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JET VETO RESUMMATION FOR   WITH NNLL’+NNLO UNCERTAINTIESpp → H + j

JET VETO CROSS SECTIONS AT THE LHC

▸ Many Higgs analyses 
divide the data into 
exclusive jet bins 

▸ Background 
decomposition changes 
with number of jets ATLAS, 1808.09054 

Signal Background
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JET VETO CROSS SECTIONS AT THE LHC

▸ Simplified Template Cross Sections (STXS) provide a common framework 
for Higgs measurements 

▸ Used to combine different decay channels and experiments

… 

… 

This paper

Different EFT … 
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JET VETO CROSS SECTIONS AT THE LHC

▸ Demanding a veto on jets incurs 
logs of   and   

▸ Resummation for colour singlet 0-
jet bin has been achieved in direct 
QCD and SCET up to NNLL’ 

▸ Factorisation in a SCET approach 
demonstrated for 1-jet bin up to 
NLL’+NLO 

▸ Aim for NNLL’+NNLO in Higgs+jet
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JET VETO RESUMMATION FOR COLOUR-SINGLET PRODUCTION

▸ SCET-based approach: factorise cross section into single-
scale functions

dσ
dΦ0

(pcut
T , μ, ν) = H(Φ0, μ) [Ba × Bb](Q, pcut

T , R, μ, ν) S(pcut
T , μ, ν)

▸ Soft/beam functions describe soft/collinear radiation 

▸ No large logs when each is evaluated at its own scale 

▸ Evolution to common scale via RGE   resummation 

▸ Rapidity scale separates soft/collinear modes

⇒
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RESUMMATION OF JET VETO LOGS FOR COLOUR SINGLET

▸ Resummation achieved by RGE evolution of hard, soft, 
beam functions to common scales  , e.g.μ, ν

d
d ln μ

ln H(Φ0, μ) = Γcusp ln
μ2

H

μ2
+ γH

HμH ∼ mCS

BSμS ∼ pveto
T

μB ∼ pveto
T

μ RGE

ν RGE

νS ∼ pveto
T νB ∼ mCS
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FACTORISATION AND REFACTORISATION

▸ One signal jet, veto additional jets with   

▸ Factorisation possible for  

pT > pcut
T ∼ 30 GeV

pcut
T /Q ≪ 1, RJ ≪ 1

H(pT, Y, ηJ)
J(pTRJ)
B(pcut

T )
ST(pcut

T , pcut
T RJ)

Depends on two parametrically  
separated scales - can be refactorised
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FACTORISATION AND REFACTORISATION
▸ In the   limit, the total soft function can be 

refactorised:
RJ ≪ 1

nJ

na nb

RJ ≪ 1 ×
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JET VETO RESUMMATION FOR   WITH NNLL’+NNLO UNCERTAINTIESpp → H + j

FACTORISATION FORMULA
σ(pcut

T ) = H(pT, Y, ηJ) × Ba(pcut
T , ωa) Bb(pcut

T , ωb) × J(pT RJ)
× S(pcut

T ) × 𝒮R(pcut
T RJ) × 𝒮NG(pcut

T /pT)

▸ Measurement constrains emissions in each sector 
independently of other sectors 

▸ Factorisation is a product, not a convolution 

▸ Formula is for the resummed cumulant, not the spectrum

Global soft
Soft-collinear Nonglobal soft
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EXTENSION TO NNLL’
▸ Require higher 

order ingredients:

▸ Cusp and beta function known to required order
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<latexit sha1_base64="hep7KbXLnKjf7S5wE4cnXU4+omk=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY8kXjxCIo8ENmR2aGBkdnadmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT27nffkKleSTvzTRGP6QjyYecUWOlxmO/WHLL7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ446dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtCpl76pcbVRLtUoWRx7O4BwuwYNrqMEd1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/ANm7jO4=</latexit>q <latexit sha1_base64="7LEUTiy7hC8bWm6NaQBWeYVhaJ4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6rHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzUHA1KZbfiLkDWiZeTMuRoDEpf/WHM0gilYYJq3fPcxPgZVYYzgbNiP9WYUDahI+xZKmmE2s8Wh87IpVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNkUbgrf68jppVyvedaXWrJXr1TyOApzDBVyBBzdQh3toQAsYIDzDK7w5j86L8+58LFs3nHzmDP7A+fwBypOM5A==</latexit>g

<latexit sha1_base64="hep7KbXLnKjf7S5wE4cnXU4+omk=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY8kXjxCIo8ENmR2aGBkdnadmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT27nffkKleSTvzTRGP6QjyYecUWOlxmO/WHLL7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ446dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtCpl76pcbVRLtUoWRx7O4BwuwYNrqMEd1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/ANm7jO4=</latexit>q <latexit sha1_base64="7LEUTiy7hC8bWm6NaQBWeYVhaJ4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6rHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzUHA1KZbfiLkDWiZeTMuRoDEpf/WHM0gilYYJq3fPcxPgZVYYzgbNiP9WYUDahI+xZKmmE2s8Wh87IpVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNkUbgrf68jppVyvedaXWrJXr1TyOApzDBVyBBzdQh3toQAsYIDzDK7w5j86L8+58LFs3nHzmDP7A+fwBypOM5A==</latexit>g

<latexit sha1_base64="ZugaXqdJiMSk9fDCikselTIjF0k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2g9oQ9lsJ+nSzSbsboRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBVcG9f9dgobm1vbO8Xd0t7+weFR+fikrZNMMWyxRCSqG1CNgktsGW4EdlOFNA4EdoLx7dzvPKHSPJGPZpKiH9NI8pAzaqz0EEXRoFxxq+4CZJ14OalAjuag/NUfJiyLURomqNY9z02NP6XKcCZwVupnGlPKxjTCnqWSxqj96eLUGbmwypCEibIlDVmovyemNNZ6Ege2M6ZmpFe9ufif18tMeONPuUwzg5ItF4WZICYh87/JkCtkRkwsoUxxeythI6ooMzadkg3BW315nbRrVe+qWr+vVxq1PI4inME5XIIH19CAO2hCCxhE8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwBN6I3G</latexit>ggg
<latexit sha1_base64="DO4rFsl06euAKarQNcAKK5aV/mw=">AAAB8HicbVBNTwIxEJ3FL8Qv1KOXRmLiiewSoh5JvHjExAUMbEi3dKGh7S5t14Rs+BVePGiMV3+ON/+NBfag4EsmeXlvJjPzwoQzbVz32ylsbG5t7xR3S3v7B4dH5eOTlo5TRahPYh6rTog15UxS3zDDaSdRFIuQ03Y4vp377SeqNIvlg5kmNBB4KFnECDZWepz0QqyyyWzYL1fcqrsAWideTiqQo9kvf/UGMUkFlYZwrHXXcxMTZFgZRjidlXqppgkmYzykXUslFlQH2eLgGbqwygBFsbIlDVqovycyLLSeitB2CmxGetWbi/953dREN0HGZJIaKslyUZRyZGI0/x4NmKLE8KklmChmb0VkhBUmxmZUsiF4qy+vk1at6l1V6/f1SqOWx1GEMziHS/DgGhpwB03wgYCAZ3iFN0c5L86787FsLTj5zCn8gfP5Ay9VkJ8=</latexit>

