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Prologue:Higgs & Drell-Yan Production
 

• Precise prediction is needed to understand the Higgs properties.


• Higgs production is important in the context of BSM search.


 

• Extraction of parton distribution functions (PDFs).


• Important tool to discovery of new physics (BSM).


• Important for electro-weak precision measurement. 
  Measurement of W mass and properties.
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Higgs production:
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Prologue:Higgs & Drell-Yan Rapidity
• Inclusive Higgs production in gluon fusion is known upto 

NNNLO.  


• Inclusive production of Drell-Yan known upto NNNLO SV. 

• Rapidity distribution@NNLO  

• Going beyond 2-loop is extremely challenging!


• Soft+Virtual correction to rapidity distribution


• Resummation of soft-gluons improves the fixed order result.  
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Prologue:Resummation of Rapidity

• Catani and Trentadue approach for       distribution: 
       Threshold limit is taken by           and            simultaneously 
         Resums Delta and Distributions in both     and      .


‣ Resummation for lepton-pair at NLL.   Westmark & Owens (’17)


• Laenen and Sterman approach for rapidity:  
       Threshold limit is taken by            . 
         Resums Delta and Distributions in   ,  
         only Delta piece in partonic y.


‣ Resummation for          production.  Mukherjee & Vogelsang (’06)


‣ Resummation for DY production.     Bolzoni (’06), Bonvini, Forte & Ridolfi (’12)
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W±
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z2
<latexit sha1_base64="22lkHUbe8TAGWWwBxHsEMahlnfw=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4KpmxMnVXdOOygn1AO5RMmmlDk8yQZIQ69BfcuFDErT/kzr8x01ZQ0QMXDufcy733hAln2iD04RRWVtfWN4qbpa3tnd298v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpX7nTuqNIvlrZkmNBB4JFnECDa5dD/w4KBcQVWEav6FDy3x3Fr9PCeuh8586ForRwUs0RyU3/vDmKSCSkM41rrnosQEGVaGEU5npX6qaYLJBI9oz1KJBdVBNr91Bk+sMoRRrGxJA+fq94kMC62nIrSdApux/u3l4l9eLzVRPciYTFJDJVksilIOTQzzx+GQKUoMn1qCiWL2VkjGWGFibDwlG8LXp/B/0vaqLqq6N7VK43IZRxEcgWNwClzggwa4Bk3QAgSMwQN4As+OcB6dF+d10VpwljOH4Aect0+9vI4J</latexit><latexit sha1_base64="22lkHUbe8TAGWWwBxHsEMahlnfw=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4KpmxMnVXdOOygn1AO5RMmmlDk8yQZIQ69BfcuFDErT/kzr8x01ZQ0QMXDufcy733hAln2iD04RRWVtfWN4qbpa3tnd298v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpX7nTuqNIvlrZkmNBB4JFnECDa5dD/w4KBcQVWEav6FDy3x3Fr9PCeuh8586ForRwUs0RyU3/vDmKSCSkM41rrnosQEGVaGEU5npX6qaYLJBI9oz1KJBdVBNr91Bk+sMoRRrGxJA+fq94kMC62nIrSdApux/u3l4l9eLzVRPciYTFJDJVksilIOTQzzx+GQKUoMn1qCiWL2VkjGWGFibDwlG8LXp/B/0vaqLqq6N7VK43IZRxEcgWNwClzggwa4Bk3QAgSMwQN4As+OcB6dF+d10VpwljOH4Aect0+9vI4J</latexit><latexit sha1_base64="22lkHUbe8TAGWWwBxHsEMahlnfw=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4KpmxMnVXdOOygn1AO5RMmmlDk8yQZIQ69BfcuFDErT/kzr8x01ZQ0QMXDufcy733hAln2iD04RRWVtfWN4qbpa3tnd298v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpX7nTuqNIvlrZkmNBB4JFnECDa5dD/w4KBcQVWEav6FDy3x3Fr9PCeuh8586ForRwUs0RyU3/vDmKSCSkM41rrnosQEGVaGEU5npX6qaYLJBI9oz1KJBdVBNr91Bk+sMoRRrGxJA+fq94kMC62nIrSdApux/u3l4l9eLzVRPciYTFJDJVksilIOTQzzx+GQKUoMn1qCiWL2VkjGWGFibDwlG8LXp/B/0vaqLqq6N7VK43IZRxEcgWNwClzggwa4Bk3QAgSMwQN4As+OcB6dF+d10VpwljOH4Aect0+9vI4J</latexit><latexit sha1_base64="22lkHUbe8TAGWWwBxHsEMahlnfw=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4KpmxMnVXdOOygn1AO5RMmmlDk8yQZIQ69BfcuFDErT/kzr8x01ZQ0QMXDufcy733hAln2iD04RRWVtfWN4qbpa3tnd298v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpX7nTuqNIvlrZkmNBB4JFnECDa5dD/w4KBcQVWEav6FDy3x3Fr9PCeuh8586ForRwUs0RyU3/vDmKSCSkM41rrnosQEGVaGEU5npX6qaYLJBI9oz1KJBdVBNr91Bk+sMoRRrGxJA+fq94kMC62nIrSdApux/u3l4l9eLzVRPciYTFJDJVksilIOTQzzx+GQKUoMn1qCiWL2VkjGWGFibDwlG8LXp/B/0vaqLqq6N7VK43IZRxEcgWNwClzggwa4Bk3QAgSMwQN4As+OcB6dF+d10VpwljOH4Aect0+9vI4J</latexit>

z1
<latexit sha1_base64="YSG+21+iTyeigvXT1wQpT1Ip2XI=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8hZkY2XgLevEY0TwgWcLsZDYZMvtgZlaIIZ/gxYMiXv0ib/6Ns0kEFS1oKKq66e7yEym0wfjDWVpeWV1bz23kN7e2d3YLe/tNHaeK8QaLZazaPtVciog3jDCStxPFaehL3vJHl5nfuuNKizi6NeOEeyEdRCIQjBor3dz3SK9QxCWMK+65iywpk0r1LCOkjE9dRKyVoQgL1HuF924/ZmnII8Mk1bpDcGK8CVVGMMmn+W6qeULZiA54x9KIhlx7k9mpU3RslT4KYmUrMmimfp+Y0FDrcejbzpCaof7tZeJfXic1QdWbiChJDY/YfFGQSmRilP2N+kJxZuTYEsqUsLciNqSKMmPTydsQvj5F/5NmuURwiVxXirWLRRw5OIQjOAECLtTgCurQAAYDeIAneHak8+i8OK/z1iVnMXMAP+C8fQJlxY3e</latexit><latexit sha1_base64="YSG+21+iTyeigvXT1wQpT1Ip2XI=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8hZkY2XgLevEY0TwgWcLsZDYZMvtgZlaIIZ/gxYMiXv0ib/6Ns0kEFS1oKKq66e7yEym0wfjDWVpeWV1bz23kN7e2d3YLe/tNHaeK8QaLZazaPtVciog3jDCStxPFaehL3vJHl5nfuuNKizi6NeOEeyEdRCIQjBor3dz3SK9QxCWMK+65iywpk0r1LCOkjE9dRKyVoQgL1HuF924/ZmnII8Mk1bpDcGK8CVVGMMmn+W6qeULZiA54x9KIhlx7k9mpU3RslT4KYmUrMmimfp+Y0FDrcejbzpCaof7tZeJfXic1QdWbiChJDY/YfFGQSmRilP2N+kJxZuTYEsqUsLciNqSKMmPTydsQvj5F/5NmuURwiVxXirWLRRw5OIQjOAECLtTgCurQAAYDeIAneHak8+i8OK/z1iVnMXMAP+C8fQJlxY3e</latexit><latexit sha1_base64="YSG+21+iTyeigvXT1wQpT1Ip2XI=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8hZkY2XgLevEY0TwgWcLsZDYZMvtgZlaIIZ/gxYMiXv0ib/6Ns0kEFS1oKKq66e7yEym0wfjDWVpeWV1bz23kN7e2d3YLe/tNHaeK8QaLZazaPtVciog3jDCStxPFaehL3vJHl5nfuuNKizi6NeOEeyEdRCIQjBor3dz3SK9QxCWMK+65iywpk0r1LCOkjE9dRKyVoQgL1HuF924/ZmnII8Mk1bpDcGK8CVVGMMmn+W6qeULZiA54x9KIhlx7k9mpU3RslT4KYmUrMmimfp+Y0FDrcejbzpCaof7tZeJfXic1QdWbiChJDY/YfFGQSmRilP2N+kJxZuTYEsqUsLciNqSKMmPTydsQvj5F/5NmuURwiVxXirWLRRw5OIQjOAECLtTgCurQAAYDeIAneHak8+i8OK/z1iVnMXMAP+C8fQJlxY3e</latexit><latexit sha1_base64="YSG+21+iTyeigvXT1wQpT1Ip2XI=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8hZkY2XgLevEY0TwgWcLsZDYZMvtgZlaIIZ/gxYMiXv0ib/6Ns0kEFS1oKKq66e7yEym0wfjDWVpeWV1bz23kN7e2d3YLe/tNHaeK8QaLZazaPtVciog3jDCStxPFaehL3vJHl5nfuuNKizi6NeOEeyEdRCIQjBor3dz3SK9QxCWMK+65iywpk0r1LCOkjE9dRKyVoQgL1HuF924/ZmnII8Mk1bpDcGK8CVVGMMmn+W6qeULZiA54x9KIhlx7k9mpU3RslT4KYmUrMmimfp+Y0FDrcejbzpCaof7tZeJfXic1QdWbiChJDY/YfFGQSmRilP2N+kJxZuTYEsqUsLciNqSKMmPTydsQvj5F/5NmuURwiVxXirWLRRw5OIQjOAECLtTgCurQAAYDeIAneHak8+i8OK/z1iVnMXMAP+C8fQJlxY3e</latexit>

z ! 1
<latexit sha1_base64="6rYauArbidHv/0UcAOQ/H/Mztx0=">AAAB7nicdVDLSgMxFL1TX7W+qi7dBIvgqkxqZequ6MZlBfuAdiiZNNOGZjJDkhFq6Ue4caGIW7/HnX9jpq2gogcCh3PuJfecIBFcG9f9cHIrq2vrG/nNwtb2zu5ecf+gpeNUUdaksYhVJyCaCS5Z03AjWCdRjESBYO1gfJX57TumNI/lrZkkzI/IUPKQU2Ks1L5HPRMj3C+W3LLrVr0LD1lSwdXaeUZwxT3zELZWhhIs0egX33uDmKYRk4YKonUXu4nxp0QZTgWbFXqpZgmhYzJkXUsliZj2p/NzZ+jEKgMUxso+adBc/b4xJZHWkyiwkxExI/3by8S/vG5qwpo/5TJJDZN08VGYCmQjZtnRgCtGjZhYQqji9lZER0QRamxDBVvCV1L0P2lVytgt45tqqX65rCMPR3AMp4DBgzpcQwOaQGEMD/AEz07iPDovzutiNOcsdw7hB5y3T7QCjyY=</latexit><latexit sha1_base64="6rYauArbidHv/0UcAOQ/H/Mztx0=">AAAB7nicdVDLSgMxFL1TX7W+qi7dBIvgqkxqZequ6MZlBfuAdiiZNNOGZjJDkhFq6Ue4caGIW7/HnX9jpq2gogcCh3PuJfecIBFcG9f9cHIrq2vrG/nNwtb2zu5ecf+gpeNUUdaksYhVJyCaCS5Z03AjWCdRjESBYO1gfJX57TumNI/lrZkkzI/IUPKQU2Ks1L5HPRMj3C+W3LLrVr0LD1lSwdXaeUZwxT3zELZWhhIs0egX33uDmKYRk4YKonUXu4nxp0QZTgWbFXqpZgmhYzJkXUsliZj2p/NzZ+jEKgMUxso+adBc/b4xJZHWkyiwkxExI/3by8S/vG5qwpo/5TJJDZN08VGYCmQjZtnRgCtGjZhYQqji9lZER0QRamxDBVvCV1L0P2lVytgt45tqqX65rCMPR3AMp4DBgzpcQwOaQGEMD/AEz07iPDovzutiNOcsdw7hB5y3T7QCjyY=</latexit><latexit sha1_base64="6rYauArbidHv/0UcAOQ/H/Mztx0=">AAAB7nicdVDLSgMxFL1TX7W+qi7dBIvgqkxqZequ6MZlBfuAdiiZNNOGZjJDkhFq6Ue4caGIW7/HnX9jpq2gogcCh3PuJfecIBFcG9f9cHIrq2vrG/nNwtb2zu5ecf+gpeNUUdaksYhVJyCaCS5Z03AjWCdRjESBYO1gfJX57TumNI/lrZkkzI/IUPKQU2Ks1L5HPRMj3C+W3LLrVr0LD1lSwdXaeUZwxT3zELZWhhIs0egX33uDmKYRk4YKonUXu4nxp0QZTgWbFXqpZgmhYzJkXUsliZj2p/NzZ+jEKgMUxso+adBc/b4xJZHWkyiwkxExI/3by8S/vG5qwpo/5TJJDZN08VGYCmQjZtnRgCtGjZhYQqji9lZER0QRamxDBVvCV1L0P2lVytgt45tqqX65rCMPR3AMp4DBgzpcQwOaQGEMD/AEz07iPDovzutiNOcsdw7hB5y3T7QCjyY=</latexit><latexit sha1_base64="6rYauArbidHv/0UcAOQ/H/Mztx0=">AAAB7nicdVDLSgMxFL1TX7W+qi7dBIvgqkxqZequ6MZlBfuAdiiZNNOGZjJDkhFq6Ue4caGIW7/HnX9jpq2gogcCh3PuJfecIBFcG9f9cHIrq2vrG/nNwtb2zu5ecf+gpeNUUdaksYhVJyCaCS5Z03AjWCdRjESBYO1gfJX57TumNI/lrZkkzI/IUPKQU2Ks1L5HPRMj3C+W3LLrVr0LD1lSwdXaeUZwxT3zELZWhhIs0egX33uDmKYRk4YKonUXu4nxp0QZTgWbFXqpZgmhYzJkXUsliZj2p/NzZ+jEKgMUxso+adBc/b4xJZHWkyiwkxExI/3by8S/vG5qwpo/5TJJDZN08VGYCmQjZtnRgCtGjZhYQqji9lZER0QRamxDBVvCV1L0P2lVytgt45tqqX65rCMPR3AMp4DBgzpcQwOaQGEMD/AEz07iPDovzutiNOcsdw7hB5y3T7QCjyY=</latexit>

z
<latexit sha1_base64="p85zwHKVqqg8JO+L5vn2Wmfb+qg=">AAAB6XicdVBNSwMxEJ31s9avqkcvwSJ4Ktla2XorevFYxX5Au5Rsmm1Ds9klyQq19B948aCIV/+RN/+N2baCij4YeLw3w8y8IBFcG4w/nKXlldW19dxGfnNre2e3sLff1HGqKGvQWMSqHRDNBJesYbgRrJ0oRqJAsFYwusz81h1Tmsfy1owT5kdkIHnIKTFWurlHvUIRlzCueOcesqTsVqpnGXHL+NRDrrUyFGGBeq/w3u3HNI2YNFQQrTsuTow/IcpwKtg03001SwgdkQHrWCpJxLQ/mV06RcdW6aMwVrakQTP1+8SERFqPo8B2RsQM9W8vE//yOqkJq/6EyyQ1TNL5ojAVyMQoexv1uWLUiLElhCpub0V0SBShxoaTtyF8fYr+J81yycUl97pSrF0s4sjBIRzBCbjgQQ2uoA4NoBDCAzzBszNyHp0X53XeuuQsZg7gB5y3T5Y3jWQ=</latexit><latexit sha1_base64="p85zwHKVqqg8JO+L5vn2Wmfb+qg=">AAAB6XicdVBNSwMxEJ31s9avqkcvwSJ4Ktla2XorevFYxX5Au5Rsmm1Ds9klyQq19B948aCIV/+RN/+N2baCij4YeLw3w8y8IBFcG4w/nKXlldW19dxGfnNre2e3sLff1HGqKGvQWMSqHRDNBJesYbgRrJ0oRqJAsFYwusz81h1Tmsfy1owT5kdkIHnIKTFWurlHvUIRlzCueOcesqTsVqpnGXHL+NRDrrUyFGGBeq/w3u3HNI2YNFQQrTsuTow/IcpwKtg03001SwgdkQHrWCpJxLQ/mV06RcdW6aMwVrakQTP1+8SERFqPo8B2RsQM9W8vE//yOqkJq/6EyyQ1TNL5ojAVyMQoexv1uWLUiLElhCpub0V0SBShxoaTtyF8fYr+J81yycUl97pSrF0s4sjBIRzBCbjgQQ2uoA4NoBDCAzzBszNyHp0X53XeuuQsZg7gB5y3T5Y3jWQ=</latexit><latexit sha1_base64="p85zwHKVqqg8JO+L5vn2Wmfb+qg=">AAAB6XicdVBNSwMxEJ31s9avqkcvwSJ4Ktla2XorevFYxX5Au5Rsmm1Ds9klyQq19B948aCIV/+RN/+N2baCij4YeLw3w8y8IBFcG4w/nKXlldW19dxGfnNre2e3sLff1HGqKGvQWMSqHRDNBJesYbgRrJ0oRqJAsFYwusz81h1Tmsfy1owT5kdkIHnIKTFWurlHvUIRlzCueOcesqTsVqpnGXHL+NRDrrUyFGGBeq/w3u3HNI2YNFQQrTsuTow/IcpwKtg03001SwgdkQHrWCpJxLQ/mV06RcdW6aMwVrakQTP1+8SERFqPo8B2RsQM9W8vE//yOqkJq/6EyyQ1TNL5ojAVyMQoexv1uWLUiLElhCpub0V0SBShxoaTtyF8fYr+J81yycUl97pSrF0s4sjBIRzBCbjgQQ2uoA4NoBDCAzzBszNyHp0X53XeuuQsZg7gB5y3T5Y3jWQ=</latexit><latexit sha1_base64="p85zwHKVqqg8JO+L5vn2Wmfb+qg=">AAAB6XicdVBNSwMxEJ31s9avqkcvwSJ4Ktla2XorevFYxX5Au5Rsmm1Ds9klyQq19B948aCIV/+RN/+N2baCij4YeLw3w8y8IBFcG4w/nKXlldW19dxGfnNre2e3sLff1HGqKGvQWMSqHRDNBJesYbgRrJ0oRqJAsFYwusz81h1Tmsfy1owT5kdkIHnIKTFWurlHvUIRlzCueOcesqTsVqpnGXHL+NRDrrUyFGGBeq/w3u3HNI2YNFQQrTsuTow/IcpwKtg03001SwgdkQHrWCpJxLQ/mV06RcdW6aMwVrakQTP1+8SERFqPo8B2RsQM9W8vE//yOqkJq/6EyyQ1TNL5ojAVyMQoexv1uWLUiLElhCpub0V0SBShxoaTtyF8fYr+J81yycUl97pSrF0s4sjBIRzBCbjgQQ2uoA4NoBDCAzzBszNyHp0X53XeuuQsZg7gB5y3T5Y3jWQ=</latexit>



Plan

• Formalism for the differential soft-virtual cross-section.


✦ Form factor


✦ Soft function


• Soft gluon resummation


• Numerical analysis: Higgs and DY


• Summary
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Rapidity Distribution
• Rapidity distribution for colorless particle: 

 
 
 
 
 
Drell-Yan production: 
 
Higgs production (gluon/bottom): 
 

• Hadronic rapidity                                          and  


• Partonic scaling variable 
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<latexit sha1_base64="/vG9QlX8UCNBkrZyEurSrAsq0TY=">AAACAHicdVDLSgMxFM3UV62vqgsXboJFcDVk2qmtC6HoxmUF+4C2Dpk004ZmHiQZsQ6z8VfcuFDErZ/hzr8xfQgqeuByD+fcS3KPG3EmFUIfRmZhcWl5JbuaW1vf2NzKb+80ZRgLQhsk5KFou1hSzgLaUExx2o4Exb7LacsdnU/81g0VkoXBlRpHtOfjQcA8RrDSkpPfu3MYPIVdT2CS3DrsGqWTljr5AjJR5aRYLkFk2hWEbKRJ2S6h6jG0TDRFAcxRd/Lv3X5IYp8GinAsZcdCkeolWChGOE1z3VjSCJMRHtCOpgH2qewl0wNSeKiVPvRCoStQcKp+30iwL+XYd/Wkj9VQ/vYm4l9eJ1ZetZewIIoVDcjsIS/mUIVwkgbsM0GJ4mNNMBFM/xWSIdZZKJ1ZTofwdSn8nzSLpoVM69Iu1M7mcWTBPjgAR8ACFVADF6AOGoCAFDyAJ/Bs3BuPxovxOhvNGPOdXfADxtsnxL+WiQ==</latexit><latexit sha1_base64="/vG9QlX8UCNBkrZyEurSrAsq0TY=">AAACAHicdVDLSgMxFM3UV62vqgsXboJFcDVk2qmtC6HoxmUF+4C2Dpk004ZmHiQZsQ6z8VfcuFDErZ/hzr8xfQgqeuByD+fcS3KPG3EmFUIfRmZhcWl5JbuaW1vf2NzKb+80ZRgLQhsk5KFou1hSzgLaUExx2o4Exb7LacsdnU/81g0VkoXBlRpHtOfjQcA8RrDSkpPfu3MYPIVdT2CS3DrsGqWTljr5AjJR5aRYLkFk2hWEbKRJ2S6h6jG0TDRFAcxRd/Lv3X5IYp8GinAsZcdCkeolWChGOE1z3VjSCJMRHtCOpgH2qewl0wNSeKiVPvRCoStQcKp+30iwL+XYd/Wkj9VQ/vYm4l9eJ1ZetZewIIoVDcjsIS/mUIVwkgbsM0GJ4mNNMBFM/xWSIdZZKJ1ZTofwdSn8nzSLpoVM69Iu1M7mcWTBPjgAR8ACFVADF6AOGoCAFDyAJ/Bs3BuPxovxOhvNGPOdXfADxtsnxL+WiQ==</latexit><latexit sha1_base64="/vG9QlX8UCNBkrZyEurSrAsq0TY=">AAACAHicdVDLSgMxFM3UV62vqgsXboJFcDVk2qmtC6HoxmUF+4C2Dpk004ZmHiQZsQ6z8VfcuFDErZ/hzr8xfQgqeuByD+fcS3KPG3EmFUIfRmZhcWl5JbuaW1vf2NzKb+80ZRgLQhsk5KFou1hSzgLaUExx2o4Exb7LacsdnU/81g0VkoXBlRpHtOfjQcA8RrDSkpPfu3MYPIVdT2CS3DrsGqWTljr5AjJR5aRYLkFk2hWEbKRJ2S6h6jG0TDRFAcxRd/Lv3X5IYp8GinAsZcdCkeolWChGOE1z3VjSCJMRHtCOpgH2qewl0wNSeKiVPvRCoStQcKp+30iwL+XYd/Wkj9VQ/vYm4l9eJ1ZetZewIIoVDcjsIS/mUIVwkgbsM0GJ4mNNMBFM/xWSIdZZKJ1ZTofwdSn8nzSLpoVM69Iu1M7mcWTBPjgAR8ACFVADF6AOGoCAFDyAJ/Bs3BuPxovxOhvNGPOdXfADxtsnxL+WiQ==</latexit><latexit sha1_base64="/vG9QlX8UCNBkrZyEurSrAsq0TY=">AAACAHicdVDLSgMxFM3UV62vqgsXboJFcDVk2qmtC6HoxmUF+4C2Dpk004ZmHiQZsQ6z8VfcuFDErZ/hzr8xfQgqeuByD+fcS3KPG3EmFUIfRmZhcWl5JbuaW1vf2NzKb+80ZRgLQhsk5KFou1hSzgLaUExx2o4Exb7LacsdnU/81g0VkoXBlRpHtOfjQcA8RrDSkpPfu3MYPIVdT2CS3DrsGqWTljr5AjJR5aRYLkFk2hWEbKRJ2S6h6jG0TDRFAcxRd/Lv3X5IYp8GinAsZcdCkeolWChGOE1z3VjSCJMRHtCOpgH2qewl0wNSeKiVPvRCoStQcKp+30iwL+XYd/Wkj9VQ/vYm4l9eJ1ZetZewIIoVDcjsIS/mUIVwkgbsM0GJ4mNNMBFM/xWSIdZZKJ1ZTofwdSn8nzSLpoVM69Iu1M7mcWTBPjgAR8ACFVADF6AOGoCAFDyAJ/Bs3BuPxovxOhvNGPOdXfADxtsnxL+WiQ==</latexit>



Soft-Virtual Terms
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�I
d = �(1� z1)�(1� z2) + as

(
c(1)1 �(1� z1)�(1� z2)

+c(1)2

✓
ln(1� z1)

1� z1

◆

+

+R(1)(z1, z2) + z1 $ z2

)
+O(a2s)

�(1� zi)Virtual , Soft radiation
⇣

ln(1�zi)
(1�zi)

⌘

+
Soft Radiation

R(z1, z2, q2)
 Regular terms 

(Virtual + Real)

• Perturbative expansion of coefficient function: 



Soft-Virtual contribution
• Expansion around  

• Significant contributions from singular terms when       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 Soft & Virtual

ln(1� z1), ln(1� z2)
Polynomials in z1, z2

<latexit sha1_base64="8L9IhLYYLYiUm7vo+1+1e6Wv2PA=">AAAB73icdVDJSgNBEK1xjXGLevTSGAQPMvRMgskx6MVjBLNAMgw9nZ6kSc9id4+QhPyEFw+KePV3vPk3dhZBRR8UPN6roqpekAquNMYf1srq2vrGZm4rv72zu7dfODhsqiSTlDVoIhLZDohigsesobkWrJ1KRqJAsFYwvJr5rXsmFU/iWz1KmReRfsxDTok2UnvsO+do7Lt+oYhtXKm6jouwXcJVvCAXpXLJRY6N5yjCEnW/8N7tJTSLWKypIEp1HJxqb0Kk5lSwab6bKZYSOiR91jE0JhFT3mR+7xSdGqWHwkSaijWaq98nJiRSahQFpjMieqB+ezPxL6+T6bDqTXicZprFdLEozATSCZo9j3pcMqrFyBBCJTe3IjogklBtIsqbEL4+Rf+Tpms72HZuysXa5TKOHBzDCZyBAxWowTXUoQEUBDzAEzxbd9aj9WK9LlpXrOXMEfyA9fYJJpmPYg==</latexit><latexit sha1_base64="8L9IhLYYLYiUm7vo+1+1e6Wv2PA=">AAAB73icdVDJSgNBEK1xjXGLevTSGAQPMvRMgskx6MVjBLNAMgw9nZ6kSc9id4+QhPyEFw+KePV3vPk3dhZBRR8UPN6roqpekAquNMYf1srq2vrGZm4rv72zu7dfODhsqiSTlDVoIhLZDohigsesobkWrJ1KRqJAsFYwvJr5rXsmFU/iWz1KmReRfsxDTok2UnvsO+do7Lt+oYhtXKm6jouwXcJVvCAXpXLJRY6N5yjCEnW/8N7tJTSLWKypIEp1HJxqb0Kk5lSwab6bKZYSOiR91jE0JhFT3mR+7xSdGqWHwkSaijWaq98nJiRSahQFpjMieqB+ezPxL6+T6bDqTXicZprFdLEozATSCZo9j3pcMqrFyBBCJTe3IjogklBtIsqbEL4+Rf+Tpms72HZuysXa5TKOHBzDCZyBAxWowTXUoQEUBDzAEzxbd9aj9WK9LlpXrOXMEfyA9fYJJpmPYg==</latexit><latexit sha1_base64="8L9IhLYYLYiUm7vo+1+1e6Wv2PA=">AAAB73icdVDJSgNBEK1xjXGLevTSGAQPMvRMgskx6MVjBLNAMgw9nZ6kSc9id4+QhPyEFw+KePV3vPk3dhZBRR8UPN6roqpekAquNMYf1srq2vrGZm4rv72zu7dfODhsqiSTlDVoIhLZDohigsesobkWrJ1KRqJAsFYwvJr5rXsmFU/iWz1KmReRfsxDTok2UnvsO+do7Lt+oYhtXKm6jouwXcJVvCAXpXLJRY6N5yjCEnW/8N7tJTSLWKypIEp1HJxqb0Kk5lSwab6bKZYSOiR91jE0JhFT3mR+7xSdGqWHwkSaijWaq98nJiRSahQFpjMieqB+ezPxL6+T6bDqTXicZprFdLEozATSCZo9j3pcMqrFyBBCJTe3IjogklBtIsqbEL4+Rf+Tpms72HZuysXa5TKOHBzDCZyBAxWowTXUoQEUBDzAEzxbd9aj9WK9LlpXrOXMEfyA9fYJJpmPYg==</latexit><latexit sha1_base64="8L9IhLYYLYiUm7vo+1+1e6Wv2PA=">AAAB73icdVDJSgNBEK1xjXGLevTSGAQPMvRMgskx6MVjBLNAMgw9nZ6kSc9id4+QhPyEFw+KePV3vPk3dhZBRR8UPN6roqpekAquNMYf1srq2vrGZm4rv72zu7dfODhsqiSTlDVoIhLZDohigsesobkWrJ1KRqJAsFYwvJr5rXsmFU/iWz1KmReRfsxDTok2UnvsO+do7Lt+oYhtXKm6jouwXcJVvCAXpXLJRY6N5yjCEnW/8N7tJTSLWKypIEp1HJxqb0Kk5lSwab6bKZYSOiR91jE0JhFT3mR+7xSdGqWHwkSaijWaq98nJiRSahQFpjMieqB+ezPxL6+T6bDqTXicZprFdLEozATSCZo9j3pcMqrFyBBCJTe3IjogklBtIsqbEL4+Rf+Tpms72HZuysXa5TKOHBzDCZyBAxWowTXUoQEUBDzAEzxbd9aj9WK9LlpXrOXMEfyA9fYJJpmPYg==</latexit>

