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Outline

• PID Efficiency of K±

• Tracking Efficiency of K±

• Photon Efficiency

• Kinematic Fit

• Unfolding

• KKπ0
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PID Efficiency: Data set and MC samples

Control sample: J/ψ → K 0
s K

∓π± → π+π−K∓π±

Data sets:

• 2018, 2019 J/ψ data.

Boss Version:

• 708

MC samples:

• 2019 inclusive MC

• 2018, 2019 DIY signal MC
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PID Efficiency: Event selection
Good charged tracks:

• |cosθ| < 0.93

• NGood =4,
∑

Qtrack = 0

Vertex Fit:

• Using the second vertex fit to reconstruct K 0
s

• Retain the combination with the mass closest to K 0
s .

• L/σL > 2

• |Mπ+π− − K 0
s | < 10 MeV

PID:

• Tracks from K 0
s and the π from J/ψ: Pπ > PK&&Pπ > PK

Kinematic Fit:

• K 0
s , π

± and K∓ are used to do the 4c kinematic fit: χ2
4c < 40.

• Exchanging K and π and getting χ2
Exc . χ

2
4c < χ2

Exc .
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PID Efficiency: Event selection

Further Selection:

• |Vz | < 20 cm, Vr < 5 cm for the tracks from K 0
s

• |Vz | < 10 cm, Vr < 1 cm for the tracks from J/ψ

Then identify Kaon as the nominal e+e− → K+K−γISR selection:
PID strategy:

• Pp > PK&&PK > 0.0001

The event number got without identifying the Kaon is N1 and that passing the
Kaon identification is N2. The PID efficiency is:

ϵ = N2/N1, and the error is σϵ =
√

ϵ(1−ϵ)
N1

The signal purity is more than 99%, nearly background free.
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PID Efficiency: 1D efficiency
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• Good agreement between data and MC except the region at the low energy
which doesn’t matter in this work.
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PID Efficiency: Correction factor (2D)
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PID Efficiency: Correction factor varies with MKK
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How to get the Correction factor varying with MKK :
• For each event, get the correction factor of it in the corresponding bin in the cosθK+ and

pK+ 2D distribution and fill the histogram weighted by the correction factor.

• Then calculate the ratio of each MKK between the corrected one and the original one
and get this bin’s correction factor.

• Varying the 2D correction factor by a gauss distribution with mean=correction factor and
uncertainty=bin error. Using the new correction factors to do the same thing. Repeating
this for 10000 times.

• Using a gauss function to fit the weight factor in each MKK bin and get the uncertainty
of it.
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PID Efficiency: Systematic uncertainties of PID

efficiency
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• We take the uncertainty of the weight factor as the systematic uncertainties.
Below the 1.2 GeV/c2 the systematic uncertainty is taken as 0.08% for one
track. From 1.2 to 2.6 GeV/c2, the systematic uncertainty is taken as 0.6%
for one track. Above 2.6 GeV/c2, the systematic uncertainty is taken as 1%
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Tracking Efficiency: Event selection
Good charged tracks:

• |cosθ| < 0.93

• NGood =3,
∑

Qtrack = ±1 for tagging K±. NGood =4,
∑

Qtrack = 0

Vertex Fit:

• Using the second vertex fit to reconstruct K 0
s

• Retain the combination with the mass closest to K 0
s .

• L/σL > 2

• |Mπ+π− − K 0
s | < 10 MeV

PID:

• Tracks from K 0
s and the π from J/ψ: Pπ > PK&&Pπ > PK

Kinematic Fit:

• Missing K and doing 1c kinematic fit: χ2
1c < 5.

• |cosθfit | < 0.93

• Exchanging K and π and getting χ2
Exc . χ

2
1c < χ2

Exc .
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Tracking Efficiency: Event selection
Further Selection:

• For the events with NGood = 4, the angle between the reconstructed
Kaon track and the recoiled track should be smaller than 2◦.

