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Introduction
• In the energy range above the EW scale (                 ), Sudakov logarithms represent the leading 

contribution of EW radiative corrections 

• Sudakov logarithms from  EW corrections 
   
                                                                       
 

• At   
              
                       Double logs:                             
                                                
        
                         Single logs:                         
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Introduction
• Significant enhancement of tails of kinematic distributions up to several tens percent

3

[Pagani, Zaro 2110.03714; 2021][Bothmann, Napoletano 2006.14635; 2020] [Lindert, L.M.; to appear soon]
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Origin of DL and SL
• DL originate from triangle diagrams where 

two external legs exchange a soft and 
collinear (SC) gauge boson V 
 
 
                                                        
              
             

• DL can be split into: 

        LSC (angular independent): 

          SSC (angular dependent): 

         Sub-SSC (angular dependent):  

4

• SL have a triple origin: 

        PR: UV renormalisation of EW dimensionless parameters 

                                                     

        WF: wave-function renormalisation of external fields           
              
   
            
           
        Coll: external leg emission of a collinear gauge boson 
  

• C=WF+Coll: Full gauge-invariant SL associated to external fields
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Implementation in OpenLoops: why
• NLO EW corrections have been automated nowadays 

• EW Sudakov logarithms at one-loop already implemented in 
            ALPGEN: Chiesa et al, 1305.6837; 2013                                            
            Sherpa: Bothmann, Napoletano 2006.14635; 2020 

            MadGraph: Pagani, Zaro 2110.03714; 2021 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Implementation in OpenLoops: why
• NLO EW corrections have been automated nowadays 

• EW Sudakov logarithms at one-loop already implemented in 
            ALPGEN: Chiesa et al, 1305.6837; 2013                                            
            Sherpa: Bothmann, Napoletano 2006.14635; 2020 

            MadGraph: Pagani, Zaro 2110.03714; 2021 
 
However: 
          Even if automated, one-loop computations can be very complicated (e.g. high multiplicity processes)   
          No NNLO/two-loop level automation available  
          EW Sudakov logs have nice properties: factorisation, being the leading contribution of radiative corrections 
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Implementation in OpenLoops: why
• NLO EW corrections have been automated nowadays 

• EW Sudakov logarithms at one-loop already implemented in 
            ALPGEN: Chiesa et al, 1305.6837; 2013                                            
            Sherpa: Bothmann, Napoletano 2006.14635; 2020 

            MadGraph: Pagani, Zaro 2110.03714; 2021 
 
However: 
          Even if automated, one-loop computations can be very complicated (e.g. high multiplicity processes)   
          No NNLO/two-loop level automation available  
          EW Sudakov logs have nice properties: factorisation, being the leading contribution of radiative corrections 

• OpenLoops (OL): automated tool for the calculation of tree and one-loop amplitudes [Buccioni et 
al, 1907.13071; 2019]  

• Goal of the implementation: evaluate NLO EW Sudakov corrections via tree amplitudes (w/o loop 
computations)  ~30 times faster than computing full NLO EW!! ⟹
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Results: ttH
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Results: ttHj
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Conclusions and outlook
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• In the EW sector, radiative corrections at high energies are dominated by Sudakov logarithms which 
significantly enhance tails of kinematic distributions ( > 10%) 

• Exploiting their universality, we develop and implemented in OpenLoops an approach to compute 
one-loop EW Sudakov logs  via tree amplitudes only 
 
 
 
  
Reduction from loop computations to a tree-level problem with                 of accuracy 

• Additional aspects of the implementation:  
                 Model independent (applicable to both SM and BSM scenarios) 

                 Direct employment in PS Event Generators with OL interface 

                 Can be used together with differential QED radiation at NLO (both mass and dim reg are available) 

