: below 0.3MHz

! H100: More noise rate at 
lower temperature??

!Other effects such as 
gain change and cross 
talks should be taken 
into account to 
understand. 
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!Threshold = -30mV with fast amplifier (200 x ) : same as R1156 
!Measurements performed at bias voltages where photon counting is possible       

GLD-CAL

Noise rate measurement (R1156)

!Threshold = -30mV with fast amplifier (200 x ): well below single-pixel signal
!Some of R1156 samples

!V_B=64 ~ 67.5V (0.5V step), T=-20, -10, 0, 10, 20C
!The red dotted lines show 1MHz level

↑Noise Rate of some Russian SiPMs

NO12 NO15

NO02 NO２９

-20C

-10C

0C

10C

20C

GLD-CAL

Noise rate measurement (R1156)

!Threshold = -30mV with fast amplifier (200 x ): well below single-pixel signal
!Some of R1156 samples

!V_B=64 ~ 67.5V (0.5V step), T=-20, -10, 0, 10, 20C
!The red dotted lines show 1MHz level

↑Noise Rate of some Russian SiPMs

NO12 NO15

NO02 NO２９

-20C

-10C

0C

10C

20C

R1156

H400
H100

1MHz

MPC’s are calm

Vbias

Noise Rate(Hz)



• absolute gain for H100

photon sensor R/D cont. 
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GLD-CAL

H100 absolute gain at room temperature (20C)

48.9V48.7V

↑Gain Calculated from peak interval Gain vs Bias Voltage

! We made the measurement for a H100 sample (no amplifier is used).

→ H100 MPC’s gain increases as a function of bias voltage 
with its maximum gain ~ 2 x 10^7 at V_B >= 49.1V.

! Peak distances at low bias voltage are not equal. 
→ we would like to have better understanding

(Temperature 20C)

gain~2 x 107

ADC dist.

peak #

absolute
 gain

Vbias

peak
to

peak
absolute gain



• gain vs temperature 

• as a function of bias voltage

GLD-CAL

Russian SiPM

!Gain of R1156 is higher at lower 
temperature (consistent with 
semiconductor characteristics)

!Gain variation between samples is large, 
as long as our small number of samples are 
concerned. 

-20C

-10C

0C

10C

20C

photon sensor R/D cont. 
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GLD-CAL

HPK MPC H100-1 H100-2

H400-1 H400-2

! Gain(H100) is larger than Gain(H400) 
in general.
! MPC gain is higher at lower 
temperature. 
! At room temperature (20C),

!Gain(H100) > 10^7
!Gain(H400) > 10^6

!The gain variation is very sensitive to 
bias voltage. 
" Accurate voltage control will be 

necessary for stable operation. 
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GLD-CAL

Russian SiPM

!Gain of R1156 is higher at lower 
temperature (consistent with 
semiconductor characteristics)

!Gain variation between samples is large, 
as long as our small number of samples are 
concerned. 
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20C

R1154H100

GLD-CAL

HPK MPC H100-1 H100-2

H400-1 H400-2

! Gain(H100) is larger than Gain(H400) 
in general.
! MPC gain is higher at lower 
temperature. 
! At room temperature (20C),

!Gain(H100) > 10^7
!Gain(H400) > 10^6

!The gain variation is very sensitive to 
bias voltage. 
" Accurate voltage control will be 

necessary for stable operation. 
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10C
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higher gain at lower temp.

H400

106
gain



• pixel to pixel test by laser photon 532nm

photon sensor R/D cont. 
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Position distribution

! Position distribution for 
efficiency between two 
pixels

! Two pixels position : 
center of sensor

! Wavelength  : 532nm

! Sensor bias : 49.0V

Event number (0pe, 1pe) vs

Position

▲ : 0photon event number

● : above 1photon event number

Setup 

Output circuit

YAG Laser

Logic system

YAG Laser 

Wave length & power:

532nm (10mJ/cm2), 1064nm (20mJ/cm2)

Use filter : down to10-8

Trigger : from Laser system

Pulse width : <10nsec

Spot size : <2um 

Precision of laser position : ±2um

Nphoton~1



• pixel test by laser photon

photon sensor R/D cont. 
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DPPD 
DPPD : Digital Pixel Photo-Detector

from Hamamatsu Company (in Japan)

We have two types of DPPD

100pixels : 10x10pixels

400pixels : 20x20pixels

Wire bondings are covering with optical glueDPPD 400pixels

~100um

~35um

~30um
~50um~85um

DPPD 100pixels (10x10pixels) DPPD 400pixels (20x20pixels)

laser beam spot

Pulse height vs Pixel position 

Pulse Height

1photon 

mean
0photon 

mean

! Pulse height = 1photon mean value – 0photon mean value

! Fluctuation of PH : ~10% 

H100-0



• to do  list

• linearity (saturation)

• efficiency (overall and pixel)

• X talk ? (pixel to pixel)

• device to device difference

• improve MPC with Hamamatsu PK.

photon sensor R/D cont. 

GLD-muon R/D at Snowmass 05 T.Takeshita 



GLD-muon R/D
• scintillator production is in progress

• photon sensor R/D is on going

• beam test a bar+2MPC’s this fall

• simulation effort is needed for realistic 
muon detector

• efficiency for muon/ misidentification

• optimum number of layers

• thickness of the bar

GLD-muon R/D at Snowmass 05 T.Takeshita 