• |Vz | < 20 cm, Vr < 5 cm for the tracks from K 0
s

• |Vz | < 10 cm, Vr < 1 cm for the tracks from J/ψ

Then tracking the Kaon as the nominal e+e− → K+K−γISR selection:
Tracking method:

• |cosθ| < 0.93

• |Vz | < 10 cm, Vr < 1 cm

• E/p< 0.8, here E is the deposited energy in EMC.

The event number got without tracking the Kaon is N1 and that after tracking
Kaon is N2. The tracking efficiency is:

ϵ = N2/N1, and the error is σϵ =
√

ϵ(1−ϵ)
N1
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Tracking Efficiency: Comparison of different

selections

Selection criteria background ratio Signal lost Nsignal

Original selection 5.5% 4212687
χ2
1c < χ2

Exc 4.5% 7.4% 3979619
χ2
1c < χ2

Exc&&matchangle < 2 2.5% 16.9% 3855789
χ2
1c < χ2

Exc&&matchangle < 2&&Nγ < 2 1.0% 41.0% 2742770

• More cuts to suppress the background. The photon is tagged by the
nominal good photon selection except that the open angle should be
smaller than 10.

• The last cut is chosen for now, since we need to minimize the impact of
background description as much as possible.
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Tracking Efficiency: Comparison between MC and

data (missing)
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• The signal MC is the DIYMC and the background is got by the inclusive
MC. The total event of MC is scaled to data. And the background MC is
scaled by the statistics of data.

• The combined MC can described the data well.
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Tracking Efficiency: Comparison between MC and

data (reconstructed)
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• Situation is similar to the missing.
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Tracking Efficiency: 1D efficiency
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• Great agreement between data and MC near 1 GeV. However the efficiency
of data jumps near pK+ = 0.3 GeV/c .

• There is an enhancement from pK+ = 0.6 GeV/c to pK+ = 0.8 GeV/c

• The background has been subtracted from data .
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Tracking Efficiency: 1D efficiency
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• This is the tracking efficiency without the E/p requirement.

• The ”stair” structure is caused by the E/p cut which is caused by the
improvement of transverse momentum.
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Tracking Efficiency: Check for some distributions

near pK+ = 0.3GeV/c .
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• The MC matches the data well in this momentum bin.
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Tracking Efficiency: Check for the efficiency near

pK+ = 0.3GeV/c .

region type eff(no E/p) eff(with E/p) eff(E/p not 0)
0.3GeV/c < p < 0.4GeV/c Signal MC 95.76% 68.54% 53.10%
0.3GeV/c < p < 0.4GeV/c Data 95.59% 76.62% 55.14%
0.4GeV/c < p < 0.5GeV/c Signal MC 96.40% 72.12% 63.13%
0.4GeV/c < p < 0.5GeV/c Data 96.47% 73.69% 61.68%
0.5GeV/c < p < 0.6GeV/c Signal MC 96.02% 76.98% 65.79%
0.5GeV/c < p < 0.6GeV/c Data 96.54% 78.02% 64.82%
0.6GeV/c < p < 0.7GeV/c Signal MC 95.50% 85.09% 72.57%
0.6GeV/c < p < 0.7GeV/c Data 95.03% 84.14% 69.62%

• efficiency(no E/p): the tracking efficiency without E/p requirement

• efficiency(with E/p): nominal tracking efficiency

• efficiency(E/p not 0): the tracking efficiency requiring 0 <E/p < 0.8

• The jump of data is mainly caused by the E/p ratio cut and in fact caused
by the E/p=0 tracks.
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Tracking Efficiency: Check for E/p distributions.
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• Distributions of E/p events of different momentum bins.
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Tracking Efficiency: Check for E/p=0 events.
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• Some distributions of E/p=0 events at the region
0.3GeV/c < p < 0.4GeV/c .
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Tracking Efficiency: Check for E/p=0 events.
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ratio of E/p=0 events varies with momentum

• It seems that the absolute difference of the ratio is larger near 0.3GeV/c .
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Tracking Efficiency: weight factor (2D)
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weight factor varies with MKK
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• The method is same as before.
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Tracking Efficiency: Systematic uncertainties of

tracking efficiency
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• Below the 1.2 GeV/c2 the systematic uncertainty is taken as 0.1%. From
1.2 to 2.6 GeV/c2, the systematic uncertainty is taken as 0.6%. Above 2.6
GeV/c2, the systematic uncertainty is taken as 1%
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Photon Efficiency: Data set and MC samples

Data sets:

• 4180 data at BOSS 703 for now.

