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Chang-guo LU – RPCs at BELLE & BES-III

physics:3 
machine 2:

tool : 4

R/D : 7 
other det. : 6
concept : 3

PID : 2



Machine impact 
Beamline backgroud muons :  N. Mokhov

tunnel size

<E>=50GeV
4.1 /cm/s

spoiler detector 

2 1.2 x 10     /cm/s -3 



pysics impact at MUON
M.Battaglia : low P muon

J.Proulx : High P

A.Freitas : universe
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Smuon energy angular dependence

No cut on angle
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Joseph Proulx - University of Colorado - ILCWS05 – p.11/27

150GeV

Smuon Energy Distribution at SPS1

e+e− → µ̃+
Rµ̃−

R

e+e− → µ̃+
L µ̃−

L

µ̃± → χ̃0
1µ

±
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Two distributions corresponding to two different smuons
add to form energy distribution with four endpoints.

Number of events is proportional to cross section and thus
polarization.

Joseph Proulx - University of Colorado - ILCWS05 – p.10/27

Universal extra dimensions



muon-sim. Impact
muon detector special resolutions : C.Milstene

2b-MUDET-Angular resolution 

=f(Layer Num) -4GeV-Kalman right
Dz

L0 L6 L10

L14 L18 L22

L26

4GeV muon

muon detection in jets

p>3GeV det/
gen eff.

muons 668/
739 90%

pions 92/
18029 0.5%

kaons 52/
4301 1.2%27mrad

1.1cm
refer to muon session 

2b-MUDET-Angular resolution 

=f(Layer Num) -4GeV-Kalman right

Kalman fit improves them drastically 

L26



Three concepts impact

concept detector N of 
layers B field

SiD scinti-
strip 12 5T

LCD RPC 8,10 4T

GLD scinti-
bar 5 3T

8 planes

single muon momentum
10  

LDC

How to combine HCAL?



detector R/D impact
Photon sensor R/D

Geiger Mode APD : R. Willson
162nm single pixel

8ch active 
quenching 

circute
l Temperature dependence of GPD operating
    bias voltage ≈ 0.013 V/°C
l Operating plateau width ≈ 0.100 V

DCR

l GPD coupled to 60 cm length of Y-11 fiber
l Excited by LED flasher set for 1 CR-
    equivalent 

DE

Vbias~16V

64ch GPD from aPeak



detector R/D impact cont.
Photon sensor R/D

Multipixel Photon Counter : T.Takeshita

2µm• test samples :  MPC(H100,H400) Multipixel 
Photon Counter     and               
SiPM(R1156) 

GLD-MUON : photon sensor R/D 

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

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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2ns
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e-

・Number of pixels: 34 x 34 = 1156 
・Bias Voltage : 64～67.5V
・Gain is ～10^6
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detector R/D impact 
cont.

scintillator bar production 

MINOS

no dopant

1st batch

2nd batch

MINOS=100

relative light yield 

2nd

1st

expect more light



detector R/D impact 
cont.

Mechanically Quenched RPC : M.Piccolo

3mm mesh
sandwiched

 600 mV

 100 ns

~GM

~LStream

mechanical Quench works



muon detectors

detector 
type

current 
application talker

wire 
chamber

D0 Forward
BaBar

D.Denisov
S.Swain

RPC BaBar,Belle,
BESIII C. Lu

scintillator prototype
MINOS

R.Abrams,M.Wayne
M.Thomson



summary

muon activity is growing up

showing nice results

we’ve learnt many examples 

hope more interest on muon activity


