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 TMD parton densities and fnal 
states at the LHC  

F Hautmann

 

  

ISMD 2014, Bologna, September 2014 

● Proton structure with transverse momentum dependence

●  Application to LHC: Drell Yan + jets production   

● What can we learn from high-precision DIS data

Based on collaborations with S Dooling, H Jung, S Taheri Monfared 
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The collinear parton density functions 

             DIS in 
infinite momentum frame 

correlation of parton fields at lightcone distances
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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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Classic motivations for TMDs (I)
Drell Yan hadroproduction pT spectra 

H Jung, talk 
at DIS2014,
Warsaw, 
April 2014
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Classic motivations for TMDs (II) 

DIS at x → 0 : large corrections to fxed order   
A Stasto, talk 
at VHECR2014,
CERN, Aug 2014 
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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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DIS at small x: 
transverse momentum dependent 

high-energy factorization 
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Example: favor singlet evolution at small x
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Example: DIS F2 coeffcient function from TMD 
factorization

NLOLO NNLO

Need for single-log resummations
[cf. double-log (x → 1, x → 0 timelike): e.g., A. Vogt, talk at DIS2012, Bonn]

[Catani & H (1994)]



10 F Hautmann: ISMD2014, Bologna, September 2014 

  Beyond x → 0: CCFM exclusive evolution  

●   evolution code uPDFevolv publicly released
            [Jung, Taheri Monfared & H, 
                    arXiv:1407.5935]  
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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/ 

[Jung & H, Nucl. Phys. B 883 (2014) 1]
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kT-dependent gluon density from precision DIS data

[Jung & H, Nucl. Phys. B 883 (2014) 1] 
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Integrated pdfs
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Can we go to large transverse momenta? 
Total H_T distribution in 

W + n jets fnal states at the LHC 
                                     Dooling, Jung & H, Phys. Lett. B736 (2014) 293 

mode A: uncertainties from renorm. scale, starting evol. scale, expt. errors      

mode B: include factorization scale uncertainties 
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Application to vector bosons + jets at 
high energy  

→ Determine TMD pdf from high-precision DIS data     

→ Obtain predictions for final states associated with Drell-Yan using      
                  high-energy off-shell matrix elements

→ Use exclusive CCFM evolution            
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W + n jets fnal states at the LHC 
                                  Dooling, Jung & H, Phys. Lett. B 736 (2014) 293 

      

Leading jet pT: (left) inclusive; (right) n>=3 
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W + n jets fnal states at the LHC 
                                       Dooling, Jung & H, Phys. Lett. B 736 (2014) 293 

      
Subleading jets: (left) second jet pT; (right) third jet pT 
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Angular correlations in 
 W + n jets fnal states  

                                   Dooling, Jung & H, Phys. Lett. B 736 (2014) 293 

      
(left) Delta-phi between two hardest jets; (right) vector boson - third jet correlation 
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Kinematic effects in parton shower evolution  

Longitudinal 
momentum shifts 
due to energy-
momentum 
conservation 
combined with 
collinearity 
approximation
[S. Dooling et al.,  
arXiv:1212.6264] 
Non-negligible effect
especially in  
data/theory  
comparisons for high 
rapidity jets. 
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Conclusion
                   
                    TMD proton structure relevant to 
 both large pT and small pT processes, high x and low x:

         TMDlib platform http://tmdlib.hepforge.org/  
                                                   
         First determination of TMD gluon from combined
  high-precision DIS data, including uncertainties [→ herafitter] 

    The approach has far reaching implications for LHC physics: 
          treatment of kinematic corrections to parton showers; 
        studies of theor uncertainties in multi-particle final states;   
               ex.: W + jets pT spectra and angular correlations
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                  Extra slides 
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The renormalization group R factor
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Motivation 
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Off-shell cross section
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ATLAS pT and rapidity spectra 
 Higgs → gamma gamma

JH-2013-set1: kT dependent gluon density from fits to precision DIS data 
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ATLAS preliminary Conf-2013-072
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TMD evolution equations

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