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          Quantum Chromodynamics (QCD) 
            and its uses at hadron colliders   

QCD as a gauge feld theory of the strong interaction

High-energy hadron collisions and QCD factorization methods 

Applications to Large Hadron Collider (LHC) physics         
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Quantum Chromodynamics
(QCD), the gauge theory of
the strong interaction, is the
sector of the SM which is
expected to exist as a
fundamental theory down to
arbitrarily short distances

QCD as a part of the Standard Model (SM) of
Fundamental Interactions

On one hand, one relies on QCD to search for new physics in the 
electroweak sector with high-energy experiments 
On the other hand, one investigates in QCD profound questions
probing feld theory in “extreme” regions  
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A cartoon picture of collider's phase space
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QCD at the “extremes”

Factorization theorems
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LHC pp collision event
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OUTLINE

Principles of QCD factorization 

Applications to collider processes
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THE QCD RUNNING COUPLING
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The collinear parton density functions:
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  Hadron scattering. E.g.: DIS                         
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C) Multiple-scale hard scattering at high energies
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Transverse momentum dependent (TMD) 
parton density functions 

Generalize matrix element to non-lightlike distances:

TMD pdf's: 
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Examples: generalized evolution equations

Q
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Example I: 
Drell Yan production at low pT  

Landry et al.   
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Example II: 

DIS at high energies   
 

high-energy projector 
(spin and momentum)

[Catani et al.]

fulfills BFKL evolution
         equation
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“The TMDlib project” http://tmdlib.hepforge.org/

a platform for 
theory and 
phenomenology 
of TMD pdfs

library of fts and 
parameterizations  
LHApdf style
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TMD Parton Distributions
(from fts to experimental data)

● Large kT broadening due to multiple parton radiation

● To assess the impact on hard production processes,
            consider the integrated distribution
                     above the scale kT:

● For instance, for mu = 100 (500) GeV, 30% probability
that the gluon has developed kT larger than 20 (80) GeV
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FROM QCD TO MONTE CARLO EVENT GENERATORS  
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APPLICATIONS TO
VECTOR BOSON AND JET

PRODUCTION

                                 



22 F Hautmann: “Two Days with Particle Physics” Workshop, Shahid Beheshti University, November 2021 

Z-boson Drell-Yan production at the LHC:
(TMDs ftted to inclusive DIS) x (NLO DY calculation)

 ATLAS 8 TeV data [E. Phys. J. C76 (2016) 291]

A Bermudez et al, PRD 100 (2019) 074027 
                                    [arXiv:1906.00919] ● Use MadGraph5_aMC-at-NLO

● Apply PB-TMD
● Set matching scale mu_m (kT < mu_m)

● Theoretical uncertainties dominated by scale dependences; TMD uncertainties moderate
● Low-pT spectrum sensitive to angular ordering (PB-TMD Set 2)
● Missing higher orders at high pT: DY + jet contribution (blue curve on right hand side)   
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Z-boson Drell-Yan production at the LHC
using “TMD multi-jet merging”

A Bermudez et al, PLB  822 (2021) 136700  
                                    [arXiv:2107.01224] 

● Z +0 jet gives the main contribution
at low pT; the impact of larger
jet multiplicities increases with
increasing pT.

● The “TMD merging” prediction
retains the good description at
low pT already seen by applying
TMD evolution, and improves the
behavior at high pT by including
higher multiplicities.
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From Color Neutral to Color Charged Final States

What is the role of potentially new soft-gluon correlations between initial states
and fnal states? 

What is the behavior of jet azimuthal asymmetries? 

How does this vary as the transverse momenta of the individual jets increase?
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Conclusion
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