
Fitting details

• AN2021_003_v4: The PR term is, effectively, the lifetime resolution function. … the sum of 

only two gaussians functions already provides a sufficiently-good description…

• AN2015_323_v12: For the case of the 𝑱/𝝍(𝟏𝑺) we found that the resolution is better modeled 

by the sum of two gaussians

• AN2014_003_v16: …distribution of the prompt component … is equivalent to the resolution 

function … (two gaussians)

• (7 TeV): A double gaussian resolution function is used for the signal 𝒄𝝉 PDF shapes …

• 1. 𝒄𝝉 p.d.f. for prompt 𝑱/𝝍𝑱/𝝍 component
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Fitting details

• 1. 𝒄𝝉 p.d.f. for prompt 𝑱/𝝍𝑱/𝝍 component

• Propose to use a sum 
of two gaussians
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Fitting details

• 1. 𝒄𝝉 p.d.f. for prompt 𝑱/𝝍𝑱/𝝍 component 

• 𝒄𝝉 p.d.f. for combinatorial background (𝑱/𝝍 side)

Another gaussian 
embedded 
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Fitting details

• 2. Mass p.d.f. for combinatorial component

• AN2021_003_v4: … shape parameters of … functions must change with 𝒑𝑻 in a smooth way (float)

• AN2015_323_v12/AN2014_003_v16: (No detail found, may be float)

• (7 TeV): Fix

Fix Float

P+P 𝟐𝟔𝟕𝟎 ± 𝟔𝟎 𝟐𝟔𝟗𝟎 ± 𝟔𝟎

P+NP 𝟕𝟔𝟎 ± 𝟑𝟎 𝟖𝟎𝟎 ± 𝟒𝟎

NP+NP 𝟒𝟑𝟏𝟎 ± 𝟗𝟎 𝟒𝟓𝟏𝟎 ± 𝟏𝟎𝟎

𝑱𝝁𝝁 𝟏𝟓𝟕𝟎 ± 𝟒𝟎 𝟏𝟒𝟒𝟎 ± 𝟓𝟎

𝝁𝝁𝝁𝝁 𝟏𝟎𝟎 ± 𝟐𝟎 𝟓𝟎 ± 𝟐𝟎
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• Mix SPS and DPS samples into the prompt sample (8K:4K)

• 1D fit to the prompt sample on the 𝑐𝜏1 dimension to acquire the shape1 (double gaussian)

• 1D fit to the non-prompt sample on the 𝑐𝜏1 dimension to acquire the shape2 (convolution of an 

exponent and a gaussian)

• Side band cut to the data sample to acquire the combinatorial background (𝐽/𝜓1𝜇
+𝜇−)

• 1D fit to the 𝐽/𝜓1𝜇
+𝜇− on the 𝑐𝜏1 dimension to acquire the shape3 (merging of two gaussians and a 

convolution)

• 1D fit to the 𝐽/𝜓1𝜇
+𝜇− on the 𝑐𝜏2 dimension to acquire the shape4 (convolution of an exponent and 

a gaussian)

• Final fitting

Fitting procedure
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Final fitting

Components 𝑀𝐽/𝜓1 𝑀𝐽/𝜓2 𝑐𝜏1 𝑐𝜏2 N

𝑱/𝝍𝟏𝑱/𝝍𝟐

P+P

Double CB Double CB

Shape1 Shape1 𝑵𝑱𝑱(𝑷𝑷)

NP+P Shape2 Shape1
𝑵𝑱𝑱(𝑷𝑵𝑷)

P+NP Shape1 Shape2

NP+NP Shape2 Shape2 𝑵𝑱𝑱(𝑵𝑷𝑵𝑷)

𝑱/𝝍𝟏𝜇
+𝜇− Double CB Cheb Shape3 Shape4

𝑵𝑱𝝁𝝁
𝜇+𝜇−𝑱/𝝍𝟐 Cheb Double CB Shape4 Shape3

𝜇+𝜇−𝜇+𝜇− Cheb Cheb Shape4 Shape4 𝑵𝝁𝝁𝝁𝝁

• The functions that share the same name listed in the table also share the same 
set of parameters (because of the smearing between two 𝐽/𝜓s)

• The parameters for the shape1/2/3/4 are fixed from the previous fitting
• The parameters for the double CB and Chebyshev are float
• All the heights are float
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• 1. Data + MC + generated samples

