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OVERVIEW OF TOP QUARK PRODUCTION
• Major source of production is via pair production

• Single top quarks produced through three 
mechanisms and t-channel has the largest cross-
section of the three

o 𝜎!"#$%& ∝ 𝑉!' term of the CKM matrix

• ATLAS collected 257 pb!" worth of data at 𝑠 =
5.02 TeV in 2017

o 𝑡 ̅𝑡 cross-section measurement published last year - 
JHEP 06 (2023) 138

o t-channel production is just about to be published -
ATLAS-CONF-2023-033

• Measurement at 𝑠 = 5.02 TeV allows for a test of 
the SM and possible constraints on PDFs
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https://link.springer.com/article/10.1007/JHEP06(2023)138
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-033/https:/atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-033/
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ATLAS DETECTOR



MEASURED PAIR PRODUCTION CROSS SECTION
• Fitted Boosted Decision Tree (BDT) distribution in single 

lepton (SL) and cut and count for dilepton (DL) regions

• Measurements:
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• SM predicts 𝜎##̅ = 68.2!%.'(%.) pb

• Most precise (4.5%) 𝜎##̅ measurement in 
the SL channel by ATLAS!

• 3.9% overall uncertainty in the combined 
result of the two channels
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EFFECT ON THE GLUON PDF
• Including the combined 𝜎##̅ 

measurement to the ATLASPDF21 fit

• ~1% increase in the gluon PDF at 
high 𝑥

• ATLASPDF21 also contains multiple 
top quark measurements from 8 and 
13 TeV

o The effect of these measurements at 
high 𝑥 is O(1%) as well

o One measurement at 5.02 TeV gives a 
1% change in a fit with ~1500 degrees 
of freedom
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SINGLE TOP ANALYSIS STRATEGY
• There is an additional spectator jet produced with the top quark

o This forward jet is typically produced in the high 𝜂  region
o Optimized selection for maximum S/sqrt(S+B) 

• Use the leptonic decay of the top quark to trigger on events

• Require one b-tagged jet with 𝜂 < 2.5 and one “untagged” jet with 𝜂 < 4.0

• At 5.02 TeV the t-channel cross section is predicted at NNLO to be 30.3 pb
o 𝜎! = 20.3 pb and σ!̅ = 10 pb
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See also Laura’s talk!

https://indico.cern.ch/event/1233341/contributions/5528043/attachments/2721436/4728054/SingleTop_LauraPintucci_TOP23_final.pdf


BDT IMPLEMENTATION AND RESULTS
• Train a BDT to separate signal from background

• Apply it to a positive lepton and negative lepton regions
o Used to select for top quark or antitop quark production

• Extract 𝜎#!*+,- and 𝑅# (ratio of individual cross sections) 
from a fit to data

o Calculate 𝜎! , 𝜎 ̅! , and 𝑉!# 
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ATLAS-CONF-2023-033

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-033/https:/atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-033/


SINGLE TOP QUARK PRODUCTION AT 5.02 TEV
• Observed single top t-channel production with a significance of 6.1𝜎

• Statistics limited due to small dataset
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SUMMARY
• The LHC has provided an abundance of interesting data to study
• Can continue to learn more about top quarks with LHC data
• LHC started off as a search machine but has transitioned to a precision 

measurement machine – even with small datasets!
• Unique LHC runs such as the 5.02 TeV run can give interesting physics results!

More LHC data is on its way 
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BACKUP
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THE DILEPTON CHANNEL
• First time using both same flavour (𝑒𝑒, 𝜇𝜇) 

and opposite flavour (𝑒𝜇) dilepton events

• Good purity but low statistics

• Single lepton trigger
o Require 2 opposite sign leptons to be 

reconstructed

• Lepton 𝑝. > 18 GeV and 𝜂 < 2.5
o Trigger is fully efficient

• Jet 𝑝. > 25 GeV, 𝜂 < 2.5, and one or two 
b-tagged jets

• 𝜂 ≡ − ln tan /
)
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LEPTON+JETS CHANNEL
• More statistics but more background

• Exactly one electron or muon 
candidate that was triggered on

• Lepton 𝑝. > 25 GeV
o Reject “soft” mis-identified leptons

• Two or more jets with 𝑝. > 25 GeV 
and 𝜂 < 2.5

• Events classified into 6 regions based 
on number of jets and b-tagged jets

• Boosted Decision Tree (BDT) trained 
to separate signal from background
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LEPTON+JETS BDT INPUT VARIABLES
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LEPTON+JETS CHANNEL BDT
• BDT response distributions in the six regions
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T-CHANNEL SELECTION
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T-CHANNEL BDT INPUT VARIABLES
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