                 Support EW corrections for resonant processes 

• Outlook: 
                 Dressing NLL EW Sudakov logs with QCD loops, i.e. mixed QCD-EW corrections 
                 NNLO/two-loop extension 
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Double Logs (DL)
• DL originate from triangle diagrams where two external legs 

exchange a soft and collinear (SC) gauge boson V 
 

12

l

k′ 

k

l′ 



Double Logs (DL)
• DL originate from triangle diagrams where two external legs 

exchange a soft and collinear (SC) gauge boson V 

• In the Eikonal approximation, the loop integral reduces to 
the scalar three-point function , which factorises  
 
 
    
 
 
with

C0
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Double Logs (DL)
• DL originate from triangle diagrams where two external legs 

exchange a soft and collinear (SC) gauge boson V 

• In the Eikonal approximation, the loop integral reduces to 
the scalar three-point function , which factorises  
 
 
    
 
 
with 

• Consequence of  factorisation: DL are universal, i.e. process independent 

C0

C0
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Double Logs: LSC, SSC, S-SSC
• DL can be split into 

 
               Leading Soft-Collinear (LSC): angular independent, single sum over external legs 
 
 
 
 
 
         Subleading Soft-Collinear (SSC) and Sub-SSC: angular dependent, double sum over external legs 
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DL originate when two 
external legs 
exchange a soft and 
collinear (SC) gauge 
boson V
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Single Logs (SL)
• SL have a triple origin 
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Single Logs (SL): PR
• SL have a triple origin 

 
              PR: UV renormalisation of EW dimensionless parameters  
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• SL have a triple origin 
 
              PR: UV renormalisation of EW dimensionless parameters  
 
 
 
 
                
        WF: wave-function renormalisation of external fields                      
                    
 
 
 
                    yields to the factorised correction 
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Single Logs (SL): PR & WFR
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Single Logs (SL): Coll
• SL have a triple origin 

 
              Coll: external leg emission of a collinear gauge boson 
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Single Logs (SL): Coll
• SL have a triple origin 

 
              Coll: external leg emission of a collinear gauge boson 
 
 
                    Its evaluation in Collinear approximation leads to the factorised contribution 
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Single Logs (SL): Coll
• SL have a triple origin 

 
              Coll: external leg emission of a collinear gauge boson 
 
 
                    Its evaluation in Collinear approximation leads to the factorised contribution 
 
 
 
 
 
 
 
 

        C: Full gauge-invariant SL correction associated to external fields: 
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Implementation in OpenLoops: how
•  Representation of Denner-Pozzorini algorithm via effective CT vertices  

 
 
 
 
 
 
reducing one-loop amplitudes to tree-level ones via double CT insertions
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Implementation in OpenLoops: how
•  Representation of Denner-Pozzorini algorithm via effective CT vertices  

 
 
 
 
 
 
reducing one-loop amplitudes to tree-level ones via double CT insertions 
 
Eg.: Drell-Yann 
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Implementation in OpenLoops: how
• Effective CT vertices are suitable for evaluation of soft-collinear and collinear Sudakov 

corrections 
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Implementation in OpenLoops: how
• Effective CT vertices are suitable for evaluation of soft-collinear and collinear Sudakov 

corrections 

• Single logs coming from PR contributions can be evaluated via generation of standard UV 
counterterms, e.g. 
 
 
 
 
 
 
 
 
setting all the WFRCs to zero
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Implementation in OpenLoops: how
• Effective CT vertices are suitable for evaluation of soft-collinear and collinear Sudakov 

corrections 

• Single logs coming from PR contributions can be evaluated via generation of standard UV 
counterterms, e.g. 
 
 
 
 
 
 
 
 
setting all the WFRCs to zero 

• Alternative way: set          to zero and evaluate WF + PR via standard UV counterterms
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Single Logs: PR
• Generic two-point function 
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Single Logs: PR
• Generic two-point function 

 
 

• In LA                                          four possible hierarchy of masses
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Single Logs: PR
• Generic two-point function 

 

• Results for two point functions and their derivatives 
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Additional results



Validation: Energy scan

31

•In the high energy limit, for not mass-suppressed matrix elements we expect const          

• Inclusion of the phase from a LA of  in DL, i.e. 

