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  F Hautmann 
TWO LECTURES ON QCD PARTON SHOWERS 

INCLUDING 
TRANSVERSE MOMENTUM DEPENDENT PARTON 

DISTRIBUTIONS
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                      Lecture 1
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MOTIVATION 
Electroweak gauge boson hadroproduction spectra:
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MOTIVATION 
Gauge boson + jet hadroproduction:
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MOTIVATION 
Proton's structure functions at high energies:
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The collinear parton density functions:
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  Hadron scattering. E.g.: DIS                         
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C) Multi-scale hard scattering at LHC 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)
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kT-dependent gluon density from precision DIS data

 Good description of inclusive DIS
               data with TMD gluon  

 Sea quark yet to be included at 
                     TMD level
Fit performed with herafitter     
                      package 
      https://www.herafitter.org/ 
       arXiv:1410.4412 [hep-ph]

[Jung & H, Nucl. Phys. B 883 (2014) 1]  
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“The TMDlib project” http://tmdlib.hepforge.org/ 

a platform for 
theory and 
phenomenology 
of TMD pdfs

library of fits and 
parameterizations  
LHApdf style
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Next lecture's preview: 
FROM QCD TO MONTE CARLO EVENT GENERATORS  

CCFM equation is TMD branching equation which contains both 
                     Sudakov physics and BFKL physics  
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