
The Drell-Yan process
• The Drell-Yan (DY) process is a quark-antiquark annihilation producing a Z boson or a virtual photon, which decays into a lepton-

antilepton pair.

• This process is interesting because it involves a sea antiquark in the initial state.

• Scientists measure the differential cross-section of the DY process with ever inceasing precision, and its results are used by theorists to 

constrain PDFs.

• There are many processes that might copy copy the final state of the Drell-Yan process or have a very similar-looking one.

• In DY analysis, we are interested only DY → e +e − process which we denote as signal and all the other processes as background.

• The main background processes at the proton-proton collision energy of 13 TeV are: WW, W Z, ZZ, W + Jets, DY → τ +τ −, tW, tW¯ , 

tt¯, γ +Jets, QCD. 

• There are two ways to estimate the background contribution: Monte Carlo simulation (MC), or data-driven methods.

The CMS detector
• The Compact Muon Solenoid (CMS) is a particle detector which detects various types of particles produced during high-energy particle 

collisions in the Large Hardron Collider (LHC).

• Different CMS layers detect different types of particles. 

• Silicon tracker is the innermost layer which detects tracks of charged particles emerging from the collision 

• The electromagnetic calorimeter (ECAL) allows CMS to detect and energetic photons and electrons as well as measure their energy.

• The Hadron Calorimeter (HCAL) measures the energy of hadrons.

• The superconductor solenoid is a huge superconducting electromagnet that generates the magnetic field that bends the tracks of charged 

particles.

• The muon detectors capture the trajectories of muons. They are not absorbed inside the detector.

• Recorded data is later combined to create a picture of the events happening during the collision. 
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eµ method

• The eµ method is a data-driven method used to estimate the number of background events from processes, which can have same or different types of 

leptons in the final stage.

• At the proton-proton collision energy of 13 TeV, the main processes that meet this requirement are: WW, tW, tW¯ , tt¯, DY → ττ. 

• If various leptonic final states are possible, for instance: WW → e +e −, WW → µ +µ −, WW → e +µ − and so on for the other processes.

• We can calculate the ratio of ee and eµ final state events originating from the same process using the MC simulation.
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up to first order, this ratio should be equal to 2.

• One could expect this ratio to remain the same for both simulated and real events. If so, we could write:
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this allows us to estimate the expected number of background events in our event sample of interest.

Results

• We see a good agreement between data and MC, with the difference fitting within 10% .

• This simulation suggests 206066 background events, and the eμ method gives 198343 background  events suggests that MC overestimates the 

background by around 4% the background.

• The agreement between data and signal + background becomes better after we apply the eμ method.
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Proton Structure

• The parton model sugests that the proton has an inner structure which consists of gluons and quarks.

• Theoreticians describe the insides of the proton using Parton Distribution Functions (PDF).

• PDFs are defined as probability densities to observe a parton that has a certain fraction x of Proton’s full longitudinal momentum at a certain 

probing energy scale 𝑄2.
• The valence quarks determine the quantum numbers of a proton.

• There are also non-valence (or so called "sea") quarks that carry a small momentum fraction but still may interact in high-energy collisions.

Drell-Yan Process Background Estimation Using eμ Method 

Wrap-up

• Partons are described using PDFs and consist of gluons and quarks.

• The CMS is used to detect various particle collisions in the LHC.

• The Drell-Yan process occurs when  a quark and antiquark annihilats producing lepton – antilepton pair.

• The eμ method is used to estimate the number of background events.

• In the simulation we can see a good agreement between data and MC, but emu method provides a more realistic result.

Figure 1: Only the three valence quarks participate in low-

energy scattering processes. As the energy goes higher, there is 

a higher and higher probability that interactions with sea 

partons will occur.

Figure 2: An example of parton distribution functions at 𝑄2 =
10 𝐺𝑒𝑉2 [1]. x denotes proton's longitudinal momentum 

fraction carried by a specific parton.

Figure 3: The transverse slice through CMS showing different parts of the detector.

Figure 4: Feynman diagram displaying the 

Drell-Yan process.

Figure 8: Comparison between CMS data and estimations of 

signal and various processes. Red color denotes backgrounds 

evaluated using the eμ method.

Figure 5: DY differential cross section dσ/dm as 

measured and as predicted by simulation at the 

proton-proton collision energy of 13 GeV. [2]

Figure 6: Dielectron mass distribution histogram. 

Comparison between CMS data and MC simulation of 

DY signal and various background processes is 

provided.

Figure 7: Comparison between the eμ method 

result and MC prediction of corresponding DY 

backgrounds.
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