                                                                                                               

is crucial in  processes with : without phase  shows a logarithmic dependence

NLOVI − NLL'VI ∝

C0

2 → n n ≥ 3 NLOVI − NLL'VI
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Results: 
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SSC and S-SSC become very sizeable for PS 

regions where Sudakov condition  

 

is violated, with hierarchy among invariants 
<latexit sha1_base64="dMx/MgrZRMZUlfcXPPB6713jJrE="></latexit>
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<latexit sha1_base64="fLWMk5QPPZqvQDcZkBioS4T/N4o=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCIJYZKeqy6MZlBfvAdiyZNNOGZjIhyQh1GPwVNy4Ucet/uPNvzLSz0NYDCYdz7uXee3zBqNKO820VFhaXlleKq6W19Y3NLXt7p6miWGLSwBGLZNtHijDKSUNTzUhbSIJCn5GWP7rK/NYDkYpG/FaPBfFCNOA0oBhpI/XsPSFgV0ewdZ8cp9l/ksK7nl12Ks4EcJ64OSmDHPWe/dXtRzgOCdeYIaU6riO0lyCpKWYkLXVjRQTCIzQgHUM5Conyksn2KTw0Sh8GkTSPazhRf3ckKFRqHPqmMkR6qGa9TPzP68Q6uPASykWsCcfTQUHMoDk3iwL2qSRYs7EhCEtqdoV4iCTC2gRWMiG4syfPk+ZpxT2rVG+q5dplHkcR7IMDcARccA5q4BrUQQNg8AiewSt4s56sF+vd+piWFqy8Zxf8gfX5A8b6lCc=</latexit>
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<latexit sha1_base64="p6R6STlDzGEj3phFf3G26EsfEv0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BL3qLYB6SLGF2MkmGzM4uM71iWPIVXjwo4tXP8ebfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMYXU/95iPXRkTqHscx90M6UKIvGEUrPXSQP2HauJ10iyW37M5AlomXkRJkqHWLX51exJKQK2SSGtP23Bj9lGoUTPJJoZMYHlM2ogPetlTRkBs/nR08ISdW6ZF+pG0pJDP190RKQ2PGYWA7Q4pDs+hNxf+8doL9Sz8VKk6QKzZf1E8kwYhMvyc9oTlDObaEMi3srYQNqaYMbUYFG4K3+PIyaZyVvfNy5a5Sql5lceThCI7hFDy4gCrcQA3qwCCEZ3iFN0c7L8678zFvzTnZzCH8gfP5AwzgkJU=</latexit>

VI

<latexit sha1_base64="p6R6STlDzGEj3phFf3G26EsfEv0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BL3qLYB6SLGF2MkmGzM4uM71iWPIVXjwo4tXP8ebfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMYXU/95iPXRkTqHscx90M6UKIvGEUrPXSQP2HauJ10iyW37M5AlomXkRJkqHWLX51exJKQK2SSGtP23Bj9lGoUTPJJoZMYHlM2ogPetlTRkBs/nR08ISdW6ZF+pG0pJDP190RKQ2PGYWA7Q4pDs+hNxf+8doL9Sz8VKk6QKzZf1E8kwYhMvyc9oTlDObaEMi3srYQNqaYMbUYFG4K3+PIyaZyVvfNy5a5Sql5lceThCI7hFDy4gCrcQA3qwCCEZ3iFN0c7L8678zFvzTnZzCH8gfP5AwzgkJU=</latexit>

