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Abstract

Abstract: The Tag&Probe (T&P) method is an experimental procedure used commonly in 

particle physics that allows to measure process efficiencies directly from data, therefore not 

relying on the accuracy of simulations. An accurate model of true electron efficiency could be 

derived using a binned Tag and Probe approach. However, this method has its own flaws, 

namely: the curse of dimensionality makes it challenging to estimate the efficiency in a 

high-dimensional binning; each bin in the probe kinematics needs to separately be validated; 

and the binned efficiency estimates do not capture the expected smooth structure of the true 

efficiency. We propose to develop an unbinned efficiency measurement, and compare its 

performance with the classic binned T&P approach on CMS Open Data. The method relies upon 

Z → di-electron decays to provide an unbiased, high-purity, electron sample with which to 

measure the efficiency of a particular selection or trigger.
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Overview
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● The Tag&Probe (T&P) method is an experimental procedure used commonly in particle 
physics that allows to measure process efficiencies directly from data, therefore not relying on 
the accuracy of simulations.

● Tag electron = well identified, triggered electron (tight selection criteria)

● Probe electron = unbiased set of electrons with a very loose selection criteria.

● This method uses resonances (e.g J/ψ,Υ,Z) to confirm the probe electron is true electron.

         

Introduction - Theory
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- Implement three efficiency measurement techniques:
● Binned (in pT) T&P
● Binned (in pT)Cut&Count
● Unbinned (in pT) Cut&Count

- Compare performance of the three methods using CMS 2015 open simulation (Z->ee)
 

          CMS Open Data

                                                                            
                                                              

        
                                                            

                         Method

2015 open data NanoAod 
root file

Corresponding 2015 open 
simulation

As a function of
● Transverse 

momentum (p
T
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Tag & probe

Efficiency (ε)
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● Produce opendata NanoAOD using workflow from 2022 PURSUE program

● Use coffea analysis tools & scipy to perform binned T&P fits

                       Method
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- Binned T&P efficiency is a method where the data is divided into bins based 
on some observable (e.g., transverse momentum), and the efficiency is 
estimated for each bin separately.

- It provides efficiency estimates for discrete intervals, which can be useful for 
comparing efficiency across different kinematic regions.

- This approach has its own limitations such as having too many fits and 
jagged function.  

 Binned Tag and Probe 
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 Binned Tag and Probe

- Two components to fit the graph, Signal and Background.

- The cut and count method takes events from 85 to 100 pT.
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- Cut and Count  method simplifies the data analysis by selecting specific 
regions or "cuts" in the data

- This method calculates the efficiency by counting events that are in the 
provided mass range (80-100 GeV)

Cut and Count T&P
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- Compared to binned approach, Cut and Count has an advantage over 
binned approach mainly for two reasons   

                                                          
1. Reduced complexity: Instead of dividing the data into numerous 

bins like the binned approach, only a few distinct regions are considered.
This reduces the complexity of the analysis that arises from binning 
choices.

     
 

Cut and Count T&P
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2. Greater Sensitivity to Low mass Regions: The Cut and Count method can be 
more sensitive than the binned approach. By focusing on specific regions in the 
data, the Cut and Count method can enhance the power to detect rare signals, 
improving the overall sensitivity of the analysis. 

Cut and Count
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- Unbinned T&P efficiency measurements do not rely on dividing the data into 
bins based on some observable (e.g., transverse momentum) like the 
binned approach. Instead, it evaluates the efficiency for each event 
individually.

- This method uses Maximum Likelihood Estimation where the observable is 
Bernoulli-distributed according to a latent efficiency that is a function of 
certain variables, in this case probe pT.

- Since it does not involve binning, the dimensionality issue associated with 
high-dimensional binning in the binned approach is avoided.

Unbinned T&P
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- The disadvantage to unbinned T&P is that it can be computationally more 
demanding than the binned approach, especially for large datasets.

- The unbinned efficiency estimation method demonstrates less susceptibility 
to fluctuations compared to other techniques.

Unbinned T&P
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Comparison of Tag & Probe Methods

1. Unbinned Method
- Advantages: Increased precision via mass information; background-aware.
- Limit: it is systematically off from the traditional fit, since we don’t take into 

account the failing probes that are not true because the mass cut only 
approximates the likelihood of being true.

2. Binned Method
- Advantages: Simplifies analysis, suitable for discrete efficiency regions, 

reduced data variation.
- Limit: Electrons from failing probe do not get calculated in efficiency.
3. Cut & Count
- Advantages: Quick estimation, straightforward approach for basic analyses.
- Limit: misses electrons that are not in the cut

Conclusion
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- While our current analysis has successfully demonstrated the precision 
benefits of the unbinned efficiency estimation method, there remain areas 
for further refinement and development. In particular, addressing the 
observed bias in the unbinned approach and enhancing overall accuracy 
are crucial directions for future work.

- Improved Modeling: Exploring more sophisticated models for the efficiency 
distribution, such as incorporating machine learning techniques, could lead 
to more accurate characterizations. These models could better capture the 
complexities of the underlying physics processes.

Future Work
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