Fitting validation
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𝑱/𝝍𝟏

𝑱/𝝍𝟐

P+P 𝟐𝟔𝟓𝟎 ± 𝟔𝟎 𝟑𝟔𝟔𝟎 ± 𝟕𝟎 𝟑𝟎𝟖𝟎 ± 𝟔𝟎 𝟒𝟎𝟗𝟎 ± 𝟕𝟎 𝟐𝟔𝟑𝟎 ± 𝟔𝟎 𝟐𝟔𝟓𝟎 ± 𝟔𝟎

NP+P 𝟕𝟖𝟎 ± 𝟑𝟎 𝟕𝟕𝟎 ± 𝟑𝟎 𝟖𝟎𝟎 ± 𝟑𝟎 𝟕𝟗𝟎 ± 𝟑𝟎 𝟏𝟐𝟗𝟎 ± 𝟒𝟎 𝟕𝟖𝟎 ± 𝟒𝟎

NP+NP 𝟒𝟒𝟐𝟎 ± 𝟏𝟎𝟎 𝟒𝟒𝟏𝟎 ± 𝟏𝟎𝟎 𝟒𝟑𝟗𝟎 ± 𝟏𝟎𝟎 𝟒𝟑𝟗𝟎 ± 𝟏𝟎𝟎 𝟒𝟐𝟗𝟎 ± 𝟏𝟎𝟎 𝟔𝟐𝟐𝟎 ± 𝟏𝟏𝟎

𝑱/𝝍𝜇+𝜇− 𝟏𝟓𝟎𝟎 ± 𝟓𝟎 𝟏𝟓𝟏𝟎 ± 𝟓𝟎 𝟏𝟓𝟐𝟎 ± 𝟓𝟎 𝟏𝟓𝟐𝟎 ± 𝟓𝟎 𝟏𝟓𝟏𝟎 ± 𝟓𝟎 𝟏𝟓𝟎𝟎 ± 𝟓𝟎

𝜇+𝜇−𝜇+𝜇− 𝟖𝟎 ± 𝟐𝟎 𝟖𝟎 ± 𝟐𝟎 𝟖𝟎 ± 𝟐𝟎 𝟖𝟎 ± 𝟑𝟎 𝟖𝟎 ± 𝟐𝟎 𝟗𝟎 ± 𝟐𝟎

0 1 2 3 4 5

𝑱/𝝍𝟏

𝑱/𝝍𝟐

SPS - 1000 - 1000 - -

DPS - - 500 500 - -

P+NP - - - - 500 -

B decay - - - - - 2000

𝐽/𝜓𝜇+𝜇− - - - - - -

𝜇+𝜇−𝜇+𝜇− - - - - - -

• 1. Data + Pure MC + generated samples

Fitting validation
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𝑱/𝝍𝟏

𝑱/𝝍𝟐

P+P 𝟐𝟔𝟓𝟎 ± 𝟔𝟎 𝟐𝟔𝟑𝟎 ± 𝟔𝟎 𝟐𝟔𝟒𝟎 ± 𝟔𝟎 𝟒𝟎𝟖𝟎 ± 𝟕𝟎 𝟒𝟎𝟕𝟎 ± 𝟕𝟎 𝟒𝟎𝟓𝟎 ± 𝟕𝟎

NP+P 𝟕𝟖𝟎 ± 𝟑𝟎 𝟕𝟖𝟎 ± 𝟒𝟎 𝟕𝟕𝟎 ± 𝟑𝟎 𝟏𝟑𝟎𝟎 ± 𝟒𝟎 𝟕𝟗𝟎 ± 𝟒𝟎 𝟏𝟑𝟎𝟎 ± 𝟒𝟎

NP+NP 𝟒𝟒𝟐𝟎 ± 𝟏𝟎𝟎 𝟒𝟑𝟔𝟎 ± 𝟏𝟏𝟎 𝟒𝟑𝟗𝟎 ± 𝟏𝟎𝟎 𝟔𝟏𝟖𝟎 ± 𝟏𝟏𝟎 𝟒𝟑𝟒𝟎 ± 𝟏𝟎𝟎 𝟔𝟏𝟐𝟎 ± 𝟏𝟐𝟎

𝑱/𝝍𝜇+𝜇− 𝟏𝟓𝟎𝟎 ± 𝟓𝟎 𝟐𝟓𝟒𝟎 ± 𝟔𝟎 𝟏𝟓𝟑𝟎 ± 𝟓𝟎 𝟏𝟓𝟐𝟎 ± 𝟓𝟎 𝟐𝟓𝟔𝟎 ± 𝟔𝟎 𝟐𝟓𝟔𝟎 ± 𝟔𝟎

𝜇+𝜇−𝜇+𝜇− 𝟖𝟎 ± 𝟐𝟎 𝟕𝟎 ± 𝟑𝟎 𝟏𝟖𝟎 ± 𝟑𝟎 𝟏𝟎𝟎 ± 𝟐𝟎 𝟏𝟖𝟎 ± 𝟑𝟎 𝟏𝟗𝟎 ± 𝟑𝟎