VI

<latexit sha1_base64="ZTtv/qy++u47dUgWgOepjFByJrs=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETxGMA9JljA7mSRDZmeXmV4xLPkKLx4U8ernePNvnCR70MSChqKqm+6uIJbCoOt+O7mV1bX1jfxmYWt7Z3evuH/QMFGiGa+zSEa6FVDDpVC8jgIlb8Wa0zCQvBmMrqd+85FrIyJ1j+OY+yEdKNEXjKKVHjrInzC9aU66xZJbdmcgy8TLSAky1LrFr04vYknIFTJJjWl7box+SjUKJvmk0EkMjykb0QFvW6poyI2fzg6ekBOr9Eg/0rYUkpn6eyKloTHjMLCdIcWhWfSm4n9eO8H+pZ8KFSfIFZsv6ieSYESm35Oe0JyhHFtCmRb2VsKGVFOGNqOCDcFbfHmZNM7K3nm5clcpVa+yOPJwBMdwCh5cQBVuoQZ1YBDCM7zCm6OdF+fd+Zi35pxs5hD+wPn8AQhAkJI=</latexit>

EW

<latexit sha1_base64="ZTtv/qy++u47dUgWgOepjFByJrs=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETxGMA9JljA7mSRDZmeXmV4xLPkKLx4U8ernePNvnCR70MSChqKqm+6uIJbCoOt+O7mV1bX1jfxmYWt7Z3evuH/QMFGiGa+zSEa6FVDDpVC8jgIlb8Wa0zCQvBmMrqd+85FrIyJ1j+OY+yEdKNEXjKKVHjrInzC9aU66xZJbdmcgy8TLSAky1LrFr04vYknIFTJJjWl7box+SjUKJvmk0EkMjykb0QFvW6poyI2fzg6ekBOr9Eg/0rYUkpn6eyKloTHjMLCdIcWhWfSm4n9eO8H+pZ8KFSfIFZsv6ieSYESm35Oe0JyhHFtCmRb2VsKGVFOGNqOCDcFbfHmZNM7K3nm5clcpVa+yOPJwBMdwCh5cQBVuoQZ1YBDCM7zCm6OdF+fd+Zi35pxs5hD+wPn8AQhAkJI=</latexit>

EW

<latexit sha1_base64="ZTtv/qy++u47dUgWgOepjFByJrs=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETxGMA9JljA7mSRDZmeXmV4xLPkKLx4U8ernePNvnCR70MSChqKqm+6uIJbCoOt+O7mV1bX1jfxmYWt7Z3evuH/QMFGiGa+zSEa6FVDDpVC8jgIlb8Wa0zCQvBmMrqd+85FrIyJ1j+OY+yEdKNEXjKKVHjrInzC9aU66xZJbdmcgy8TLSAky1LrFr04vYknIFTJJjWl7box+SjUKJvmk0EkMjykb0QFvW6poyI2fzg6ekBOr9Eg/0rYUkpn6eyKloTHjMLCdIcWhWfSm4n9eO8H+pZ8KFSfIFZsv6ieSYESm35Oe0JyhHFtCmRb2VsKGVFOGNqOCDcFbfHmZNM7K3nm5clcpVa+yOPJwBMdwCh5cQBVuoQZ1YBDCM7zCm6OdF+fd+Zi35pxs5hD+wPn8AQhAkJI=</latexit>

EW
′ 

<latexit sha1_base64="ZTtv/qy++u47dUgWgOepjFByJrs=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETxGMA9JljA7mSRDZmeXmV4xLPkKLx4U8ernePNvnCR70MSChqKqm+6uIJbCoOt+O7mV1bX1jfxmYWt7Z3evuH/QMFGiGa+zSEa6FVDDpVC8jgIlb8Wa0zCQvBmMrqd+85FrIyJ1j+OY+yEdKNEXjKKVHjrInzC9aU66xZJbdmcgy8TLSAky1LrFr04vYknIFTJJjWl7box+SjUKJvmk0EkMjykb0QFvW6poyI2fzg6ekBOr9Eg/0rYUkpn6eyKloTHjMLCdIcWhWfSm4n9eO8H+pZ8KFSfIFZsv6ieSYESm35Oe0JyhHFtCmRb2VsKGVFOGNqOCDcFbfHmZNM7K3nm5clcpVa+yOPJwBMdwCh5cQBVuoQZ1YBDCM7zCm6OdF+fd+Zi35pxs5hD+wPn8AQhAkJI=</latexit>

