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Sources Systematic uncertainty(%)

𝑁!"# 0.71

4C fit 2.68

Cut for 𝒎$𝜦𝒑
𝒓𝒆𝒄𝒐𝒊𝒍 10.74

Cut for 𝒎𝒑𝝁(𝟒𝑪)
𝒔𝒊𝒈 4.03

𝑁45# 0.67

MC statistics 0.01

Tracking for p 1.00

Tracking for µ 1.00

PID for µ 2.00

Sum 12.07

More detailed systematical uncertainty study

This table have been presented in light hadron meeting on July 30
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Refer to the method which Patrik used in BAM-00388

∆𝒂 = 𝒂𝒎𝒂𝒊𝒏 − 𝒂𝒔𝒚𝒔𝒕 𝝈𝒂,𝒖𝒏𝒄𝒐𝒓𝒓. = 𝝈𝒂,𝒎𝒂𝒊𝒏𝟐 − 𝝈𝒂,𝒔𝒚𝒔𝒕𝟐

𝜻 = ∆𝒂/𝝈𝒂,𝒖𝒏𝒄𝒐𝒓𝒓.

∆𝒂: Absolute difference between the main
result and the systematical test result

𝒂𝒎𝒂𝒊𝒏: Main result

𝒂𝒔𝒚𝒔𝒕: Systematical test result

𝝈𝒂,𝒖𝒏𝒄𝒐𝒓𝒓.: Uncorrelated uncertainty

𝝈𝒂,𝒎𝒂𝒊𝒏: Statistical uncertainty of main result

𝝈𝒂,𝒔𝒚𝒔𝒕: Statistical uncertainty of systematical test result

As a general rule of thumb, we chose to consider z > 2 as a threshold for when a test is significantly
deviating from the main result. Even in a sample with no systematic effects present one expects z > 2 for one
out of twenty cross checks.
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Main cuts and result

𝑚/01
234567 > 0.170 1.075 < 𝑚18(:;)

=6> < 1.100 𝜒:;? > 60
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ü Signal: MC matched shape ⊗ a Gaussian 

ü Background 1: MC shape

from ⁄𝐽 𝜓 → Λ)Λ,	 Λ → p𝜋6,	)Λ → .pπ7

ü Background 2: MC shape

from ⁄𝐽 𝜓 → Λ)Λ,	Λ → p𝑒6�̅�8 , )Λ → .pπ7 +c.c.

ü Other	background:	1st order	polynomial
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1.Systematical uncertainty test for 𝑚!"#
$%&'() cut
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DT yield in data with different 𝑚!"*
$%&'() cut
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𝑚$9:
;8<=5> > 0.165
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;8<=5> > 0.166

𝑚$9:
;8<=5> > 0.167

𝑚$9:
;8<=5> > 0.168

𝑚$9:
;8<=5> > 0.169

𝑚$9:
;8<=5> > 0.170
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DT yield in data with different 𝑚!"*
$%&'() cut
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Different Cut(>) Branching Fraction Statistical Uncertainty Percent

0.165 1.55E-04 2.35E-05 15.13%

0.166 1.55E-04 2.20E-05 14.19%

0.167 1.32E-04 2.26E-05 17.16%

0.168 1.48E-04 2.41E-05 16.21%

0.169 1.52E-04 2.25E-05 14.81%

0.170 1.67E-04 2.55E-05 15.28%

0.171 1.55E-04 2.66E-05 17.14%

0.172 1.49E-04 2.91E-05 19.53%

0.173 1.54E-04 3.38E-05 21.88%

0.174 1.37E-04 3.68E-05 26.83%

Branching fraction with different 𝑚!"*
$%&'() cut
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Systematical uncertainty for 𝑚!"#
$%&'() cut 

The nominal cut is 𝑚/01
234567 > 0.170

recoil
pR
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After 9 tests, there are two z values lager than 2. However, these two points are lower than the main cut, 
and we did not use these samples for analysis. Therefore, can we ignore the systematical uncertainty?