�I(zi) = �I,sing(zi) +�I,hard(zi)
<latexit sha1_base64="xBibuACKU/4cuucVNFIs+DqClJg="></latexit><latexit sha1_base64="xBibuACKU/4cuucVNFIs+DqClJg="></latexit><latexit sha1_base64="xBibuACKU/4cuucVNFIs+DqClJg="></latexit><latexit sha1_base64="xBibuACKU/4cuucVNFIs+DqClJg="></latexit>

�I,sing(zj) ⌘ �SV (zj) = �SV
� �(1� zj) +

2n�1X

i=0

�SV
i Di

<latexit sha1_base64="5vKj0no8ZGyKZzCmZnxKDqHeNLY="></latexit><latexit sha1_base64="5vKj0no8ZGyKZzCmZnxKDqHeNLY="></latexit><latexit sha1_base64="5vKj0no8ZGyKZzCmZnxKDqHeNLY="></latexit><latexit sha1_base64="5vKj0no8ZGyKZzCmZnxKDqHeNLY="></latexit>

zj ! 1
<latexit sha1_base64="Iy8na5rTmA1tWJOTrR2eYvzRvWY=">AAAB8HicdVDLSgMxFL1TX7W+qi7dBIvgqszUaqe7ohuXFexD2qFk0kwbm8kMSUaoQ7/CjQtF3Po57vwb04egogcCh3PuJfccP+ZMadv+sDJLyyura9n13Mbm1vZOfnevqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dDH1W3dUKhaJaz2OqRfigWABI1gb6ea+d4u6OkJOL1+wi071xC2VkCGVaqVcNaRsu2fuKXKK9gwFWKDey793+xFJQio04VipjmPH2kux1IxwOsl1E0VjTEZ4QDuGChxS5aWzgyfoyCh9FETSPKHRTP2+keJQqXHom8kQ66H67U3Fv7xOogPXS5mIE00FmX8UJByZiNP0qM8kJZqPDcFEMnMrIkMsMdGmo5wp4Ssp+p80S0XHVHRVLtTOF3Vk4QAO4RgcqEANLqEODSAQwgM8wbMlrUfrxXqdj2asxc4+/ID19glj8pAk</latexit><latexit sha1_base64="Iy8na5rTmA1tWJOTrR2eYvzRvWY=">AAAB8HicdVDLSgMxFL1TX7W+qi7dBIvgqszUaqe7ohuXFexD2qFk0kwbm8kMSUaoQ7/CjQtF3Po57vwb04egogcCh3PuJfccP+ZMadv+sDJLyyura9n13Mbm1vZOfnevqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dDH1W3dUKhaJaz2OqRfigWABI1gb6ea+d4u6OkJOL1+wi071xC2VkCGVaqVcNaRsu2fuKXKK9gwFWKDey793+xFJQio04VipjmPH2kux1IxwOsl1E0VjTEZ4QDuGChxS5aWzgyfoyCh9FETSPKHRTP2+keJQqXHom8kQ66H67U3Fv7xOogPXS5mIE00FmX8UJByZiNP0qM8kJZqPDcFEMnMrIkMsMdGmo5wp4Ssp+p80S0XHVHRVLtTOF3Vk4QAO4RgcqEANLqEODSAQwgM8wbMlrUfrxXqdj2asxc4+/ID19glj8pAk</latexit><latexit sha1_base64="Iy8na5rTmA1tWJOTrR2eYvzRvWY=">AAAB8HicdVDLSgMxFL1TX7W+qi7dBIvgqszUaqe7ohuXFexD2qFk0kwbm8kMSUaoQ7/CjQtF3Po57vwb04egogcCh3PuJfccP+ZMadv+sDJLyyura9n13Mbm1vZOfnevqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dDH1W3dUKhaJaz2OqRfigWABI1gb6ea+d4u6OkJOL1+wi071xC2VkCGVaqVcNaRsu2fuKXKK9gwFWKDey793+xFJQio04VipjmPH2kux1IxwOsl1E0VjTEZ4QDuGChxS5aWzgyfoyCh9FETSPKHRTP2+keJQqXHom8kQ66H67U3Fv7xOogPXS5mIE00FmX8UJByZiNP0qM8kJZqPDcFEMnMrIkMsMdGmo5wp4Ssp+p80S0XHVHRVLtTOF3Vk4QAO4RgcqEANLqEODSAQwgM8wbMlrUfrxXqdj2asxc4+/ID19glj8pAk</latexit><latexit sha1_base64="Iy8na5rTmA1tWJOTrR2eYvzRvWY=">AAAB8HicdVDLSgMxFL1TX7W+qi7dBIvgqszUaqe7ohuXFexD2qFk0kwbm8kMSUaoQ7/CjQtF3Po57vwb04egogcCh3PuJfccP+ZMadv+sDJLyyura9n13Mbm1vZOfnevqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dDH1W3dUKhaJaz2OqRfigWABI1gb6ea+d4u6OkJOL1+wi071xC2VkCGVaqVcNaRsu2fuKXKK9gwFWKDey793+xFJQio04VipjmPH2kux1IxwOsl1E0VjTEZ4QDuGChxS5aWzgyfoyCh9FETSPKHRTP2+keJQqXHom8kQ66H67U3Fv7xOogPXS5mIE00FmX8UJByZiNP0qM8kJZqPDcFEMnMrIkMsMdGmo5wp4Ssp+p80S0XHVHRVLtTOF3Vk4QAO4RgcqEANLqEODSAQwgM8wbMlrUfrxXqdj2asxc4+/ID19glj8pAk</latexit>

zj ! 1
<latexit sha1_base64="Iy8na5rTmA1tWJOTrR2eYvzRvWY=">AAAB8HicdVDLSgMxFL1TX7W+qi7dBIvgqszUaqe7ohuXFexD2qFk0kwbm8kMSUaoQ7/CjQtF3Po57vwb04egogcCh3PuJfccP+ZMadv+sDJLyyura9n13Mbm1vZOfnevqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dDH1W3dUKhaJaz2OqRfigWABI1gb6ea+d4u6OkJOL1+wi071xC2VkCGVaqVcNaRsu2fuKXKK9gwFWKDey793+xFJQio04VipjmPH2kux1IxwOsl1E0VjTEZ4QDuGChxS5aWzgyfoyCh9FETSPKHRTP2+keJQqXHom8kQ66H67U3Fv7xOogPXS5mIE00FmX8UJByZiNP0qM8kJZqPDcFEMnMrIkMsMdGmo5wp4Ssp+p80S0XHVHRVLtTOF3Vk4QAO4RgcqEANLqEODSAQwgM8wbMlrUfrxXqdj2asxc4+/ID19glj8pAk</latexit><latexit sha1_base64="Iy8na5rTmA1tWJOTrR2eYvzRvWY=">AAAB8HicdVDLSgMxFL1TX7W+qi7dBIvgqszUaqe7ohuXFexD2qFk0kwbm8kMSUaoQ7/CjQtF3Po57vwb04egogcCh3PuJfccP+ZMadv+sDJLyyura9n13Mbm1vZOfnevqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dDH1W3dUKhaJaz2OqRfigWABI1gb6ea+d4u6OkJOL1+wi071xC2VkCGVaqVcNaRsu2fuKXKK9gwFWKDey793+xFJQio04VipjmPH2kux1IxwOsl1E0VjTEZ4QDuGChxS5aWzgyfoyCh9FETSPKHRTP2+keJQqXHom8kQ66H67U3Fv7xOogPXS5mIE00FmX8UJByZiNP0qM8kJZqPDcFEMnMrIkMsMdGmo5wp4Ssp+p80S0XHVHRVLtTOF3Vk4QAO4RgcqEANLqEODSAQwgM8wbMlrUfrxXqdj2asxc4+/ID19glj8pAk</latexit><latexit sha1_base64="Iy8na5rTmA1tWJOTrR2eYvzRvWY=">AAAB8HicdVDLSgMxFL1TX7W+qi7dBIvgqszUaqe7ohuXFexD2qFk0kwbm8kMSUaoQ7/CjQtF3Po57vwb04egogcCh3PuJfccP+ZMadv+sDJLyyura9n13Mbm1vZOfnevqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dDH1W3dUKhaJaz2OqRfigWABI1gb6ea+d4u6OkJOL1+wi071xC2VkCGVaqVcNaRsu2fuKXKK9gwFWKDey793+xFJQio04VipjmPH2kux1IxwOsl1E0VjTEZ4QDuGChxS5aWzgyfoyCh9FETSPKHRTP2+keJQqXHom8kQ66H67U3Fv7xOogPXS5mIE00FmX8UJByZiNP0qM8kJZqPDcFEMnMrIkMsMdGmo5wp4Ssp+p80S0XHVHRVLtTOF3Vk4QAO4RgcqEANLqEODSAQwgM8wbMlrUfrxXqdj2asxc4+/ID19glj8pAk</latexit><latexit sha1_base64="Iy8na5rTmA1tWJOTrR2eYvzRvWY=">AAAB8HicdVDLSgMxFL1TX7W+qi7dBIvgqszUaqe7ohuXFexD2qFk0kwbm8kMSUaoQ7/CjQtF3Po57vwb04egogcCh3PuJfccP+ZMadv+sDJLyyura9n13Mbm1vZOfnevqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dDH1W3dUKhaJaz2OqRfigWABI1gb6ea+d4u6OkJOL1+wi071xC2VkCGVaqVcNaRsu2fuKXKK9gwFWKDey793+xFJQio04VipjmPH2kux1IxwOsl1E0VjTEZ4QDuGChxS5aWzgyfoyCh9FETSPKHRTP2+keJQqXHom8kQ66H67U3Fv7xOogPXS5mIE00FmX8UJByZiNP0qM8kJZqPDcFEMnMrIkMsMdGmo5wp4Ssp+p80S0XHVHRVLtTOF3Vk4QAO4RgcqEANLqEODSAQwgM8wbMlrUfrxXqdj2asxc4+/ID19glj8pAk</latexit>

Di =

✓
lni(1� zj)

1� zj

◆

+
<latexit sha1_base64="YE87yRk7pvtdNSm6izVN9YOp3fo="></latexit><latexit sha1_base64="YE87yRk7pvtdNSm6izVN9YOp3fo="></latexit><latexit sha1_base64="YE87yRk7pvtdNSm6izVN9YOp3fo="></latexit><latexit sha1_base64="YE87yRk7pvtdNSm6izVN9YOp3fo="></latexit>



Soft-Virtual Exponentiation
• Form-Factor square normalised SV cross-section 

 
 
                                        with 


• Mass factorisation:
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�̂SV
d,I (zi, q

2, µ2
F ) = �T

II(zi, µ
2
F )⌦�SV

d,I (zi, µ
2
F )⌦ �II(zi, µ2

F )

DGLAP Kernel

Collinear finite

Cef(zi) = �(1� zi) +
f(zi)

1!
+

1

2!
f(zi)⌦ f(zi) + · · ·

<latexit sha1_base64="4s89O4/K4OQZ20I/Fm1EljCWtys="></latexit><latexit sha1_base64="4s89O4/K4OQZ20I/Fm1EljCWtys="></latexit><latexit sha1_base64="4s89O4/K4OQZ20I/Fm1EljCWtys="></latexit><latexit sha1_base64="4s89O4/K4OQZ20I/Fm1EljCWtys="></latexit>

�̂SV
d (zi, q

2) = ZI(âs, µ
2
R, µ

2, ✏)2|F̂ I(âs, Q
2, µ2)|2 Cexp(2 �I

d(âs, q
2, µ2, zi))

<latexit sha1_base64="GqrvGAOiyQ4CMgWfgWMjz7lpNUc="></latexit><latexit sha1_base64="GqrvGAOiyQ4CMgWfgWMjz7lpNUc="></latexit><latexit sha1_base64="GqrvGAOiyQ4CMgWfgWMjz7lpNUc="></latexit><latexit sha1_base64="GqrvGAOiyQ4CMgWfgWMjz7lpNUc="></latexit>



SV Cross-section
• Finite Soft+Virtual cross-section:


 

                   with


• Total sum has to be UV and IR finite! 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Overall operator 
renormalisation 

Soft distribution 
function

Form factor

DGLAP kernel

[Ravindran]



Form Factor
• Onshell Matrix element of composite operators. 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< g(p
0
)|Ga

µ⌫G
µ⌫,a|g(p) >

<latexit sha1_base64="YgXFattYL8onjO/9nwwdxjBMQ2A=">AAACEnicbVBLSwMxGMzWV62vVY9egkVsQcquCHoQKXqoxwr2Ad1tyaZpG5rNLklWKNv9DV78K148KOLVkzf/jWm7B20dCExm5iP5xgsZlcqyvo3M0vLK6lp2PbexubW9Y+7u1WUQCUxqOGCBaHpIEkY5qSmqGGmGgiDfY6ThDW8mfuOBCEkDfq9GIXF91Oe0RzFSWuqYxct+IWzHx0lxXOnEjh85PEraCFba6eUEJWMdKV51zLxVsqaAi8ROSR6kqHbML6cb4MgnXGGGpGzZVqjcGAlFMSNJzokkCREeoj5pacqRT6QbT1dK4JFWurAXCH24glP190SMfClHvqeTPlIDOe9NxP+8VqR6F25MeRgpwvHsoV7EoArgpB/YpYJgxUaaICyo/ivEAyQQVrrFnC7Bnl95kdRPS7ZVsu/O8uXrtI4sOACHoABscA7K4BZUQQ1g8AiewSt4M56MF+Pd+JhFM0Y6sw/+wPj8ASvjnSU=</latexit><latexit sha1_base64="YgXFattYL8onjO/9nwwdxjBMQ2A=">AAACEnicbVBLSwMxGMzWV62vVY9egkVsQcquCHoQKXqoxwr2Ad1tyaZpG5rNLklWKNv9DV78K148KOLVkzf/jWm7B20dCExm5iP5xgsZlcqyvo3M0vLK6lp2PbexubW9Y+7u1WUQCUxqOGCBaHpIEkY5qSmqGGmGgiDfY6ThDW8mfuOBCEkDfq9GIXF91Oe0RzFSWuqYxct+IWzHx0lxXOnEjh85PEraCFba6eUEJWMdKV51zLxVsqaAi8ROSR6kqHbML6cb4MgnXGGGpGzZVqjcGAlFMSNJzokkCREeoj5pacqRT6QbT1dK4JFWurAXCH24glP190SMfClHvqeTPlIDOe9NxP+8VqR6F25MeRgpwvHsoV7EoArgpB/YpYJgxUaaICyo/ivEAyQQVrrFnC7Bnl95kdRPS7ZVsu/O8uXrtI4sOACHoABscA7K4BZUQQ1g8AiewSt4M56MF+Pd+JhFM0Y6sw/+wPj8ASvjnSU=</latexit><latexit sha1_base64="YgXFattYL8onjO/9nwwdxjBMQ2A=">AAACEnicbVBLSwMxGMzWV62vVY9egkVsQcquCHoQKXqoxwr2Ad1tyaZpG5rNLklWKNv9DV78K148KOLVkzf/jWm7B20dCExm5iP5xgsZlcqyvo3M0vLK6lp2PbexubW9Y+7u1WUQCUxqOGCBaHpIEkY5qSmqGGmGgiDfY6ThDW8mfuOBCEkDfq9GIXF91Oe0RzFSWuqYxct+IWzHx0lxXOnEjh85PEraCFba6eUEJWMdKV51zLxVsqaAi8ROSR6kqHbML6cb4MgnXGGGpGzZVqjcGAlFMSNJzokkCREeoj5pacqRT6QbT1dK4JFWurAXCH24glP190SMfClHvqeTPlIDOe9NxP+8VqR6F25MeRgpwvHsoV7EoArgpB/YpYJgxUaaICyo/ivEAyQQVrrFnC7Bnl95kdRPS7ZVsu/O8uXrtI4sOACHoABscA7K4BZUQQ1g8AiewSt4M56MF+Pd+JhFM0Y6sw/+wPj8ASvjnSU=</latexit><latexit sha1_base64="YgXFattYL8onjO/9nwwdxjBMQ2A=">AAACEnicbVBLSwMxGMzWV62vVY9egkVsQcquCHoQKXqoxwr2Ad1tyaZpG5rNLklWKNv9DV78K148KOLVkzf/jWm7B20dCExm5iP5xgsZlcqyvo3M0vLK6lp2PbexubW9Y+7u1WUQCUxqOGCBaHpIEkY5qSmqGGmGgiDfY6ThDW8mfuOBCEkDfq9GIXF91Oe0RzFSWuqYxct+IWzHx0lxXOnEjh85PEraCFba6eUEJWMdKV51zLxVsqaAi8ROSR6kqHbML6cb4MgnXGGGpGzZVqjcGAlFMSNJzokkCREeoj5pacqRT6QbT1dK4JFWurAXCH24glP190SMfClHvqeTPlIDOe9NxP+8VqR6F25MeRgpwvHsoV7EoArgpB/YpYJgxUaaICyo/ivEAyQQVrrFnC7Bnl95kdRPS7ZVsu/O8uXrtI4sOACHoABscA7K4BZUQQ1g8AiewSt4M56MF+Pd+JhFM0Y6sw/+wPj8ASvjnSU=</latexit>

< q(p
0
)| ̄�µ |q(p) >

<latexit sha1_base64="WP15QkSDyzNjdVGuJDi9RFiCTJU=">AAACE3icbVDLSsNAFJ34rPVVdekmWMTWRUlE0IVI0Y3LCvYBTVpuppN26EwSZyZCSfMPbvwVNy4UcevGnX/j9LHQ1gMDh3PO5c49XsSoVJb1bSwsLi2vrGbWsusbm1vbuZ3dmgxjgUkVhywUDQ8kYTQgVUUVI41IEOAeI3Wvfz3y6w9ESBoGd2oQEZdDN6A+xaC01M4dX9wXolZylBaHjgcicSJJU6cLnEMrcXicjoShzhQv27m8VbLGMOeJPSV5NEWlnftyOiGOOQkUZiBl07Yi5SYgFMWMpFknliQC3IcuaWoaACfSTcY3peahVjqmHwr9AmWO1d8TCXApB9zTSQ6qJ2e9kfif14yVf+4mNIhiRQI8WeTHzFShOSrI7FBBsGIDTQALqv9q4h4IwErXmNUl2LMnz5PaScm2Svbtab58Na0jg/bRASogG52hMrpBFVRFGD2iZ/SK3own48V4Nz4m0QVjOrOH/sD4/AFSs55u</latexit><latexit sha1_base64="WP15QkSDyzNjdVGuJDi9RFiCTJU=">AAACE3icbVDLSsNAFJ34rPVVdekmWMTWRUlE0IVI0Y3LCvYBTVpuppN26EwSZyZCSfMPbvwVNy4UcevGnX/j9LHQ1gMDh3PO5c49XsSoVJb1bSwsLi2vrGbWsusbm1vbuZ3dmgxjgUkVhywUDQ8kYTQgVUUVI41IEOAeI3Wvfz3y6w9ESBoGd2oQEZdDN6A+xaC01M4dX9wXolZylBaHjgcicSJJU6cLnEMrcXicjoShzhQv27m8VbLGMOeJPSV5NEWlnftyOiGOOQkUZiBl07Yi5SYgFMWMpFknliQC3IcuaWoaACfSTcY3peahVjqmHwr9AmWO1d8TCXApB9zTSQ6qJ2e9kfif14yVf+4mNIhiRQI8WeTHzFShOSrI7FBBsGIDTQALqv9q4h4IwErXmNUl2LMnz5PaScm2Svbtab58Na0jg/bRASogG52hMrpBFVRFGD2iZ/SK3own48V4Nz4m0QVjOrOH/sD4/AFSs55u</latexit><latexit sha1_base64="WP15QkSDyzNjdVGuJDi9RFiCTJU=">AAACE3icbVDLSsNAFJ34rPVVdekmWMTWRUlE0IVI0Y3LCvYBTVpuppN26EwSZyZCSfMPbvwVNy4UcevGnX/j9LHQ1gMDh3PO5c49XsSoVJb1bSwsLi2vrGbWsusbm1vbuZ3dmgxjgUkVhywUDQ8kYTQgVUUVI41IEOAeI3Wvfz3y6w9ESBoGd2oQEZdDN6A+xaC01M4dX9wXolZylBaHjgcicSJJU6cLnEMrcXicjoShzhQv27m8VbLGMOeJPSV5NEWlnftyOiGOOQkUZiBl07Yi5SYgFMWMpFknliQC3IcuaWoaACfSTcY3peahVjqmHwr9AmWO1d8TCXApB9zTSQ6qJ2e9kfif14yVf+4mNIhiRQI8WeTHzFShOSrI7FBBsGIDTQALqv9q4h4IwErXmNUl2LMnz5PaScm2Svbtab58Na0jg/bRASogG52hMrpBFVRFGD2iZ/SK3own48V4Nz4m0QVjOrOH/sD4/AFSs55u</latexit><latexit sha1_base64="WP15QkSDyzNjdVGuJDi9RFiCTJU=">AAACE3icbVDLSsNAFJ34rPVVdekmWMTWRUlE0IVI0Y3LCvYBTVpuppN26EwSZyZCSfMPbvwVNy4UcevGnX/j9LHQ1gMDh3PO5c49XsSoVJb1bSwsLi2vrGbWsusbm1vbuZ3dmgxjgUkVhywUDQ8kYTQgVUUVI41IEOAeI3Wvfz3y6w9ESBoGd2oQEZdDN6A+xaC01M4dX9wXolZylBaHjgcicSJJU6cLnEMrcXicjoShzhQv27m8VbLGMOeJPSV5NEWlnftyOiGOOQkUZiBl07Yi5SYgFMWMpFknliQC3IcuaWoaACfSTcY3peahVjqmHwr9AmWO1d8TCXApB9zTSQ6qJ2e9kfif14yVf+4mNIhiRQI8WeTHzFShOSrI7FBBsGIDTQALqv9q4h4IwErXmNUl2LMnz5PaScm2Svbtab58Na0jg/bRASogG52hMrpBFVRFGD2iZ/SK3own48V4Nz4m0QVjOrOH/sD4/AFSs55u</latexit>

Gluon Form factor Quark Form factor

Higgs production DY production



Form Factor
• Form-factor satisfies K-G equation: 

• RG invariance of the Form-factor: 
 

• Casimir duality 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<latexit sha1_base64="Hk9ErfrhqfDBZAm/TGA4ghJB+Zs="></latexit><latexit sha1_base64="Hk9ErfrhqfDBZAm/TGA4ghJB+Zs="></latexit><latexit sha1_base64="Hk9ErfrhqfDBZAm/TGA4ghJB+Zs="></latexit><latexit sha1_base64="Hk9ErfrhqfDBZAm/TGA4ghJB+Zs="></latexit>