EW

<latexit sha1_base64="ZTtv/qy++u47dUgWgOepjFByJrs=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETxGMA9JljA7mSRDZmeXmV4xLPkKLx4U8ernePNvnCR70MSChqKqm+6uIJbCoOt+O7mV1bX1jfxmYWt7Z3evuH/QMFGiGa+zSEa6FVDDpVC8jgIlb8Wa0zCQvBmMrqd+85FrIyJ1j+OY+yEdKNEXjKKVHjrInzC9aU66xZJbdmcgy8TLSAky1LrFr04vYknIFTJJjWl7box+SjUKJvmk0EkMjykb0QFvW6poyI2fzg6ekBOr9Eg/0rYUkpn6eyKloTHjMLCdIcWhWfSm4n9eO8H+pZ8KFSfIFZsv6ieSYESm35Oe0JyhHFtCmRb2VsKGVFOGNqOCDcFbfHmZNM7K3nm5clcpVa+yOPJwBMdwCh5cQBVuoQZ1YBDCM7zCm6OdF+fd+Zi35pxs5hD+wPn8AQhAkJI=</latexit>

EW

<latexit sha1_base64="ZTtv/qy++u47dUgWgOepjFByJrs=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETxGMA9JljA7mSRDZmeXmV4xLPkKLx4U8ernePNvnCR70MSChqKqm+6uIJbCoOt+O7mV1bX1jfxmYWt7Z3evuH/QMFGiGa+zSEa6FVDDpVC8jgIlb8Wa0zCQvBmMrqd+85FrIyJ1j+OY+yEdKNEXjKKVHjrInzC9aU66xZJbdmcgy8TLSAky1LrFr04vYknIFTJJjWl7box+SjUKJvmk0EkMjykb0QFvW6poyI2fzg6ekBOr9Eg/0rYUkpn6eyKloTHjMLCdIcWhWfSm4n9eO8H+pZ8KFSfIFZsv6ieSYESm35Oe0JyhHFtCmRb2VsKGVFOGNqOCDcFbfHmZNM7K3nm5clcpVa+yOPJwBMdwCh5cQBVuoQZ1YBDCM7zCm6OdF+fd+Zi35pxs5hD+wPn8AQhAkJI=</latexit>
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<latexit sha1_base64="fLWMk5QPPZqvQDcZkBioS4T/N4o=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCIJYZKeqy6MZlBfvAdiyZNNOGZjIhyQh1GPwVNy4Ucet/uPNvzLSz0NYDCYdz7uXee3zBqNKO820VFhaXlleKq6W19Y3NLXt7p6miWGLSwBGLZNtHijDKSUNTzUhbSIJCn5GWP7rK/NYDkYpG/FaPBfFCNOA0oBhpI/XsPSFgV0ewdZ8cp9l/ksK7nl12Ks4EcJ64OSmDHPWe/dXtRzgOCdeYIaU6riO0lyCpKWYkLXVjRQTCIzQgHUM5Conyksn2KTw0Sh8GkTSPazhRf3ckKFRqHPqmMkR6qGa9TPzP68Q6uPASykWsCcfTQUHMoDk3iwL2qSRYs7EhCEtqdoV4iCTC2gRWMiG4syfPk+ZpxT2rVG+q5dplHkcR7IMDcARccA5q4BrUQQNg8AiewSt4s56sF+vd+piWFqy8Zxf8gfX5A8b6lCc=</latexit>

pp ! W+W�Z

However, no full control on S-SSC term! 