0 6 7 8 9 10

𝑱/𝝍𝟏

𝑱/𝝍𝟐

SPS - - - 1000 1000 1000

DPS - - - 500 500 500

P+NP - - - 500 - 500

B decay - - - 2000 - 2000

𝐽/𝜓𝜇+𝜇− - 1000 - - 1000 1000

𝜇+𝜇−𝜇+𝜇− - - 100 - 100 100

• 1. Data + Pure MC + generated samples

Fitting validation
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• 2. Pure MC + generated samples

Fitting validation
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• 2. Pure MC + generated samples

Fitting validation

𝑱/𝝍𝟏

𝑱/𝝍𝟐

P+P 𝟏𝟒𝟏𝟎 ± 𝟒𝟎 𝟐𝟒𝟎𝟎 ± 𝟓𝟎 𝟏𝟖𝟔𝟎 ± 𝟓𝟎 𝟐𝟖𝟓𝟎 ± 𝟔𝟎 𝟏𝟒𝟕𝟎 ± 𝟓𝟎

NP+P 𝟓𝟑𝟎 ± 𝟑𝟎 𝟓𝟐𝟎 ± 𝟑𝟎 𝟓𝟓𝟎 ± 𝟑𝟎 𝟓𝟒𝟎 ± 𝟑𝟎 𝟏𝟎𝟐𝟎 ± 𝟑𝟎

NP+NP 𝟏𝟕𝟔𝟎 ± 𝟔𝟎 𝟏𝟕𝟔𝟎 ± 𝟔𝟎 𝟏𝟕𝟔𝟎 ± 𝟔𝟎 𝟏𝟕𝟔𝟎 ± 𝟔𝟎 𝟏𝟕𝟖𝟎 ± 𝟕𝟎

𝑱/𝝍𝜇+𝜇− 𝟏𝟎𝟑𝟎 ± 𝟒𝟎 𝟏𝟎𝟒𝟎 ± 𝟑𝟎 𝟏𝟎𝟑𝟎 ± 𝟒𝟎 𝟏𝟎𝟒𝟎 ± 𝟑𝟎 𝟏𝟎𝟎𝟎 ± 𝟒𝟎

𝜇+𝜇−𝜇+𝜇− 𝟏𝟎𝟎 ± 𝟐𝟎 𝟏𝟎𝟎 ± 𝟐𝟎 𝟏𝟎𝟎 ± 𝟐𝟎 𝟏𝟎𝟎 ± 𝟐𝟎 𝟏𝟎𝟎 ± 𝟐𝟎

1 2 3 4 5

𝑱/𝝍𝟏

𝑱/𝝍𝟐

SPS 1000 2000 1000 2000 1000

DPS 500 500 1000 1000 500

P+NP 500 500 500 500 1000

B decay 2000 2000 2000 2000 2000

𝐽/𝜓𝜇+𝜇− 1000 1000 1000 1000 1000

𝜇+𝜇−𝜇+𝜇− 100 100 100 100 100
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• 2. Pure MC + generated samples