Valid upto 3-loops

cusp anomalous 
 dimensions

✏
<latexit sha1_base64="9CY+pmiIzFrT2FPkpJ9qQVXLOP8=">AAAB73icdVBNSwMxEJ2tX7V+VT16CRbBU9lttR+3ohePFawttEvJptk2NJusSVYopX/CiwdFvPp3vPlvzLYVVPTBwOO9GWbmBTFn2rjuh5NZWV1b38hu5ra2d3b38vsHt1omitAWkVyqToA15UzQlmGG006sKI4CTtvB+DL12/dUaSbFjZnE1I/wULCQEWys1OnRWDMuRT9fcIuu61WqZWSJVyrXS3NyXq9VkGetFAVYotnPv/cGkiQRFYZwrHXXc2PjT7EyjHA6y/USTWNMxnhIu5YKHFHtT+f3ztCJVQYolMqWMGiufp+Y4kjrSRTYzgibkf7tpeJfXjcxYc2fMhEnhgqyWBQmHBmJ0ufRgClKDJ9Ygoli9lZERlhhYmxEORvC16fof3JbKnpu0bs+KzQulnFk4QiO4RQ8qEIDrqAJLSDA4QGe4Nm5cx6dF+d10ZpxljOH8APO2yenUZBf</latexit><latexit sha1_base64="9CY+pmiIzFrT2FPkpJ9qQVXLOP8=">AAAB73icdVBNSwMxEJ2tX7V+VT16CRbBU9lttR+3ohePFawttEvJptk2NJusSVYopX/CiwdFvPp3vPlvzLYVVPTBwOO9GWbmBTFn2rjuh5NZWV1b38hu5ra2d3b38vsHt1omitAWkVyqToA15UzQlmGG006sKI4CTtvB+DL12/dUaSbFjZnE1I/wULCQEWys1OnRWDMuRT9fcIuu61WqZWSJVyrXS3NyXq9VkGetFAVYotnPv/cGkiQRFYZwrHXXc2PjT7EyjHA6y/USTWNMxnhIu5YKHFHtT+f3ztCJVQYolMqWMGiufp+Y4kjrSRTYzgibkf7tpeJfXjcxYc2fMhEnhgqyWBQmHBmJ0ufRgClKDJ9Ygoli9lZERlhhYmxEORvC16fof3JbKnpu0bs+KzQulnFk4QiO4RQ8qEIDrqAJLSDA4QGe4Nm5cx6dF+d10ZpxljOH8APO2yenUZBf</latexit><latexit sha1_base64="9CY+pmiIzFrT2FPkpJ9qQVXLOP8=">AAAB73icdVBNSwMxEJ2tX7V+VT16CRbBU9lttR+3ohePFawttEvJptk2NJusSVYopX/CiwdFvPp3vPlvzLYVVPTBwOO9GWbmBTFn2rjuh5NZWV1b38hu5ra2d3b38vsHt1omitAWkVyqToA15UzQlmGG006sKI4CTtvB+DL12/dUaSbFjZnE1I/wULCQEWys1OnRWDMuRT9fcIuu61WqZWSJVyrXS3NyXq9VkGetFAVYotnPv/cGkiQRFYZwrHXXc2PjT7EyjHA6y/USTWNMxnhIu5YKHFHtT+f3ztCJVQYolMqWMGiufp+Y4kjrSRTYzgibkf7tpeJfXjcxYc2fMhEnhgqyWBQmHBmJ0ufRgClKDJ9Ygoli9lZERlhhYmxEORvC16fof3JbKnpu0bs+KzQulnFk4QiO4RQ8qEIDrqAJLSDA4QGe4Nm5cx6dF+d10ZpxljOH8APO2yenUZBf</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="KSeziBQRpLLHy8iO3FJ4lgl6ByA=">AAAB5HicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZwT6gHUomvdOG5jEmGaEM/RNuXCjib3LnvzF9LLT1QODjnITce5JMcOvC8DsobW3v7O6V9ysH1cOj49pJtW11bhi2mBbadBNqUXCFLcedwG5mkMpEYCeZ3M3zzjMay7V6dNMMY0lHiqecUeetbh8zy4VWg1o9bIQLkU2IVlCHlZqD2ld/qFkuUTkmqLW9KMxcXFDjOBM4q/RzixllEzrCnkdFJdq4WMw7IxfeGZJUG3+UIwv394uCSmunMvE3JXVju57Nzf+yXu7Sm7jgKssdKrb8KM0FcZrMlydDbpA5MfVAmeF+VsLG1FDmfEUVX0K0vvImtK8aUdiIHkIowxmcwyVEcA23cA9NaAEDAS/wBu/BU/AafCzrKgWr3k7hj4LPHxbhjsY=</latexit><latexit sha1_base64="2o1JD//10VTuERhbRNnfQM2P9N0=">AAAB5HicdZBLSwMxFIXv+Ky1anXrJlgEVyXTYh87wY3LCvYB7VAyaaYNzSRjkhHK0D/hxoUi/iZ3/hvTh6CiBwIf5yTk3hMmghuL8Ye3sbm1vbOb28vvFw4Oj4rHhY5RqaasTZVQuhcSwwSXrG25FayXaEbiULBuOL1e5N0Hpg1X8s7OEhbEZCx5xCmxzuoNWGK4UHJYLOEyxn6tXkUO/Eq1WVnCZbNRQ76LFirBWq1h8X0wUjSNmbRUEGP6Pk5skBFtORVsnh+khiWETsmY9R1KEjMTZMt55+jcOSMUKe2OtGjpfn+RkdiYWRy6mzGxE/M7W5h/Zf3URo0g4zJJLZN09VGUCmQVWiyPRlwzasXMAaGau1kRnRBNqHUV5V0JX5ui/6FTKfu47N9iyMEpnMEF+FCHK7iBFrSBgoBHeIYX79578l5XdW14695O4Ie8t09urI8F</latexit><latexit sha1_base64="cygp90iB7DpA/kc+I9lVV4w/SU0=">AAAB73icdVDLSgNBEJyNrxhfUY9eBoPgKewmmMct6MVjBPOAZAmzk95kyOzMOjMrhJCf8OJBEa/+jjf/xtkkgooWNBRV3XR3BTFn2rjuh5NZW9/Y3Mpu53Z29/YP8odHbS0TRaFFJZeqGxANnAloGWY4dGMFJAo4dILJVep37kFpJsWtmcbgR2QkWMgoMVbq9iHWjEsxyBfcout6lWoZW+KVyvXSglzUaxXsWStFAa3QHOTf+0NJkwiEoZxo3fPc2PgzogyjHOa5fqIhJnRCRtCzVJAItD9b3DvHZ1YZ4lAqW8Lghfp9YkYiradRYDsjYsb6t5eKf3m9xIQ1f8ZEnBgQdLkoTDg2EqfP4yFTQA2fWkKoYvZWTMdEEWpsRDkbwten+H/SLhU9t+jduIXG5SqOLDpBp+gceaiKGugaNVELUcTRA3pCz86d8+i8OK/L1oyzmjlGP+C8fQKmEZBb</latexit><latexit sha1_base64="9CY+pmiIzFrT2FPkpJ9qQVXLOP8=">AAAB73icdVBNSwMxEJ2tX7V+VT16CRbBU9lttR+3ohePFawttEvJptk2NJusSVYopX/CiwdFvPp3vPlvzLYVVPTBwOO9GWbmBTFn2rjuh5NZWV1b38hu5ra2d3b38vsHt1omitAWkVyqToA15UzQlmGG006sKI4CTtvB+DL12/dUaSbFjZnE1I/wULCQEWys1OnRWDMuRT9fcIuu61WqZWSJVyrXS3NyXq9VkGetFAVYotnPv/cGkiQRFYZwrHXXc2PjT7EyjHA6y/USTWNMxnhIu5YKHFHtT+f3ztCJVQYolMqWMGiufp+Y4kjrSRTYzgibkf7tpeJfXjcxYc2fMhEnhgqyWBQmHBmJ0ufRgClKDJ9Ygoli9lZERlhhYmxEORvC16fof3JbKnpu0bs+KzQulnFk4QiO4RQ8qEIDrqAJLSDA4QGe4Nm5cx6dF+d10ZpxljOH8APO2yenUZBf</latexit><latexit sha1_base64="9CY+pmiIzFrT2FPkpJ9qQVXLOP8=">AAAB73icdVBNSwMxEJ2tX7V+VT16CRbBU9lttR+3ohePFawttEvJptk2NJusSVYopX/CiwdFvPp3vPlvzLYVVPTBwOO9GWbmBTFn2rjuh5NZWV1b38hu5ra2d3b38vsHt1omitAWkVyqToA15UzQlmGG006sKI4CTtvB+DL12/dUaSbFjZnE1I/wULCQEWys1OnRWDMuRT9fcIuu61WqZWSJVyrXS3NyXq9VkGetFAVYotnPv/cGkiQRFYZwrHXXc2PjT7EyjHA6y/USTWNMxnhIu5YKHFHtT+f3ztCJVQYolMqWMGiufp+Y4kjrSRTYzgibkf7tpeJfXjcxYc2fMhEnhgqyWBQmHBmJ0ufRgClKDJ9Ygoli9lZERlhhYmxEORvC16fof3JbKnpu0bs+KzQulnFk4QiO4RQ8qEIDrqAJLSDA4QGe4Nm5cx6dF+d10ZpxljOH8APO2yenUZBf</latexit><latexit sha1_base64="9CY+pmiIzFrT2FPkpJ9qQVXLOP8=">AAAB73icdVBNSwMxEJ2tX7V+VT16CRbBU9lttR+3ohePFawttEvJptk2NJusSVYopX/CiwdFvPp3vPlvzLYVVPTBwOO9GWbmBTFn2rjuh5NZWV1b38hu5ra2d3b38vsHt1omitAWkVyqToA15UzQlmGG006sKI4CTtvB+DL12/dUaSbFjZnE1I/wULCQEWys1OnRWDMuRT9fcIuu61WqZWSJVyrXS3NyXq9VkGetFAVYotnPv/cGkiQRFYZwrHXXc2PjT7EyjHA6y/USTWNMxnhIu5YKHFHtT+f3ztCJVQYolMqWMGiufp+Y4kjrSRTYzgibkf7tpeJfXjcxYc2fMhEnhgqyWBQmHBmJ0ufRgClKDJ9Ygoli9lZERlhhYmxEORvC16fof3JbKnpu0bs+KzQulnFk4QiO4RQ8qEIDrqAJLSDA4QGe4Nm5cx6dF+d10ZpxljOH8APO2yenUZBf</latexit><latexit sha1_base64="9CY+pmiIzFrT2FPkpJ9qQVXLOP8=">AAAB73icdVBNSwMxEJ2tX7V+VT16CRbBU9lttR+3ohePFawttEvJptk2NJusSVYopX/CiwdFvPp3vPlvzLYVVPTBwOO9GWbmBTFn2rjuh5NZWV1b38hu5ra2d3b38vsHt1omitAWkVyqToA15UzQlmGG006sKI4CTtvB+DL12/dUaSbFjZnE1I/wULCQEWys1OnRWDMuRT9fcIuu61WqZWSJVyrXS3NyXq9VkGetFAVYotnPv/cGkiQRFYZwrHXXc2PjT7EyjHA6y/USTWNMxnhIu5YKHFHtT+f3ztCJVQYolMqWMGiufp+Y4kjrSRTYzgibkf7tpeJfXjcxYc2fMhEnhgqyWBQmHBmJ0ufRgClKDJ9Ygoli9lZERlhhYmxEORvC16fof3JbKnpu0bs+KzQulnFk4QiO4RQ8qEIDrqAJLSDA4QGe4Nm5cx6dF+d10ZpxljOH8APO2yenUZBf</latexit><latexit sha1_base64="9CY+pmiIzFrT2FPkpJ9qQVXLOP8=">AAAB73icdVBNSwMxEJ2tX7V+VT16CRbBU9lttR+3ohePFawttEvJptk2NJusSVYopX/CiwdFvPp3vPlvzLYVVPTBwOO9GWbmBTFn2rjuh5NZWV1b38hu5ra2d3b38vsHt1omitAWkVyqToA15UzQlmGG006sKI4CTtvB+DL12/dUaSbFjZnE1I/wULCQEWys1OnRWDMuRT9fcIuu61WqZWSJVyrXS3NyXq9VkGetFAVYotnPv/cGkiQRFYZwrHXXc2PjT7EyjHA6y/USTWNMxnhIu5YKHFHtT+f3ztCJVQYolMqWMGiufp+Y4kjrSRTYzgibkf7tpeJfXjcxYc2fMhEnhgqyWBQmHBmJ0ufRgClKDJ9Ygoli9lZERlhhYmxEORvC16fof3JbKnpu0bs+KzQulnFk4QiO4RQ8qEIDrqAJLSDA4QGe4Nm5cx6dF+d10ZpxljOH8APO2yenUZBf</latexit><latexit sha1_base64="9CY+pmiIzFrT2FPkpJ9qQVXLOP8=">AAAB73icdVBNSwMxEJ2tX7V+VT16CRbBU9lttR+3ohePFawttEvJptk2NJusSVYopX/CiwdFvPp3vPlvzLYVVPTBwOO9GWbmBTFn2rjuh5NZWV1b38hu5ra2d3b38vsHt1omitAWkVyqToA15UzQlmGG006sKI4CTtvB+DL12/dUaSbFjZnE1I/wULCQEWys1OnRWDMuRT9fcIuu61WqZWSJVyrXS3NyXq9VkGetFAVYotnPv/cGkiQRFYZwrHXXc2PjT7EyjHA6y/USTWNMxnhIu5YKHFHtT+f3ztCJVQYolMqWMGiufp+Y4kjrSRTYzgibkf7tpeJfXjcxYc2fMhEnhgqyWBQmHBmJ0ufRgClKDJ9Ygoli9lZERlhhYmxEORvC16fof3JbKnpu0bs+KzQulnFk4QiO4RQ8qEIDrqAJLSDA4QGe4Nm5cx6dF+d10ZpxljOH8APO2yenUZBf</latexit>

✏ !
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[Sen, Mueller, Collins, Magnea]

Gauge invariance, RG invariance



Form Factor
• Solve           : Expand in powers in  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upto 3-loop



Form Factor
• Solution upto 3-loops: 

 
 
 
 
 
 
 
 
 
 
 

• All terms can be found, only computation of finite piece is needed. 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SV Cross-section
• Soft+Virtual cross-section:


 

                   with
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Overall operator 
renormalisation 

Soft distribution 
function

Form factor

DGLAP kernel



Collinear RGE
• RGE for DGLAP kernel     : 

 
 
 
 
 
 

• In SV cross-section, diagonal part contributes 
 
 
 
 
 
 

16Goutam Das (DESY)  2018-05-01Threshold resummation / 44

Altarelli-Parisi Splitting functions
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<latexit sha1_base64="FigtLJdd//E+U9i+mv5yWuGdHP0=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJ1ZNpd0YUuK9gHtEPJpJk2NpkMSUYopf/gxoUibv0fd/6N6UNQ0QMXDufcy733RCln2iD04eRWVtfWN/Kbha3tnd294v5BU8tMEdogkkvVjrCmnCW0YZjhtJ0qikXEaSsaXc781j1Vmsnk1oxTGgo8SFjMCDZWanavsBC4VywhFwWBVz2DyPXLftUvW3IeVALkQ89Fc5TAEvVe8b3blyQTNDGEY607HkpNOMHKMMLptNDNNE0xGeEB7ViaYEF1OJlfO4UnVunDWCpbiYFz9fvEBAutxyKynQKbof7tzcS/vE5m4ko4YUmaGZqQxaI449BIOHsd9pmixPCxJZgoZm+FZIgVJsYGVLAhfH0K/yfNsush17vxS7WLZRx5cASOwSnwQABq4BrUQQMQcAcewBN4dqTz6Lw4r4vWnLOcOQQ/4Lx9As3sj0g=</latexit><latexit sha1_base64="FigtLJdd//E+U9i+mv5yWuGdHP0=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJ1ZNpd0YUuK9gHtEPJpJk2NpkMSUYopf/gxoUibv0fd/6N6UNQ0QMXDufcy733RCln2iD04eRWVtfWN/Kbha3tnd294v5BU8tMEdogkkvVjrCmnCW0YZjhtJ0qikXEaSsaXc781j1Vmsnk1oxTGgo8SFjMCDZWanavsBC4VywhFwWBVz2DyPXLftUvW3IeVALkQ89Fc5TAEvVe8b3blyQTNDGEY607HkpNOMHKMMLptNDNNE0xGeEB7ViaYEF1OJlfO4UnVunDWCpbiYFz9fvEBAutxyKynQKbof7tzcS/vE5m4ko4YUmaGZqQxaI449BIOHsd9pmixPCxJZgoZm+FZIgVJsYGVLAhfH0K/yfNsush17vxS7WLZRx5cASOwSnwQABq4BrUQQMQcAcewBN4dqTz6Lw4r4vWnLOcOQQ/4Lx9As3sj0g=</latexit><latexit sha1_base64="FigtLJdd//E+U9i+mv5yWuGdHP0=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJ1ZNpd0YUuK9gHtEPJpJk2NpkMSUYopf/gxoUibv0fd/6N6UNQ0QMXDufcy733RCln2iD04eRWVtfWN/Kbha3tnd294v5BU8tMEdogkkvVjrCmnCW0YZjhtJ0qikXEaSsaXc781j1Vmsnk1oxTGgo8SFjMCDZWanavsBC4VywhFwWBVz2DyPXLftUvW3IeVALkQ89Fc5TAEvVe8b3blyQTNDGEY607HkpNOMHKMMLptNDNNE0xGeEB7ViaYEF1OJlfO4UnVunDWCpbiYFz9fvEBAutxyKynQKbof7tzcS/vE5m4ko4YUmaGZqQxaI449BIOHsd9pmixPCxJZgoZm+FZIgVJsYGVLAhfH0K/yfNsush17vxS7WLZRx5cASOwSnwQABq4BrUQQMQcAcewBN4dqTz6Lw4r4vWnLOcOQQ/4Lx9As3sj0g=</latexit><latexit sha1_base64="FigtLJdd//E+U9i+mv5yWuGdHP0=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJ1ZNpd0YUuK9gHtEPJpJk2NpkMSUYopf/gxoUibv0fd/6N6UNQ0QMXDufcy733RCln2iD04eRWVtfWN/Kbha3tnd294v5BU8tMEdogkkvVjrCmnCW0YZjhtJ0qikXEaSsaXc781j1Vmsnk1oxTGgo8SFjMCDZWanavsBC4VywhFwWBVz2DyPXLftUvW3IeVALkQ89Fc5TAEvVe8b3blyQTNDGEY607HkpNOMHKMMLptNDNNE0xGeEB7ViaYEF1OJlfO4UnVunDWCpbiYFz9fvEBAutxyKynQKbof7tzcS/vE5m4ko4YUmaGZqQxaI449BIOHsd9pmixPCxJZgoZm+FZIgVJsYGVLAhfH0K/yfNsush17vxS7WLZRx5cASOwSnwQABq4BrUQQMQcAcewBN4dqTz6Lw4r4vWnLOcOQQ/4Lx9As3sj0g=</latexit>

�
<latexit sha1_base64="FigtLJdd//E+U9i+mv5yWuGdHP0=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJ1ZNpd0YUuK9gHtEPJpJk2NpkMSUYopf/gxoUibv0fd/6N6UNQ0QMXDufcy733RCln2iD04eRWVtfWN/Kbha3tnd294v5BU8tMEdogkkvVjrCmnCW0YZjhtJ0qikXEaSsaXc781j1Vmsnk1oxTGgo8SFjMCDZWanavsBC4VywhFwWBVz2DyPXLftUvW3IeVALkQ89Fc5TAEvVe8b3blyQTNDGEY607HkpNOMHKMMLptNDNNE0xGeEB7ViaYEF1OJlfO4UnVunDWCpbiYFz9fvEBAutxyKynQKbof7tzcS/vE5m4ko4YUmaGZqQxaI449BIOHsd9pmixPCxJZgoZm+FZIgVJsYGVLAhfH0K/yfNsush17vxS7WLZRx5cASOwSnwQABq4BrUQQMQcAcewBN4dqTz6Lw4r4vWnLOcOQQ/4Lx9As3sj0g=</latexit><latexit sha1_base64="FigtLJdd//E+U9i+mv5yWuGdHP0=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJ1ZNpd0YUuK9gHtEPJpJk2NpkMSUYopf/gxoUibv0fd/6N6UNQ0QMXDufcy733RCln2iD04eRWVtfWN/Kbha3tnd294v5BU8tMEdogkkvVjrCmnCW0YZjhtJ0qikXEaSsaXc781j1Vmsnk1oxTGgo8SFjMCDZWanavsBC4VywhFwWBVz2DyPXLftUvW3IeVALkQ89Fc5TAEvVe8b3blyQTNDGEY607HkpNOMHKMMLptNDNNE0xGeEB7ViaYEF1OJlfO4UnVunDWCpbiYFz9fvEBAutxyKynQKbof7tzcS/vE5m4ko4YUmaGZqQxaI449BIOHsd9pmixPCxJZgoZm+FZIgVJsYGVLAhfH0K/yfNsush17vxS7WLZRx5cASOwSnwQABq4BrUQQMQcAcewBN4dqTz6Lw4r4vWnLOcOQQ/4Lx9As3sj0g=</latexit><latexit sha1_base64="FigtLJdd//E+U9i+mv5yWuGdHP0=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJ1ZNpd0YUuK9gHtEPJpJk2NpkMSUYopf/gxoUibv0fd/6N6UNQ0QMXDufcy733RCln2iD04eRWVtfWN/Kbha3tnd294v5BU8tMEdogkkvVjrCmnCW0YZjhtJ0qikXEaSsaXc781j1Vmsnk1oxTGgo8SFjMCDZWanavsBC4VywhFwWBVz2DyPXLftUvW3IeVALkQ89Fc5TAEvVe8b3blyQTNDGEY607HkpNOMHKMMLptNDNNE0xGeEB7ViaYEF1OJlfO4UnVunDWCpbiYFz9fvEBAutxyKynQKbof7tzcS/vE5m4ko4YUmaGZqQxaI449BIOHsd9pmixPCxJZgoZm+FZIgVJsYGVLAhfH0K/yfNsush17vxS7WLZRx5cASOwSnwQABq4BrUQQMQcAcewBN4dqTz6Lw4r4vWnLOcOQQ/4Lx9As3sj0g=</latexit><latexit sha1_base64="FigtLJdd//E+U9i+mv5yWuGdHP0=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJ1ZNpd0YUuK9gHtEPJpJk2NpkMSUYopf/gxoUibv0fd/6N6UNQ0QMXDufcy733RCln2iD04eRWVtfWN/Kbha3tnd294v5BU8tMEdogkkvVjrCmnCW0YZjhtJ0qikXEaSsaXc781j1Vmsnk1oxTGgo8SFjMCDZWanavsBC4VywhFwWBVz2DyPXLftUvW3IeVALkQ89Fc5TAEvVe8b3blyQTNDGEY607HkpNOMHKMMLptNDNNE0xGeEB7ViaYEF1OJlfO4UnVunDWCpbiYFz9fvEBAutxyKynQKbof7tzcS/vE5m4ko4YUmaGZqQxaI449BIOHsd9pmixPCxJZgoZm+FZIgVJsYGVLAhfH0K/yfNsush17vxS7WLZRx5cASOwSnwQABq4BrUQQMQcAcewBN4dqTz6Lw4r4vWnLOcOQQ/4Lx9As3sj0g=</latexit>

is  known upto O(a4s)
<latexit sha1_base64="29ryhy6+KOKB+9q3XdPPEazvtRM=">AAAB+3icdVDLTgIxFO3gC/E14tJNIzHBDZkB5LEjunEnJgImME46pUBDpzNpO0YymV9x40Jj3Poj7vwbO4CJGj1Jk5Nz7s09PV7IqFSW9WFkVlbX1jeym7mt7Z3dPXM/35VBJDDp4IAF4sZDkjDKSUdRxchNKAjyPUZ63vQ89Xt3REga8Gs1C4njozGnI4qR0pJr5gc+UhOMWHyZFJErb6snrlmwSpZl1+oVqIldrjTLc3LabNSgra0UBbBE2zXfB8MARz7hCjMkZd+2QuXESCiKGUlyg0iSEOEpGpO+phz5RDrxPHsCj7UyhKNA6McVnKvfN2LkSznzPT2ZJpW/vVT8y+tHatRwYsrDSBGOF4dGEYMqgGkRcEgFwYrNNEFYUJ0V4gkSCCtdV06X8PVT+D/plku2VbKvqoXW2bKOLDgER6AIbFAHLXAB2qADMLgHD+AJPBuJ8Wi8GK+L0Yyx3DkAP2C8fQKqwJQx</latexit><latexit sha1_base64="29ryhy6+KOKB+9q3XdPPEazvtRM=">AAAB+3icdVDLTgIxFO3gC/E14tJNIzHBDZkB5LEjunEnJgImME46pUBDpzNpO0YymV9x40Jj3Poj7vwbO4CJGj1Jk5Nz7s09PV7IqFSW9WFkVlbX1jeym7mt7Z3dPXM/35VBJDDp4IAF4sZDkjDKSUdRxchNKAjyPUZ63vQ89Xt3REga8Gs1C4njozGnI4qR0pJr5gc+UhOMWHyZFJErb6snrlmwSpZl1+oVqIldrjTLc3LabNSgra0UBbBE2zXfB8MARz7hCjMkZd+2QuXESCiKGUlyg0iSEOEpGpO+phz5RDrxPHsCj7UyhKNA6McVnKvfN2LkSznzPT2ZJpW/vVT8y+tHatRwYsrDSBGOF4dGEYMqgGkRcEgFwYrNNEFYUJ0V4gkSCCtdV06X8PVT+D/plku2VbKvqoXW2bKOLDgER6AIbFAHLXAB2qADMLgHD+AJPBuJ8Wi8GK+L0Yyx3DkAP2C8fQKqwJQx</latexit><latexit sha1_base64="29ryhy6+KOKB+9q3XdPPEazvtRM=">AAAB+3icdVDLTgIxFO3gC/E14tJNIzHBDZkB5LEjunEnJgImME46pUBDpzNpO0YymV9x40Jj3Poj7vwbO4CJGj1Jk5Nz7s09PV7IqFSW9WFkVlbX1jeym7mt7Z3dPXM/35VBJDDp4IAF4sZDkjDKSUdRxchNKAjyPUZ63vQ89Xt3REga8Gs1C4njozGnI4qR0pJr5gc+UhOMWHyZFJErb6snrlmwSpZl1+oVqIldrjTLc3LabNSgra0UBbBE2zXfB8MARz7hCjMkZd+2QuXESCiKGUlyg0iSEOEpGpO+phz5RDrxPHsCj7UyhKNA6McVnKvfN2LkSznzPT2ZJpW/vVT8y+tHatRwYsrDSBGOF4dGEYMqgGkRcEgFwYrNNEFYUJ0V4gkSCCtdV06X8PVT+D/plku2VbKvqoXW2bKOLDgER6AIbFAHLXAB2qADMLgHD+AJPBuJ8Wi8GK+L0Yyx3DkAP2C8fQKqwJQx</latexit><latexit sha1_base64="29ryhy6+KOKB+9q3XdPPEazvtRM=">AAAB+3icdVDLTgIxFO3gC/E14tJNIzHBDZkB5LEjunEnJgImME46pUBDpzNpO0YymV9x40Jj3Poj7vwbO4CJGj1Jk5Nz7s09PV7IqFSW9WFkVlbX1jeym7mt7Z3dPXM/35VBJDDp4IAF4sZDkjDKSUdRxchNKAjyPUZ63vQ89Xt3REga8Gs1C4njozGnI4qR0pJr5gc+UhOMWHyZFJErb6snrlmwSpZl1+oVqIldrjTLc3LabNSgra0UBbBE2zXfB8MARz7hCjMkZd+2QuXESCiKGUlyg0iSEOEpGpO+phz5RDrxPHsCj7UyhKNA6McVnKvfN2LkSznzPT2ZJpW/vVT8y+tHatRwYsrDSBGOF4dGEYMqgGkRcEgFwYrNNEFYUJ0V4gkSCCtdV06X8PVT+D/plku2VbKvqoXW2bKOLDgER6AIbFAHLXAB2qADMLgHD+AJPBuJ8Wi8GK+L0Yyx3DkAP2C8fQKqwJQx</latexit>

[Moch, Vogt, Vermaseren]



UV RGE
• RGE for overall operator renormalisation constant Z: 

 
 
 
 
 

•                are known upto 

• For Drell-Yan: 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�g, �b
<latexit sha1_base64="4uceztMJTdj8WlxEy6/uxjuvu3k=">AAAB+3icdZDLSsNAFIYn9VbrLdalm8EiuJCStNrLrujGZQV7gTaWyXSSDp1JwsxELKGv4saFIm59EXe+jZM2gooeGPj4/3M4Z343YlQqy/owciura+sb+c3C1vbO7p65X+zKMBaYdHDIQtF3kSSMBqSjqGKkHwmCuMtIz51epn7vjghJw+BGzSLicOQH1KMYKS2NzOLQR5yjW/8UZuSOzJJVtiy7Vq9CDXal2qws4LzZqEFbW2mVQFbtkfk+HIc45iRQmCEpB7YVKSdBQlHMyLwwjCWJEJ4inww0BogT6SSL2+fwWCtj6IVCv0DBhfp9IkFcyhl3dSdHaiJ/e6n4lzeIlddwEhpEsSIBXi7yYgZVCNMg4JgKghWbaUBYUH0rxBMkEFY6roIO4eun8H/oVsq2Vbavz0qtiyyOPDgER+AE2KAOWuAKtEEHYHAPHsATeDbmxqPxYrwuW3NGNnMAfpTx9gmgbpQt</latexit><latexit sha1_base64="4uceztMJTdj8WlxEy6/uxjuvu3k=">AAAB+3icdZDLSsNAFIYn9VbrLdalm8EiuJCStNrLrujGZQV7gTaWyXSSDp1JwsxELKGv4saFIm59EXe+jZM2gooeGPj4/3M4Z343YlQqy/owciura+sb+c3C1vbO7p65X+zKMBaYdHDIQtF3kSSMBqSjqGKkHwmCuMtIz51epn7vjghJw+BGzSLicOQH1KMYKS2NzOLQR5yjW/8UZuSOzJJVtiy7Vq9CDXal2qws4LzZqEFbW2mVQFbtkfk+HIc45iRQmCEpB7YVKSdBQlHMyLwwjCWJEJ4inww0BogT6SSL2+fwWCtj6IVCv0DBhfp9IkFcyhl3dSdHaiJ/e6n4lzeIlddwEhpEsSIBXi7yYgZVCNMg4JgKghWbaUBYUH0rxBMkEFY6roIO4eun8H/oVsq2Vbavz0qtiyyOPDgER+AE2KAOWuAKtEEHYHAPHsATeDbmxqPxYrwuW3NGNnMAfpTx9gmgbpQt</latexit><latexit sha1_base64="4uceztMJTdj8WlxEy6/uxjuvu3k=">AAAB+3icdZDLSsNAFIYn9VbrLdalm8EiuJCStNrLrujGZQV7gTaWyXSSDp1JwsxELKGv4saFIm59EXe+jZM2gooeGPj4/3M4Z343YlQqy/owciura+sb+c3C1vbO7p65X+zKMBaYdHDIQtF3kSSMBqSjqGKkHwmCuMtIz51epn7vjghJw+BGzSLicOQH1KMYKS2NzOLQR5yjW/8UZuSOzJJVtiy7Vq9CDXal2qws4LzZqEFbW2mVQFbtkfk+HIc45iRQmCEpB7YVKSdBQlHMyLwwjCWJEJ4inww0BogT6SSL2+fwWCtj6IVCv0DBhfp9IkFcyhl3dSdHaiJ/e6n4lzeIlddwEhpEsSIBXi7yYgZVCNMg4JgKghWbaUBYUH0rxBMkEFY6roIO4eun8H/oVsq2Vbavz0qtiyyOPDgER+AE2KAOWuAKtEEHYHAPHsATeDbmxqPxYrwuW3NGNnMAfpTx9gmgbpQt</latexit><latexit sha1_base64="4uceztMJTdj8WlxEy6/uxjuvu3k=">AAAB+3icdZDLSsNAFIYn9VbrLdalm8EiuJCStNrLrujGZQV7gTaWyXSSDp1JwsxELKGv4saFIm59EXe+jZM2gooeGPj4/3M4Z343YlQqy/owciura+sb+c3C1vbO7p65X+zKMBaYdHDIQtF3kSSMBqSjqGKkHwmCuMtIz51epn7vjghJw+BGzSLicOQH1KMYKS2NzOLQR5yjW/8UZuSOzJJVtiy7Vq9CDXal2qws4LzZqEFbW2mVQFbtkfk+HIc45iRQmCEpB7YVKSdBQlHMyLwwjCWJEJ4inww0BogT6SSL2+fwWCtj6IVCv0DBhfp9IkFcyhl3dSdHaiJ/e6n4lzeIlddwEhpEsSIBXi7yYgZVCNMg4JgKghWbaUBYUH0rxBMkEFY6roIO4eun8H/oVsq2Vbavz0qtiyyOPDgER+AE2KAOWuAKtEEHYHAPHsATeDbmxqPxYrwuW3NGNnMAfpTx9gmgbpQt</latexit>