S-SSC-like terms arise  

also from box diagrams 

<latexit sha1_base64="rr9r32sGH1V/ylPv7Odc64E64i8="></latexit>
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<latexit sha1_base64="ZTtv/qy++u47dUgWgOepjFByJrs=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETxGMA9JljA7mSRDZmeXmV4xLPkKLx4U8ernePNvnCR70MSChqKqm+6uIJbCoOt+O7mV1bX1jfxmYWt7Z3evuH/QMFGiGa+zSEa6FVDDpVC8jgIlb8Wa0zCQvBmMrqd+85FrIyJ1j+OY+yEdKNEXjKKVHjrInzC9aU66xZJbdmcgy8TLSAky1LrFr04vYknIFTJJjWl7box+SjUKJvmk0EkMjykb0QFvW6poyI2fzg6ekBOr9Eg/0rYUkpn6eyKloTHjMLCdIcWhWfSm4n9eO8H+pZ8KFSfIFZsv6ieSYESm35Oe0JyhHFtCmRb2VsKGVFOGNqOCDcFbfHmZNM7K3nm5clcpVa+yOPJwBMdwCh5cQBVuoQZ1YBDCM7zCm6OdF+fd+Zi35pxs5hD+wPn8AQhAkJI=</latexit>

EW

<latexit sha1_base64="ZTtv/qy++u47dUgWgOepjFByJrs=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETxGMA9JljA7mSRDZmeXmV4xLPkKLx4U8ernePNvnCR70MSChqKqm+6uIJbCoOt+O7mV1bX1jfxmYWt7Z3evuH/QMFGiGa+zSEa6FVDDpVC8jgIlb8Wa0zCQvBmMrqd+85FrIyJ1j+OY+yEdKNEXjKKVHjrInzC9aU66xZJbdmcgy8TLSAky1LrFr04vYknIFTJJjWl7box+SjUKJvmk0EkMjykb0QFvW6poyI2fzg6ekBOr9Eg/0rYUkpn6eyKloTHjMLCdIcWhWfSm4n9eO8H+pZ8KFSfIFZsv6ieSYESm35Oe0JyhHFtCmRb2VsKGVFOGNqOCDcFbfHmZNM7K3nm5clcpVa+yOPJwBMdwCh5cQBVuoQZ1YBDCM7zCm6OdF+fd+Zi35pxs5hD+wPn8AQhAkJI=</latexit>

EW

<latexit sha1_base64="ZTtv/qy++u47dUgWgOepjFByJrs=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETxGMA9JljA7mSRDZmeXmV4xLPkKLx4U8ernePNvnCR70MSChqKqm+6uIJbCoOt+O7mV1bX1jfxmYWt7Z3evuH/QMFGiGa+zSEa6FVDDpVC8jgIlb8Wa0zCQvBmMrqd+85FrIyJ1j+OY+yEdKNEXjKKVHjrInzC9aU66xZJbdmcgy8TLSAky1LrFr04vYknIFTJJjWl7box+SjUKJvmk0EkMjykb0QFvW6poyI2fzg6ekBOr9Eg/0rYUkpn6eyKloTHjMLCdIcWhWfSm4n9eO8H+pZ8KFSfIFZsv6ieSYESm35Oe0JyhHFtCmRb2VsKGVFOGNqOCDcFbfHmZNM7K3nm5clcpVa+yOPJwBMdwCh5cQBVuoQZ1YBDCM7zCm6OdF+fd+Zi35pxs5hD+wPn8AQhAkJI=</latexit>
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<latexit sha1_base64="eUOgwUGR10nO0sgor+lMhBqs1bs=">AAAB+nicbVBNS8NAEN3Urxq/Uj16WSyCp5KIqMdSLx4r2A9oQtlsN+3STbLsTpQS+1O8eFDEq7/Em//GbZuDtj4YeLw3w8y8UAquwXW/rdLa+sbmVnnb3tnd2z9wKodtnWaKshZNRaq6IdFM8IS1gINgXakYiUPBOuH4ZuZ3HpjSPE3uYSJZEJNhwiNOCRip71RsKX1Isd8gKocp4E7fqbo1dw68SryCVFGBZt/58gcpzWKWABVE657nSghyooBTwaa2n2kmCR2TIesZmpCY6SCfnz7Fp0YZ4ChVphLAc/X3RE5irSdxaDpjAiO97M3E/7xeBtF1kPNEZsASulgUZQKbX2c54AFXjIKYGEKo4uZWTEdEEQomLduE4C2/vEra5zXvsnZxd1GtN4o4yugYnaAz5KErVEe3qIlaiKJH9Ixe0Zv1ZL1Y79bHorVkFTNH6A+szx9bqJNv</latexit>
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<latexit sha1_base64="ZTtv/qy++u47dUgWgOepjFByJrs=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETxGMA9JljA7mSRDZmeXmV4xLPkKLx4U8ernePNvnCR70MSChqKqm+6uIJbCoOt+O7mV1bX1jfxmYWt7Z3evuH/QMFGiGa+zSEa6FVDDpVC8jgIlb8Wa0zCQvBmMrqd+85FrIyJ1j+OY+yEdKNEXjKKVHjrInzC9aU66xZJbdmcgy8TLSAky1LrFr04vYknIFTJJjWl7box+SjUKJvmk0EkMjykb0QFvW6poyI2fzg6ekBOr9Eg/0rYUkpn6eyKloTHjMLCdIcWhWfSm4n9eO8H+pZ8KFSfIFZsv6ieSYESm35Oe0JyhHFtCmRb2VsKGVFOGNqOCDcFbfHmZNM7K3nm5clcpVa+yOPJwBMdwCh5cQBVuoQZ1YBDCM7zCm6OdF+fd+Zi35pxs5hD+wPn8AQhAkJI=</latexit>

