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Selection Cuts
• Obtained data contains lots of background 

• Background: Unwanted events such as different modes of the K-
decay, pi0 generation etc. 

• In order to select signal only by rejecting background, we use 
observables which have different distribution between signal and 
background 

• Keep signal as large as possible  
and to reject background as many as possible 



two gamma 
from pi0

n/gamma  
separation



Use well reconstructed gamma
Energy 
 Gamma energy distribution 
 125MHz, 14 bit (214 = 16384) 
 Resolution

Fiducial 
 Shower leakage
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PT-Z plot



Projection angle 
 - Two body kinematics 
 - To reject  KL->gamma gamma

Cluster distance 
  - separation ability 
  - kinematics of pi0 decay

Gamma total energy 
  - pi0 from KL (500 MeV/c2) 
  - Trigger by using Esum

COE : center of energy 
  - weighted mean in CsI surface 
  - All particles enter CsI, COE=0 

Vertex time difference  
  - To reject accidental coincidence

Distance from dead channel 
  - Incorrect gamma information  



e-theta

energy ratio

even pairing

odd pairing

Proposal  p59



Cluster, shower shape cut

Shape Chi-2 
  - discrepancy to the template 
     (Given energy, given angle) 
Size : How many crystals make cluster 
RMS :

π0 event

neutron event
Masuda Theses p59



Pulse shape analysis
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CHAPTER 5. PULSE SHAPE STUDY

5.3.2 Fitting procedure

The waveforms of all the channels included in the cluster were analyzed. At first, the pulse and
the timing of its peak were identified in the waveform by fitting the waveform with a pulse shape
template, with the method described in [43, 49]. The pulse shape template for each channel
was made from averaged waveforms of KL → 3π0 events taken in Run 49. After identifying
pulses, the waveform was fitted with the Asymmetric Gaussian function. The range to fit
the waveform was between 20 clocks before the peak and 6 clocks after the peak. Figure 5.2
shows an example of fitting the waveform of one CsI calorimeter channel with the asymmetric
Gaussian function.
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Figure 5.2: An example of fitting waveform with an asymmetric gaussian function.

5.4 Comparison of typical pulse shapes

5.4.1 Pulse shape template for photon-rich sample and neutron-rich
sample

The typical pulse shapes of photon-rich sample and neutron-rich sample were compared. The
mean and standard deviation of two fitting parameters, σ0 and a, were calculated from the
distribution of these fit parameters derived from the fit result for events. The mean and
standard deviation of two fitting parameters were used for making pulse shape templates. The
templates were prepared for each channel and for multiple pulse-height ranges. The template
were made separately for photon-rich sample and for the neutron-rich sample. Figures 5.3 and
5.4 show the statistics of the events used to make the template of those samples. Most of
crystals had more than 10000 events for the photon-rich samples. For neutron-rich samples,
the crystals in the region 500 mm from the center of the CsI calorimeter had around 10000
events and the crystals outside the region had 100 ∼ 1000 events.

Figures 5.5 and 5.6 show the σ0 and the asymmetric parameter “a” used for making template
pulses for one crystal. There are clear discrepancies between photon-rich sample and neutron-
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5.3. WAVEFORM FITTING

events recorded in the data taken in Z0-Al-target run was estimated to be 3361, considering
the total number of protons used in the analysis and the prescale factor. This corresponds to
(0.93± 1.59)× 10−4 of events used for the pulse shape study. The contamination of KL decay
events was thus negligible also in the data for the pulse shape study.

Table 5.4: The summary of event selection cuts for KL → 2γ analysis.
Cut Requirement

Number of Photon Clusters 2
Trigger Bias Cuts
Total energy of photons >650 MeV
Veto cuts Table 4.2
Photon Cluster Quality Cuts
Fidutial Cut |xcluster| >150 mm, |ycluster| >150 mm,√

x2
cluster + y2cluster <850 mm

Photon Energy Eγ >50 MeV
Cluster distance >150 mm
Photon timing difference <3 ns
Cuts for Kaon
PT of reconstructed KL <50 MeV/c
ZKL

vtx 3000 mm< ZKL
vtx <4700 mm

5.3 Waveform fitting

To compare the pulse shapes in photon-induced clusters and neutron-induced clusters, we need
to quantify the characteristics of the pulse shape. To quantify the characteristics of the pulse
shape, the waveforms were fitted with a given function.

In this section, the fitting function and procedure of fitting waveforms will be described.

5.3.1 Asymmetric Gaussian

The recorded pulse had a shape similar to the Gaussian function because the signals from the
CsI calorimeter channels were digitized and recorded after shaping by a 10-pole Bessel filter.
If the PMT output pulse is enhanced in the tail region, the pulse shape after the filter will
be broader and asymmetric. To parametrize the width and asymmetry of the pulse-shape, the
waveforms were fitted with a Gaussian-like function called “Asymmetric Gaussian function”:

A(t;A, t0, σ0, a) = |A| exp
(
− (t− t0)2

2(a(t− t0) + σ0)2

)
+ Pedestal, (5.1)

where |A| represents the pulse height, t0 represents the timing of the peak, and σ0 represents the
width of pulse shape. The parameter “a” is called “asymmetric parameter” which represents
the asymmetry of the pulse shape.
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Figure 5.5: The σ0 as a function of pulse-height
for CsI ID=1406. Red and blue points repre-
sent the neutron-rich sample and the photon-
rich sample, respectively. The error bars repre-
sent the standard deviation of the parameter.
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Figure 5.6: The asymmetric parameter “a” as a
function of pulse-height for CsI ID=1406. Red
and blue points represent the neutron-rich sam-
ple and the photon-rich sample, respectively.
The error bars represent the standard deviation
of the parameter.
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Figure 5.7: The difference in σ0 between the
photon-rich sample and the neutron-rich sample
vs. pulse-height distribution for all channels of
the CsI calorimeter.
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Figure 5.8: The difference in the asymmetric
parameter “a” between the photon-rich sample
and the neutron-rich sample vs. pulse-height
distribution for all channels of the CsI calorime-
ter.
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Figure 5.5: The σ0 as a function of pulse-height
for CsI ID=1406. Red and blue points repre-
sent the neutron-rich sample and the photon-
rich sample, respectively. The error bars repre-
sent the standard deviation of the parameter.
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Figure 5.6: The asymmetric parameter “a” as a
function of pulse-height for CsI ID=1406. Red
and blue points represent the neutron-rich sam-
ple and the photon-rich sample, respectively.
The error bars represent the standard deviation
of the parameter.
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Figure 5.7: The difference in σ0 between the
photon-rich sample and the neutron-rich sample
vs. pulse-height distribution for all channels of
the CsI calorimeter.
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Figure 5.8: The difference in the asymmetric
parameter “a” between the photon-rich sample
and the neutron-rich sample vs. pulse-height
distribution for all channels of the CsI calorime-
ter.
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