MC samples:

• e+e− → (γISR)µ
+µ− with Phokhara(ISR,FSR, J/ψopen),

10M∼1.119X.

• e+e− → (γISR)π
+π− with Phokhara, 10M∼3.125X.

• e+e− → hadrons with Hybrid, 80M∼1X.

• e+e− → (γISR)e
+e− with Babayaga nlo, 541M∼0.4X.

• e+e− → (γISR)τ
+τ− with KKmc, 11M∼1X.

• e+e− → e+e−X with BesTwoGam, 5.4M∼1X.
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Photon Efficiency: Event selection
Good charged tracks:

• |Vz | < 10 cm, Vr < 1 cm and |cosθ| < 0.93

• Edeposited/p <0.5, Edeposited is the deposited energy of charge track

• p/Ebeam < 0.95, Ebeam is the beam energy

• The depth of at least one track should be larger than 35 cm

• NGood =2,
∑

Qtrack = 0

Vertex Fit:

• Successful vertex fit for the two charge tracks

Kinematic Fit:

• Successful 1c kinematic fit, χ2
1c <10

• |cosθγ | < 0.93
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Photon Efficiency: Event selection

Further Selection:

• From figure, it can be seen the open angle between the two charge tracks
of the cosmic ray background is nearly π. A cut of open angle should be
smaller than 179 degree can also be used to select the control sample.

Open Angle
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The openangle distribution of data and signalMC
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Photon Efficiency: Event selection

Tag ISR photon:
• EMC time:0 < t < 700 ns, |cosθγ | < 0.8 for the barrel and
0.86 < |cosθγ | < 0.92 for the endcap

• Angle from the nearest charge should be larger than 20 degree.

• The photon with the largest energy is regarded as the nominal ISR
photon, and its energy should be larger than 0.4 GeV.

• Using the nominal ISR photon and two charge tracks selected before to
do the 4C kinematic and the require χ2 < 50 same as ISRKK’s selection.

The event number got without tagging the ISR photon is N1 and the
event number after tagging ISR photon is N2. The photon efficiency
(also including the kinematic fit) is:

ϵ = N2/N1, and the error is errϵ =
√

ϵ(1−ϵ)
N1
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Photon Efficiency: Comparisons without tagging

photon
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Photon Efficiency: Comparisons after tagging

photon
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Selection Result

Data/MC sample Ngen Nsur Lint σobv scale factor Nsurs cale

Data 275972 3194500 1 1 275972
µ+µ− 1000000 317913 3194500 2.7974 0.8936 284087
π+π− 1000000 4675 3194500 1.00 0.32 1496
hadron 8000000 4303 3194500 24.08 1.01 4346
eeX 5431500 8 3194500 1.70 1.00 8
e+e− 271000000 37 3194500 424 4.99 185

• Signal fraction is about 97.92%.
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Photon Efficiency: 1D efficiency
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• The two efficiencies of data and MC are nearly same.

• Here the π+π−γISR is treated as signal since the behavior of γISR of these
two samples are nearly same.
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Photon Efficiency: weight factor(2D)
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Photon Efficiency: weight factor varies with MKK
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• The method is same as before.
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Photon Efficiency: Systematic uncertainties of

photon efficiency
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• Below the 1.2 GeV/c2 the systematic uncertainty is taken as 0.4%. Above
1.2 GeV/c2, the systematic uncertainty is taken as 0.8%.
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Kinematic Fit: Comparison of χ2
4C
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• The correction factor is given by the XYZ data group using the control
sample e+e− → K+K−π+π− in 4.26 GeV.