O(a3s)
<latexit sha1_base64="QRuJt5aOMocxIc7qjEfZ6oBpdTQ=">AAAB+3icdVDLSgMxFM3UV62vsS7dBItQN2Wm1T52RTfurGAf0I5DJk3b0ExmSDJiGeZX3LhQxK0/4s6/MdNWUNEDgcM593JPjhcyKpVlfRiZldW19Y3sZm5re2d3z9zPd2QQCUzaOGCB6HlIEkY5aSuqGOmFgiDfY6TrTS9Sv3tHhKQBv1GzkDg+GnM6ohgpLblmfuAjNcGIxVdJEbnytnLimgWrZFl2tVaBmtjlSqM8J2eNehXa2kpRAEu0XPN9MAxw5BOuMENS9m0rVE6MhKKYkSQ3iCQJEZ6iMelrypFPpBPPsyfwWCtDOAqEflzBufp9I0a+lDPf05NpUvnbS8W/vH6kRnUnpjyMFOF4cWgUMagCmBYBh1QQrNhME4QF1VkhniCBsNJ15XQJXz+F/5NOuWRbJfv6tNA8X9aRBYfgCBSBDWqgCS5BC7QBBvfgATyBZyMxHo0X43UxmjGWOwfgB4y3T6k7lDA=</latexit><latexit sha1_base64="QRuJt5aOMocxIc7qjEfZ6oBpdTQ=">AAAB+3icdVDLSgMxFM3UV62vsS7dBItQN2Wm1T52RTfurGAf0I5DJk3b0ExmSDJiGeZX3LhQxK0/4s6/MdNWUNEDgcM593JPjhcyKpVlfRiZldW19Y3sZm5re2d3z9zPd2QQCUzaOGCB6HlIEkY5aSuqGOmFgiDfY6TrTS9Sv3tHhKQBv1GzkDg+GnM6ohgpLblmfuAjNcGIxVdJEbnytnLimgWrZFl2tVaBmtjlSqM8J2eNehXa2kpRAEu0XPN9MAxw5BOuMENS9m0rVE6MhKKYkSQ3iCQJEZ6iMelrypFPpBPPsyfwWCtDOAqEflzBufp9I0a+lDPf05NpUvnbS8W/vH6kRnUnpjyMFOF4cWgUMagCmBYBh1QQrNhME4QF1VkhniCBsNJ15XQJXz+F/5NOuWRbJfv6tNA8X9aRBYfgCBSBDWqgCS5BC7QBBvfgATyBZyMxHo0X43UxmjGWOwfgB4y3T6k7lDA=</latexit><latexit sha1_base64="QRuJt5aOMocxIc7qjEfZ6oBpdTQ=">AAAB+3icdVDLSgMxFM3UV62vsS7dBItQN2Wm1T52RTfurGAf0I5DJk3b0ExmSDJiGeZX3LhQxK0/4s6/MdNWUNEDgcM593JPjhcyKpVlfRiZldW19Y3sZm5re2d3z9zPd2QQCUzaOGCB6HlIEkY5aSuqGOmFgiDfY6TrTS9Sv3tHhKQBv1GzkDg+GnM6ohgpLblmfuAjNcGIxVdJEbnytnLimgWrZFl2tVaBmtjlSqM8J2eNehXa2kpRAEu0XPN9MAxw5BOuMENS9m0rVE6MhKKYkSQ3iCQJEZ6iMelrypFPpBPPsyfwWCtDOAqEflzBufp9I0a+lDPf05NpUvnbS8W/vH6kRnUnpjyMFOF4cWgUMagCmBYBh1QQrNhME4QF1VkhniCBsNJ15XQJXz+F/5NOuWRbJfv6tNA8X9aRBYfgCBSBDWqgCS5BC7QBBvfgATyBZyMxHo0X43UxmjGWOwfgB4y3T6k7lDA=</latexit><latexit sha1_base64="QRuJt5aOMocxIc7qjEfZ6oBpdTQ=">AAAB+3icdVDLSgMxFM3UV62vsS7dBItQN2Wm1T52RTfurGAf0I5DJk3b0ExmSDJiGeZX3LhQxK0/4s6/MdNWUNEDgcM593JPjhcyKpVlfRiZldW19Y3sZm5re2d3z9zPd2QQCUzaOGCB6HlIEkY5aSuqGOmFgiDfY6TrTS9Sv3tHhKQBv1GzkDg+GnM6ohgpLblmfuAjNcGIxVdJEbnytnLimgWrZFl2tVaBmtjlSqM8J2eNehXa2kpRAEu0XPN9MAxw5BOuMENS9m0rVE6MhKKYkSQ3iCQJEZ6iMelrypFPpBPPsyfwWCtDOAqEflzBufp9I0a+lDPf05NpUvnbS8W/vH6kRnUnpjyMFOF4cWgUMagCmBYBh1QQrNhME4QF1VkhniCBsNJ15XQJXz+F/5NOuWRbJfv6tNA8X9aRBYfgCBSBDWqgCS5BC7QBBvfgATyBZyMxHo0X43UxmjGWOwfgB4y3T6k7lDA=</latexit>

�q = 0
<latexit sha1_base64="tNbekdQUX8Gcm59E9I1mr+hC6Ic=">AAAB8nicdVDLSgNBEJyNrxhfUY9eBoPgKewmmsdBCHrxGMEkwmYNs5NJMmQe68ysEJZ8hhcPinj1a7z5N84mEVS0oKGo6qa7K4wY1cZ1P5zM0vLK6lp2PbexubW9k9/da2sZK0xaWDKpbkKkCaOCtAw1jNxEiiAeMtIJxxep37knSlMprs0kIgFHQ0EHFCNjJb87RJyj27szF/byBbfoul6lWoaWeKVyvTQjp/VaBXrWSlEACzR7+fduX+KYE2EwQ1r7nhuZIEHKUMzINNeNNYkQHqMh8S0ViBMdJLOTp/DIKn04kMqWMHCmfp9IENd6wkPbyZEZ6d9eKv7l+bEZ1IKEiig2ROD5okHMoJEw/R/2qSLYsIklCCtqb4V4hBTCxqaUsyF8fQr/J+1S0XOL3tVJoXG+iCMLDsAhOAYeqIIGuARN0AIYSPAAnsCzY5xH58V5nbdmnMXMPvgB5+0TuRKQ4g==</latexit><latexit sha1_base64="tNbekdQUX8Gcm59E9I1mr+hC6Ic=">AAAB8nicdVDLSgNBEJyNrxhfUY9eBoPgKewmmsdBCHrxGMEkwmYNs5NJMmQe68ysEJZ8hhcPinj1a7z5N84mEVS0oKGo6qa7K4wY1cZ1P5zM0vLK6lp2PbexubW9k9/da2sZK0xaWDKpbkKkCaOCtAw1jNxEiiAeMtIJxxep37knSlMprs0kIgFHQ0EHFCNjJb87RJyj27szF/byBbfoul6lWoaWeKVyvTQjp/VaBXrWSlEACzR7+fduX+KYE2EwQ1r7nhuZIEHKUMzINNeNNYkQHqMh8S0ViBMdJLOTp/DIKn04kMqWMHCmfp9IENd6wkPbyZEZ6d9eKv7l+bEZ1IKEiig2ROD5okHMoJEw/R/2qSLYsIklCCtqb4V4hBTCxqaUsyF8fQr/J+1S0XOL3tVJoXG+iCMLDsAhOAYeqIIGuARN0AIYSPAAnsCzY5xH58V5nbdmnMXMPvgB5+0TuRKQ4g==</latexit><latexit sha1_base64="tNbekdQUX8Gcm59E9I1mr+hC6Ic=">AAAB8nicdVDLSgNBEJyNrxhfUY9eBoPgKewmmsdBCHrxGMEkwmYNs5NJMmQe68ysEJZ8hhcPinj1a7z5N84mEVS0oKGo6qa7K4wY1cZ1P5zM0vLK6lp2PbexubW9k9/da2sZK0xaWDKpbkKkCaOCtAw1jNxEiiAeMtIJxxep37knSlMprs0kIgFHQ0EHFCNjJb87RJyj27szF/byBbfoul6lWoaWeKVyvTQjp/VaBXrWSlEACzR7+fduX+KYE2EwQ1r7nhuZIEHKUMzINNeNNYkQHqMh8S0ViBMdJLOTp/DIKn04kMqWMHCmfp9IENd6wkPbyZEZ6d9eKv7l+bEZ1IKEiig2ROD5okHMoJEw/R/2qSLYsIklCCtqb4V4hBTCxqaUsyF8fQr/J+1S0XOL3tVJoXG+iCMLDsAhOAYeqIIGuARN0AIYSPAAnsCzY5xH58V5nbdmnMXMPvgB5+0TuRKQ4g==</latexit><latexit sha1_base64="tNbekdQUX8Gcm59E9I1mr+hC6Ic=">AAAB8nicdVDLSgNBEJyNrxhfUY9eBoPgKewmmsdBCHrxGMEkwmYNs5NJMmQe68ysEJZ8hhcPinj1a7z5N84mEVS0oKGo6qa7K4wY1cZ1P5zM0vLK6lp2PbexubW9k9/da2sZK0xaWDKpbkKkCaOCtAw1jNxEiiAeMtIJxxep37knSlMprs0kIgFHQ0EHFCNjJb87RJyj27szF/byBbfoul6lWoaWeKVyvTQjp/VaBXrWSlEACzR7+fduX+KYE2EwQ1r7nhuZIEHKUMzINNeNNYkQHqMh8S0ViBMdJLOTp/DIKn04kMqWMHCmfp9IENd6wkPbyZEZ6d9eKv7l+bEZ1IKEiig2ROD5okHMoJEw/R/2qSLYsIklCCtqb4V4hBTCxqaUsyF8fQr/J+1S0XOL3tVJoXG+iCMLDsAhOAYeqIIGuARN0AIYSPAAnsCzY5xH58V5nbdmnMXMPvgB5+0TuRKQ4g==</latexit>

Zq(âs, µ
2
R, µ

2, ✏) = 1
<latexit sha1_base64="pcr5cem8yUa2pJ4fmKm2jmWyok8=">AAACEnicbVDLSgMxFM3UV62vUZdugkVoQcpMEXQjFN24rGIf2JkOmTTThmYyY5IRytBvcOOvuHGhiFtX7vwbM20X2noguYdz7iW5x48Zlcqyvo3c0vLK6lp+vbCxubW9Y+7uNWWUCEwaOGKRaPtIEkY5aSiqGGnHgqDQZ6TlDy8zv/VAhKQRv1WjmLgh6nMaUIyUljyzfNe9LzkDpFLkyfGxEybeTbea1ewmsaQs4mV4Dm3PLFoVawK4SOwZKYIZ6p755fQinISEK8yQlB3bipWbIqEoZmRccBJJYoSHqE86mnIUEummk5XG8EgrPRhEQh+u4ET9PZGiUMpR6OvOEKmBnPcy8T+vk6jgzE0pjxNFOJ4+FCQMqghm+cAeFQQrNtIEYUH1XyEeIIGw0ikWdAj2/MqLpFmt2FbFvj4p1i5mceTBATgEJWCDU1ADV6AOGgCDR/AMXsGb8WS8GO/Gx7Q1Z8xm9sEfGJ8/9XmcWA==</latexit><latexit sha1_base64="pcr5cem8yUa2pJ4fmKm2jmWyok8=">AAACEnicbVDLSgMxFM3UV62vUZdugkVoQcpMEXQjFN24rGIf2JkOmTTThmYyY5IRytBvcOOvuHGhiFtX7vwbM20X2noguYdz7iW5x48Zlcqyvo3c0vLK6lp+vbCxubW9Y+7uNWWUCEwaOGKRaPtIEkY5aSiqGGnHgqDQZ6TlDy8zv/VAhKQRv1WjmLgh6nMaUIyUljyzfNe9LzkDpFLkyfGxEybeTbea1ewmsaQs4mV4Dm3PLFoVawK4SOwZKYIZ6p755fQinISEK8yQlB3bipWbIqEoZmRccBJJYoSHqE86mnIUEummk5XG8EgrPRhEQh+u4ET9PZGiUMpR6OvOEKmBnPcy8T+vk6jgzE0pjxNFOJ4+FCQMqghm+cAeFQQrNtIEYUH1XyEeIIGw0ikWdAj2/MqLpFmt2FbFvj4p1i5mceTBATgEJWCDU1ADV6AOGgCDR/AMXsGb8WS8GO/Gx7Q1Z8xm9sEfGJ8/9XmcWA==</latexit><latexit sha1_base64="pcr5cem8yUa2pJ4fmKm2jmWyok8=">AAACEnicbVDLSgMxFM3UV62vUZdugkVoQcpMEXQjFN24rGIf2JkOmTTThmYyY5IRytBvcOOvuHGhiFtX7vwbM20X2noguYdz7iW5x48Zlcqyvo3c0vLK6lp+vbCxubW9Y+7uNWWUCEwaOGKRaPtIEkY5aSiqGGnHgqDQZ6TlDy8zv/VAhKQRv1WjmLgh6nMaUIyUljyzfNe9LzkDpFLkyfGxEybeTbea1ewmsaQs4mV4Dm3PLFoVawK4SOwZKYIZ6p755fQinISEK8yQlB3bipWbIqEoZmRccBJJYoSHqE86mnIUEummk5XG8EgrPRhEQh+u4ET9PZGiUMpR6OvOEKmBnPcy8T+vk6jgzE0pjxNFOJ4+FCQMqghm+cAeFQQrNtIEYUH1XyEeIIGw0ikWdAj2/MqLpFmt2FbFvj4p1i5mceTBATgEJWCDU1ADV6AOGgCDR/AMXsGb8WS8GO/Gx7Q1Z8xm9sEfGJ8/9XmcWA==</latexit><latexit sha1_base64="pcr5cem8yUa2pJ4fmKm2jmWyok8=">AAACEnicbVDLSgMxFM3UV62vUZdugkVoQcpMEXQjFN24rGIf2JkOmTTThmYyY5IRytBvcOOvuHGhiFtX7vwbM20X2noguYdz7iW5x48Zlcqyvo3c0vLK6lp+vbCxubW9Y+7uNWWUCEwaOGKRaPtIEkY5aSiqGGnHgqDQZ6TlDy8zv/VAhKQRv1WjmLgh6nMaUIyUljyzfNe9LzkDpFLkyfGxEybeTbea1ewmsaQs4mV4Dm3PLFoVawK4SOwZKYIZ6p755fQinISEK8yQlB3bipWbIqEoZmRccBJJYoSHqE86mnIUEummk5XG8EgrPRhEQh+u4ET9PZGiUMpR6OvOEKmBnPcy8T+vk6jgzE0pjxNFOJ4+FCQMqghm+cAeFQQrNtIEYUH1XyEeIIGw0ikWdAj2/MqLpFmt2FbFvj4p1i5mceTBATgEJWCDU1ADV6AOGgCDR/AMXsGb8WS8GO/Gx7Q1Z8xm9sEfGJ8/9XmcWA==</latexit>



SV Cross-section
• Soft+Virtual cross-section:


 

                   with
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Overall operator 
renormalisation 

Soft distribution 
function

Form factor

DGLAP kernel



Soft Function
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q2
d

dq2
�I

d =
1

2


K

I
d

✓
âs,

µ2
R

µ2
, z1, z2, ✏

◆
+G

I
d

✓
âs,

q2

µ2
R

,
µ2
R

µ2
, z1, z2, ✏

◆�

µ2
R

d

dµ2
R

�I
d(âs, q

2, µ2, z1, z2, ✏) = 0

• Demand finiteness in 

• RGE for the Soft function:

lim✏!0 I
d(zi, q

2, ✏)

K-G type equation for Soft function

Poles in ✏
<latexit sha1_base64="9CY+pmiIzFrT2FPkpJ9qQVXLOP8=">AAAB73icdVBNSwMxEJ2tX7V+VT16CRbBU9lttR+3ohePFawttEvJptk2NJusSVYopX/CiwdFvPp3vPlvzLYVVPTBwOO9GWbmBTFn2rjuh5NZWV1b38hu5ra2d3b38vsHt1omitAWkVyqToA15UzQlmGG006sKI4CTtvB+DL12/dUaSbFjZnE1I/wULCQEWys1OnRWDMuRT9fcIuu61WqZWSJVyrXS3NyXq9VkGetFAVYotnPv/cGkiQRFYZwrHXXc2PjT7EyjHA6y/USTWNMxnhIu5YKHFHtT+f3ztCJVQYolMqWMGiufp+Y4kjrSRTYzgibkf7tpeJfXjcxYc2fMhEnhgqyWBQmHBmJ0ufRgClKDJ9Ygoli9lZERlhhYmxEORvC16fof3JbKnpu0bs+KzQulnFk4QiO4RQ8qEIDrqAJLSDA4QGe4Nm5cx6dF+d10ZpxljOH8APO2yenUZBf</latexit><latexit sha1_base64="9CY+pmiIzFrT2FPkpJ9qQVXLOP8=">AAAB73icdVBNSwMxEJ2tX7V+VT16CRbBU9lttR+3ohePFawttEvJptk2NJusSVYopX/CiwdFvPp3vPlvzLYVVPTBwOO9GWbmBTFn2rjuh5NZWV1b38hu5ra2d3b38vsHt1omitAWkVyqToA15UzQlmGG006sKI4CTtvB+DL12/dUaSbFjZnE1I/wULCQEWys1OnRWDMuRT9fcIuu61WqZWSJVyrXS3NyXq9VkGetFAVYotnPv/cGkiQRFYZwrHXXc2PjT7EyjHA6y/USTWNMxnhIu5YKHFHtT+f3ztCJVQYolMqWMGiufp+Y4kjrSRTYzgibkf7tpeJfXjcxYc2fMhEnhgqyWBQmHBmJ0ufRgClKDJ9Ygoli9lZERlhhYmxEORvC16fof3JbKnpu0bs+KzQulnFk4QiO4RQ8qEIDrqAJLSDA4QGe4Nm5cx6dF+d10ZpxljOH8APO2yenUZBf</latexit><latexit sha1_base64="9CY+pmiIzFrT2FPkpJ9qQVXLOP8=">AAAB73icdVBNSwMxEJ2tX7V+VT16CRbBU9lttR+3ohePFawttEvJptk2NJusSVYopX/CiwdFvPp3vPlvzLYVVPTBwOO9GWbmBTFn2rjuh5NZWV1b38hu5ra2d3b38vsHt1omitAWkVyqToA15UzQlmGG006sKI4CTtvB+DL12/dUaSbFjZnE1I/wULCQEWys1OnRWDMuRT9fcIuu61WqZWSJVyrXS3NyXq9VkGetFAVYotnPv/cGkiQRFYZwrHXXc2PjT7EyjHA6y/USTWNMxnhIu5YKHFHtT+f3ztCJVQYolMqWMGiufp+Y4kjrSRTYzgibkf7tpeJfXjcxYc2fMhEnhgqyWBQmHBmJ0ufRgClKDJ9Ygoli9lZERlhhYmxEORvC16fof3JbKnpu0bs+KzQulnFk4QiO4RQ8qEIDrqAJLSDA4QGe4Nm5cx6dF+d10ZpxljOH8APO2yenUZBf</latexit><latexit sha1_base64="9CY+pmiIzFrT2FPkpJ9qQVXLOP8=">AAAB73icdVBNSwMxEJ2tX7V+VT16CRbBU9lttR+3ohePFawttEvJptk2NJusSVYopX/CiwdFvPp3vPlvzLYVVPTBwOO9GWbmBTFn2rjuh5NZWV1b38hu5ra2d3b38vsHt1omitAWkVyqToA15UzQlmGG006sKI4CTtvB+DL12/dUaSbFjZnE1I/wULCQEWys1OnRWDMuRT9fcIuu61WqZWSJVyrXS3NyXq9VkGetFAVYotnPv/cGkiQRFYZwrHXXc2PjT7EyjHA6y/USTWNMxnhIu5YKHFHtT+f3ztCJVQYolMqWMGiufp+Y4kjrSRTYzgibkf7tpeJfXjcxYc2fMhEnhgqyWBQmHBmJ0ufRgClKDJ9Ygoli9lZERlhhYmxEORvC16fof3JbKnpu0bs+KzQulnFk4QiO4RQ8qEIDrqAJLSDA4QGe4Nm5cx6dF+d10ZpxljOH8APO2yenUZBf</latexit>

✏ !
<latexit sha1_base64="2uFI2S1HJqF9vdcRD1nGXmRRyDg=">AAAB9HicdVDLSgNBEOyNrxhfUY9eBoPgKewmmsct6MVjBPOA7BJmJ7PJkNnZdWY2EEK+w4sHRbz6Md78G2eTCCpa0FBUddPd5cecKW3bH1ZmbX1jcyu7ndvZ3ds/yB8etVWUSEJbJOKR7PpYUc4EbWmmOe3GkuLQ57Tjj69TvzOhUrFI3OlpTL0QDwULGMHaSJ5LY8V4JJCrI9TPF+yibTuVahkZ4pTK9dKCXNZrFeQYK0UBVmj28+/uICJJSIUmHCvVc+xYezMsNSOcznNuomiMyRgPac9QgUOqvNni6Dk6M8oABZE0JTRaqN8nZjhUahr6pjPEeqR+e6n4l9dLdFDzZkzEiaaCLBcFCUfmwzQBNGCSEs2nhmAimbkVkRGWmGiTU86E8PUp+p+0S0XHLjq3F4XG1SqOLJzAKZyDA1VowA00oQUE7uEBnuDZmliP1ov1umzNWKuZY/gB6+0TuGGSEA==</latexit><latexit sha1_base64="2uFI2S1HJqF9vdcRD1nGXmRRyDg=">AAAB9HicdVDLSgNBEOyNrxhfUY9eBoPgKewmmsct6MVjBPOA7BJmJ7PJkNnZdWY2EEK+w4sHRbz6Md78G2eTCCpa0FBUddPd5cecKW3bH1ZmbX1jcyu7ndvZ3ds/yB8etVWUSEJbJOKR7PpYUc4EbWmmOe3GkuLQ57Tjj69TvzOhUrFI3OlpTL0QDwULGMHaSJ5LY8V4JJCrI9TPF+yibTuVahkZ4pTK9dKCXNZrFeQYK0UBVmj28+/uICJJSIUmHCvVc+xYezMsNSOcznNuomiMyRgPac9QgUOqvNni6Dk6M8oABZE0JTRaqN8nZjhUahr6pjPEeqR+e6n4l9dLdFDzZkzEiaaCLBcFCUfmwzQBNGCSEs2nhmAimbkVkRGWmGiTU86E8PUp+p+0S0XHLjq3F4XG1SqOLJzAKZyDA1VowA00oQUE7uEBnuDZmliP1ov1umzNWKuZY/gB6+0TuGGSEA==</latexit><latexit sha1_base64="2uFI2S1HJqF9vdcRD1nGXmRRyDg=">AAAB9HicdVDLSgNBEOyNrxhfUY9eBoPgKewmmsct6MVjBPOA7BJmJ7PJkNnZdWY2EEK+w4sHRbz6Md78G2eTCCpa0FBUddPd5cecKW3bH1ZmbX1jcyu7ndvZ3ds/yB8etVWUSEJbJOKR7PpYUc4EbWmmOe3GkuLQ57Tjj69TvzOhUrFI3OlpTL0QDwULGMHaSJ5LY8V4JJCrI9TPF+yibTuVahkZ4pTK9dKCXNZrFeQYK0UBVmj28+/uICJJSIUmHCvVc+xYezMsNSOcznNuomiMyRgPac9QgUOqvNni6Dk6M8oABZE0JTRaqN8nZjhUahr6pjPEeqR+e6n4l9dLdFDzZkzEiaaCLBcFCUfmwzQBNGCSEs2nhmAimbkVkRGWmGiTU86E8PUp+p+0S0XHLjq3F4XG1SqOLJzAKZyDA1VowA00oQUE7uEBnuDZmliP1ov1umzNWKuZY/gB6+0TuGGSEA==</latexit><latexit sha1_base64="2uFI2S1HJqF9vdcRD1nGXmRRyDg=">AAAB9HicdVDLSgNBEOyNrxhfUY9eBoPgKewmmsct6MVjBPOA7BJmJ7PJkNnZdWY2EEK+w4sHRbz6Md78G2eTCCpa0FBUddPd5cecKW3bH1ZmbX1jcyu7ndvZ3ds/yB8etVWUSEJbJOKR7PpYUc4EbWmmOe3GkuLQ57Tjj69TvzOhUrFI3OlpTL0QDwULGMHaSJ5LY8V4JJCrI9TPF+yibTuVahkZ4pTK9dKCXNZrFeQYK0UBVmj28+/uICJJSIUmHCvVc+xYezMsNSOcznNuomiMyRgPac9QgUOqvNni6Dk6M8oABZE0JTRaqN8nZjhUahr6pjPEeqR+e6n4l9dLdFDzZkzEiaaCLBcFCUfmwzQBNGCSEs2nhmAimbkVkRGWmGiTU86E8PUp+p+0S0XHLjq3F4XG1SqOLJzAKZyDA1VowA00oQUE7uEBnuDZmliP1ov1umzNWKuZY/gB6+0TuGGSEA==</latexit>Finite in          0 

[Ravindran (’06,’07)]



Soft Function
• One possible ansatz:  

 
 
 
 

• Solution: 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�I
d(âs, q
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Soft Function
• Find differential soft function from inclusive one: 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Z
dy

d�I

dy
(y, ⌧) = �I(⌧)

known uptoNeed Inclusive soft function !! O(a3s)
<latexit sha1_base64="QRuJt5aOMocxIc7qjEfZ6oBpdTQ=">AAAB+3icdVDLSgMxFM3UV62vsS7dBItQN2Wm1T52RTfurGAf0I5DJk3b0ExmSDJiGeZX3LhQxK0/4s6/MdNWUNEDgcM593JPjhcyKpVlfRiZldW19Y3sZm5re2d3z9zPd2QQCUzaOGCB6HlIEkY5aSuqGOmFgiDfY6TrTS9Sv3tHhKQBv1GzkDg+GnM6ohgpLblmfuAjNcGIxVdJEbnytnLimgWrZFl2tVaBmtjlSqM8J2eNehXa2kpRAEu0XPN9MAxw5BOuMENS9m0rVE6MhKKYkSQ3iCQJEZ6iMelrypFPpBPPsyfwWCtDOAqEflzBufp9I0a+lDPf05NpUvnbS8W/vH6kRnUnpjyMFOF4cWgUMagCmBYBh1QQrNhME4QF1VkhniCBsNJ15XQJXz+F/5NOuWRbJfv6tNA8X9aRBYfgCBSBDWqgCS5BC7QBBvfgATyBZyMxHo0X43UxmjGWOwfgB4y3T6k7lDA=</latexit><latexit sha1_base64="QRuJt5aOMocxIc7qjEfZ6oBpdTQ=">AAAB+3icdVDLSgMxFM3UV62vsS7dBItQN2Wm1T52RTfurGAf0I5DJk3b0ExmSDJiGeZX3LhQxK0/4s6/MdNWUNEDgcM593JPjhcyKpVlfRiZldW19Y3sZm5re2d3z9zPd2QQCUzaOGCB6HlIEkY5aSuqGOmFgiDfY6TrTS9Sv3tHhKQBv1GzkDg+GnM6ohgpLblmfuAjNcGIxVdJEbnytnLimgWrZFl2tVaBmtjlSqM8J2eNehXa2kpRAEu0XPN9MAxw5BOuMENS9m0rVE6MhKKYkSQ3iCQJEZ6iMelrypFPpBPPsyfwWCtDOAqEflzBufp9I0a+lDPf05NpUvnbS8W/vH6kRnUnpjyMFOF4cWgUMagCmBYBh1QQrNhME4QF1VkhniCBsNJ15XQJXz+F/5NOuWRbJfv6tNA8X9aRBYfgCBSBDWqgCS5BC7QBBvfgATyBZyMxHo0X43UxmjGWOwfgB4y3T6k7lDA=</latexit><latexit sha1_base64="QRuJt5aOMocxIc7qjEfZ6oBpdTQ=">AAAB+3icdVDLSgMxFM3UV62vsS7dBItQN2Wm1T52RTfurGAf0I5DJk3b0ExmSDJiGeZX3LhQxK0/4s6/MdNWUNEDgcM593JPjhcyKpVlfRiZldW19Y3sZm5re2d3z9zPd2QQCUzaOGCB6HlIEkY5aSuqGOmFgiDfY6TrTS9Sv3tHhKQBv1GzkDg+GnM6ohgpLblmfuAjNcGIxVdJEbnytnLimgWrZFl2tVaBmtjlSqM8J2eNehXa2kpRAEu0XPN9MAxw5BOuMENS9m0rVE6MhKKYkSQ3iCQJEZ6iMelrypFPpBPPsyfwWCtDOAqEflzBufp9I0a+lDPf05NpUvnbS8W/vH6kRnUnpjyMFOF4cWgUMagCmBYBh1QQrNhME4QF1VkhniCBsNJ15XQJXz+F/5NOuWRbJfv6tNA8X9aRBYfgCBSBDWqgCS5BC7QBBvfgATyBZyMxHo0X43UxmjGWOwfgB4y3T6k7lDA=</latexit><latexit sha1_base64="QRuJt5aOMocxIc7qjEfZ6oBpdTQ=">AAAB+3icdVDLSgMxFM3UV62vsS7dBItQN2Wm1T52RTfurGAf0I5DJk3b0ExmSDJiGeZX3LhQxK0/4s6/MdNWUNEDgcM593JPjhcyKpVlfRiZldW19Y3sZm5re2d3z9zPd2QQCUzaOGCB6HlIEkY5aSuqGOmFgiDfY6TrTS9Sv3tHhKQBv1GzkDg+GnM6ohgpLblmfuAjNcGIxVdJEbnytnLimgWrZFl2tVaBmtjlSqM8J2eNehXa2kpRAEu0XPN9MAxw5BOuMENS9m0rVE6MhKKYkSQ3iCQJEZ6iMelrypFPpBPPsyfwWCtDOAqEflzBufp9I0a+lDPf05NpUvnbS8W/vH6kRnUnpjyMFOF4cWgUMagCmBYBh1QQrNhME4QF1VkhniCBsNJ15XQJXz+F/5NOuWRbJfv6tNA8X9aRBYfgCBSBDWqgCS5BC7QBBvfgATyBZyMxHo0X43UxmjGWOwfgB4y3T6k7lDA=</latexit>

