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The Standard Model of Particle physics

• The known fundamental particles seems to fit a nice mathematical 
description called the “Standard Model” of particle physics. 

4



5

Interactions in the Standard Model



Top Quark
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3rd generation

• Top Quark is special 

• Heaviest known fundamental particle in the Standard 
Model (approx 190 times proton mass) 


• No top quark bound systems observed


• Decays immediately into lighter quarks



The Higgs Boson 
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• Higgs was the last missing piece in the Standard Model 


• Finally discovered in 2012 


• Mass : Approx 125 times proton mass.

• Its is the quanta of Higgs field 

which gives mass to fundamental 

particles 


• Higgs field is responsible for EWK 

gauge boson masses 


• Fermions obtain mass via Yukawa 

interaction with Higgs field.



Spontaneous symmetry breaking
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• Experience tells us that fundamental particles have mass. 


• Adding a mass terms in the Lagrangian violates certain fundamental laws of 

physics. 

V = − μ2ϕ†ϕ + λ(ϕ†ϕ)2

• Fermions get mass through 

Yukawa interaction

yϕψ†ψ → y(v + h)ψ†ψ

= mψ†ψ + yhψ†ψ



Is the Standard Model complete?
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• No Description of 
Gravity

• No Dark matter candidate.

• No insights on Dark 
Energy

• No explanation why Neutrinos 
have mass.

• No explanation for Matter 
antimatter asymmetry in the 
Universe.



Are we living in a stable Universe?

• Is the electroweak vacuum stable.


• Assuming Standard Model is true: 


• The observed Higgs Boson mass of 
125 GeV means we may be in a false 
vacuum.

10 Degrassi et.al



Top quark coupling with Higgs field is critical
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• A small change in top-
quark coupling with 
Higgs field ( ) changes 
the monotonic behavior 
of Higgs field potential 

yt

F. Bezrukof & M. Shaposhnikov



How to measure the top-Yukawa
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• Being the heaviest SM particle, top-quark is 
expected to have the largest 


• Indirect constraints on top-yukawa coupling 
are possible through Higgs production through 

 and  processes 


• Current best fit coupling strength modifier ( )  
(assuming no BSM particles in the loop)


•

yt

ggH H → γγ

κt

κt ≡
yt

yt(SM)
= 1.02+0.11

−0.10

•  is one of the direct ways to measure top-yukawa coupling. tt̄H

Phys. Rev. D 101, 012002

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.012002


The Large Hadron Collider
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If the LHC were in Stillwater…
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http://howlargeisthelhc.com

http://howlargeisthelhc.com


Colliding protons
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• Protons are circulated 
as bunches in the 
LHC


• At interaction points 
these bunches are 
squeezed to increase 
probability of collision.



Colliding protons
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• Proton collisions are effectively collisions 
between “partons”

Parton distribution functions



ATLAS Detector
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Detector subsystems and particle identification
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Multiple collisions: “Pileup”
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ATLAS data taking and computing
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ATLAS data taking and computing
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Online Control Room



ATLAS data taking and computing
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ATLAS data taking and computing
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Offline Validation



ATLAS data taking and computing
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• High data taking efficiency 


• Successive improvement in efficiency in every passing year.



General principle of analysis
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General principle of analysis
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• Out of all the data collected select a sub sample of events of interest. 


• Compare the selected events with a simulated theory model.

• Sometimes in case where 
the rate of production has 
to be measured we fit the 
simulated theory to the 
observed data. 


• The fit parameters can be 


• simple normalization 
factors, or.


• μ ≡
Measured

SM predicted



Top Quark pair production at LHC
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• Between 2015 and 2018 ATLAS several Millions of  ttbar events.


• Rare top processes like  , ,  and even processes like  are now 
becoming accessible at the LHC.

tt̄H tt̄W tt̄Z tt̄tt̄

10%

90%



Top Quark pair production at LHC
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The Challenges
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• Though ~10 top quarks are produced every second, all of them may not be seen in 
the detector due to efficiencies and acceptances.

• Calibration of the detector. Understanding the difference between simulation and 
real data

• Theory uncertainties: Limited by available technologies for calculations. 



Understanding electrons in the detector
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Understanding Jets

32



Experimental challenges in measuring tt̄H

• Standard Model expectation:  ~507 fb: About 1% of total Higgs cross-section.


• Μany final states 


• Tiny signal  and large backgrounds
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 multileptonstt̄H
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 (Signal)tt̄H

Major Irreducible backgrounds

tt̄W

tt̄Z

…and many other



 multileptonstt̄H
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Reducible backgrounds



Multilepton signatures
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• Events are classified into 
several different categories to 
optimize signal selection


• Machine learning algorithms 
(boosted decision trees) are 
used to separate signal from 
background
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Modeling agreement in data: Control regions
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Modeling agreement in data: Signal regions
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Problem with  Modelingtt̄W
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• A large mis-modeling in  process was 
observed.


• At NLO  is a quark gluon initiated 
process. 


• Gluon initial states become important at 
higher orders.

tt̄W

tt̄W

LO NLO



The  casett̄W
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Stimulated discussions  among 
the theory community



 multileptons resultstt̄H
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• Cross-section     (Measured:   fb    Standard Model expected:   fb)


• Consistent with Standard Model (within uncertainties)


•  contributions scaled between 1.2 and 1.7 than Standard Model expectation

294+182
−162 507+35

−50

tt̄W



Measurement uncertainties
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The future
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The LHC Schedule
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• LHC will increase its instantaneous luminosity over  several phases.


• ATLAS will also upgrade its detector components to cope up with this increased luminosity. 



LS2: ATLAS Calorimeter upgrade
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• In Run-3 LHC will deliver up to 1.5 times Run-2 instantaneous collisions. 


• This will increase the pileup 



ATLAS Calorimeter upgrade
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• Information granularity for the trigger system will be 
increased 


• This will enable a lower threshold for triggers. 


• Meaning better signal acceptance.
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Conclusion

• Associated production of top-quark pairs with Higgs bosons is an important 
process to probe top-Higgs interaction in the Standard Model.


• With more data coming from the LHC, a very good understanding of low rate 
processes like  is becoming crucial for precise determination of rate of 

processes like  


• Future detector developments will help in improving the ability to perform  
measurements with multi leptonic signatures at ATLAS.

tt̄W
tt̄H



Backup
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Previous -multileptons resulttt̄H



50

Higgs Couplings
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ATLAS ttH combinations