Red data point with error bar: central value with 
statistical uncertainty of main result. 
Blue data points with error bar: central value of 
systematical test and uncorrelated uncertainty.
Red line: central value of main result.
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2.Systematical uncertainty test for 𝑚*+(-.)
0(1 cut
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DT yield in data with different 𝑚*+(-.)
0(1 cut
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DT yield in data with different 𝑚*+(-.)
0(1 cut
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Different Cut(<) Branching Fraction Statistical Uncertainty Percent

1.095 1.79E-04 2.73E-05 15.30%

1.096 1.77E-04 2.70E-05 15.24%

1.097 1.71E-04 2.62E-05 15.30%

1.098 1.72E-04 2.59E-05 15.09%

1.099 1.73E-04 2.61E-05 15.08%

1.100 1.67E-04 2.55E-05 15.28%

1.101 1.82E-04 2.79E-05 15.32%

1.102 1.84E-04 2.92E-05 15.89%

1.103 1.74E-04 2.63E-05 15.14%

1.104 1.85E-04 2.93E-05 15.84%

1.105 1.91E-04 2.87E-05 15.03%

Branching fraction with different 𝑚*+(-.)
0(1 cut
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Systematical uncertainty for 𝑚*+(-.)
0(1 cut

The nominal cut is 𝑚18(:;)
=6> < 1.100
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After 10 tests, the values of all z are smaller than 2,  therefore, the systematical uncertainty
can be ignored.

Red data point with error bar: central value with 
statistical uncertainty of main result. 
Blue data points with error bar: central value of 
systematical test and uncorrelated uncertainty.
Red line: central value of main result.
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DT yield in data with different 𝑚*+(-.)
0(1 cut

Ev
en
ts

0

2

4

6

8

10

12

14

16

18

missU
-0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06

r

-4
0
4

Ev
en
ts

0

2

4

6

8

10

12

14

16

18

missU
-0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06

r

-4
0
4

Ev
en
ts

0

2

4

6

8

10

12

14

16

18

missU
-0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06

r

-4
0
4

Ev
en
ts

0

2

4

6

8

10

12

14

16

18

missU
-0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06

r

-4
0
4

Ev
en
ts

0

2

4

6

8

10

12

14

16

18

missU
-0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06

r

-4
0
4

𝑚:?(@A)
45# > 1.070

𝑚:?(@A)
45# > 1.071

𝑚:?(@A)
45# > 1.072

𝑚:?(@A)
45# > 1.073

𝑚:?(@A)
45# > 1.074

𝑚:?(@A)
45# > 1.075



15

DT yield in data with different 𝑚*+(-.)
0(1 cut
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Different Cut(>) Branching Fraction Statistical Uncertainty Percent

1.070 1.66E-04 2.55E-05 15.39%

1.071 1.66E-04 2.56E-05 15.40%

1.072 1.67E-04 2.56E-05 15.27%

1.073 1.67E-04 2.52E-05 15.06%

1.074 1.67E-04 2.55E-05 15.25%

1.075 1.67E-04 2.55E-05 15.28%

1.076 1.67E-04 2.55E-05 15.29%

1.077 1.68E-04 2.54E-05 15.15%

1.078 1.68E-04 2.55E-05 15.16%

1.079 1.63E-04 2.56E-05 15.65%

1.080 1.66E-04 2.63E-05 15.85%

Branching fraction with different 𝑚*+(-.)
0(1 cut
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Systematical uncertainty for 𝑚*+(-.)
0(1 cut

The nominal cut is 𝑚18(:;)
=6> > 1.075
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After 10 tests, only the maximum value of z is close to 2. In addition, these results do not show 
a clear behavior, so we think that the systematic uncertainty can be ignored.

Red data point with error bar: central value with 
statistical uncertainty of main result. 
Blue data points with error bar: central value of 
systematical test and uncorrelated uncertainty.
Red line: central value of main result.
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3.Systematical uncertainty test for 𝜒-.2 cut
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DT yield in data with different 𝜒-.2 cut
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DT yield in data with different 𝜒-.2 cut
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Different Cut(>) Branching Fraction Statistical Uncertainty Percent

35 1.58E-04 2.38E-05 15.12%

40 1.60E-04 2.42E-05 15.14%

45 1.61E-04 2.46E-05 15.31%

50 1.63E-04 2.49E-05 15.27%

55 1.65E-04 2.51E-05 15.23%

60 1.67E-04 2.55E-05 15.28%

65 1.69E-04 2.62E-05 15.51%

70 1.71E-04 2.70E-05 15.84%

75 1.68E-04 2.66E-05 15.81%

80 1.71E-04 2.71E-05 15.83%

85 1.69E-04 2.72E-05 16.12%

Branching fraction with different 𝜒-.2 cut
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Systematical uncertainty for 𝜒-.2 cut

The nominal cut is 𝜒:;? > 60

After 10 tests, the values of all z are smaller than 2,  therefore, the systematical uncertainty
can be ignored.

