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•  Proton-proton scattering and 
    optical theorem 

 
•  Double Parton Scattering ( DPS )  
    at                           becomes more  
    prominent 
 

       typical scale at LHC 
 

Motivation 
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[ Łuszczak, Maciuła, Szczurek | 2012 ] 

Total LO cross section for                     for single 
parton scattering ( SPS ) and double parton 
scattering ( DPS ) 

Soft part of the proton-proton scattering after the optical theorem 



•  Single-parton correlator | proton-proton scattering 
 

 
     
      Longitudinal momentum fraction  
      Relative transverse momentum 
      Proton momentum transfer 
      Expansion in large  
 
•  Different reductions lead to different functions  
 
 

Single-Parton Correlator 
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e.g. [Lorcé, Pasquini, Vanderhaeghen | 2011] 
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•  Double-parton correlator 
 
•  New: momentum transfer between active partons 

 
 
 
 
 

 
 

•  Symmetry under the exchange of the active partons 
 
 
 

 

•  Double PDFs:  
 

Double-Parton Correlator 
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•  Three independent Single PDFs 
 

 
•  Rewrite PDFs with helicity amplitudes  
  positive semi-definite matrix    

 
 

 
 

 
•  Constraints on PDFs  “Soffer bound” 

Single-Parton Soffer Bound 
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Graphical representation of  the  
Soffer bound for 

Content  –  Double-Parton  –  Positivity Constraints  –  Summary 
Single-Parton Soffer Bound  –  Double-Parton Bounds 

Double PDFs and new positivity constraints | Markus Thürmann | Munich | 18th March 2013 



•  Seven ( almost ) independent Double PDFs 
 
 
 
 
 

 
•  Rewrite DPDFs with helicity amplitudes  
  8 × 8 positive semi-definite matrix  use     

Double-Parton Bounds I 
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•  Reduced 4 × 4 positive semi-definite matrix 
    

 
 
 

 
 
•  “naïve bounds” for DPDFs 

 

Double-Parton Bounds II 

8 

Content  –  Double-Parton  –  Positivity Constraints  –  Summary 
Single-Parton Soffer Bound  –  Double-Parton Bounds 

Graphical representation of  the naïve bounds for DPDFs 
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•  Reduced 4 × 4 positive semi-definite matrix 
    

 
 
 

 
 
•  New bounds for double- and single-PDFs 

 

Double-Parton Bounds III 
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•  Reduced 4 × 4 positive semi-definite matrix 
    

 
 
 

 
 
•  New bounds for double- and single-PDFs 

 
 
 
 

•  Remember: single-parton Soffer bound 

Double-Parton Bounds III 
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•  Reduced 4 × 4 positive semi-definite matrix 
    

 
 
 

 
 
•  New bounds for double- and single-PDFs 

 
 
 
 

•  Remember: single-parton Soffer bound 

Double-Parton Bounds III 
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Summary 
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•  Double-parton correlator 
 

        New double-parton functions 
        Relations between single-parton and double-parton functions 
        

•  New Soffer-like positivity constraints 
 

        Reduction of the single-parton positivity constraints 
        Eventually smaller region for PDFs 
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Light-Front Notations 
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•   Other arrangement of variables | mixture of  
     known time and space coordinates 

 
 
•          chosen as light-front time 
•  New metric to raise and lower indices 

 
 
 

 
•  Different scalar product  

 
 

•  Positivity for massive particles | no square roots 
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Graphical representation of  the front form 



Lepage-Brodsky Spinors 
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•  Lepage-Brodsky spinors | Dirac equation 
 
 
 

 
 
•  Twist 2     -matrices 

 
 
 
 
 
 
 

•  For quarks:  
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•  Forward correlator reduction at 3Q level 
 

 
 

•  Constraints on longitudinal momentum 
 
 
 
 

•  Off-forward correlator reduction at 3Q level 
 
 

 
               longitudinal                                    transverse  

Relations between the Correlators 
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•  Possible reduction of single-parton constraints  
 

 
  

Relation between Single- and Double-Bounds 
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Graphical representation how the double-parton bounds reduce the possible region at 
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