• The distributions of χ2
4C of data and MC become much closer to each other

after corrections.
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Kinematic Fit: Systematic uncertainties
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• Taking half of the difference between the signal MC as the systematic
uncertainty.

• Systematic uncertainty is estimated to about 0.5% by taking the overall
difference
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Unfolding: Systematic uncertainties
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• Changing the event number of each bin into a Gauss random number with
mean=event number and error=bin error. Unfolding the new pseudo-data
with the original response matrix. Repeating this 50 times.

• Fitting the difference by a constant. The largest difference is about 0.2% so
the systematic uncertainty is estimated by 0.2%.
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Unfolding: Systematic uncertainties
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• Changing the position of ϕ peak by 1 width and unfolding by the original
response matrix.
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Unfolding: Systematic uncertainties
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• Test different kreg (Mϕ=1.015 GeV/c2).
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Unfolding: Systematic uncertainties
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• Test different kreg .
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Unfolding: Systematic uncertainties
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• Test different kreg (Mϕ=1.023 GeV/c2).
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2D efficiency
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(a)Compare response matrix 1023
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(b)Compare response matrix 1015
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(c)Compare response matrix signal
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2D efficiency (ratio of uncertainty)
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(a)Compare response matrix 1023
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(b)Compare response matrix 1015

0

0.5

1

1.5

2

2.5

3

0.472807 0.383345

0.342636 0.377464 0.753825

0.392838 0.170338 0.841337

1.12123 0.345958 0.189455 0.745985 0.0032057

0.334072 0.0262515 0.186592 0.676742 0.00565213

0.168425 0.412407 1.20663 1.71373 0.187643 0.817126 0.127166

0.810062 0.260173 1.19533 0.805885 0.426694

0.0440527 1.4867 1.0736 0.22416 1.62536

0.03676 0.0764094 1.44419 0.331866 0.483819 1.64512 2.13029 0.119256 0.0209464

0.0104829 0.252823 1.84619 0.69846 1.06155 0.331126

0.668334 0.268494 0.550103 0.04286 0.439897

0.151773 0.0357916 0.145043 0.57182 1.0409

0.370569 0.230218 1.8349 0.350459 0.404933 0.288366

0.335626 0.292026 0.0949319 0.974101 1.01819 0.378731

0.457801 0.647187 1.33788 0.438926 1.19835 0.508689 0.190247

0.101207 0.307483 0.935902 2.49659 0.148939 0.827814 0.247913

0.126231 0.40668 0.51089 0.550942 0.160458

0.0749566 0.559748 1.80537 0.0772961 0.110273

0.123838 0.569864 1.0004 0.199527 1.00014

0.580993 0.722223 0.286038

1.01 1.015 1.02 1.025 1.03

)2c (GeV/truths'

1.01

1.015

1.02

1.025

1.03

)2 c
 (

G
eV

/
re

co
ns

tr
uc

te
d

s'

(c)Compare response matrix signal

• The response matrix of different samples have significant differences.
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Unfolding after the correction of response matrix
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• The response matrix is from the 1015/1023 MC but the resolution of the
response matrix is corrected to the signal MC.

• The unfolding works much better, so the main reason causing the bad
unfolding is the shape of the input sample not the resolution effect.

• The systematic uncertainty is still estimated by about 0.2%.
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Background Estimation
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Background Estimation: K+K−π0
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This figure shows the efficiency of K+K−π0 using the selection of K+K−γISR . It
can be seen that the main contribution of K+K−π0 is from Born events.

Yijing Wang (USTC) November 6, 2024 47 / 60



Background Estimation: K+K−π0

(Event Selection)
Good charged tracks:

• |Vz | < 10 cm, Vr < 1 cm and |cosθ| < 0.93

• Edeposited/p<0.8, Edeposited is the deposited energy of charge track

• NGood =2

Good photons:

• EMC time:0 < t < 700 ns, |cosθγ | < 0.8 for the barrel and
0.86 < |cosθγ | < 0.92 for the endcap

• Angle from the nearest charge should be larger than 10 degree.

