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• Stopping positive kaon system at J-PARC, Japan
• E36 detector based 12 sector toroidal magnet system
• Phys data taking until Dec. 2015
• e+/ 𝜇! PID with TOF + AC + PGC
• 𝛾 detected by CsI(Tl) + GV
• Lepton tracking using Target + SFT + C2-4 chambers
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Fig. 3. (a) Typical waveform of the CsI(Tl) calorimeter signal. The open circles
are the data and the red line is a fitting result of the waveform model. (b)
The deviation of the data points from the fitting result. (For interpretation of
the references to colour in this figure legend, the reader is referred to the web
version of this article.)

model function were derived by minimizing the �2 values. The red line
in Fig. 3(a) is the fitting result using the abovemethod, and the deviation
of each data point (dh) is shown in Fig. 3(b). Typical �2 values are
distributed in the region of 100–500 (the number of degrees of freedom
= 250* 8 = 242) which is mainly due to the imperfect reproducibility of
the CsI(Tl) output by the waveform model.

3.2. Pulse separation of pileup events

For the analysis of pileup events, the maximum dh value (dh
max
)

was first determined in the entire region using a single-pulse fitting.
The waveforms with dh

max
 > 10 can be recognized as two or more

pulse components. The deviation of the data points from the single-pulse
fitting result for a typical pileup event is shown in Fig. 4(b), black line.
These events were treated as pileup events, and multiple pulses in the
fitting were taken into account. Then, the �2 value using a double-pulse
waveform was again minimized by changing the fitting parameters. A
typical pileup waveform is shown in Fig. 4(a), black open circles. We
can accept events as a double-pulse waveform with the conditions of (i)
a waveform with dh

max
 < 10 and (ii) the time interval between the

1st and the 2nd signals is greater than 200 ns. The rejected events are
treated as events with further multiple signals. The red and green solid
lines in Fig. 4(a) are the fitting results using the single-pulse and double-
pulse fitting functions, respectively. The associated decomposed pulses
are shown as the green (1st pulse) and blue (2nd pulse) dotted lines.
The thick red line in Fig. 4(b) shows the dh distribution assuming the
double-pulse fittings, which indicates successful pulse separation using
the double-pulse fitting.

4. CsI(Tl) calibration using K�2 decay events

4.1. Background reduction by observing the e+ from �+ decay

The CsI(Tl) energy calibration was performed using mono-chromatic
�+s from the K�2 decays at rest in the K+ stopping target. The original
�+ kinetic energy from stopped kaon decays was 152.5 MeV. These
muons were stopped in the CsI(Tl) crystal after losing their energies
in the target and generated the delayed e+ signal from the subsequent
�+ ô e+ Ñ⌫�⌫e decay. The e+ signal can be observed as the second pulse
in the waveform analysis using the double-pulse fitting.

The K�2 events were selected by the following conditions: (I) the
number of hit crystals was only one, (II) the first pulse time coincided

Fig. 4. (a) Typical pileup waveform of the CsI(Tl) calorimeter signal. The open
circles are the data points. The red and green lines are the results adopting the
single- and double-pulse fitting function. The green and blue dotted lines are
the decomposed 1st and 2nd pulses. (b) The deviation of each data point from
the fit curves. The black and red lines are the results using the single and double
fitting, respectively. (For interpretation of the references to colour in this figure
legend, the reader is referred to the web version of this article.)

with the K+ decay, and (III) the waveform data was successfully
analyzed as a double-pulse waveform.

The pulse height spectrum obtained by selecting events with only the
conditions (I) and (II) are shown in Fig. 5 as the black histogram. On
the other hand, the red filled histogram represents events selected with
all the above conditions. It is clearly seen that background components
below the K�2 peak are significantly suppressed by requiring the �+

decay in the CsI(Tl). Here, the backgrounds are considered to be mainly
accidental events created by the beam particles.

Then, the signal to noise ratio (S/N) was calculated as,

S_N =
N(500 f l < 800)

N(l < 500, 800 f l)
, (5)

where l is the pulse height of the first pulse obtained by the fitting. The
K�2 peak region and the background dominant region were separated
as N(500 f l < 800) and N(l < 500, 800 f l), respectively. The
S/N ratio was determined to be Ì0.4 for the events selected with the
conditions of (I) and (II). Next, the �+ selection by requiring the double-
pulse waveform was performed, and the S_N was obtained to be Ì4.
Thus, we can conclude that the requirement of the �+ stop and decay
in the CsI(Tl) is a very useful technique to reduce the backgrounds from
the beam particles and make the CsI(Tl) energy calibration significantly
more accurate.

4.2. CsI(Tl) performance check

For the CsI(Tl) energy calibration, the �+ energy loss in the target
system should be added to the �+ energy observed by the CsI(Tl). The
energy conversion factor, k, can be formulated as k = (152.5*Et MeV)_l,
where Et is the muon energy loss in the target. The �+ path length in
the target was obtained by connecting the CsI(Tl) center of the �+ hit
module and theK+ vertex position determined by the target system. The
typical k value was obtained to be 2.1–2.5 MeV

*1. Then, the �+ energy
spectrum from the K�2 decay is obtained by taking into account the
energy loss in the target as E = kl +Et, as shown in Fig. 6. The red and
blue spectra indicate the calibrated energy spectrum with and without
the target energy correction, respectively. The target energy correction
improved the energy resolution to � = 2.63% from 4.73%.

3

• K!", K#" are familiar decay channel.
• These channel are used for calibration.

• Waveform model was developed [4].
• Pileup correction was success.
• 𝜎$~2.6%@153MeV, 𝜎%~10ns

Critical background

• 𝐾+,- (SD) (0𝛾) contaminate to RK calculation.
• RK determine should be corrected 𝐾+,- (SD).
• 𝐾+,- (SD) status (Br, 𝜆) is studied precisely.
• In 𝐾+,- (SD)

• 𝐸- tends to 100~200 MeV.
• 𝜃+- tends to 150~180 deg.
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3. Study of Ke2γ
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E36 exp. aims to 𝑒)- 𝜇) LUV test by RK measurement. Critical BG is 𝐾&"' SD event.
Our detector has observed familiar kaon decay channel which is consistent with MC. So, we ready to
determine a branching ratio and form factor for 𝐾&"' in used these spectra. Then, Applying the BG
correction, RK would be determine carefully.
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The J-PARC E36 experiment aims to search for a lepton
universality violation in the ratio of decay widths, 𝑅E =
Γ(𝐾! → 𝑒!𝜈)/Γ(𝐾! → 𝜇!𝜈), by adopting a stopped 𝐾!
beam method. A structure dependent (SD) radiative
𝐾! → 𝑒!𝜈𝛾(𝐾+,-) decay is one of serious backgrounds to
deduce the 𝑅E value. The SD 𝐾+,- branching ratio and its
decay form factor are successfully determined in the
analysis.
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