Fitting validation

𝑱/𝝍𝟏

𝑱/𝝍𝟐

P+P 𝟏𝟒𝟐𝟎 ± 𝟒𝟎 𝟏𝟒𝟑𝟎 ± 𝟒𝟎 𝟏𝟒𝟏𝟎 ± 𝟒𝟎 𝟐𝟗𝟎𝟎 ± 𝟔𝟎 𝟐𝟖𝟔𝟎 ± 𝟔𝟎

NP+P 𝟓𝟐𝟎 ± 𝟑𝟎 𝟓𝟑𝟎 ± 𝟑𝟎 𝟓𝟑𝟎 ± 𝟑𝟎 𝟏𝟎𝟐𝟎 ± 𝟑𝟎 𝟓𝟒𝟎 ± 𝟑𝟎

NP+NP 𝟑𝟓𝟏𝟎 ± 𝟖𝟎 𝟏𝟖𝟔𝟎 ± 𝟕𝟎 𝟏𝟕𝟔𝟎 ± 𝟔𝟎 𝟑𝟓𝟐𝟎 ± 𝟖𝟎 𝟏𝟖𝟓𝟎 ± 𝟕𝟎

𝑱/𝝍𝜇+𝜇− 𝟏𝟎𝟔𝟎 ± 𝟒𝟎 𝟏𝟗𝟔𝟎 ± 𝟒𝟎 𝟏𝟎𝟑𝟎 ± 𝟑𝟎 𝟏𝟎𝟒𝟎 ± 𝟒𝟎 𝟏𝟗𝟕𝟎 ± 𝟒𝟎

𝜇+𝜇−𝜇+𝜇− 𝟏𝟎𝟎 ± 𝟐𝟎 𝟏𝟑𝟎 ± 𝟑𝟎 𝟏𝟗𝟎 ± 𝟐𝟎 𝟏𝟏𝟎 ± 𝟐𝟎 𝟐𝟑𝟎 ± 𝟑𝟎

6 7 8 9 10

𝑱/𝝍𝟏

𝑱/𝝍𝟐

SPS 1000 1000 1000 2000 2000

DPS 500 500 500 1000 1000

P+NP 500 500 500 1000 500

B decay 4000 2000 2000 4000 2000

𝐽/𝜓𝜇+𝜇− 1000 2000 1000 1000 2000

𝜇+𝜇−𝜇+𝜇− 100 100 200 200 200
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Back Up



Study of the combinatorial background

B decay
DPS

SPS

MC

𝑱/𝝍𝝁𝝁

𝝁𝝁𝑱/𝝍

𝝁𝝁𝝁𝝁

Generated 
dataset

Sample

Mixing 
sample

Narrow windows cut 
2.9-3.3

side 
band cut 

Signal

Fitting 
sample

Combinatorial 
samples

𝑱/𝝍𝝁𝝁

𝝁𝝁𝑱/𝝍

𝝁𝝁𝝁𝝁
3D fit

Shape and 
height of 

background

𝐿𝑥𝑦𝑃𝑉, 𝑐𝜏… 
shape of 
prompt/

non-prompt

Fitting result
(The number of 

prompt/non-prompt)

Compare

4

3D fit



Fitting to the artificial sample

𝝁+𝝁−𝝁+𝝁−

𝑱/𝝍

Double 
gaussian

𝑱/𝝍

Double 
gaussian

𝝁+𝝁−

2nd order 
Cheb

2nd order 
Cheb

𝝁+𝝁−

𝑴𝑱/𝝍𝟏:

𝑴𝑱/𝝍𝟐:

𝑱/𝝍𝟏𝝁
+𝝁−

𝝁+𝝁−𝑱/𝝍𝟐

𝑱/𝝍𝟏 𝑱/𝝍𝟐

• The shape parameters of mass dimensions are left to float
• The distributions of lifetime dimensions of the combinatorial background are 

determined by the sub-range dataset 

• The side band can be noticed in the “narrow” mass windows: directly 
fit in the narrow windows