• Nγ ≥ 2

PID:

• PK > Pπ&&PK > Pp

• NK+ = 1,NK− = 1

Yijing Wang (USTC) November 6, 2024 48 / 60



Background Estimation: K+K−π0

(Event Selection)

Vertex Fit:

• Successful vertex fit for the two charge tracks

Kinematic Fit:

• Loop all good photons pairs to do 4 constraint (4C) kinematic fit, and
getting the χ2

4c . χ
2
4c < 65.

• Loop all good photon to do another 4 constraint (4C) kinematic fit, and
getting the χ2

4cγ
. χ2

4c < χ2
4cγ

• 120 MeV< Mγγ <150 MeV

The selection comes from Yateng Zhang’s KKπ0 work. And the data driven
method is used to estimate the background.
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Background Estimation: K+K−π0
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The mass spectrum is fitted by a double Gaussian function.
The mass resolution is taken by 5 MeV.
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Background Estimation: K+K−π0

Selection method Nsig Nbkg Purity
Nominal 1044 20 98.12%

0.115 MeV< mπ0 < 0.155 MeV 1063 30 97.20%
0.11 MeV< mπ0 < 0.16 MeV 1074 40 97.30%

χ2
4c < 70 1052 28 97.41%

χ2
4c < 60 1052 9 99.25%

• Changing the parameters of the event selection. As the table shows
different selections will not greatly effect the purity.

• Also the side band method is used to estimated the background.

• The largest difference of the five methods is taken as the systematic
uncertainty.
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Background Estimation: K+K−π0
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• The right figure is the result .
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Background Estimation: K+K−π0
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Background Estimation: K+K−π0
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Background Estimation: π+π−π0

(Event Selection)
Good charged tracks:

• |Vz | < 10 cm, Vr < 1 cm and |cosθ| < 0.93

• Edeposited/p<0.8, Edeposited is the deposited energy of charge track

• NGood =2

Good photons:

• EMC time:0 < t < 700 ns, |cosθγ | < 0.8 for the barrel and
0.86 < |cosθγ | < 0.92 for the endcap

• Angle from the nearest charge should be larger than 10 degree.

• Nγ ≥ 2

PID:

• Pπ > PK&&Pπ > Pp

• Nπ+ = 1,Nπ− = 1
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Background Estimation: π+π−π0

(Event Selection)
Vertex Fit:

• Successful vertex fit for the two charge tracks

Kinematic Fit:

• Loop all good photons pairs to do 4 constraint (4C) kinematic fit, and
getting the χ2

4c . χ
2
4c < 50.

• 120 MeV< Mγγ <150 MeV

Further Selection:

• The open angle between the two charge tracks should be smaller than
160 degree.

• The absolute value of cosθ of the Helicity angle should be smaller than
0.8.

The selection comes from Zuohong Lei’s π+π−π0 work. And the data driven
method is used to estimate the background.
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Background Estimation: π+π−π0
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This figure shows the efficiency of π+π−π0 using the selection of K+K−γISR . It
can be seen that the main contribution of π+π−π0 is from Born events.
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Background Estimation: π+π−π0
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• This figure shows the contribution of π+π−π0 gathering at the low
energy region.

• This is mainly caused by the high efficiency of K+K−γISR , which may
cause by the kinematic fit with the misjudging of π.
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Background Estimation: π+π−π0
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• This figure shows the contribution of π+π−π0 gathering at the low
energy region.

• This is mainly caused by the high efficiency of K+K−γISR , which may
cause by the kinematic fit with the misjudging of π.
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Summary

• Systematic uncertainties finished:

□ PID Efficiency of K±

□ Tracking Efficiency of K±

□ Photon Efficiency

□ Kinematic Fit

□ Unfolding

□ Background: KKπ0

• Systematic uncertainties waiting to be finished:

□ Other backgrounds.

□ MC model: Changing the from factor and the generator.

Yijing Wang (USTC) November 6, 2024 60 / 60


