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Energy	Calibration	using	Kmu2
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!L; !" → 7"%L :	Kinetic	energy	153	MeV	peak	for	stopped	muon
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Advantages
• Non accelerator method
• Enable for versatile EM-calorimeter
• 53 MeV interpolating gap of 1-100 MeV

A new energy calibration method of EM-calorimeters using stopped cosmic-
ray muons was established. The end point of the energy spectrum of the
FADC second signal can be used as the calibration point of 53.2 � 3.2 MeV.
This method is applicable to various calorimeters, and it has been adopted by
the J-PARC E36 experiment.
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• 768 CsI(Tl) crystal modules
• 18 x 18 (28 x 28) mm2 PIN diode 
• Pre-amplifier + Shaping amplifier
• Flash ADC VF48 (25 MHz)
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CsI(Tl) Calorimeter

In this study, a new calibration method for EM-calorimeters was
developed using the Michel spectrum end point of muon decays
($" → %"&'&( ) in the crystal. This method was established by
comparing the experimental data with a Monte Carlo (MC)
simulation.
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Precise Measurement of ;< = L(N" → %"&')/L N" → $"&(
using stopped positive kaons @ J-PARC K1.1BR

Detector
• Beam Cherenkov for N"/P"
• Active Target
• Spiral Fiber Tracker (SFT)
• MWPC (C2, C3, C4�

Flash ADC VF48
manufactured
at TRIUMF

PIN diode 

Condition
• Stopped cosmic-ray muons
• Use of Flash ADC
• Waveform analysis
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muon life-time: W( = 2.197	µs

• The expected spectra of absolute energy, S'T and S'\, were calculated with
a MC simulation assuming uniform muon stopping in a crystal (blue and red
lines, respectively).

• The experimental data (black dots) were fitted to these simulated spectra by
adjusting the energy gain factor (horizontal scale), mainly using the e+ region
between 20 − 40	MeV. The magenta dotted line is the fitted line.

• A good fit was obtained with cF/def = 18.85/19. The end-point energy of
53.2	 ± 3.2	MeV was determined.

• Right figure shows the time difference distribution between the first and
second pulses under the conditions of 20 < S'T < 80	MeV (closed circles)
and 20 < S'T < 40	MeV (open circles). Using $" dominant events selected
by 20 < S'T < 40	MeV, the exponential decay constant was determined as
W = 2.10 ± 0.04	µs, which is consistent with the known $" life time.
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Timing of muon detection
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• TOF1, TOF2
• Aerogel Cherenkov (AC)
• Pb Glass Counter (PGC)
• CsI(Tl) Calorimeter
• Gap Veto

Flash ADC Typical Waveform
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f(µ+) in E36 CsI, GEANT-4 MC
f(µ-) in E36 CsI, GEANT-4 MC
Fitting: F = f(µ+) in 20-40 MeV

cF/	def = 18.845/	19
Result: Endpoint = 53.2 � 3.2 MeV

Fitting: F =1.1 f(µ+)+ f(µ-) in 20-80 MeV
cF/	def = 39.023/	39
Result: Endpoint = 55.3 � 3.3 MeV
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 in a CsI(Tl) Crystalνν e→µ

Background: N" → %"&'k (SD) 
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Stopped	Cosmic	muons

Ee max	=	53	MeV

IEEE2016.11



2017/09/22 4

Stopped	Cosmic	muons
Preliminary	Result
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Summary

• Energy calibration was performed for CsI(Tl) 768 ch by
new waveformmodel.

• e+ emitted from stopped cosmic muons were observed in
doublepulse events.

• Now, data analysis of 50% is finished.

• And, the technic to analyze a large size file is challenged.

• Next plan is the fitting on the energy distribution for e+/e-
from μ+/μ- with shower leakage.