qq̄g
<latexit sha1_base64="fDScEjQakkh7TWFmhwuT5CfWiKI=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9ktRT0WvHisaD+gXUo2zW5Dk+w2yQpl6U/w4kERr/4ib/4b03YP2vpg4PHeDDPzgoQzbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TRWiLxDxW3QBrypmkLcMMp91EUSwCTjvB+Hbud56o0iyWj2aaUF/gSLKQEWys9DCJJoNyxa26C6B14uWkAjmag/JXfxiTVFBpCMda9zw3MX6GlWGE01mpn2qaYDLGEe1ZKrGg2s8Wp87QhVWGKIyVLWnQQv09kWGh9VQEtlNgM9Kr3lz8z+ulJrzxMyaT1FBJlovClCMTo/nfaMgUJYZPLcFEMXsrIiOsMDE2nZINwVt9eZ20a1Xvqlq/r1catTyOIpzBOVyCB9fQgDtoQgsIRPAMr/DmcOfFeXc+lq0FJ585hT9wPn8AbEyN2g==</latexit>qgq <latexit sha1_base64="bhauEpBwj0NevdKVkkwHflO0l+Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2lZoQ9lsN+nSzSbuToRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNkmmGW+xRCb6IaCGS6F4CwVK/pBqTuNA8k4wup75nSeujUjUPY5T7sc0UiIUjKKV7qLHqF+uuFV3DrJKvJxUIEezX/7qDRKWxVwhk9SYruem6E+oRsEkn5Z6meEpZSMa8a6lisbc+JP5qVNyZpUBCRNtSyGZq78nJjQ2ZhwHtjOmODTL3kz8z+tmGF75E6HSDLlii0VhJgkmZPY3GQjNGcqxJZRpYW8lbEg1ZWjTKdkQvOWXV0m7VvUuqvXbeqVRy+Mowgmcwjl4cAkNuIEmtIBBBM/wCm+OdF6cd+dj0Vpw8plj+APn8wddGo3Q</latexit>gqg

<latexit sha1_base64="ZugaXqdJiMSk9fDCikselTIjF0k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2g9oQ9lsJ+nSzSbsboRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBVcG9f9dgobm1vbO8Xd0t7+weFR+fikrZNMMWyxRCSqG1CNgktsGW4EdlOFNA4EdoLx7dzvPKHSPJGPZpKiH9NI8pAzaqz0EEXRoFxxq+4CZJ14OalAjuag/NUfJiyLURomqNY9z02NP6XKcCZwVupnGlPKxjTCnqWSxqj96eLUGbmwypCEibIlDVmovyemNNZ6Ege2M6ZmpFe9ufif18tMeONPuUwzg5ItF4WZICYh87/JkCtkRkwsoUxxeythI6ooMzadkg3BW315nbRrVe+qWr+vVxq1PI4inME5XIIH19CAO2hCCxhE8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwBN6I3G</latexit>ggg
<latexit sha1_base64="DO4rFsl06euAKarQNcAKK5aV/mw=">AAAB8HicbVBNTwIxEJ3FL8Qv1KOXRmLiiewSoh5JvHjExAUMbEi3dKGh7S5t14Rs+BVePGiMV3+ON/+NBfag4EsmeXlvJjPzwoQzbVz32ylsbG5t7xR3S3v7B4dH5eOTlo5TRahPYh6rTog15UxS3zDDaSdRFIuQ03Y4vp377SeqNIvlg5kmNBB4KFnECDZWepz0QqyyyWzYL1fcqrsAWideTiqQo9kvf/UGMUkFlYZwrHXXcxMTZFgZRjidlXqppgkmYzykXUslFlQH2eLgGbqwygBFsbIlDVqovycyLLSeitB2CmxGetWbi/953dREN0HGZJIaKslyUZRyZGI0/x4NmKLE8KklmChmb0VkhBUmxmZUsiF4qy+vk1at6l1V6/f1SqOWx1GEMziHS/DgGhpwB03wgYCAZ3iFN0c5L86787FsLTj5zCn8gfP5Ay9VkJ8=</latexit>