Easy to work in Mellin space
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d
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=
CF
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<latexit sha1_base64="bg53CSwXhc0Jd2/vjtNMqZX/wgE="></latexit><latexit sha1_base64="bg53CSwXhc0Jd2/vjtNMqZX/wgE="></latexit><latexit sha1_base64="bg53CSwXhc0Jd2/vjtNMqZX/wgE="></latexit><latexit sha1_base64="bg53CSwXhc0Jd2/vjtNMqZX/wgE="></latexit>

upto O(a3s)
<latexit sha1_base64="eUmmbfHdU03sGzApTb6IxYFmIaE=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahbkqigi6LbtxZwT6gjWEynbRDJw9mJmIJ+RU3LhRx64+482+ctFlo64GBwzn3cs8cL+ZMKsv6Nkorq2vrG+XNytb2zu6euV/tyCgRhLZJxCPR87CknIW0rZjitBcLigOP0643uc797iMVkkXhvZrG1AnwKGQ+I1hpyTWrgwCrMcE8vc3q2JUPZyeuWbMa1gxomdgFqUGBlmt+DYYRSQIaKsKxlH3bipWTYqEY4TSrDBJJY0wmeET7moY4oNJJZ9kzdKyVIfIjoV+o0Ez9vZHiQMpp4OnJPKlc9HLxP6+fKP/SSVkYJ4qGZH7ITzhSEcqLQEMmKFF8qgkmgumsiIyxwETpuiq6BHvxy8ukc9qwrYZ9d15rXhV1lOEQjqAONlxAE26gBW0g8ATP8ApvRma8GO/Gx3y0ZBQ7B/AHxucPTruT8Q==</latexit><latexit sha1_base64="eUmmbfHdU03sGzApTb6IxYFmIaE=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahbkqigi6LbtxZwT6gjWEynbRDJw9mJmIJ+RU3LhRx64+482+ctFlo64GBwzn3cs8cL+ZMKsv6Nkorq2vrG+XNytb2zu6euV/tyCgRhLZJxCPR87CknIW0rZjitBcLigOP0643uc797iMVkkXhvZrG1AnwKGQ+I1hpyTWrgwCrMcE8vc3q2JUPZyeuWbMa1gxomdgFqUGBlmt+DYYRSQIaKsKxlH3bipWTYqEY4TSrDBJJY0wmeET7moY4oNJJZ9kzdKyVIfIjoV+o0Ez9vZHiQMpp4OnJPKlc9HLxP6+fKP/SSVkYJ4qGZH7ITzhSEcqLQEMmKFF8qgkmgumsiIyxwETpuiq6BHvxy8ukc9qwrYZ9d15rXhV1lOEQjqAONlxAE26gBW0g8ATP8ApvRma8GO/Gx3y0ZBQ7B/AHxucPTruT8Q==</latexit><latexit sha1_base64="eUmmbfHdU03sGzApTb6IxYFmIaE=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahbkqigi6LbtxZwT6gjWEynbRDJw9mJmIJ+RU3LhRx64+482+ctFlo64GBwzn3cs8cL+ZMKsv6Nkorq2vrG+XNytb2zu6euV/tyCgRhLZJxCPR87CknIW0rZjitBcLigOP0643uc797iMVkkXhvZrG1AnwKGQ+I1hpyTWrgwCrMcE8vc3q2JUPZyeuWbMa1gxomdgFqUGBlmt+DYYRSQIaKsKxlH3bipWTYqEY4TSrDBJJY0wmeET7moY4oNJJZ9kzdKyVIfIjoV+o0Ez9vZHiQMpp4OnJPKlc9HLxP6+fKP/SSVkYJ4qGZH7ITzhSEcqLQEMmKFF8qgkmgumsiIyxwETpuiq6BHvxy8ukc9qwrYZ9d15rXhV1lOEQjqAONlxAE26gBW0g8ATP8ApvRma8GO/Gx3y0ZBQ7B/AHxucPTruT8Q==</latexit><latexit sha1_base64="eUmmbfHdU03sGzApTb6IxYFmIaE=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahbkqigi6LbtxZwT6gjWEynbRDJw9mJmIJ+RU3LhRx64+482+ctFlo64GBwzn3cs8cL+ZMKsv6Nkorq2vrG+XNytb2zu6euV/tyCgRhLZJxCPR87CknIW0rZjitBcLigOP0643uc797iMVkkXhvZrG1AnwKGQ+I1hpyTWrgwCrMcE8vc3q2JUPZyeuWbMa1gxomdgFqUGBlmt+DYYRSQIaKsKxlH3bipWTYqEY4TSrDBJJY0wmeET7moY4oNJJZ9kzdKyVIfIjoV+o0Ez9vZHiQMpp4OnJPKlc9HLxP6+fKP/SSVkYJ4qGZH7ITzhSEcqLQEMmKFF8qgkmgumsiIyxwETpuiq6BHvxy8ukc9qwrYZ9d15rXhV1lOEQjqAONlxAE26gBW0g8ATP8ApvRma8GO/Gx3y0ZBQ7B/AHxucPTruT8Q==</latexit>

Soft distributions are universal [Ravindran, Smith, van Neerven, 
Ahmed, Mandal, Rana, Ravindran]



Soft-gluon resummation
• Soft-virtual cross-section: 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Soft distribution 
function

Overall operator 
renormalisation 

Form factor

DGLAP kernel



Soft-gluon resummation
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<latexit sha1_base64="0Z3fCSI2cpKg4DoGlRV65X0A7d0=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1gEVyVptY9d0YW6q2Af0MQwmUzboZMHMxOhhODGX3HjQhG3foU7/8ZJW0FFD1w4nHMv997jRowKaRgfWm5hcWl5Jb9aWFvf2NzSt3c6Iow5Jm0cspD3XCQIowFpSyoZ6UWcIN9lpOuOzzK/e0u4oGFwLScRsX00DOiAYiSV5Oh7lot4YvlIjjBiyXma3iSXqZN4qaMXjZJhmNVaBSpili uN8pScNOpVaCorQxHM0XL0d8sLceyTQGKGhOibRiTtBHFJMSNpwYoFiRAeoyHpKxognwg7mb6QwkOleHAQclWBhFP1+0SCfCEmvqs6s1vFby8T//L6sRzU7YQGUSxJgGeLBjGDMoRZHtCjnGDJJoogzKm6FeIR4ghLlVpBhfD1KfyfdMol0yiZV8fF5uk8jjzYBwfgCJigBprgArRAG2BwBx7AE3jW7rVH7UV7nbXmtPnMLvgB7e0To+iYPA==</latexit><latexit sha1_base64="0Z3fCSI2cpKg4DoGlRV65X0A7d0=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1gEVyVptY9d0YW6q2Af0MQwmUzboZMHMxOhhODGX3HjQhG3foU7/8ZJW0FFD1w4nHMv997jRowKaRgfWm5hcWl5Jb9aWFvf2NzSt3c6Iow5Jm0cspD3XCQIowFpSyoZ6UWcIN9lpOuOzzK/e0u4oGFwLScRsX00DOiAYiSV5Oh7lot4YvlIjjBiyXma3iSXqZN4qaMXjZJhmNVaBSpili uN8pScNOpVaCorQxHM0XL0d8sLceyTQGKGhOibRiTtBHFJMSNpwYoFiRAeoyHpKxognwg7mb6QwkOleHAQclWBhFP1+0SCfCEmvqs6s1vFby8T//L6sRzU7YQGUSxJgGeLBjGDMoRZHtCjnGDJJoogzKm6FeIR4ghLlVpBhfD1KfyfdMol0yiZV8fF5uk8jjzYBwfgCJigBprgArRAG2BwBx7AE3jW7rVH7UV7nbXmtPnMLvgB7e0To+iYPA==</latexit><latexit sha1_base64="0Z3fCSI2cpKg4DoGlRV65X0A7d0=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1gEVyVptY9d0YW6q2Af0MQwmUzboZMHMxOhhODGX3HjQhG3foU7/8ZJW0FFD1w4nHMv997jRowKaRgfWm5hcWl5Jb9aWFvf2NzSt3c6Iow5Jm0cspD3XCQIowFpSyoZ6UWcIN9lpOuOzzK/e0u4oGFwLScRsX00DOiAYiSV5Oh7lot4YvlIjjBiyXma3iSXqZN4qaMXjZJhmNVaBSpili uN8pScNOpVaCorQxHM0XL0d8sLceyTQGKGhOibRiTtBHFJMSNpwYoFiRAeoyHpKxognwg7mb6QwkOleHAQclWBhFP1+0SCfCEmvqs6s1vFby8T//L6sRzU7YQGUSxJgGeLBjGDMoRZHtCjnGDJJoogzKm6FeIR4ghLlVpBhfD1KfyfdMol0yiZV8fF5uk8jjzYBwfgCJigBprgArRAG2BwBx7AE3jW7rVH7UV7nbXmtPnMLvgB7e0To+iYPA==</latexit><latexit sha1_base64="0Z3fCSI2cpKg4DoGlRV65X0A7d0=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1gEVyVptY9d0YW6q2Af0MQwmUzboZMHMxOhhODGX3HjQhG3foU7/8ZJW0FFD1w4nHMv997jRowKaRgfWm5hcWl5Jb9aWFvf2NzSt3c6Iow5Jm0cspD3XCQIowFpSyoZ6UWcIN9lpOuOzzK/e0u4oGFwLScRsX00DOiAYiSV5Oh7lot4YvlIjjBiyXma3iSXqZN4qaMXjZJhmNVaBSpili uN8pScNOpVaCorQxHM0XL0d8sLceyTQGKGhOibRiTtBHFJMSNpwYoFiRAeoyHpKxognwg7mb6QwkOleHAQclWBhFP1+0SCfCEmvqs6s1vFby8T//L6sRzU7YQGUSxJgGeLBjGDMoRZHtCjnGDJJoogzKm6FeIR4ghLlVpBhfD1KfyfdMol0yiZV8fF5uk8jjzYBwfgCJigBprgArRAG2BwBx7AE3jW7rVH7UV7nbXmtPnMLvgB7e0To+iYPA==</latexit>

as(z12) = as(q
2z̄1z̄2)

<latexit sha1_base64="ilAYdxk6HzNXCwXCv/pcEyzMQZ4="></latexit><latexit sha1_base64="ilAYdxk6HzNXCwXCv/pcEyzMQZ4="></latexit><latexit sha1_base64="ilAYdxk6HzNXCwXCv/pcEyzMQZ4="></latexit><latexit sha1_base64="ilAYdxk6HzNXCwXCv/pcEyzMQZ4="></latexit>



Soft-gluon resummation
•                               Distributions                    and  Delta   

 

• Threshold limits:  
 
 
 

• Sum all threshold large logs to all orders in perturbation theory 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<latexit sha1_base64="pj7aODG1sSHwpk1QB9YKnA3DjoU=">AAACAHicdVDLSgMxFM3UV62vURcu3ASL4ELKpFTHZdGNywr2Ae0wZNJMG5rJDElGaIdu/BU3LhRx62e4829M2xFU9EDgcM693JwTJJwp7TgfVmFpeWV1rbhe2tjc2t6xd/daKk4loU0S81h2AqwoZ4I2NdOcdhJJcRRw2g5GVzO/fUelYrG41eOEehEeCBYygrWRfPtg4iPY0zFE8BRO/GrOoW+XnUqths5cFzoVZw5DkIvOqwiiXCmDHA3ffu/1Y5JGVGjCsVJd5CTay7DUjHA6LfVSRRNMRnhAu4YKHFHlZfMAU3hslD4MY2me0HCuft/IcKTUOArMZIT1UP32ZuJfXjfV4YWXMZGkmgqyOBSmHJqQszZgn0lKNB8bgolk5q+QDLHERJvOSqaEr6Twf9KqVpBp5qZWrl/mdRTBITgCJwABF9TBNWiAJiBgCh7AE3i27q1H68V6XYwWrHxnH/yA9fYJrOGT4A==</latexit><latexit sha1_base64="pj7aODG1sSHwpk1QB9YKnA3DjoU=">AAACAHicdVDLSgMxFM3UV62vURcu3ASL4ELKpFTHZdGNywr2Ae0wZNJMG5rJDElGaIdu/BU3LhRx62e4829M2xFU9EDgcM693JwTJJwp7TgfVmFpeWV1rbhe2tjc2t6xd/daKk4loU0S81h2AqwoZ4I2NdOcdhJJcRRw2g5GVzO/fUelYrG41eOEehEeCBYygrWRfPtg4iPY0zFE8BRO/GrOoW+XnUqths5cFzoVZw5DkIvOqwiiXCmDHA3ffu/1Y5JGVGjCsVJd5CTay7DUjHA6LfVSRRNMRnhAu4YKHFHlZfMAU3hslD4MY2me0HCuft/IcKTUOArMZIT1UP32ZuJfXjfV4YWXMZGkmgqyOBSmHJqQszZgn0lKNB8bgolk5q+QDLHERJvOSqaEr6Twf9KqVpBp5qZWrl/mdRTBITgCJwABF9TBNWiAJiBgCh7AE3i27q1H68V6XYwWrHxnH/yA9fYJrOGT4A==</latexit><latexit sha1_base64="pj7aODG1sSHwpk1QB9YKnA3DjoU=">AAACAHicdVDLSgMxFM3UV62vURcu3ASL4ELKpFTHZdGNywr2Ae0wZNJMG5rJDElGaIdu/BU3LhRx62e4829M2xFU9EDgcM693JwTJJwp7TgfVmFpeWV1rbhe2tjc2t6xd/daKk4loU0S81h2AqwoZ4I2NdOcdhJJcRRw2g5GVzO/fUelYrG41eOEehEeCBYygrWRfPtg4iPY0zFE8BRO/GrOoW+XnUqths5cFzoVZw5DkIvOqwiiXCmDHA3ffu/1Y5JGVGjCsVJd5CTay7DUjHA6LfVSRRNMRnhAu4YKHFHlZfMAU3hslD4MY2me0HCuft/IcKTUOArMZIT1UP32ZuJfXjfV4YWXMZGkmgqyOBSmHJqQszZgn0lKNB8bgolk5q+QDLHERJvOSqaEr6Twf9KqVpBp5qZWrl/mdRTBITgCJwABF9TBNWiAJiBgCh7AE3i27q1H68V6XYwWrHxnH/yA9fYJrOGT4A==</latexit><latexit sha1_base64="pj7aODG1sSHwpk1QB9YKnA3DjoU=">AAACAHicdVDLSgMxFM3UV62vURcu3ASL4ELKpFTHZdGNywr2Ae0wZNJMG5rJDElGaIdu/BU3LhRx62e4829M2xFU9EDgcM693JwTJJwp7TgfVmFpeWV1rbhe2tjc2t6xd/daKk4loU0S81h2AqwoZ4I2NdOcdhJJcRRw2g5GVzO/fUelYrG41eOEehEeCBYygrWRfPtg4iPY0zFE8BRO/GrOoW+XnUqths5cFzoVZw5DkIvOqwiiXCmDHA3ffu/1Y5JGVGjCsVJd5CTay7DUjHA6LfVSRRNMRnhAu4YKHFHlZfMAU3hslD4MY2me0HCuft/IcKTUOArMZIT1UP32ZuJfXjfV4YWXMZGkmgqyOBSmHJqQszZgn0lKNB8bgolk5q+QDLHERJvOSqaEr6Twf9KqVpBp5qZWrl/mdRTBITgCJwABF9TBNWiAJiBgCh7AE3i27q1H68V6XYwWrHxnH/yA9fYJrOGT4A==</latexit>

Large logarithms !!  
 

Fixed order becomes unreliable!!

Threshold resummation



Soft-gluon resummation

• Sudakov type exponentiation of soft-function.


• Resummation in conjugate space! 
Amplitude factorises both in z-space and N-space. 
Phase space factorises only in N-space.


• Logarithmic enhanced contribution in N-space also contains 
subleading terms when transformed into z-space.
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Soft-gluon resummation
• Double Mellin transformation: 

 
 
 
 
 
 
 
 

• SV limits: 

• Resummed rapidity distribution: 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<latexit sha1_base64="g6lo5NBrO5FFFgcXCUr3KlG0bsc=">AAAB9XicdVDLSgMxFL1TX7W+qi7dBIvgqsy02seu6MaVVLCt0I4lk2ba0MxkSDJKGfofblwo4tZ/ceffmGkrqOiBwOGce7g3x4s4U9q2P6zM0vLK6lp2PbexubW9k9/daysRS0JbRHAhbzysKGchbWmmOb2JJMWBx2nHG5+nfueOSsVEeK0nEXUDPAyZzwjWRrrtCWOm2eRy2mf9fMEu2rZTqZaRIU6pXC/NyGm9VkGOsVIUYIFmP//eGwgSBzTUhGOluo4daTfBUjPC6TTXixWNMBnjIe0aGuKAKjeZXT1FR0YZIF9I80KNZur3RIIDpSaBZyYDrEfqt5eKf3ndWPs1N2FhFGsakvkiP+ZIC5RWgAZMUqL5xBBMJDO3IjLCEhNtisqZEr5+iv4n7VLRsYvO1UmhcbaoIwsHcAjH4EAVGnABTWgBAQkP8ATP1r31aL1Yr/PRjLXI7MMPWG+fXceTEw==</latexit><latexit sha1_base64="g6lo5NBrO5FFFgcXCUr3KlG0bsc=">AAAB9XicdVDLSgMxFL1TX7W+qi7dBIvgqsy02seu6MaVVLCt0I4lk2ba0MxkSDJKGfofblwo4tZ/ceffmGkrqOiBwOGce7g3x4s4U9q2P6zM0vLK6lp2PbexubW9k9/daysRS0JbRHAhbzysKGchbWmmOb2JJMWBx2nHG5+nfueOSsVEeK0nEXUDPAyZzwjWRrrtCWOm2eRy2mf9fMEu2rZTqZaRIU6pXC/NyGm9VkGOsVIUYIFmP//eGwgSBzTUhGOluo4daTfBUjPC6TTXixWNMBnjIe0aGuKAKjeZXT1FR0YZIF9I80KNZur3RIIDpSaBZyYDrEfqt5eKf3ndWPs1N2FhFGsakvkiP+ZIC5RWgAZMUqL5xBBMJDO3IjLCEhNtisqZEr5+iv4n7VLRsYvO1UmhcbaoIwsHcAjH4EAVGnABTWgBAQkP8ATP1r31aL1Yr/PRjLXI7MMPWG+fXceTEw==</latexit><latexit sha1_base64="g6lo5NBrO5FFFgcXCUr3KlG0bsc=">AAAB9XicdVDLSgMxFL1TX7W+qi7dBIvgqsy02seu6MaVVLCt0I4lk2ba0MxkSDJKGfofblwo4tZ/ceffmGkrqOiBwOGce7g3x4s4U9q2P6zM0vLK6lp2PbexubW9k9/daysRS0JbRHAhbzysKGchbWmmOb2JJMWBx2nHG5+nfueOSsVEeK0nEXUDPAyZzwjWRrrtCWOm2eRy2mf9fMEu2rZTqZaRIU6pXC/NyGm9VkGOsVIUYIFmP//eGwgSBzTUhGOluo4daTfBUjPC6TTXixWNMBnjIe0aGuKAKjeZXT1FR0YZIF9I80KNZur3RIIDpSaBZyYDrEfqt5eKf3ndWPs1N2FhFGsakvkiP+ZIC5RWgAZMUqL5xBBMJDO3IjLCEhNtisqZEr5+iv4n7VLRsYvO1UmhcbaoIwsHcAjH4EAVGnABTWgBAQkP8ATP1r31aL1Yr/PRjLXI7MMPWG+fXceTEw==</latexit><latexit sha1_base64="g6lo5NBrO5FFFgcXCUr3KlG0bsc=">AAAB9XicdVDLSgMxFL1TX7W+qi7dBIvgqsy02seu6MaVVLCt0I4lk2ba0MxkSDJKGfofblwo4tZ/ceffmGkrqOiBwOGce7g3x4s4U9q2P6zM0vLK6lp2PbexubW9k9/daysRS0JbRHAhbzysKGchbWmmOb2JJMWBx2nHG5+nfueOSsVEeK0nEXUDPAyZzwjWRrrtCWOm2eRy2mf9fMEu2rZTqZaRIU6pXC/NyGm9VkGOsVIUYIFmP//eGwgSBzTUhGOluo4daTfBUjPC6TTXixWNMBnjIe0aGuKAKjeZXT1FR0YZIF9I80KNZur3RIIDpSaBZyYDrEfqt5eKf3ndWPs1N2FhFGsakvkiP+ZIC5RWgAZMUqL5xBBMJDO3IjLCEhNtisqZEr5+iv4n7VLRsYvO1UmhcbaoIwsHcAjH4EAVGnABTWgBAQkP8ATP1r31aL1Yr/PRjLXI7MMPWG+fXceTEw==</latexit>

Logarithmically 
enhanced

�(1� zi) ! 1
lni(1� zj)

1� zj
! lni+1 N j

z1 ! 1 N1 ! 1
z2 ! 1 N2 ! 1

<latexit sha1_base64="pjNVKvy21tTlcFbXi0nbUX+i54s="></latexit><latexit sha1_base64="pjNVKvy21tTlcFbXi0nbUX+i54s="></latexit><latexit sha1_base64="pjNVKvy21tTlcFbXi0nbUX+i54s="></latexit><latexit sha1_base64="pjNVKvy21tTlcFbXi0nbUX+i54s="></latexit>



Soft-gluon resummation
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gId,1 = gId,1, g
I
d,i+2 = gId,i+2/�

i
0, A

I
i = AI

i /�
i
0, D

I
d,i = DI

d,i/�
i
0,

�i = �i/�
i+1
0 , Lfr = ln

�
µ2
F /µ

2
R

�
, Lqr = ln

�
q2/µ2

R

�
.

ln(gId,0) =
1X

i=0

aisl
I,i
g0 ,

lI,0g0 = 1,

where

For any colorless particle,

Also,



Soft-gluon resummation
• Resummed coefficient: 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gId(as,!) = gId,1(!) ln(N1N2) +
1X

i=0

aisg
I
d,i+2(!)

O(as)

O(a2s)

O(a3s)

LL NLL NNLL

ln2(N̄1N̄2)

ln3(N̄1N̄2)

ln4(N̄1N̄2)

ln(N̄1N̄2)

ln2(N̄1N̄2)

ln3(N̄1N̄2)

ln(N̄1N̄2)

ln2(N̄1N̄2)

ams lnm+1(N̄1N̄2) ams lnm(N̄1N̄2) am+1
s lnm(N̄1N̄2)

gId,1 ln(N̄1N̄2) gId,2 asg
I
d,3

Resummed logs:

Resummed coeff.:

...
<latexit sha1_base64="3+aYaPuquKGTILwL/vQYRMdwNz8=">AAAB7XicdVBNSwMxEJ2tX7V+VT16CRbBU9m1QnssevFYwX5Au5RsNtvGZpMlyRbK0v/gxYMiXv0/3vw3pu0KKvpg4PHeDDPzgoQzbVz3wymsrW9sbhW3Szu7e/sH5cOjjpapIrRNJJeqF2BNORO0bZjhtJcoiuOA024wuV743SlVmklxZ2YJ9WM8EixiBBsrdQbTUBo9LFfcqrsE+kbqtVrdbSAvVyqQozUsvw9CSdKYCkM41rrvuYnxM6wMI5zOS4NU0wSTCR7RvqUCx1T72fLaOTqzSogiqWwJg5bq94kMx1rP4sB2xtiM9W9vIf7l9VMTNfyMiSQ1VJDVoijlyEi0eB2FTFFi+MwSTBSztyIyxgoTYwMq2RC+PkX/k85F1XOr3u1lpXmVx1GEEziFc/CgDk24gRa0gcA9PMATPDvSeXRenNdVa8HJZ47hB5y3T/L5j14=</latexit><latexit sha1_base64="3+aYaPuquKGTILwL/vQYRMdwNz8=">AAAB7XicdVBNSwMxEJ2tX7V+VT16CRbBU9m1QnssevFYwX5Au5RsNtvGZpMlyRbK0v/gxYMiXv0/3vw3pu0KKvpg4PHeDDPzgoQzbVz3wymsrW9sbhW3Szu7e/sH5cOjjpapIrRNJJeqF2BNORO0bZjhtJcoiuOA024wuV743SlVmklxZ2YJ9WM8EixiBBsrdQbTUBo9LFfcqrsE+kbqtVrdbSAvVyqQozUsvw9CSdKYCkM41rrvuYnxM6wMI5zOS4NU0wSTCR7RvqUCx1T72fLaOTqzSogiqWwJg5bq94kMx1rP4sB2xtiM9W9vIf7l9VMTNfyMiSQ1VJDVoijlyEi0eB2FTFFi+MwSTBSztyIyxgoTYwMq2RC+PkX/k85F1XOr3u1lpXmVx1GEEziFc/CgDk24gRa0gcA9PMATPDvSeXRenNdVa8HJZ47hB5y3T/L5j14=</latexit><latexit sha1_base64="3+aYaPuquKGTILwL/vQYRMdwNz8=">AAAB7XicdVBNSwMxEJ2tX7V+VT16CRbBU9m1QnssevFYwX5Au5RsNtvGZpMlyRbK0v/gxYMiXv0/3vw3pu0KKvpg4PHeDDPzgoQzbVz3wymsrW9sbhW3Szu7e/sH5cOjjpapIrRNJJeqF2BNORO0bZjhtJcoiuOA024wuV743SlVmklxZ2YJ9WM8EixiBBsrdQbTUBo9LFfcqrsE+kbqtVrdbSAvVyqQozUsvw9CSdKYCkM41rrvuYnxM6wMI5zOS4NU0wSTCR7RvqUCx1T72fLaOTqzSogiqWwJg5bq94kMx1rP4sB2xtiM9W9vIf7l9VMTNfyMiSQ1VJDVoijlyEi0eB2FTFFi+MwSTBSztyIyxgoTYwMq2RC+PkX/k85F1XOr3u1lpXmVx1GEEziFc/CgDk24gRa0gcA9PMATPDvSeXRenNdVa8HJZ47hB5y3T/L5j14=</latexit><latexit sha1_base64="3+aYaPuquKGTILwL/vQYRMdwNz8=">AAAB7XicdVBNSwMxEJ2tX7V+VT16CRbBU9m1QnssevFYwX5Au5RsNtvGZpMlyRbK0v/gxYMiXv0/3vw3pu0KKvpg4PHeDDPzgoQzbVz3wymsrW9sbhW3Szu7e/sH5cOjjpapIrRNJJeqF2BNORO0bZjhtJcoiuOA024wuV743SlVmklxZ2YJ9WM8EixiBBsrdQbTUBo9LFfcqrsE+kbqtVrdbSAvVyqQozUsvw9CSdKYCkM41rrvuYnxM6wMI5zOS4NU0wSTCR7RvqUCx1T72fLaOTqzSogiqWwJg5bq94kMx1rP4sB2xtiM9W9vIf7l9VMTNfyMiSQ1VJDVoijlyEi0eB2FTFFi+MwSTBSztyIyxgoTYwMq2RC+PkX/k85F1XOr3u1lpXmVx1GEEziFc/CgDk24gRa0gcA9PMATPDvSeXRenNdVa8HJZ47hB5y3T/L5j14=</latexit>

...
<latexit sha1_base64="cOqSRT+oEZTDYSnDCO32oaPTwpc=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjK1tbMsunFZwT6gHUomk2ljM8mQZAql9B/cuFDErf/jzr8xfQgqeuDC4Zx7ufeeMOVMG4Q+nNza+sbmVn67sLO7t39QPDxqaZkpQptEcqk6IdaUM0GbhhlOO6miOAk5bYej67nfHlOlmRR3ZpLSIMEDwWJGsLFSqzeOpNH9Ygm5tQvPr1xC5FZ9VC1fWOJVkO/70HPRAiWwQqNffO9FkmQJFYZwrHXXQ6kJplgZRjidFXqZpikmIzygXUsFTqgOpotrZ/DMKhGMpbIlDFyo3yemONF6koS2M8FmqH97c/Evr5uZ2A+mTKSZoYIsF8UZh0bC+eswYooSwyeWYKKYvRWSIVaYGBtQwYbw9Sn8n7TKrmeTua2U6lerOPLgBJyCc+CBGqiDG9AATUDAPXgAT+DZkc6j8+K8LltzzmrmGPyA8/YJQKaPkw==</latexit><latexit sha1_base64="cOqSRT+oEZTDYSnDCO32oaPTwpc=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjK1tbMsunFZwT6gHUomk2ljM8mQZAql9B/cuFDErf/jzr8xfQgqeuDC4Zx7ufeeMOVMG4Q+nNza+sbmVn67sLO7t39QPDxqaZkpQptEcqk6IdaUM0GbhhlOO6miOAk5bYej67nfHlOlmRR3ZpLSIMEDwWJGsLFSqzeOpNH9Ygm5tQvPr1xC5FZ9VC1fWOJVkO/70HPRAiWwQqNffO9FkmQJFYZwrHXXQ6kJplgZRjidFXqZpikmIzygXUsFTqgOpotrZ/DMKhGMpbIlDFyo3yemONF6koS2M8FmqH97c/Evr5uZ2A+mTKSZoYIsF8UZh0bC+eswYooSwyeWYKKYvRWSIVaYGBtQwYbw9Sn8n7TKrmeTua2U6lerOPLgBJyCc+CBGqiDG9AATUDAPXgAT+DZkc6j8+K8LltzzmrmGPyA8/YJQKaPkw==</latexit><latexit sha1_base64="cOqSRT+oEZTDYSnDCO32oaPTwpc=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjK1tbMsunFZwT6gHUomk2ljM8mQZAql9B/cuFDErf/jzr8xfQgqeuDC4Zx7ufeeMOVMG4Q+nNza+sbmVn67sLO7t39QPDxqaZkpQptEcqk6IdaUM0GbhhlOO6miOAk5bYej67nfHlOlmRR3ZpLSIMEDwWJGsLFSqzeOpNH9Ygm5tQvPr1xC5FZ9VC1fWOJVkO/70HPRAiWwQqNffO9FkmQJFYZwrHXXQ6kJplgZRjidFXqZpikmIzygXUsFTqgOpotrZ/DMKhGMpbIlDFyo3yemONF6koS2M8FmqH97c/Evr5uZ2A+mTKSZoYIsF8UZh0bC+eswYooSwyeWYKKYvRWSIVaYGBtQwYbw9Sn8n7TKrmeTua2U6lerOPLgBJyCc+CBGqiDG9AATUDAPXgAT+DZkc6j8+K8LltzzmrmGPyA8/YJQKaPkw==</latexit><latexit sha1_base64="cOqSRT+oEZTDYSnDCO32oaPTwpc=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjK1tbMsunFZwT6gHUomk2ljM8mQZAql9B/cuFDErf/jzr8xfQgqeuDC4Zx7ufeeMOVMG4Q+nNza+sbmVn67sLO7t39QPDxqaZkpQptEcqk6IdaUM0GbhhlOO6miOAk5bYej67nfHlOlmRR3ZpLSIMEDwWJGsLFSqzeOpNH9Ygm5tQvPr1xC5FZ9VC1fWOJVkO/70HPRAiWwQqNffO9FkmQJFYZwrHXXQ6kJplgZRjidFXqZpikmIzygXUsFTqgOpotrZ/DMKhGMpbIlDFyo3yemONF6koS2M8FmqH97c/Evr5uZ2A+mTKSZoYIsF8UZh0bC+eswYooSwyeWYKKYvRWSIVaYGBtQwYbw9Sn8n7TKrmeTua2U6lerOPLgBJyCc+CBGqiDG9AATUDAPXgAT+DZkc6j8+K8LltzzmrmGPyA8/YJQKaPkw==</latexit>