11.17



Fitting details

• 1. 𝒄𝝉 p.d.f. for prompt 𝑱/𝝍𝑱/𝝍 component

• Double Gaussian or double CB

1

Gaus CB

𝑵𝑳𝑳 -50983 -51031

𝑪𝒉𝒊𝟐/𝒏𝒅𝒇 1.68/4 0.91/7



Fitting details

• 1. 𝒄𝝉 p.d.f. for prompt 𝑱/𝝍𝑱/𝝍 component

• Double Gaussian or double CB

2

Gaus CB

𝑵𝑳𝑳 -195865 -195872

𝑪𝒉𝒊𝟐/𝒏𝒅𝒇 1.24/4 1.24/4

Gaus

CB

𝒄𝝉𝟏

P+P 𝟐𝟔𝟕𝟎 ± 𝟔𝟎 𝟐𝟕𝟎𝟎 ± 𝟔𝟎

P+NP 𝟕𝟔𝟎 ± 𝟑𝟎 𝟕𝟒𝟎 ± 𝟑𝟎

NP+NP 𝟒𝟑𝟏𝟎 ± 𝟗𝟎 𝟒𝟑𝟎𝟎 ± 𝟗𝟎

𝑱𝝁𝝁 𝟏𝟓𝟕𝟎 ± 𝟒𝟎 𝟏𝟓𝟕𝟎 ± 𝟒𝟎

𝝁𝝁𝝁𝝁 𝟏𝟎𝟎 ± 𝟐𝟎 𝟏𝟎𝟎 ± 𝟐𝟎



Fitting validation

• 1. A previous trial

• 8K SPS + 4K DPS + 2K B decay + 5K 𝑱/𝝍𝟏𝝁
+𝝁− + 5K 𝝁+𝝁−𝑱/𝝍𝟐 + 2K 𝝁+𝝁−𝝁+𝝁−

MC Generated

𝑱/𝝍𝟏𝑱/𝝍𝟐(P) 𝑱/𝝍𝟏𝑱/𝝍𝟐(NP) 𝑱/𝝍𝟏𝝁
+𝝁− 𝝁+𝝁−𝑱/𝝍𝟐 𝝁+𝝁−𝝁+𝝁−

𝟏𝟐𝟔𝟎𝟎 ± 𝟐𝟎𝟎 𝟏𝟕𝟎𝟎 ± 𝟒𝟎𝟎 𝟒𝟕𝟎𝟎 ± 𝟐𝟎𝟎 𝟒𝟖𝟐𝟎 ± 𝟏𝟗𝟎 𝟐𝟓𝟎𝟎 ± 𝟐𝟎𝟎 6

2022.11.10-12.1



Fitting validation

• 2. Append MC samples to the dataset

𝑱/𝝍𝟏𝑱/𝝍𝟐

P+P 𝟐𝟔𝟑𝟎 ± 𝟔𝟎 𝟒𝟔𝟒𝟎 ± 𝟕𝟎 𝟑𝟓𝟐𝟎 ± 𝟕𝟎 𝟐𝟔𝟑𝟎 ± 𝟔𝟎 𝟓𝟓𝟑𝟎 ± 𝟖𝟎 𝟓𝟓𝟑𝟎 ± 𝟖𝟎

NP+P
𝟕𝟓𝟎 ± 𝟑𝟎 𝟕𝟑𝟎 ± 𝟑𝟎 𝟕𝟗𝟎 ± 𝟑𝟎 𝟕𝟓𝟎 ± 𝟑𝟎 𝟕𝟕𝟎 ± 𝟑𝟎 𝟕𝟕𝟎 ± 𝟒𝟎

P+NP

NP+NP 𝟒𝟐𝟖𝟎 ± 𝟗𝟎 𝟒𝟐𝟒𝟎 ± 𝟗𝟎 𝟒𝟐𝟓𝟎 ± 𝟗𝟎 𝟔𝟎𝟕𝟎 ± 𝟏𝟎𝟎 𝟒𝟐𝟑𝟎 ± 𝟗𝟎 𝟔𝟎𝟒𝟎 ± 𝟏𝟎𝟎

𝑱/𝝍𝟏𝜇
+𝜇−

𝟏𝟔𝟎𝟎 ± 𝟒𝟎 𝟏𝟔𝟐𝟎 ± 𝟒𝟎 𝟏𝟔𝟐𝟎 ± 𝟒𝟎 𝟏𝟔𝟎𝟎 ± 𝟒𝟎 𝟏𝟔𝟑𝟎 ± 𝟒𝟎 𝟏𝟔𝟑𝟎 ± 𝟒𝟎
𝜇+𝜇−𝑱/𝝍𝟐

𝜇+𝜇−𝜇+𝜇− 𝟏𝟏𝟎 ± 𝟑𝟎 𝟏𝟐𝟎 ± 𝟑𝟎 𝟏𝟏𝟎 ± 𝟑𝟎 𝟏𝟐𝟎 ± 𝟑𝟎 𝟏𝟐𝟎 ± 𝟑𝟎 𝟏𝟑𝟎 ± 𝟑𝟎

0 1 2 3 4 5

SPS - 2000 - - 2000 2000

DPS - - 1000 - 1000 1000

B decay - - - 2000 - 2000
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Fitting validation