2
4C

rDifferent cut for 
35 40 45 50 55 60 65 70 75 80 85

c

0

0.5

1

Red data point with error bar: central value with 
statistical uncertainty of main result. 
Blue data points with error bar: central value of 
systematical test and uncorrelated uncertainty.
Red line: central value of main result.
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Summary

Sources Systematic uncertainty(%)

𝑁!"# 0.71

4C fit 2.68

Cut for 𝒎$𝜦𝒑
𝒓𝒆𝒄𝒐𝒊𝒍 10.74

Cut for 𝒎𝒑𝝁(𝟒𝑪)
𝒔𝒊𝒈 4.03

𝑁45# 0.67

MC statistics 0.01

Tracking for p 1.00

Tracking for µ 1.00

PID for µ 2.00

Sum ??

??? 1. The systematical uncertainty from cut for 
𝑚18(:;)
=6> and 𝜒:;? can be ignored.

2. As for cut for 𝑚/01
234567, can we ignore the 

systematical uncertainty from this? Other 
suggestions?
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Backup
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Some screenshots from Patrik’s memo(BAM-00388)
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Some screenshots from Patrik’s memo(BAM-00388)



27

Some screenshots from Patrik’s memo(BAM-00388)
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DT yield in data with different 𝑚!"*
$%&'() cut
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Background analysis

Dominant background ⁄𝐽 𝜓 → 𝛬 ̅𝛬, 𝛬 → 𝑝𝜋V,	 ̅𝛬 → �̅�𝜋W

ØReconstruction of 𝚲

üVertex and Second Vertex Fit for Λ based on p𝜋@ hypothesis

üVertex/second vertex fit: 𝜒? < 100 , 𝐷𝑒𝑐𝑎𝑦 𝑙𝑒𝑛𝑔𝑡ℎ / 𝜎 > 2

Ø4C kinematic fit

üA 4C kinematic fit is performed to the two 

virtual particles ( Λ and CΛ ) hypothesis

ü𝜒:;? > 60

2
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Background analysis

Dominant background ⁄𝐽 𝜓 → 𝛬 ̅𝛬, 𝛬 → 𝑝𝜋V,	 ̅𝛬 → �̅�𝜋W

ØRecoiling mass of  ,𝚲𝐩

üFor this background, recoiling mass of CΛp is 

expected to the value of the invariant mass of p
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Background analysis

Dominant background ⁄𝐽 𝜓 → 𝛬 ̅𝛬, 𝛬 → 𝑝𝜋V,	 ̅𝛬 → �̅�𝜋W

ØMass of  𝒑𝝁 after 4C kinematic fit

üFor this background, a Λ can be 

reconstructed based on p𝜋@ hypothesis

ü1.075 < 𝑚A8(:;)
=6> < 1.1 (𝐺𝑒𝑉/𝑐?)
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Table 1: Decay trees and their respective final states.

rowNo decay tree decay final state iDcyTr nEtr nCEtr

1 e+e� ! J/ , J/ ! ⇤⇤̄, ⇤! ⇡�p, ⇤̄! ⇡+p̄ ⇡+⇡�pp̄ 0 155 155

2 e+e� ! J/ , J/ ! ⇤⇤̄, ⇤! µ�⌫̄µp, ⇤̄! ⇡+p̄ µ�⌫̄µ⇡
+pp̄ 3 6 161

3 e+e� ! J/ , J/ ! ⇤⇤̄, ⇤! ⇡�p, ⇤̄! µ+⌫µp̄ µ+⌫µ⇡
�pp̄ 2 5 166

4 e+e� ! J/ , J/ ! ⇤⇤̄, ⇤! ⇡�p, ⇤̄! e+⌫ep̄ e+⌫e⇡
�pp̄ 1 1 167
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