...
<latexit sha1_base64="RureKX0c62d5pU+lmK0x+QOenes=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJ9WXdFNy4r2Ae0Q8lkMm1sJhmSTKGU/oMbF4q49X/c+TemD0FFD1w4nHMv994TJJxpg9CHk1lb39jcym7ndnb39g/yh0ctLVNFaJNILlUnwJpyJmjTMMNpJ1EUxwGn7WB0PffbY6o0k+LOTBLqx3ggWMQINlZq9cahNLqfLyAX1YrlUgUit1wqIa9qiYcua5Uq9Fy0QAGs0Ojn33uhJGlMhSEca931UGL8KVaGEU5nuV6qaYLJCA9o11KBY6r96eLaGTyzSggjqWwJAxfq94kpjrWexIHtjLEZ6t/eXPzL66YmqvlTJpLUUEGWi6KUQyPh/HUYMkWJ4RNLMFHM3grJECtMjA0oZ0P4+hT+T1pFG4vr3ZYL9atVHFlwAk7BOfDABaiDG9AATUDAPXgAT+DZkc6j8+K8LlszzmrmGPyA8/YJLY+Phg==</latexit><latexit sha1_base64="RureKX0c62d5pU+lmK0x+QOenes=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJ9WXdFNy4r2Ae0Q8lkMm1sJhmSTKGU/oMbF4q49X/c+TemD0FFD1w4nHMv994TJJxpg9CHk1lb39jcym7ndnb39g/yh0ctLVNFaJNILlUnwJpyJmjTMMNpJ1EUxwGn7WB0PffbY6o0k+LOTBLqx3ggWMQINlZq9cahNLqfLyAX1YrlUgUit1wqIa9qiYcua5Uq9Fy0QAGs0Ojn33uhJGlMhSEca931UGL8KVaGEU5nuV6qaYLJCA9o11KBY6r96eLaGTyzSggjqWwJAxfq94kpjrWexIHtjLEZ6t/eXPzL66YmqvlTJpLUUEGWi6KUQyPh/HUYMkWJ4RNLMFHM3grJECtMjA0oZ0P4+hT+T1pFG4vr3ZYL9atVHFlwAk7BOfDABaiDG9AATUDAPXgAT+DZkc6j8+K8LlszzmrmGPyA8/YJLY+Phg==</latexit><latexit sha1_base64="RureKX0c62d5pU+lmK0x+QOenes=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJ9WXdFNy4r2Ae0Q8lkMm1sJhmSTKGU/oMbF4q49X/c+TemD0FFD1w4nHMv994TJJxpg9CHk1lb39jcym7ndnb39g/yh0ctLVNFaJNILlUnwJpyJmjTMMNpJ1EUxwGn7WB0PffbY6o0k+LOTBLqx3ggWMQINlZq9cahNLqfLyAX1YrlUgUit1wqIa9qiYcua5Uq9Fy0QAGs0Ojn33uhJGlMhSEca931UGL8KVaGEU5nuV6qaYLJCA9o11KBY6r96eLaGTyzSggjqWwJAxfq94kpjrWexIHtjLEZ6t/eXPzL66YmqvlTJpLUUEGWi6KUQyPh/HUYMkWJ4RNLMFHM3grJECtMjA0oZ0P4+hT+T1pFG4vr3ZYL9atVHFlwAk7BOfDABaiDG9AATUDAPXgAT+DZkc6j8+K8LlszzmrmGPyA8/YJLY+Phg==</latexit><latexit sha1_base64="RureKX0c62d5pU+lmK0x+QOenes=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJ9WXdFNy4r2Ae0Q8lkMm1sJhmSTKGU/oMbF4q49X/c+TemD0FFD1w4nHMv994TJJxpg9CHk1lb39jcym7ndnb39g/yh0ctLVNFaJNILlUnwJpyJmjTMMNpJ1EUxwGn7WB0PffbY6o0k+LOTBLqx3ggWMQINlZq9cahNLqfLyAX1YrlUgUit1wqIa9qiYcua5Uq9Fy0QAGs0Ojn33uhJGlMhSEca931UGL8KVaGEU5nuV6qaYLJCA9o11KBY6r96eLaGTyzSggjqWwJAxfq94kpjrWexIHtjLEZ6t/eXPzL66YmqvlTJpLUUEGWi6KUQyPh/HUYMkWJ4RNLMFHM3grJECtMjA0oZ0P4+hT+T1pFG4vr3ZYL9atVHFlwAk7BOfDABaiDG9AATUDAPXgAT+DZkc6j8+K8LlszzmrmGPyA8/YJLY+Phg==</latexit>

...
<latexit sha1_base64="9+vhgNMbosTOKw0fTA1piMr/a/Q=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJtse2u6MZlBfuAdiiZTKaNZpIhyRTK0H9w40IRt/6PO//G9CGo6IELh3Pu5d57goQzbRD6cHJr6xubW/ntws7u3v5B8fCoo2WqCG0TyaXqBVhTzgRtG2Y47SWK4jjgtBvcX8397oQqzaS4NdOE+jEeCRYxgo2VOoNJKI0eFkvIrVZqqFGGyK1UG6juWYIaF7VKGXouWqAEVmgNi++DUJI0psIQjrXueygxfoaVYYTTWWGQappgco9HtG+pwDHVfra4dgbPrBLCSCpbwsCF+n0iw7HW0ziwnTE2Y/3bm4t/ef3URHU/YyJJDRVkuShKOTQSzl+HIVOUGD61BBPF7K2QjLHCxNiACjaEr0/h/6RTdj3kejfVUvNyFUcenIBTcA48UANNcA1aoA0IuAMP4Ak8O9J5dF6c12VrzlnNHIMfcN4+ATrjj48=</latexit><latexit sha1_base64="9+vhgNMbosTOKw0fTA1piMr/a/Q=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJtse2u6MZlBfuAdiiZTKaNZpIhyRTK0H9w40IRt/6PO//G9CGo6IELh3Pu5d57goQzbRD6cHJr6xubW/ntws7u3v5B8fCoo2WqCG0TyaXqBVhTzgRtG2Y47SWK4jjgtBvcX8397oQqzaS4NdOE+jEeCRYxgo2VOoNJKI0eFkvIrVZqqFGGyK1UG6juWYIaF7VKGXouWqAEVmgNi++DUJI0psIQjrXueygxfoaVYYTTWWGQappgco9HtG+pwDHVfra4dgbPrBLCSCpbwsCF+n0iw7HW0ziwnTE2Y/3bm4t/ef3URHU/YyJJDRVkuShKOTQSzl+HIVOUGD61BBPF7K2QjLHCxNiACjaEr0/h/6RTdj3kejfVUvNyFUcenIBTcA48UANNcA1aoA0IuAMP4Ak8O9J5dF6c12VrzlnNHIMfcN4+ATrjj48=</latexit><latexit sha1_base64="9+vhgNMbosTOKw0fTA1piMr/a/Q=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJtse2u6MZlBfuAdiiZTKaNZpIhyRTK0H9w40IRt/6PO//G9CGo6IELh3Pu5d57goQzbRD6cHJr6xubW/ntws7u3v5B8fCoo2WqCG0TyaXqBVhTzgRtG2Y47SWK4jjgtBvcX8397oQqzaS4NdOE+jEeCRYxgo2VOoNJKI0eFkvIrVZqqFGGyK1UG6juWYIaF7VKGXouWqAEVmgNi++DUJI0psIQjrXueygxfoaVYYTTWWGQappgco9HtG+pwDHVfra4dgbPrBLCSCpbwsCF+n0iw7HW0ziwnTE2Y/3bm4t/ef3URHU/YyJJDRVkuShKOTQSzl+HIVOUGD61BBPF7K2QjLHCxNiACjaEr0/h/6RTdj3kejfVUvNyFUcenIBTcA48UANNcA1aoA0IuAMP4Ak8O9J5dF6c12VrzlnNHIMfcN4+ATrjj48=</latexit><latexit sha1_base64="9+vhgNMbosTOKw0fTA1piMr/a/Q=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJtse2u6MZlBfuAdiiZTKaNZpIhyRTK0H9w40IRt/6PO//G9CGo6IELh3Pu5d57goQzbRD6cHJr6xubW/ntws7u3v5B8fCoo2WqCG0TyaXqBVhTzgRtG2Y47SWK4jjgtBvcX8397oQqzaS4NdOE+jEeCRYxgo2VOoNJKI0eFkvIrVZqqFGGyK1UG6juWYIaF7VKGXouWqAEVmgNi++DUJI0psIQjrXueygxfoaVYYTTWWGQappgco9HtG+pwDHVfra4dgbPrBLCSCpbwsCF+n0iw7HW0ziwnTE2Y/3bm4t/ef3URHU/YyJJDRVkuShKOTQSzl+HIVOUGD61BBPF7K2QjLHCxNiACjaEr0/h/6RTdj3kejfVUvNyFUcenIBTcA48UANNcA1aoA0IuAMP4Ak8O9J5dF6c12VrzlnNHIMfcN4+ATrjj48=</latexit>



Matching : DY rapidity
• Matching Fixed order (NNLO) with resum (NNLL) for DY: 

 
 
 
 
 
 
 
 
 
 
 

• Inverse Mellin transformation by Minimal Prescription scheme. 

• For NNLO+NNLL prediction: 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Fixed order Resummed  
contribution

Resum  
truncated  

to FO

d2�q,f.o

dq2dy
<latexit sha1_base64="pnaTJ9kbbMpN3Ub+0BYsrKNJt+I="></latexit><latexit sha1_base64="pnaTJ9kbbMpN3Ub+0BYsrKNJt+I="></latexit><latexit sha1_base64="pnaTJ9kbbMpN3Ub+0BYsrKNJt+I="></latexit><latexit sha1_base64="pnaTJ9kbbMpN3Ub+0BYsrKNJt+I="></latexit>

�̃SV
d,q

<latexit sha1_base64="uxmDBlzAlQxRsQYs7R6gqWZ2SKY="></latexit><latexit sha1_base64="uxmDBlzAlQxRsQYs7R6gqWZ2SKY="></latexit><latexit sha1_base64="uxmDBlzAlQxRsQYs7R6gqWZ2SKY="></latexit><latexit sha1_base64="uxmDBlzAlQxRsQYs7R6gqWZ2SKY="></latexit>

: Upto NNLO : Upto NNLL

 [Catani,  Mangano,  Nason,  Trentadue  (’96)]

�̃SV
d,q � �̃SV

d,q

���
trunc

= �̃SV
d,q

���
�O(an+1

s )
<latexit sha1_base64="jgPXmeEcxAal3ls9Y8OZfc4F3Wg="></latexit><latexit sha1_base64="jgPXmeEcxAal3ls9Y8OZfc4F3Wg="></latexit><latexit sha1_base64="jgPXmeEcxAal3ls9Y8OZfc4F3Wg="></latexit><latexit sha1_base64="jgPXmeEcxAal3ls9Y8OZfc4F3Wg="></latexit>

Truncated at O(ans )
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Phenomenology: Higgs
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MH = 125 GeV

p
S = 13 TeV

nf = 5

PDF = MMHT 2014

d�g,fo

dy
from FEHIP

 [Anastasiou,  Melnikov,  Petriello (’05)]

mt = 173 GeV



Higgs rapidity

• Better perturbative convergence.


• Magnitude and sign of  
resummed contribution varies  
depending on the order, y and  
scale. 
 
 

• Resummed prediction is stable 
with choice of central scale.
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Banerjee, GD, Dhani, Ravindran (‘17)



Higgs rapidity

• Corrections from LL varies between 40% to 50%. 

• At NLL it is 17% to 24%; at NNLL 6% to 10%. 

• We also predict NNLO+NNNLL which is however within uncertainty 
band of NNLO+NNLL.
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• F.O. and resummed results for few benchmark values of y

Banerjee, GD, Dhani, Ravindran (‘17)



Phenomenology: DY
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p
S = 14 TeV

<latexit sha1_base64="bdShTX1aZOmbtZT+McfOZSuhCnI=">AAACAnicbVDJSgNBEO1xjXGLehIvjUHwFGYkoBch6MVjxGyQDKGnU5M06VnsrhHDEL34K148KOLVr/Dm39hZDpr4oODxXhVV9bxYCo22/W0tLC4tr6xm1rLrG5tb27md3ZqOEsWhyiMZqYbHNEgRQhUFSmjECljgSah7/cuRX78DpUUUVnAQgxuwbih8wRkaqZ3bb+lbhenNkJ5Tp0gfWgj3mFagNmzn8nbBHoPOE2dK8mSKcjv31epEPAkgRC6Z1k3HjtFNmULBJQyzrURDzHifdaFpaMgC0G46fmFIj4zSoX6kTIVIx+rviZQFWg8Cz3QGDHt61huJ/3nNBP0zNxVhnCCEfLLITyTFiI7yoB2hgKMcGMK4EuZWyntMMY4mtawJwZl9eZ7UTgqOXXCui/nSxTSODDkgh+SYOOSUlMgVKZMq4eSRPJNX8mY9WS/Wu/UxaV2wpjN75A+szx9XXpa+</latexit><latexit sha1_base64="bdShTX1aZOmbtZT+McfOZSuhCnI=">AAACAnicbVDJSgNBEO1xjXGLehIvjUHwFGYkoBch6MVjxGyQDKGnU5M06VnsrhHDEL34K148KOLVr/Dm39hZDpr4oODxXhVV9bxYCo22/W0tLC4tr6xm1rLrG5tb27md3ZqOEsWhyiMZqYbHNEgRQhUFSmjECljgSah7/cuRX78DpUUUVnAQgxuwbih8wRkaqZ3bb+lbhenNkJ5Tp0gfWgj3mFagNmzn8nbBHoPOE2dK8mSKcjv31epEPAkgRC6Z1k3HjtFNmULBJQyzrURDzHifdaFpaMgC0G46fmFIj4zSoX6kTIVIx+rviZQFWg8Cz3QGDHt61huJ/3nNBP0zNxVhnCCEfLLITyTFiI7yoB2hgKMcGMK4EuZWyntMMY4mtawJwZl9eZ7UTgqOXXCui/nSxTSODDkgh+SYOOSUlMgVKZMq4eSRPJNX8mY9WS/Wu/UxaV2wpjN75A+szx9XXpa+</latexit><latexit sha1_base64="bdShTX1aZOmbtZT+McfOZSuhCnI=">AAACAnicbVDJSgNBEO1xjXGLehIvjUHwFGYkoBch6MVjxGyQDKGnU5M06VnsrhHDEL34K148KOLVr/Dm39hZDpr4oODxXhVV9bxYCo22/W0tLC4tr6xm1rLrG5tb27md3ZqOEsWhyiMZqYbHNEgRQhUFSmjECljgSah7/cuRX78DpUUUVnAQgxuwbih8wRkaqZ3bb+lbhenNkJ5Tp0gfWgj3mFagNmzn8nbBHoPOE2dK8mSKcjv31epEPAkgRC6Z1k3HjtFNmULBJQyzrURDzHifdaFpaMgC0G46fmFIj4zSoX6kTIVIx+rviZQFWg8Cz3QGDHt61huJ/3nNBP0zNxVhnCCEfLLITyTFiI7yoB2hgKMcGMK4EuZWyntMMY4mtawJwZl9eZ7UTgqOXXCui/nSxTSODDkgh+SYOOSUlMgVKZMq4eSRPJNX8mY9WS/Wu/UxaV2wpjN75A+szx9XXpa+</latexit><latexit sha1_base64="bdShTX1aZOmbtZT+McfOZSuhCnI=">AAACAnicbVDJSgNBEO1xjXGLehIvjUHwFGYkoBch6MVjxGyQDKGnU5M06VnsrhHDEL34K148KOLVr/Dm39hZDpr4oODxXhVV9bxYCo22/W0tLC4tr6xm1rLrG5tb27md3ZqOEsWhyiMZqYbHNEgRQhUFSmjECljgSah7/cuRX78DpUUUVnAQgxuwbih8wRkaqZ3bb+lbhenNkJ5Tp0gfWgj3mFagNmzn8nbBHoPOE2dK8mSKcjv31epEPAkgRC6Z1k3HjtFNmULBJQyzrURDzHifdaFpaMgC0G46fmFIj4zSoX6kTIVIx+rviZQFWg8Cz3QGDHt61huJ/3nNBP0zNxVhnCCEfLLITyTFiI7yoB2hgKMcGMK4EuZWyntMMY4mtawJwZl9eZ7UTgqOXXCui/nSxTSODDkgh+SYOOSUlMgVKZMq4eSRPJNX8mY9WS/Wu/UxaV2wpjN75A+szx9XXpa+</latexit>

d2�q,f.o

dq2dy
<latexit sha1_base64="RpB4+tK0rTOvSt4SLokfx2R0HJ4=">AAACCXicbVDLSsNAFJ34rPUVdelmsAguJCRF0GXRjcsK9gFNWiaTSTt0JklnJkII2brxV9y4UMStf+DOv3HaZqGtBy4czrmXe+/xE0alsu1vY2V1bX1js7JV3d7Z3ds3Dw7bMk4FJi0cs1h0fSQJoxFpKaoY6SaCIO4z0vHHN1O/80CEpHF0r7KEeBwNIxpSjJSWBiZ0Q4FwHvTrrqRDjvr55Dy04qLIg0m/HmTFwKzZlj0DXCZOSWqgRHNgfrlBjFNOIoUZkrLn2InyciQUxYwUVTeVJEF4jIakp2mEOJFePvukgKdaCWAYC12RgjP190SOuJQZ93UnR2okF72p+J/XS1V45eU0SlJFIjxfFKYMqhhOY4EBFQQrlmmCsKD6VohHSEejdHhVHYKz+PIyadctx7acu4ta47qMowKOwQk4Aw64BA1wC5qgBTB4BM/gFbwZT8aL8W58zFtXjHLmCPyB8fkD2k6abA==</latexit><latexit sha1_base64="RpB4+tK0rTOvSt4SLokfx2R0HJ4=">AAACCXicbVDLSsNAFJ34rPUVdelmsAguJCRF0GXRjcsK9gFNWiaTSTt0JklnJkII2brxV9y4UMStf+DOv3HaZqGtBy4czrmXe+/xE0alsu1vY2V1bX1js7JV3d7Z3ds3Dw7bMk4FJi0cs1h0fSQJoxFpKaoY6SaCIO4z0vHHN1O/80CEpHF0r7KEeBwNIxpSjJSWBiZ0Q4FwHvTrrqRDjvr55Dy04qLIg0m/HmTFwKzZlj0DXCZOSWqgRHNgfrlBjFNOIoUZkrLn2InyciQUxYwUVTeVJEF4jIakp2mEOJFePvukgKdaCWAYC12RgjP190SOuJQZ93UnR2okF72p+J/XS1V45eU0SlJFIjxfFKYMqhhOY4EBFQQrlmmCsKD6VohHSEejdHhVHYKz+PIyadctx7acu4ta47qMowKOwQk4Aw64BA1wC5qgBTB4BM/gFbwZT8aL8W58zFtXjHLmCPyB8fkD2k6abA==</latexit><latexit sha1_base64="RpB4+tK0rTOvSt4SLokfx2R0HJ4=">AAACCXicbVDLSsNAFJ34rPUVdelmsAguJCRF0GXRjcsK9gFNWiaTSTt0JklnJkII2brxV9y4UMStf+DOv3HaZqGtBy4czrmXe+/xE0alsu1vY2V1bX1js7JV3d7Z3ds3Dw7bMk4FJi0cs1h0fSQJoxFpKaoY6SaCIO4z0vHHN1O/80CEpHF0r7KEeBwNIxpSjJSWBiZ0Q4FwHvTrrqRDjvr55Dy04qLIg0m/HmTFwKzZlj0DXCZOSWqgRHNgfrlBjFNOIoUZkrLn2InyciQUxYwUVTeVJEF4jIakp2mEOJFePvukgKdaCWAYC12RgjP190SOuJQZ93UnR2okF72p+J/XS1V45eU0SlJFIjxfFKYMqhhOY4EBFQQrlmmCsKD6VohHSEejdHhVHYKz+PIyadctx7acu4ta47qMowKOwQk4Aw64BA1wC5qgBTB4BM/gFbwZT8aL8W58zFtXjHLmCPyB8fkD2k6abA==</latexit><latexit sha1_base64="RpB4+tK0rTOvSt4SLokfx2R0HJ4=">AAACCXicbVDLSsNAFJ34rPUVdelmsAguJCRF0GXRjcsK9gFNWiaTSTt0JklnJkII2brxV9y4UMStf+DOv3HaZqGtBy4czrmXe+/xE0alsu1vY2V1bX1js7JV3d7Z3ds3Dw7bMk4FJi0cs1h0fSQJoxFpKaoY6SaCIO4z0vHHN1O/80CEpHF0r7KEeBwNIxpSjJSWBiZ0Q4FwHvTrrqRDjvr55Dy04qLIg0m/HmTFwKzZlj0DXCZOSWqgRHNgfrlBjFNOIoUZkrLn2InyciQUxYwUVTeVJEF4jIakp2mEOJFePvukgKdaCWAYC12RgjP190SOuJQZ93UnR2okF72p+J/XS1V45eU0SlJFIjxfFKYMqhhOY4EBFQQrlmmCsKD6VohHSEejdHhVHYKz+PIyadctx7acu4ta47qMowKOwQk4Aw64BA1wC5qgBTB4BM/gFbwZT8aL8W58zFtXjHLmCPyB8fkD2k6abA==</latexit>

Q = MZ
<latexit sha1_base64="FeK55epE5PswrHQaYrJqOkqmy2A=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OJFaMF+YBvKZjtpl242YXcjlNAf4cWDIl79Pd78N27bHLT6YODx3gwz84JEcG1c98sprKyurW8UN0tb2zu7e+X9g5aOU8WwyWIRq05ANQousWm4EdhJFNIoENgOxjczv/2ISvNY3ptJgn5Eh5KHnFFjpXaDXJG7/kO/XHGr7hzkL/FyUoEc9X75szeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NwpObHKgISxsiUNmas/JzIaaT2JAtsZUTPSy95M/M/rpia89DMuk9SgZItFYSqIicnsdzLgCpkRE0soU9zeStiIKsqMTahkQ/CWX/5LWmdVz616jfNK7TqPowhHcAyn4MEF1OAW6tAEBmN4ghd4dRLn2Xlz3hetBSefOYRfcD6+AdgfjpQ=</latexit><latexit sha1_base64="FeK55epE5PswrHQaYrJqOkqmy2A=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OJFaMF+YBvKZjtpl242YXcjlNAf4cWDIl79Pd78N27bHLT6YODx3gwz84JEcG1c98sprKyurW8UN0tb2zu7e+X9g5aOU8WwyWIRq05ANQousWm4EdhJFNIoENgOxjczv/2ISvNY3ptJgn5Eh5KHnFFjpXaDXJG7/kO/XHGr7hzkL/FyUoEc9X75szeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NwpObHKgISxsiUNmas/JzIaaT2JAtsZUTPSy95M/M/rpia89DMuk9SgZItFYSqIicnsdzLgCpkRE0soU9zeStiIKsqMTahkQ/CWX/5LWmdVz616jfNK7TqPowhHcAyn4MEF1OAW6tAEBmN4ghd4dRLn2Xlz3hetBSefOYRfcD6+AdgfjpQ=</latexit><latexit sha1_base64="FeK55epE5PswrHQaYrJqOkqmy2A=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OJFaMF+YBvKZjtpl242YXcjlNAf4cWDIl79Pd78N27bHLT6YODx3gwz84JEcG1c98sprKyurW8UN0tb2zu7e+X9g5aOU8WwyWIRq05ANQousWm4EdhJFNIoENgOxjczv/2ISvNY3ptJgn5Eh5KHnFFjpXaDXJG7/kO/XHGr7hzkL/FyUoEc9X75szeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NwpObHKgISxsiUNmas/JzIaaT2JAtsZUTPSy95M/M/rpia89DMuk9SgZItFYSqIicnsdzLgCpkRE0soU9zeStiIKsqMTahkQ/CWX/5LWmdVz616jfNK7TqPowhHcAyn4MEF1OAW6tAEBmN4ghd4dRLn2Xlz3hetBSefOYRfcD6+AdgfjpQ=</latexit><latexit sha1_base64="FeK55epE5PswrHQaYrJqOkqmy2A=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OJFaMF+YBvKZjtpl242YXcjlNAf4cWDIl79Pd78N27bHLT6YODx3gwz84JEcG1c98sprKyurW8UN0tb2zu7e+X9g5aOU8WwyWIRq05ANQousWm4EdhJFNIoENgOxjczv/2ISvNY3ptJgn5Eh5KHnFFjpXaDXJG7/kO/XHGr7hzkL/FyUoEc9X75szeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NwpObHKgISxsiUNmas/JzIaaT2JAtsZUTPSy95M/M/rpia89DMuk9SgZItFYSqIicnsdzLgCpkRE0soU9zeStiIKsqMTahkQ/CWX/5LWmdVz616jfNK7TqPowhHcAyn4MEF1OAW6tAEBmN4ghd4dRLn2Xlz3hetBSefOYRfcD6+AdgfjpQ=</latexit>

From Vrap [Anastasiou, Dixon, Melnikov, Petriello]



Comparison Table
 
 
 
 
 
 
 

• Input: Same PDF at all orders.


• Significant change at LO+LL level. 
 At NLO+NLL, NNLO+NNLL non-trivial change at coefficient level. 

34Goutam Das (DESY)  2018-05-01Threshold resummation / 44

M-F : Mellin-Fourier From ReDY [Bonvini]

M-M : Mellin-Mellin

Banerjee, GD, Dhani, Ravindran (to be online)



Rapidity Distribution
• Central scale:  

• Scale uncertainty:  
 
 
 

• Scale uncertainty  
at NNLO:   1.96%  

• Scale uncertainty  
at NNLO+NNLL:  4.03%  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Expected better  
scale uncertainty?

(µr, µf ) = (1,2)⌦ (µC
r , µ

C
f )
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1/2  1/2  2
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Better perturbative convergence!!