• 3. Append generated samples to the dataset

𝑱/𝝍𝟏

𝑱/𝝍𝟐

P+P 𝟐𝟔𝟑𝟎 ± 𝟔𝟎 𝟒𝟔𝟕𝟎 ± 𝟕𝟎 𝟐𝟔𝟐𝟎 ± 𝟔𝟎 𝟐𝟔𝟑𝟎 ± 𝟔𝟎 𝟐𝟔𝟑𝟎 ± 𝟔𝟎 𝟐𝟔𝟑𝟎 ± 𝟔𝟎 𝟑𝟔𝟑𝟎 ± 𝟕𝟎 𝟑𝟔𝟑𝟎 ± 𝟕𝟎 𝟑𝟔𝟐𝟎 ± 𝟕𝟎

NP+P
𝟕𝟓𝟎 ± 𝟑𝟎 𝟕𝟒𝟎 ± 𝟑𝟎 𝟏𝟐𝟔𝟎 ± 𝟒𝟎 𝟕𝟔𝟎 ± 𝟒𝟎 𝟕𝟑𝟎 ± 𝟑𝟎 𝟕𝟓𝟎 ± 𝟑𝟎 𝟏𝟐𝟑𝟎 ± 𝟒𝟎 𝟕𝟒𝟎 ± 𝟑𝟎 𝟏𝟐𝟑𝟎 ± 𝟒𝟎

P+NP

NP+NP 𝟒𝟐𝟖𝟎 ± 𝟗𝟎 𝟒𝟐𝟕𝟎 ± 𝟗𝟎 𝟒𝟐𝟔𝟎 ± 𝟗𝟎
𝟔𝟐𝟕𝟎
± 𝟏𝟎𝟎

𝟒𝟐𝟕𝟎 ± 𝟗𝟎 𝟒𝟐𝟕𝟎 ± 𝟗𝟎
𝟔𝟑𝟎𝟎
± 𝟏𝟎𝟎

𝟒𝟐𝟕𝟎 ± 𝟗𝟎
𝟔𝟐𝟐𝟎
± 𝟏𝟏𝟎

𝑱/𝝍𝟏𝜇
+𝜇−

𝟏𝟔𝟎𝟎 ± 𝟒𝟎 𝟏𝟓𝟗𝟎 ± 𝟒𝟎 𝟏𝟔𝟎𝟎 ± 𝟒𝟎 𝟏𝟓𝟗𝟎 ± 𝟓𝟎 𝟐𝟔𝟐𝟎 ± 𝟓𝟎 𝟏𝟓𝟖𝟎 ± 𝟒𝟎 𝟏𝟔𝟎𝟎 ± 𝟓𝟎 𝟐𝟔𝟎𝟎 ± 𝟔𝟎 𝟐𝟔𝟑𝟎 ± 𝟓𝟎
𝜇+𝜇−𝑱/𝝍𝟐

𝜇+𝜇−𝜇+𝜇− 𝟏𝟏𝟎 ± 𝟑𝟎 𝟏𝟏𝟎 ± 𝟐𝟎 𝟏𝟏𝟎 ± 𝟑𝟎 𝟏𝟏𝟎 ± 𝟑𝟎 𝟏𝟎𝟎 ± 𝟑𝟎 𝟐𝟓𝟎 ± 𝟑𝟎 𝟏𝟐𝟎 ± 𝟑𝟎 𝟐𝟒𝟎 ± 𝟑𝟎 𝟐𝟔𝟎 ± 𝟑𝟎

0 1 2 3 4 5 6 7 8

𝑱/𝝍𝟏

𝑱/𝝍𝟐

P+P - 2000 - - - - 1000 1000 1000

P+NP - - 500 - - - 500 - 500

NP+NP - - - 2000 - - 2000 - 2000

𝐽/𝜓𝜇+𝜇− - - - - 1000 - - 1000 1000

𝜇+𝜇−𝜇+𝜇− - - - - - 100 - 100 100
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