EW

<latexit sha1_base64="ZTtv/qy++u47dUgWgOepjFByJrs=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETxGMA9JljA7mSRDZmeXmV4xLPkKLx4U8ernePNvnCR70MSChqKqm+6uIJbCoOt+O7mV1bX1jfxmYWt7Z3evuH/QMFGiGa+zSEa6FVDDpVC8jgIlb8Wa0zCQvBmMrqd+85FrIyJ1j+OY+yEdKNEXjKKVHjrInzC9aU66xZJbdmcgy8TLSAky1LrFr04vYknIFTJJjWl7box+SjUKJvmk0EkMjykb0QFvW6poyI2fzg6ekBOr9Eg/0rYUkpn6eyKloTHjMLCdIcWhWfSm4n9eO8H+pZ8KFSfIFZsv6ieSYESm35Oe0JyhHFtCmRb2VsKGVFOGNqOCDcFbfHmZNM7K3nm5clcpVa+yOPJwBMdwCh5cQBVuoQZ1YBDCM7zCm6OdF+fd+Zi35pxs5hD+wPn8AQhAkJI=</latexit>

EW

<latexit sha1_base64="ZTtv/qy++u47dUgWgOepjFByJrs=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETxGMA9JljA7mSRDZmeXmV4xLPkKLx4U8ernePNvnCR70MSChqKqm+6uIJbCoOt+O7mV1bX1jfxmYWt7Z3evuH/QMFGiGa+zSEa6FVDDpVC8jgIlb8Wa0zCQvBmMrqd+85FrIyJ1j+OY+yEdKNEXjKKVHjrInzC9aU66xZJbdmcgy8TLSAky1LrFr04vYknIFTJJjWl7box+SjUKJvmk0EkMjykb0QFvW6poyI2fzg6ekBOr9Eg/0rYUkpn6eyKloTHjMLCdIcWhWfSm4n9eO8H+pZ8KFSfIFZsv6ieSYESm35Oe0JyhHFtCmRb2VsKGVFOGNqOCDcFbfHmZNM7K3nm5clcpVa+yOPJwBMdwCh5cQBVuoQZ1YBDCM7zCm6OdF+fd+Zi35pxs5hD+wPn8AQhAkJI=</latexit>
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