Central Scale Choice

• Scale variation around 
the central scale by: 
 
 
 
with 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(µr, µf ) = (1,2)⌦ (µC
r , µ

C
f )

<latexit sha1_base64="ufcMvmsfqw9k2mj0GyAUC22t8Sw="></latexit><latexit sha1_base64="ufcMvmsfqw9k2mj0GyAUC22t8Sw="></latexit><latexit sha1_base64="ufcMvmsfqw9k2mj0GyAUC22t8Sw="></latexit><latexit sha1_base64="ufcMvmsfqw9k2mj0GyAUC22t8Sw="></latexit>

1/2  1/2  2
<latexit sha1_base64="AkQiihTDvGTIW04kj1WLBMlKLgk=">AAACCXicdVDLSsNAFJ34rPVVdelmsAiu0iRtabMrunFZwT6gCWEynbRDJw9nJkIJ3brxV9y4UMStf+DOv3HaRlDRAxcO59zLvff4CaNCGsaHtrK6tr6xWdgqbu/s7u2XDg67Ik45Jh0cs5j3fSQIoxHpSCoZ6SecoNBnpOdPLuZ+75ZwQePoWk4T4oZoFNGAYiSV5JWgWbEcRm6gM0FJgjwTVnK2lC2vVDb0eq1etQxo6KZtNw1LkYZt2/UqNHVjgTLI0fZK784wxmlIIokZEmJgGol0M8QlxYzMik4qSILwBI3IQNEIhUS42eKTGTxVyhAGMVcVSbhQv09kKBRiGvqqM0RyLH57c/Evb5DKoOlmNEpSSSK8XBSkDMoYzmOBQ8oJlmyqCMKcqlshHiOOsFThFVUIX5/C/0nX0k0V0VWt3DrP4yiAY3ACzoAJGqAFLkEbdAAGd+ABPIFn7V571F6012XripbPHIEf0N4+ATXomMc=</latexit><latexit sha1_base64="AkQiihTDvGTIW04kj1WLBMlKLgk=">AAACCXicdVDLSsNAFJ34rPVVdelmsAiu0iRtabMrunFZwT6gCWEynbRDJw9nJkIJ3brxV9y4UMStf+DOv3HaRlDRAxcO59zLvff4CaNCGsaHtrK6tr6xWdgqbu/s7u2XDg67Ik45Jh0cs5j3fSQIoxHpSCoZ6SecoNBnpOdPLuZ+75ZwQePoWk4T4oZoFNGAYiSV5JWgWbEcRm6gM0FJgjwTVnK2lC2vVDb0eq1etQxo6KZtNw1LkYZt2/UqNHVjgTLI0fZK784wxmlIIokZEmJgGol0M8QlxYzMik4qSILwBI3IQNEIhUS42eKTGTxVyhAGMVcVSbhQv09kKBRiGvqqM0RyLH57c/Evb5DKoOlmNEpSSSK8XBSkDMoYzmOBQ8oJlmyqCMKcqlshHiOOsFThFVUIX5/C/0nX0k0V0VWt3DrP4yiAY3ACzoAJGqAFLkEbdAAGd+ABPIFn7V571F6012XripbPHIEf0N4+ATXomMc=</latexit><latexit sha1_base64="AkQiihTDvGTIW04kj1WLBMlKLgk=">AAACCXicdVDLSsNAFJ34rPVVdelmsAiu0iRtabMrunFZwT6gCWEynbRDJw9nJkIJ3brxV9y4UMStf+DOv3HaRlDRAxcO59zLvff4CaNCGsaHtrK6tr6xWdgqbu/s7u2XDg67Ik45Jh0cs5j3fSQIoxHpSCoZ6SecoNBnpOdPLuZ+75ZwQePoWk4T4oZoFNGAYiSV5JWgWbEcRm6gM0FJgjwTVnK2lC2vVDb0eq1etQxo6KZtNw1LkYZt2/UqNHVjgTLI0fZK784wxmlIIokZEmJgGol0M8QlxYzMik4qSILwBI3IQNEIhUS42eKTGTxVyhAGMVcVSbhQv09kKBRiGvqqM0RyLH57c/Evb5DKoOlmNEpSSSK8XBSkDMoYzmOBQ8oJlmyqCMKcqlshHiOOsFThFVUIX5/C/0nX0k0V0VWt3DrP4yiAY3ACzoAJGqAFLkEbdAAGd+ABPIFn7V571F6012XripbPHIEf0N4+ATXomMc=</latexit><latexit sha1_base64="AkQiihTDvGTIW04kj1WLBMlKLgk=">AAACCXicdVDLSsNAFJ34rPVVdelmsAiu0iRtabMrunFZwT6gCWEynbRDJw9nJkIJ3brxV9y4UMStf+DOv3HaRlDRAxcO59zLvff4CaNCGsaHtrK6tr6xWdgqbu/s7u2XDg67Ik45Jh0cs5j3fSQIoxHpSCoZ6SecoNBnpOdPLuZ+75ZwQePoWk4T4oZoFNGAYiSV5JWgWbEcRm6gM0FJgjwTVnK2lC2vVDb0eq1etQxo6KZtNw1LkYZt2/UqNHVjgTLI0fZK784wxmlIIokZEmJgGol0M8QlxYzMik4qSILwBI3IQNEIhUS42eKTGTxVyhAGMVcVSbhQv09kKBRiGvqqM0RyLH57c/Evb5DKoOlmNEpSSSK8XBSkDMoYzmOBQ8oJlmyqCMKcqlshHiOOsFThFVUIX5/C/0nX0k0V0VWt3DrP4yiAY3ACzoAJGqAFLkEbdAAGd+ABPIFn7V571F6012XripbPHIEf0N4+ATXomMc=</latexit>

Best prediction 
(µC

r , µ
C
f ) = (mZ/2,mZ)

<latexit sha1_base64="2vwyZDHfAROP0WmR4xG5cwDSnrs="></latexit><latexit sha1_base64="2vwyZDHfAROP0WmR4xG5cwDSnrs="></latexit><latexit sha1_base64="2vwyZDHfAROP0WmR4xG5cwDSnrs="></latexit><latexit sha1_base64="2vwyZDHfAROP0WmR4xG5cwDSnrs="></latexit>

SCET resummation
(µC

r , µ
C
f ) = (1, 1/2)mZ

<latexit sha1_base64="5QxpX9hOSY/i/UuG4MT9YYLaXZE="></latexit><latexit sha1_base64="5QxpX9hOSY/i/UuG4MT9YYLaXZE="></latexit><latexit sha1_base64="5QxpX9hOSY/i/UuG4MT9YYLaXZE="></latexit><latexit sha1_base64="5QxpX9hOSY/i/UuG4MT9YYLaXZE="></latexit>

[Ebert, Michel, Tackmann]



Best Prediction: FO vs RESUM

•  
 
 
 
 
 
 

• Scale uncertainty at NNLO (                               ):   1.96%


• Scale uncertainty at NNLO+NNLL (                                 ):   3.06%
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(µC
r , µ

C
f ) = (1, 1)mZ

<latexit sha1_base64="82tV8ElKcmMf7eirbpWwviHpxHs="></latexit><latexit sha1_base64="82tV8ElKcmMf7eirbpWwviHpxHs="></latexit><latexit sha1_base64="82tV8ElKcmMf7eirbpWwviHpxHs="></latexit><latexit sha1_base64="82tV8ElKcmMf7eirbpWwviHpxHs="></latexit>

(µC
r , µ

C
f ) = (1/2, 1)mZ

<latexit sha1_base64="14M94rMye/0qgY1ci82SWBTaDvA="></latexit><latexit sha1_base64="14M94rMye/0qgY1ci82SWBTaDvA="></latexit><latexit sha1_base64="14M94rMye/0qgY1ci82SWBTaDvA="></latexit><latexit sha1_base64="14M94rMye/0qgY1ci82SWBTaDvA="></latexit>



Renorm. scale dependence
• Only resums large  

Distributions arising in  
        channel. 
 
 
 
                        
    

• Strong cancellation of scale dependence among different channels 
at NNLO. 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Accidental?

qq̄
<latexit sha1_base64="DtIFmwenVfGyw1v72FCEzx435DY=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4GmayMMkt6MVjBLNAMoSeTk/SpGdJd48QhvyEFw+KePV3vPk39iQRVPRBweO9KqrqeTFnUlnWh5Hb2Nza3snvFvb2Dw6PiscnHRklgtA2iXgkeh6WlLOQthVTnPZiQXHgcdr1pteZ372nQrIovFPzmLoBHofMZwQrLfVmAw+LdLYYFkuWWXZq9XIDWabdqDiNjFSrTsWuIdu0lijBGq1h8X0wikgS0FARjqXs21as3BQLxQini8IgkTTGZIrHtK9piAMq3XR57wJdaGWE/EjoChVaqt8nUhxIOQ883RlgNZG/vUz8y+snyq+7KQvjRNGQrBb5CUcqQtnzaMQEJYrPNcFEMH0rIhMsMFE6ooIO4etT9D/plE1bR3RbLTWv1nHk4QzO4RJscKAJN9CCNhDg8ABP8GzMjEfjxXhdteaM9cwp/IDx9gn2YJCU</latexit><latexit sha1_base64="DtIFmwenVfGyw1v72FCEzx435DY=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4GmayMMkt6MVjBLNAMoSeTk/SpGdJd48QhvyEFw+KePV3vPk39iQRVPRBweO9KqrqeTFnUlnWh5Hb2Nza3snvFvb2Dw6PiscnHRklgtA2iXgkeh6WlLOQthVTnPZiQXHgcdr1pteZ372nQrIovFPzmLoBHofMZwQrLfVmAw+LdLYYFkuWWXZq9XIDWabdqDiNjFSrTsWuIdu0lijBGq1h8X0wikgS0FARjqXs21as3BQLxQini8IgkTTGZIrHtK9piAMq3XR57wJdaGWE/EjoChVaqt8nUhxIOQ883RlgNZG/vUz8y+snyq+7KQvjRNGQrBb5CUcqQtnzaMQEJYrPNcFEMH0rIhMsMFE6ooIO4etT9D/plE1bR3RbLTWv1nHk4QzO4RJscKAJN9CCNhDg8ABP8GzMjEfjxXhdteaM9cwp/IDx9gn2YJCU</latexit><latexit sha1_base64="DtIFmwenVfGyw1v72FCEzx435DY=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4GmayMMkt6MVjBLNAMoSeTk/SpGdJd48QhvyEFw+KePV3vPk39iQRVPRBweO9KqrqeTFnUlnWh5Hb2Nza3snvFvb2Dw6PiscnHRklgtA2iXgkeh6WlLOQthVTnPZiQXHgcdr1pteZ372nQrIovFPzmLoBHofMZwQrLfVmAw+LdLYYFkuWWXZq9XIDWabdqDiNjFSrTsWuIdu0lijBGq1h8X0wikgS0FARjqXs21as3BQLxQini8IgkTTGZIrHtK9piAMq3XR57wJdaGWE/EjoChVaqt8nUhxIOQ883RlgNZG/vUz8y+snyq+7KQvjRNGQrBb5CUcqQtnzaMQEJYrPNcFEMH0rIhMsMFE6ooIO4etT9D/plE1bR3RbLTWv1nHk4QzO4RJscKAJN9CCNhDg8ABP8GzMjEfjxXhdteaM9cwp/IDx9gn2YJCU</latexit><latexit sha1_base64="DtIFmwenVfGyw1v72FCEzx435DY=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4GmayMMkt6MVjBLNAMoSeTk/SpGdJd48QhvyEFw+KePV3vPk39iQRVPRBweO9KqrqeTFnUlnWh5Hb2Nza3snvFvb2Dw6PiscnHRklgtA2iXgkeh6WlLOQthVTnPZiQXHgcdr1pteZ372nQrIovFPzmLoBHofMZwQrLfVmAw+LdLYYFkuWWXZq9XIDWabdqDiNjFSrTsWuIdu0lijBGq1h8X0wikgS0FARjqXs21as3BQLxQini8IgkTTGZIrHtK9piAMq3XR57wJdaGWE/EjoChVaqt8nUhxIOQ883RlgNZG/vUz8y+snyq+7KQvjRNGQrBb5CUcqQtnzaMQEJYrPNcFEMH0rIhMsMFE6ooIO4etT9D/plE1bR3RbLTWv1nHk4QzO4RJscKAJN9CCNhDg8ABP8GzMjEfjxXhdteaM9cwp/IDx9gn2YJCU</latexit>

•  NNLO (      ): 2.36%

qq̄
<latexit sha1_base64="Tm2zAX+q5kNy4kXuPSCt+p4dlQ0=">AAAB73icdVDJSgNBEK1xjXGLevTSGARPQ09MMskt6MVjBLNAMoSeTidp0rOku0cIQ37CiwdFvPo73vwbO4ugog8KHu9VUVXPjwVXGuMPa219Y3NrO7OT3d3bPzjMHR03VZRIyho0EpFs+0QxwUPW0FwL1o4lI4EvWMsfX8/91j2TikfhnZ7GzAvIMOQDTok2UnvS9YlMJ7NeLo/tSwdXCi7CNi67pVLZkGLVrWKMHBsvkIcV6r3ce7cf0SRgoaaCKNVxcKy9lEjNqWCzbDdRLCZ0TIasY2hIAqa8dHHvDJ0bpY8GkTQVarRQv0+kJFBqGvimMyB6pH57c/Evr5PoQcVLeRgnmoV0uWiQCKQjNH8e9blkVIupIYRKbm5FdEQkodpElDUhfH2K/ifNgu1g27kt5mtXqzgycApncAEOuFCDG6hDAygIeIAneLYm1qP1Yr0uW9es1cwJ/ID19gnet5CE</latexit><latexit sha1_base64="Tm2zAX+q5kNy4kXuPSCt+p4dlQ0=">AAAB73icdVDJSgNBEK1xjXGLevTSGARPQ09MMskt6MVjBLNAMoSeTidp0rOku0cIQ37CiwdFvPo73vwbO4ugog8KHu9VUVXPjwVXGuMPa219Y3NrO7OT3d3bPzjMHR03VZRIyho0EpFs+0QxwUPW0FwL1o4lI4EvWMsfX8/91j2TikfhnZ7GzAvIMOQDTok2UnvS9YlMJ7NeLo/tSwdXCi7CNi67pVLZkGLVrWKMHBsvkIcV6r3ce7cf0SRgoaaCKNVxcKy9lEjNqWCzbDdRLCZ0TIasY2hIAqa8dHHvDJ0bpY8GkTQVarRQv0+kJFBqGvimMyB6pH57c/Evr5PoQcVLeRgnmoV0uWiQCKQjNH8e9blkVIupIYRKbm5FdEQkodpElDUhfH2K/ifNgu1g27kt5mtXqzgycApncAEOuFCDG6hDAygIeIAneLYm1qP1Yr0uW9es1cwJ/ID19gnet5CE</latexit><latexit sha1_base64="Tm2zAX+q5kNy4kXuPSCt+p4dlQ0=">AAAB73icdVDJSgNBEK1xjXGLevTSGARPQ09MMskt6MVjBLNAMoSeTidp0rOku0cIQ37CiwdFvPo73vwbO4ugog8KHu9VUVXPjwVXGuMPa219Y3NrO7OT3d3bPzjMHR03VZRIyho0EpFs+0QxwUPW0FwL1o4lI4EvWMsfX8/91j2TikfhnZ7GzAvIMOQDTok2UnvS9YlMJ7NeLo/tSwdXCi7CNi67pVLZkGLVrWKMHBsvkIcV6r3ce7cf0SRgoaaCKNVxcKy9lEjNqWCzbDdRLCZ0TIasY2hIAqa8dHHvDJ0bpY8GkTQVarRQv0+kJFBqGvimMyB6pH57c/Evr5PoQcVLeRgnmoV0uWiQCKQjNH8e9blkVIupIYRKbm5FdEQkodpElDUhfH2K/ifNgu1g27kt5mtXqzgycApncAEOuFCDG6hDAygIeIAneLYm1qP1Yr0uW9es1cwJ/ID19gnet5CE</latexit><latexit sha1_base64="Tm2zAX+q5kNy4kXuPSCt+p4dlQ0=">AAAB73icdVDJSgNBEK1xjXGLevTSGARPQ09MMskt6MVjBLNAMoSeTidp0rOku0cIQ37CiwdFvPo73vwbO4ugog8KHu9VUVXPjwVXGuMPa219Y3NrO7OT3d3bPzjMHR03VZRIyho0EpFs+0QxwUPW0FwL1o4lI4EvWMsfX8/91j2TikfhnZ7GzAvIMOQDTok2UnvS9YlMJ7NeLo/tSwdXCi7CNi67pVLZkGLVrWKMHBsvkIcV6r3ce7cf0SRgoaaCKNVxcKy9lEjNqWCzbDdRLCZ0TIasY2hIAqa8dHHvDJ0bpY8GkTQVarRQv0+kJFBqGvimMyB6pH57c/Evr5PoQcVLeRgnmoV0uWiQCKQjNH8e9blkVIupIYRKbm5FdEQkodpElDUhfH2K/ifNgu1g27kt5mtXqzgycApncAEOuFCDG6hDAygIeIAneLYm1qP1Yr0uW9es1cwJ/ID19gnet5CE</latexit>

• NNLO+NNLL (      ): 1.53%

qq̄
<latexit sha1_base64="Tm2zAX+q5kNy4kXuPSCt+p4dlQ0=">AAAB73icdVDJSgNBEK1xjXGLevTSGARPQ09MMskt6MVjBLNAMoSeTidp0rOku0cIQ37CiwdFvPo73vwbO4ugog8KHu9VUVXPjwVXGuMPa219Y3NrO7OT3d3bPzjMHR03VZRIyho0EpFs+0QxwUPW0FwL1o4lI4EvWMsfX8/91j2TikfhnZ7GzAvIMOQDTok2UnvS9YlMJ7NeLo/tSwdXCi7CNi67pVLZkGLVrWKMHBsvkIcV6r3ce7cf0SRgoaaCKNVxcKy9lEjNqWCzbDdRLCZ0TIasY2hIAqa8dHHvDJ0bpY8GkTQVarRQv0+kJFBqGvimMyB6pH57c/Evr5PoQcVLeRgnmoV0uWiQCKQjNH8e9blkVIupIYRKbm5FdEQkodpElDUhfH2K/ifNgu1g27kt5mtXqzgycApncAEOuFCDG6hDAygIeIAneLYm1qP1Yr0uW9es1cwJ/ID19gnet5CE</latexit><latexit sha1_base64="Tm2zAX+q5kNy4kXuPSCt+p4dlQ0=">AAAB73icdVDJSgNBEK1xjXGLevTSGARPQ09MMskt6MVjBLNAMoSeTidp0rOku0cIQ37CiwdFvPo73vwbO4ugog8KHu9VUVXPjwVXGuMPa219Y3NrO7OT3d3bPzjMHR03VZRIyho0EpFs+0QxwUPW0FwL1o4lI4EvWMsfX8/91j2TikfhnZ7GzAvIMOQDTok2UnvS9YlMJ7NeLo/tSwdXCi7CNi67pVLZkGLVrWKMHBsvkIcV6r3ce7cf0SRgoaaCKNVxcKy9lEjNqWCzbDdRLCZ0TIasY2hIAqa8dHHvDJ0bpY8GkTQVarRQv0+kJFBqGvimMyB6pH57c/Evr5PoQcVLeRgnmoV0uWiQCKQjNH8e9blkVIupIYRKbm5FdEQkodpElDUhfH2K/ifNgu1g27kt5mtXqzgycApncAEOuFCDG6hDAygIeIAneLYm1qP1Yr0uW9es1cwJ/ID19gnet5CE</latexit><latexit sha1_base64="Tm2zAX+q5kNy4kXuPSCt+p4dlQ0=">AAAB73icdVDJSgNBEK1xjXGLevTSGARPQ09MMskt6MVjBLNAMoSeTidp0rOku0cIQ37CiwdFvPo73vwbO4ugog8KHu9VUVXPjwVXGuMPa219Y3NrO7OT3d3bPzjMHR03VZRIyho0EpFs+0QxwUPW0FwL1o4lI4EvWMsfX8/91j2TikfhnZ7GzAvIMOQDTok2UnvS9YlMJ7NeLo/tSwdXCi7CNi67pVLZkGLVrWKMHBsvkIcV6r3ce7cf0SRgoaaCKNVxcKy9lEjNqWCzbDdRLCZ0TIasY2hIAqa8dHHvDJ0bpY8GkTQVarRQv0+kJFBqGvimMyB6pH57c/Evr5PoQcVLeRgnmoV0uWiQCKQjNH8e9blkVIupIYRKbm5FdEQkodpElDUhfH2K/ifNgu1g27kt5mtXqzgycApncAEOuFCDG6hDAygIeIAneLYm1qP1Yr0uW9es1cwJ/ID19gnet5CE</latexit><latexit sha1_base64="Tm2zAX+q5kNy4kXuPSCt+p4dlQ0=">AAAB73icdVDJSgNBEK1xjXGLevTSGARPQ09MMskt6MVjBLNAMoSeTidp0rOku0cIQ37CiwdFvPo73vwbO4ugog8KHu9VUVXPjwVXGuMPa219Y3NrO7OT3d3bPzjMHR03VZRIyho0EpFs+0QxwUPW0FwL1o4lI4EvWMsfX8/91j2TikfhnZ7GzAvIMOQDTok2UnvS9YlMJ7NeLo/tSwdXCi7CNi67pVLZkGLVrWKMHBsvkIcV6r3ce7cf0SRgoaaCKNVxcKy9lEjNqWCzbDdRLCZ0TIasY2hIAqa8dHHvDJ0bpY8GkTQVarRQv0+kJFBqGvimMyB6pH57c/Evr5PoQcVLeRgnmoV0uWiQCKQjNH8e9blkVIupIYRKbm5FdEQkodpElDUhfH2K/ifNgu1g27kt5mtXqzgycApncAEOuFCDG6hDAygIeIAneLYm1qP1Yr0uW9es1cwJ/ID19gnet5CE</latexit>



PDF Uncertainty

• PDF uncertainties are 
within 2%. 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Includes latest  
NOMAD data
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Rapidity Distribution at LHC
• Electro-weak corrections 

are important at this 
accuracy.


• Both            and   
give negative contribution 
at NLO EW level.


• Integrated Z-peak region 
 

• In        scheme, 
EW in             : -3.5% (NLO) 
 
EW in             : -1.8% (NLO) 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e+e�
<latexit sha1_base64="y5eFzEbWRU+C+fVvqCBlqXOQTxM=">AAAB7XicdVDLSgMxFM34rPVVdekmWARBHDLtFO2u6MZlBfuAdloy6Z02NvMgyQil9B/cuFDErf/jzr8xfQgqekjgcM693HuPnwiuNCEf1tLyyuraemYju7m1vbOb29uvqziVDGosFrFs+lSB4BHUNNcCmokEGvoCGv7wauo37kEqHke3epSAF9J+xAPOqDZSHTqn0Dnr5vLEdt2CeZjYTqlcKpYMcUmBFMvYsckMebRAtZt7b/diloYQaSaoUi2HJNobU6k5EzDJtlMFCWVD2oeWoRENQXnj2bYTfGyUHg5iaX6k8Uz93jGmoVKj0DeVIdUD9dubin95rVQHF96YR0mqIWLzQUEqsI7x9HTc4xKYFiNDKJPc7IrZgErKtAkoa0L4uhT/T+oF2zER3bj5yuUijgw6REfoBDnoHFXQNaqiGmLoDj2gJ/Rsxdaj9WK9zkuXrEXPAfoB6+0TIjWO1g==</latexit><latexit sha1_base64="y5eFzEbWRU+C+fVvqCBlqXOQTxM=">AAAB7XicdVDLSgMxFM34rPVVdekmWARBHDLtFO2u6MZlBfuAdloy6Z02NvMgyQil9B/cuFDErf/jzr8xfQgqekjgcM693HuPnwiuNCEf1tLyyuraemYju7m1vbOb29uvqziVDGosFrFs+lSB4BHUNNcCmokEGvoCGv7wauo37kEqHke3epSAF9J+xAPOqDZSHTqn0Dnr5vLEdt2CeZjYTqlcKpYMcUmBFMvYsckMebRAtZt7b/diloYQaSaoUi2HJNobU6k5EzDJtlMFCWVD2oeWoRENQXnj2bYTfGyUHg5iaX6k8Uz93jGmoVKj0DeVIdUD9dubin95rVQHF96YR0mqIWLzQUEqsI7x9HTc4xKYFiNDKJPc7IrZgErKtAkoa0L4uhT/T+oF2zER3bj5yuUijgw6REfoBDnoHFXQNaqiGmLoDj2gJ/Rsxdaj9WK9zkuXrEXPAfoB6+0TIjWO1g==</latexit><latexit sha1_base64="y5eFzEbWRU+C+fVvqCBlqXOQTxM=">AAAB7XicdVDLSgMxFM34rPVVdekmWARBHDLtFO2u6MZlBfuAdloy6Z02NvMgyQil9B/cuFDErf/jzr8xfQgqekjgcM693HuPnwiuNCEf1tLyyuraemYju7m1vbOb29uvqziVDGosFrFs+lSB4BHUNNcCmokEGvoCGv7wauo37kEqHke3epSAF9J+xAPOqDZSHTqn0Dnr5vLEdt2CeZjYTqlcKpYMcUmBFMvYsckMebRAtZt7b/diloYQaSaoUi2HJNobU6k5EzDJtlMFCWVD2oeWoRENQXnj2bYTfGyUHg5iaX6k8Uz93jGmoVKj0DeVIdUD9dubin95rVQHF96YR0mqIWLzQUEqsI7x9HTc4xKYFiNDKJPc7IrZgErKtAkoa0L4uhT/T+oF2zER3bj5yuUijgw6REfoBDnoHFXQNaqiGmLoDj2gJ/Rsxdaj9WK9zkuXrEXPAfoB6+0TIjWO1g==</latexit><latexit sha1_base64="y5eFzEbWRU+C+fVvqCBlqXOQTxM=">AAAB7XicdVDLSgMxFM34rPVVdekmWARBHDLtFO2u6MZlBfuAdloy6Z02NvMgyQil9B/cuFDErf/jzr8xfQgqekjgcM693HuPnwiuNCEf1tLyyuraemYju7m1vbOb29uvqziVDGosFrFs+lSB4BHUNNcCmokEGvoCGv7wauo37kEqHke3epSAF9J+xAPOqDZSHTqn0Dnr5vLEdt2CeZjYTqlcKpYMcUmBFMvYsckMebRAtZt7b/diloYQaSaoUi2HJNobU6k5EzDJtlMFCWVD2oeWoRENQXnj2bYTfGyUHg5iaX6k8Uz93jGmoVKj0DeVIdUD9dubin95rVQHF96YR0mqIWLzQUEqsI7x9HTc4xKYFiNDKJPc7IrZgErKtAkoa0L4uhT/T+oF2zER3bj5yuUijgw6REfoBDnoHFXQNaqiGmLoDj2gJ/Rsxdaj9WK9zkuXrEXPAfoB6+0TIjWO1g==</latexit>

µ+µ�
<latexit sha1_base64="IWCrJXS8Sqh5jJ3LJ+73FM8px40=">AAAB8XicdVDLSgMxFM3UV62vqks3wSII4jDTB9Puim5cVrAPbMeSSdM2NMkMSUYoQ//CjQtF3Po37vwbM20FFT2QcDjnXu69J4gYVdpxPqzMyura+kZ2M7e1vbO7l98/aKkwlpg0cchC2QmQIowK0tRUM9KJJEE8YKQdTC5Tv31PpKKhuNHTiPgcjQQdUoy0kW57PL47S7/zfr7g2EWvUi3WoGO7tZJXS0m57JXcCnRtZ44CWKLRz7/3BiGOOREaM6RU13Ui7SdIaooZmeV6sSIRwhM0Il1DBeJE+cl84xk8McoADkNpntBwrn7vSBBXasoDU8mRHqvfXir+5XVjPaz6CRVRrInAi0HDmEEdwvR8OKCSYM2mhiAsqdkV4jGSCGsTUs6E8HUp/J+0irZrIrouF+oXyziy4Agcg1PgAg/UwRVogCbAQIAH8ASeLWU9Wi/W66I0Yy17DsEPWG+ffeCQzQ==</latexit><latexit sha1_base64="IWCrJXS8Sqh5jJ3LJ+73FM8px40=">AAAB8XicdVDLSgMxFM3UV62vqks3wSII4jDTB9Puim5cVrAPbMeSSdM2NMkMSUYoQ//CjQtF3Po37vwbM20FFT2QcDjnXu69J4gYVdpxPqzMyura+kZ2M7e1vbO7l98/aKkwlpg0cchC2QmQIowK0tRUM9KJJEE8YKQdTC5Tv31PpKKhuNHTiPgcjQQdUoy0kW57PL47S7/zfr7g2EWvUi3WoGO7tZJXS0m57JXcCnRtZ44CWKLRz7/3BiGOOREaM6RU13Ui7SdIaooZmeV6sSIRwhM0Il1DBeJE+cl84xk8McoADkNpntBwrn7vSBBXasoDU8mRHqvfXir+5XVjPaz6CRVRrInAi0HDmEEdwvR8OKCSYM2mhiAsqdkV4jGSCGsTUs6E8HUp/J+0irZrIrouF+oXyziy4Agcg1PgAg/UwRVogCbAQIAH8ASeLWU9Wi/W66I0Yy17DsEPWG+ffeCQzQ==</latexit><latexit sha1_base64="IWCrJXS8Sqh5jJ3LJ+73FM8px40=">AAAB8XicdVDLSgMxFM3UV62vqks3wSII4jDTB9Puim5cVrAPbMeSSdM2NMkMSUYoQ//CjQtF3Po37vwbM20FFT2QcDjnXu69J4gYVdpxPqzMyura+kZ2M7e1vbO7l98/aKkwlpg0cchC2QmQIowK0tRUM9KJJEE8YKQdTC5Tv31PpKKhuNHTiPgcjQQdUoy0kW57PL47S7/zfr7g2EWvUi3WoGO7tZJXS0m57JXcCnRtZ44CWKLRz7/3BiGOOREaM6RU13Ui7SdIaooZmeV6sSIRwhM0Il1DBeJE+cl84xk8McoADkNpntBwrn7vSBBXasoDU8mRHqvfXir+5XVjPaz6CRVRrInAi0HDmEEdwvR8OKCSYM2mhiAsqdkV4jGSCGsTUs6E8HUp/J+0irZrIrouF+oXyziy4Agcg1PgAg/UwRVogCbAQIAH8ASeLWU9Wi/W66I0Yy17DsEPWG+ffeCQzQ==</latexit><latexit sha1_base64="IWCrJXS8Sqh5jJ3LJ+73FM8px40=">AAAB8XicdVDLSgMxFM3UV62vqks3wSII4jDTB9Puim5cVrAPbMeSSdM2NMkMSUYoQ//CjQtF3Po37vwbM20FFT2QcDjnXu69J4gYVdpxPqzMyura+kZ2M7e1vbO7l98/aKkwlpg0cchC2QmQIowK0tRUM9KJJEE8YKQdTC5Tv31PpKKhuNHTiPgcjQQdUoy0kW57PL47S7/zfr7g2EWvUi3WoGO7tZJXS0m57JXcCnRtZ44CWKLRz7/3BiGOOREaM6RU13Ui7SdIaooZmeV6sSIRwhM0Il1DBeJE+cl84xk8McoADkNpntBwrn7vSBBXasoDU8mRHqvfXir+5XVjPaz6CRVRrInAi0HDmEEdwvR8OKCSYM2mhiAsqdkV4jGSCGsTUs6E8HUp/J+0irZrIrouF+oXyziy4Agcg1PgAg/UwRVogCbAQIAH8ASeLWU9Wi/W66I0Yy17DsEPWG+ffeCQzQ==</latexit>

From Horace [Carloni Calame, Montagna, Nicrosini, Vicini]

e+e�
<latexit sha1_base64="FNks2gPWyPRRuh0eybqxJ4kz4Eg=">AAAB7XicdVDJSgNBEO2JW4xb1KOXxiAI4tAzCSbHoBePEcwCyST0dGqSNj0L3T1CCPkHLx4U8er/ePNv7CyCij4oeLxXRVU9PxFcaUI+rMzK6tr6RnYzt7W9s7uX3z9oqDiVDOosFrFs+VSB4BHUNdcCWokEGvoCmv7oauY370EqHke3epyAF9JBxAPOqDZSA7pn0D3v5QvEJuWK67iY2EVSIQtyUSwVXezYZI4CWqLWy793+jFLQ4g0E1SptkMS7U2o1JwJmOY6qYKEshEdQNvQiIagvMn82ik+MUofB7E0FWk8V79PTGio1Dj0TWdI9VD99mbiX1471UHFm/AoSTVEbLEoSAXWMZ69jvtcAtNibAhlkptbMRtSSZk2AeVMCF+f4v9Jw7UdYjs3pUL1chlHFh2hY3SKHFRGVXSNaqiOGLpDD+gJPVux9Wi9WK+L1oy1nDlEP2C9fQISUo7L</latexit><latexit sha1_base64="FNks2gPWyPRRuh0eybqxJ4kz4Eg=">AAAB7XicdVDJSgNBEO2JW4xb1KOXxiAI4tAzCSbHoBePEcwCyST0dGqSNj0L3T1CCPkHLx4U8er/ePNv7CyCij4oeLxXRVU9PxFcaUI+rMzK6tr6RnYzt7W9s7uX3z9oqDiVDOosFrFs+VSB4BHUNdcCWokEGvoCmv7oauY370EqHke3epyAF9JBxAPOqDZSA7pn0D3v5QvEJuWK67iY2EVSIQtyUSwVXezYZI4CWqLWy793+jFLQ4g0E1SptkMS7U2o1JwJmOY6qYKEshEdQNvQiIagvMn82ik+MUofB7E0FWk8V79PTGio1Dj0TWdI9VD99mbiX1471UHFm/AoSTVEbLEoSAXWMZ69jvtcAtNibAhlkptbMRtSSZk2AeVMCF+f4v9Jw7UdYjs3pUL1chlHFh2hY3SKHFRGVXSNaqiOGLpDD+gJPVux9Wi9WK+L1oy1nDlEP2C9fQISUo7L</latexit><latexit sha1_base64="FNks2gPWyPRRuh0eybqxJ4kz4Eg=">AAAB7XicdVDJSgNBEO2JW4xb1KOXxiAI4tAzCSbHoBePEcwCyST0dGqSNj0L3T1CCPkHLx4U8er/ePNv7CyCij4oeLxXRVU9PxFcaUI+rMzK6tr6RnYzt7W9s7uX3z9oqDiVDOosFrFs+VSB4BHUNdcCWokEGvoCmv7oauY370EqHke3epyAF9JBxAPOqDZSA7pn0D3v5QvEJuWK67iY2EVSIQtyUSwVXezYZI4CWqLWy793+jFLQ4g0E1SptkMS7U2o1JwJmOY6qYKEshEdQNvQiIagvMn82ik+MUofB7E0FWk8V79PTGio1Dj0TWdI9VD99mbiX1471UHFm/AoSTVEbLEoSAXWMZ69jvtcAtNibAhlkptbMRtSSZk2AeVMCF+f4v9Jw7UdYjs3pUL1chlHFh2hY3SKHFRGVXSNaqiOGLpDD+gJPVux9Wi9WK+L1oy1nDlEP2C9fQISUo7L</latexit><latexit sha1_base64="FNks2gPWyPRRuh0eybqxJ4kz4Eg=">AAAB7XicdVDJSgNBEO2JW4xb1KOXxiAI4tAzCSbHoBePEcwCyST0dGqSNj0L3T1CCPkHLx4U8er/ePNv7CyCij4oeLxXRVU9PxFcaUI+rMzK6tr6RnYzt7W9s7uX3z9oqDiVDOosFrFs+VSB4BHUNdcCWokEGvoCmv7oauY370EqHke3epyAF9JBxAPOqDZSA7pn0D3v5QvEJuWK67iY2EVSIQtyUSwVXezYZI4CWqLWy793+jFLQ4g0E1SptkMS7U2o1JwJmOY6qYKEshEdQNvQiIagvMn82ik+MUofB7E0FWk8V79PTGio1Dj0TWdI9VD99mbiX1471UHFm/AoSTVEbLEoSAXWMZ69jvtcAtNibAhlkptbMRtSSZk2AeVMCF+f4v9Jw7UdYjs3pUL1chlHFh2hY3SKHFRGVXSNaqiOGLpDD+gJPVux9Wi9WK+L1oy1nDlEP2C9fQISUo7L</latexit>

µ+µ�
<latexit sha1_base64="bu9etGGas92fuyu3ZR8bYvsW9YU=">AAAB8XicdVDLSgMxFM34rPVVdekmWARBHGbaDq27ohuXFewD27Fk0kwbmmSGJCOUoX/hxoUibv0bd/6NmbaCih5IOJxzL/feE8SMKu04H9bS8srq2npuI7+5tb2zW9jbb6kokZg0ccQi2QmQIowK0tRUM9KJJUE8YKQdjC8zv31PpKKRuNGTmPgcDQUNKUbaSLc9ntydZt9Zv1B07LJ37lbL0LGdmud5VUNcr1wp1aBrOzMUwQKNfuG9N4hwwonQmCGluq4Taz9FUlPMyDTfSxSJER6jIekaKhAnyk9nG0/hsVEGMIykeULDmfq9I0VcqQkPTCVHeqR+e5n4l9dNdFjzUyriRBOB54PChEEdwex8OKCSYM0mhiAsqdkV4hGSCGsTUt6E8HUp/J+0SrZrkrmuFOsXizhy4BAcgRPggiqogyvQAE2AgQAP4Ak8W8p6tF6s13npkrXoOQA/YL19Aml9kL8=</latexit><latexit sha1_base64="bu9etGGas92fuyu3ZR8bYvsW9YU=">AAAB8XicdVDLSgMxFM34rPVVdekmWARBHGbaDq27ohuXFewD27Fk0kwbmmSGJCOUoX/hxoUibv0bd/6NmbaCih5IOJxzL/feE8SMKu04H9bS8srq2npuI7+5tb2zW9jbb6kokZg0ccQi2QmQIowK0tRUM9KJJUE8YKQdjC8zv31PpKKRuNGTmPgcDQUNKUbaSLc9ntydZt9Zv1B07LJ37lbL0LGdmud5VUNcr1wp1aBrOzMUwQKNfuG9N4hwwonQmCGluq4Taz9FUlPMyDTfSxSJER6jIekaKhAnyk9nG0/hsVEGMIykeULDmfq9I0VcqQkPTCVHeqR+e5n4l9dNdFjzUyriRBOB54PChEEdwex8OKCSYM0mhiAsqdkV4hGSCGsTUt6E8HUp/J+0SrZrkrmuFOsXizhy4BAcgRPggiqogyvQAE2AgQAP4Ak8W8p6tF6s13npkrXoOQA/YL19Aml9kL8=</latexit><latexit sha1_base64="bu9etGGas92fuyu3ZR8bYvsW9YU=">AAAB8XicdVDLSgMxFM34rPVVdekmWARBHGbaDq27ohuXFewD27Fk0kwbmmSGJCOUoX/hxoUibv0bd/6NmbaCih5IOJxzL/feE8SMKu04H9bS8srq2npuI7+5tb2zW9jbb6kokZg0ccQi2QmQIowK0tRUM9KJJUE8YKQdjC8zv31PpKKRuNGTmPgcDQUNKUbaSLc9ntydZt9Zv1B07LJ37lbL0LGdmud5VUNcr1wp1aBrOzMUwQKNfuG9N4hwwonQmCGluq4Taz9FUlPMyDTfSxSJER6jIekaKhAnyk9nG0/hsVEGMIykeULDmfq9I0VcqQkPTCVHeqR+e5n4l9dNdFjzUyriRBOB54PChEEdwex8OKCSYM0mhiAsqdkV4hGSCGsTUt6E8HUp/J+0SrZrkrmuFOsXizhy4BAcgRPggiqogyvQAE2AgQAP4Ak8W8p6tF6s13npkrXoOQA/YL19Aml9kL8=</latexit><latexit sha1_base64="bu9etGGas92fuyu3ZR8bYvsW9YU=">AAAB8XicdVDLSgMxFM34rPVVdekmWARBHGbaDq27ohuXFewD27Fk0kwbmmSGJCOUoX/hxoUibv0bd/6NmbaCih5IOJxzL/feE8SMKu04H9bS8srq2npuI7+5tb2zW9jbb6kokZg0ccQi2QmQIowK0tRUM9KJJUE8YKQdjC8zv31PpKKRuNGTmPgcDQUNKUbaSLc9ntydZt9Zv1B07LJ37lbL0LGdmud5VUNcr1wp1aBrOzMUwQKNfuG9N4hwwonQmCGluq4Taz9FUlPMyDTfSxSJER6jIekaKhAnyk9nG0/hsVEGMIykeULDmfq9I0VcqQkPTCVHeqR+e5n4l9dNdFjzUyriRBOB54PChEEdwex8OKCSYM0mhiAsqdkV4hGSCGsTUt6E8HUp/J+0SrZrkrmuFOsXizhy4BAcgRPggiqogyvQAE2AgQAP4Ak8W8p6tF6s13npkrXoOQA/YL19Aml9kL8=</latexit>

Gµ
<latexit sha1_base64="FGYTUyvFe6M6/lzM+OwtO2574r4=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRbB05K1le2x6EGPFawttEvJptk2NNldkqxQlv4ILx4U8erv8ea/Mf0QVPTBwOO9GWbmhang2mD84RRWVtfWN4qbpa3tnd298v7BnU4yRVmLJiJRnZBoJnjMWoYbwTqpYkSGgrXD8eXMb98zpXkS35pJygJJhjGPOCXGSu2rft6T2bRfrmDX8zD2fYTdaq3qnVct8XGtXq8iz8VzVGCJZr/83hskNJMsNlQQrbseTk2QE2U4FWxa6mWapYSOyZB1LY2JZDrI5+dO0YlVBihKlK3YoLn6fSInUuuJDG2nJGakf3sz8S+vm5moHuQ8TjPDYrpYFGUCmQTNfkcDrhg1YmIJoYrbWxEdEUWosQmVbAhfn6L/yd2Z69msbmqVxsUyjiIcwTGcggc+NOAamtACCmN4gCd4dlLn0XlxXhetBWc5cwg/4Lx9AsjWj90=</latexit><latexit sha1_base64="FGYTUyvFe6M6/lzM+OwtO2574r4=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRbB05K1le2x6EGPFawttEvJptk2NNldkqxQlv4ILx4U8erv8ea/Mf0QVPTBwOO9GWbmhang2mD84RRWVtfWN4qbpa3tnd298v7BnU4yRVmLJiJRnZBoJnjMWoYbwTqpYkSGgrXD8eXMb98zpXkS35pJygJJhjGPOCXGSu2rft6T2bRfrmDX8zD2fYTdaq3qnVct8XGtXq8iz8VzVGCJZr/83hskNJMsNlQQrbseTk2QE2U4FWxa6mWapYSOyZB1LY2JZDrI5+dO0YlVBihKlK3YoLn6fSInUuuJDG2nJGakf3sz8S+vm5moHuQ8TjPDYrpYFGUCmQTNfkcDrhg1YmIJoYrbWxEdEUWosQmVbAhfn6L/yd2Z69msbmqVxsUyjiIcwTGcggc+NOAamtACCmN4gCd4dlLn0XlxXhetBWc5cwg/4Lx9AsjWj90=</latexit><latexit sha1_base64="FGYTUyvFe6M6/lzM+OwtO2574r4=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRbB05K1le2x6EGPFawttEvJptk2NNldkqxQlv4ILx4U8erv8ea/Mf0QVPTBwOO9GWbmhang2mD84RRWVtfWN4qbpa3tnd298v7BnU4yRVmLJiJRnZBoJnjMWoYbwTqpYkSGgrXD8eXMb98zpXkS35pJygJJhjGPOCXGSu2rft6T2bRfrmDX8zD2fYTdaq3qnVct8XGtXq8iz8VzVGCJZr/83hskNJMsNlQQrbseTk2QE2U4FWxa6mWapYSOyZB1LY2JZDrI5+dO0YlVBihKlK3YoLn6fSInUuuJDG2nJGakf3sz8S+vm5moHuQ8TjPDYrpYFGUCmQTNfkcDrhg1YmIJoYrbWxEdEUWosQmVbAhfn6L/yd2Z69msbmqVxsUyjiIcwTGcggc+NOAamtACCmN4gCd4dlLn0XlxXhetBWc5cwg/4Lx9AsjWj90=</latexit><latexit sha1_base64="FGYTUyvFe6M6/lzM+OwtO2574r4=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRbB05K1le2x6EGPFawttEvJptk2NNldkqxQlv4ILx4U8erv8ea/Mf0QVPTBwOO9GWbmhang2mD84RRWVtfWN4qbpa3tnd298v7BnU4yRVmLJiJRnZBoJnjMWoYbwTqpYkSGgrXD8eXMb98zpXkS35pJygJJhjGPOCXGSu2rft6T2bRfrmDX8zD2fYTdaq3qnVct8XGtXq8iz8VzVGCJZr/83hskNJMsNlQQrbseTk2QE2U4FWxa6mWapYSOyZB1LY2JZDrI5+dO0YlVBihKlK3YoLn6fSInUuuJDG2nJGakf3sz8S+vm5moHuQ8TjPDYrpYFGUCmQTNfkcDrhg1YmIJoYrbWxEdEUWosQmVbAhfn6L/yd2Z69msbmqVxsUyjiIcwTGcggc+NOAamtACCmN4gCd4dlLn0XlxXhetBWc5cwg/4Lx9AsjWj90=</latexit>

60 < q < 120 GeV
<latexit sha1_base64="XWfk4iaI48zl3QOQJ0w9JPRp8js=">AAACAXicdVBNS0JBFJ3Xd/ZltQnaDEnQSuapmYELqUUtC9ICFZk3Xmtw3kcz90Xy0E1/pU2LItr2L9r1bxrNoKIOXDiccy/33uNFShpk7N2ZmJyanpmdm08tLC4tr6RX12omjLWAqghVqC88bkDJAKooUcFFpIH7noJzr3s49M9vQBsZBmfYi6Dp88tAdqTgaKVWeqPIyvSalqmbY3QwaCDcYnIEtX4rnWHZYq5Yyu9TlnX387u5ISnk3VKBUTfLRsiQMU5a6bdGOxSxDwEKxY2puyzCZsI1SqGgn2rEBiIuuvwS6pYG3AfTTEYf9Om2Vdq0E2pbAdKR+n0i4b4xPd+znT7HK/PbG4p/efUYO6VmIoMoRgjE56JOrCiGdBgHbUsNAlXPEi60tLdSccU1F2hDS9kQvj6l/5NaLuvaiE4LmcrBOI45skm2yA5xyR6pkGNyQqpEkAG5J4/kyblzHpxn5+WzdcIZz6yTH3BePwAP95Vn</latexit><latexit sha1_base64="XWfk4iaI48zl3QOQJ0w9JPRp8js=">AAACAXicdVBNS0JBFJ3Xd/ZltQnaDEnQSuapmYELqUUtC9ICFZk3Xmtw3kcz90Xy0E1/pU2LItr2L9r1bxrNoKIOXDiccy/33uNFShpk7N2ZmJyanpmdm08tLC4tr6RX12omjLWAqghVqC88bkDJAKooUcFFpIH7noJzr3s49M9vQBsZBmfYi6Dp88tAdqTgaKVWeqPIyvSalqmbY3QwaCDcYnIEtX4rnWHZYq5Yyu9TlnX387u5ISnk3VKBUTfLRsiQMU5a6bdGOxSxDwEKxY2puyzCZsI1SqGgn2rEBiIuuvwS6pYG3AfTTEYf9Om2Vdq0E2pbAdKR+n0i4b4xPd+znT7HK/PbG4p/efUYO6VmIoMoRgjE56JOrCiGdBgHbUsNAlXPEi60tLdSccU1F2hDS9kQvj6l/5NaLuvaiE4LmcrBOI45skm2yA5xyR6pkGNyQqpEkAG5J4/kyblzHpxn5+WzdcIZz6yTH3BePwAP95Vn</latexit><latexit sha1_base64="XWfk4iaI48zl3QOQJ0w9JPRp8js=">AAACAXicdVBNS0JBFJ3Xd/ZltQnaDEnQSuapmYELqUUtC9ICFZk3Xmtw3kcz90Xy0E1/pU2LItr2L9r1bxrNoKIOXDiccy/33uNFShpk7N2ZmJyanpmdm08tLC4tr6RX12omjLWAqghVqC88bkDJAKooUcFFpIH7noJzr3s49M9vQBsZBmfYi6Dp88tAdqTgaKVWeqPIyvSalqmbY3QwaCDcYnIEtX4rnWHZYq5Yyu9TlnX387u5ISnk3VKBUTfLRsiQMU5a6bdGOxSxDwEKxY2puyzCZsI1SqGgn2rEBiIuuvwS6pYG3AfTTEYf9Om2Vdq0E2pbAdKR+n0i4b4xPd+znT7HK/PbG4p/efUYO6VmIoMoRgjE56JOrCiGdBgHbUsNAlXPEi60tLdSccU1F2hDS9kQvj6l/5NaLuvaiE4LmcrBOI45skm2yA5xyR6pkGNyQqpEkAG5J4/kyblzHpxn5+WzdcIZz6yTH3BePwAP95Vn</latexit><latexit sha1_base64="XWfk4iaI48zl3QOQJ0w9JPRp8js=">AAACAXicdVBNS0JBFJ3Xd/ZltQnaDEnQSuapmYELqUUtC9ICFZk3Xmtw3kcz90Xy0E1/pU2LItr2L9r1bxrNoKIOXDiccy/33uNFShpk7N2ZmJyanpmdm08tLC4tr6RX12omjLWAqghVqC88bkDJAKooUcFFpIH7noJzr3s49M9vQBsZBmfYi6Dp88tAdqTgaKVWeqPIyvSalqmbY3QwaCDcYnIEtX4rnWHZYq5Yyu9TlnX387u5ISnk3VKBUTfLRsiQMU5a6bdGOxSxDwEKxY2puyzCZsI1SqGgn2rEBiIuuvwS6pYG3AfTTEYf9Om2Vdq0E2pbAdKR+n0i4b4xPd+znT7HK/PbG4p/efUYO6VmIoMoRgjE56JOrCiGdBgHbUsNAlXPEi60tLdSccU1F2hDS9kQvj6l/5NaLuvaiE4LmcrBOI45skm2yA5xyR6pkGNyQqpEkAG5J4/kyblzHpxn5+WzdcIZz6yTH3BePwAP95Vn</latexit>
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Rapidity distribution at Tevatron

• Scale uncertainty 
ABMP16 ~ 1.64% 
NNPDF31 ~ 1.68% 
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p
S = 1.8 TeV

<latexit sha1_base64="9czuHJyI/9XXC+W66Ti8H0TJHC4=">AAACBHicdVBNS0JBFJ3Xp9mX1bLNkASt5D2zfC4CqU3LorRAReaNVx2c99HMfZE8FNr0V9q0KKJtP6Jd/6bRDCrqwMDhnHO5c48XSaHRtt+tqemZ2bn51EJ6cWl5ZTWztl7VYaw4VHgoQ3XpMQ1SBFBBgRIuIwXM9yRceL2jkX9xDUqLMDjHfgQNn3UC0RacoZGamc26vlKYnA3oAXVy7nBI6wg3mJxDddDMZO2cU9p183lqSLFULJQMKdjuvrtn0vYYWTLBSTPzVm+FPPYhQC6Z1jXHjrCRMIWCSxik67GGiPEe60DN0ID5oBvJ+IgB3TZKi7ZDZV6AdKx+n0iYr3Xf90zSZ9jVv72R+JdXi7HtNhIRRDFCwD8XtWNJMaSjRmhLKOAo+4YwroT5K+VdphhH01valPB1Kf2fVPM5x1R0WsiWDyd1pMgm2SI7xCFFUibH5IRUCCe35J48kifrznqwnq2Xz+iUNZnZID9gvX4ARGCX3w==</latexit><latexit sha1_base64="9czuHJyI/9XXC+W66Ti8H0TJHC4=">AAACBHicdVBNS0JBFJ3Xp9mX1bLNkASt5D2zfC4CqU3LorRAReaNVx2c99HMfZE8FNr0V9q0KKJtP6Jd/6bRDCrqwMDhnHO5c48XSaHRtt+tqemZ2bn51EJ6cWl5ZTWztl7VYaw4VHgoQ3XpMQ1SBFBBgRIuIwXM9yRceL2jkX9xDUqLMDjHfgQNn3UC0RacoZGamc26vlKYnA3oAXVy7nBI6wg3mJxDddDMZO2cU9p183lqSLFULJQMKdjuvrtn0vYYWTLBSTPzVm+FPPYhQC6Z1jXHjrCRMIWCSxik67GGiPEe60DN0ID5oBvJ+IgB3TZKi7ZDZV6AdKx+n0iYr3Xf90zSZ9jVv72R+JdXi7HtNhIRRDFCwD8XtWNJMaSjRmhLKOAo+4YwroT5K+VdphhH01valPB1Kf2fVPM5x1R0WsiWDyd1pMgm2SI7xCFFUibH5IRUCCe35J48kifrznqwnq2Xz+iUNZnZID9gvX4ARGCX3w==</latexit><latexit sha1_base64="9czuHJyI/9XXC+W66Ti8H0TJHC4=">AAACBHicdVBNS0JBFJ3Xp9mX1bLNkASt5D2zfC4CqU3LorRAReaNVx2c99HMfZE8FNr0V9q0KKJtP6Jd/6bRDCrqwMDhnHO5c48XSaHRtt+tqemZ2bn51EJ6cWl5ZTWztl7VYaw4VHgoQ3XpMQ1SBFBBgRIuIwXM9yRceL2jkX9xDUqLMDjHfgQNn3UC0RacoZGamc26vlKYnA3oAXVy7nBI6wg3mJxDddDMZO2cU9p183lqSLFULJQMKdjuvrtn0vYYWTLBSTPzVm+FPPYhQC6Z1jXHjrCRMIWCSxik67GGiPEe60DN0ID5oBvJ+IgB3TZKi7ZDZV6AdKx+n0iYr3Xf90zSZ9jVv72R+JdXi7HtNhIRRDFCwD8XtWNJMaSjRmhLKOAo+4YwroT5K+VdphhH01valPB1Kf2fVPM5x1R0WsiWDyd1pMgm2SI7xCFFUibH5IRUCCe35J48kifrznqwnq2Xz+iUNZnZID9gvX4ARGCX3w==</latexit><latexit sha1_base64="9czuHJyI/9XXC+W66Ti8H0TJHC4=">AAACBHicdVBNS0JBFJ3Xp9mX1bLNkASt5D2zfC4CqU3LorRAReaNVx2c99HMfZE8FNr0V9q0KKJtP6Jd/6bRDCrqwMDhnHO5c48XSaHRtt+tqemZ2bn51EJ6cWl5ZTWztl7VYaw4VHgoQ3XpMQ1SBFBBgRIuIwXM9yRceL2jkX9xDUqLMDjHfgQNn3UC0RacoZGamc26vlKYnA3oAXVy7nBI6wg3mJxDddDMZO2cU9p183lqSLFULJQMKdjuvrtn0vYYWTLBSTPzVm+FPPYhQC6Z1jXHjrCRMIWCSxik67GGiPEe60DN0ID5oBvJ+IgB3TZKi7ZDZV6AdKx+n0iYr3Xf90zSZ9jVv72R+JdXi7HtNhIRRDFCwD8XtWNJMaSjRmhLKOAo+4YwroT5K+VdphhH01valPB1Kf2fVPM5x1R0WsiWDyd1pMgm2SI7xCFFUibH5IRUCCe35J48kifrznqwnq2Xz+iUNZnZID9gvX4ARGCX3w==</latexit>

66 < q < 116 GeV
<latexit sha1_base64="+808MuDgn9hSPhtphHB5g0YYmpY=">AAACAnicdVDLSgNBEJz1GeMr6km8DAbBU5jVuMnBg+hBjxFMFJIQZicdHZx9ONMrhiV68Ve8eFDEq1/hzb9x8hBUtKChqOqmu8uPlTTI2IczNj4xOTWdmcnOzs0vLOaWlmsmSrSAqohUpM98bkDJEKooUcFZrIEHvoJT//Kg759egzYyCk+wG0Mz4Oeh7EjB0Uqt3Krn0V16Zct1PXp720C4wfQQar1WLs8KRVb0mEdZwd0pbpfKfeKy0tY2dQtsgDwZodLKvTfakUgCCFEobkzdZTE2U65RCgW9bCMxEHNxyc+hbmnIAzDNdPBCj25YpU07kbYVIh2o3ydSHhjTDXzbGXC8ML+9vviXV0+wU26mMowThFAMF3USRTGi/TxoW2oQqLqWcKGlvZWKC665QJta1obw9Sn9n9S2Cq5N5riY39sfxZEha2SdbBKXlMgeOSIVUiWC3JEH8kSenXvn0XlxXoetY85oZoX8gPP2CVuDlYc=</latexit><latexit sha1_base64="+808MuDgn9hSPhtphHB5g0YYmpY=">AAACAnicdVDLSgNBEJz1GeMr6km8DAbBU5jVuMnBg+hBjxFMFJIQZicdHZx9ONMrhiV68Ve8eFDEq1/hzb9x8hBUtKChqOqmu8uPlTTI2IczNj4xOTWdmcnOzs0vLOaWlmsmSrSAqohUpM98bkDJEKooUcFZrIEHvoJT//Kg759egzYyCk+wG0Mz4Oeh7EjB0Uqt3Krn0V16Zct1PXp720C4wfQQar1WLs8KRVb0mEdZwd0pbpfKfeKy0tY2dQtsgDwZodLKvTfakUgCCFEobkzdZTE2U65RCgW9bCMxEHNxyc+hbmnIAzDNdPBCj25YpU07kbYVIh2o3ydSHhjTDXzbGXC8ML+9vviXV0+wU26mMowThFAMF3USRTGi/TxoW2oQqLqWcKGlvZWKC665QJta1obw9Sn9n9S2Cq5N5riY39sfxZEha2SdbBKXlMgeOSIVUiWC3JEH8kSenXvn0XlxXoetY85oZoX8gPP2CVuDlYc=</latexit><latexit sha1_base64="+808MuDgn9hSPhtphHB5g0YYmpY=">AAACAnicdVDLSgNBEJz1GeMr6km8DAbBU5jVuMnBg+hBjxFMFJIQZicdHZx9ONMrhiV68Ve8eFDEq1/hzb9x8hBUtKChqOqmu8uPlTTI2IczNj4xOTWdmcnOzs0vLOaWlmsmSrSAqohUpM98bkDJEKooUcFZrIEHvoJT//Kg759egzYyCk+wG0Mz4Oeh7EjB0Uqt3Krn0V16Zct1PXp720C4wfQQar1WLs8KRVb0mEdZwd0pbpfKfeKy0tY2dQtsgDwZodLKvTfakUgCCFEobkzdZTE2U65RCgW9bCMxEHNxyc+hbmnIAzDNdPBCj25YpU07kbYVIh2o3ydSHhjTDXzbGXC8ML+9vviXV0+wU26mMowThFAMF3USRTGi/TxoW2oQqLqWcKGlvZWKC665QJta1obw9Sn9n9S2Cq5N5riY39sfxZEha2SdbBKXlMgeOSIVUiWC3JEH8kSenXvn0XlxXoetY85oZoX8gPP2CVuDlYc=</latexit><latexit sha1_base64="+808MuDgn9hSPhtphHB5g0YYmpY=">AAACAnicdVDLSgNBEJz1GeMr6km8DAbBU5jVuMnBg+hBjxFMFJIQZicdHZx9ONMrhiV68Ve8eFDEq1/hzb9x8hBUtKChqOqmu8uPlTTI2IczNj4xOTWdmcnOzs0vLOaWlmsmSrSAqohUpM98bkDJEKooUcFZrIEHvoJT//Kg759egzYyCk+wG0Mz4Oeh7EjB0Uqt3Krn0V16Zct1PXp720C4wfQQar1WLs8KRVb0mEdZwd0pbpfKfeKy0tY2dQtsgDwZodLKvTfakUgCCFEobkzdZTE2U65RCgW9bCMxEHNxyc+hbmnIAzDNdPBCj25YpU07kbYVIh2o3ydSHhjTDXzbGXC8ML+9vviXV0+wU26mMowThFAMF3USRTGi/TxoW2oQqLqWcKGlvZWKC665QJta1obw9Sn9n9S2Cq5N5riY39sfxZEha2SdbBKXlMgeOSIVUiWC3JEH8kSenXvn0XlxXoetY85oZoX8gPP2CVuDlYc=</latexit>

y
0 0.5 1 1.5 2 2.5

/
d
|
y
|
 
[
p
b
]

σ
d

0

20

40

60

80

66 < q < 116 GeV

=1.8 TeVS

CDF data(3.9% lumi. err. omitted)

NNLO+NNLL (ABMP16)
NNLO+NNLL (NNPDF31)



Summary
• We have developed a systematic way of resuming threshold logs for 

rapidity distribution for colorless particle production.


• We exploited the factorisation, RG invariance and K+G equations to 
find different pieces.


• Following Catani-Trentadue approach we find an all order resummed 
formula in rapidity distribution for Higgs and DY production in 2-D 
Mellin space.


• Rapidity distribution is presented with NNLO+NNLL accuracy. 
The resummed prediction changes the fixed order predictions significant 
way and improves the reliability of the perturbative prediction.   


• We have presented a detailed study on scale choice, scale variation, 
pdf variation also along with available EW results which will be useful at 
the LHC in near future.
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