qq̄g
<latexit sha1_base64="fDScEjQakkh7TWFmhwuT5CfWiKI=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9ktRT0WvHisaD+gXUo2zW5Dk+w2yQpl6U/w4kERr/4ib/4b03YP2vpg4PHeDDPzgoQzbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TRWiLxDxW3QBrypmkLcMMp91EUSwCTjvB+Hbud56o0iyWj2aaUF/gSLKQEWys9DCJJoNyxa26C6B14uWkAjmag/JXfxiTVFBpCMda9zw3MX6GlWGE01mpn2qaYDLGEe1ZKrGg2s8Wp87QhVWGKIyVLWnQQv09kWGh9VQEtlNgM9Kr3lz8z+ulJrzxMyaT1FBJlovClCMTo/nfaMgUJYZPLcFEMXsrIiOsMDE2nZINwVt9eZ20a1Xvqlq/r1catTyOIpzBOVyCB9fQgDtoQgsIRPAMr/DmcOfFeXc+lq0FJ585hT9wPn8AbEyN2g==</latexit>qgq <latexit sha1_base64="bhauEpBwj0NevdKVkkwHflO0l+Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2lZoQ9lsN+nSzSbuToRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNkmmGW+xRCb6IaCGS6F4CwVK/pBqTuNA8k4wup75nSeujUjUPY5T7sc0UiIUjKKV7qLHqF+uuFV3DrJKvJxUIEezX/7qDRKWxVwhk9SYruem6E+oRsEkn5Z6meEpZSMa8a6lisbc+JP5qVNyZpUBCRNtSyGZq78nJjQ2ZhwHtjOmODTL3kz8z+tmGF75E6HSDLlii0VhJgkmZPY3GQjNGcqxJZRpYW8lbEg1ZWjTKdkQvOWXV0m7VvUuqvXbeqVRy+Mowgmcwjl4cAkNuIEmtIBBBM/wCm+OdF6cd+dj0Vpw8plj+APn8wddGo3Q</latexit>gqg

<latexit sha1_base64="hep7KbXLnKjf7S5wE4cnXU4+omk=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY8kXjxCIo8ENmR2aGBkdnadmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT27nffkKleSTvzTRGP6QjyYecUWOlxmO/WHLL7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ446dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtCpl76pcbVRLtUoWRx7O4BwuwYNrqMEd1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/ANm7jO4=</latexit>q <latexit sha1_base64="7LEUTiy7hC8bWm6NaQBWeYVhaJ4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6rHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzUHA1KZbfiLkDWiZeTMuRoDEpf/WHM0gilYYJq3fPcxPgZVYYzgbNiP9WYUDahI+xZKmmE2s8Wh87IpVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNkUbgrf68jppVyvedaXWrJXr1TyOApzDBVyBBzdQh3toQAsYIDzDK7w5j86L8+58LFs3nHzmDP7A+fwBypOM5A==</latexit>g

<latexit sha1_base64="hep7KbXLnKjf7S5wE4cnXU4+omk=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY8kXjxCIo8ENmR2aGBkdnadmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT27nffkKleSTvzTRGP6QjyYecUWOlxmO/WHLL7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ446dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtCpl76pcbVRLtUoWRx7O4BwuwYNrqMEd1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/ANm7jO4=</latexit>q <latexit sha1_base64="7LEUTiy7hC8bWm6NaQBWeYVhaJ4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6rHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzUHA1KZbfiLkDWiZeTMuRoDEpf/WHM0gilYYJq3fPcxPgZVYYzgbNiP9WYUDahI+xZKmmE2s8Wh87IpVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNkUbgrf68jppVyvedaXWrJXr1TyOApzDBVyBBzdQh3toQAsYIDzDK7w5j86L8+58LFs3nHzmDP7A+fwBypOM5A==</latexit>g

<latexit sha1_base64="+q8rBU4J7ybnu7xl3sqdGJoUqBI="></latexit>

= known
<latexit sha1_base64="G2IarnNDgsHCjYzpVxNZWd7vso0="></latexit>

= unknown
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JET VETO RESUMMATION FOR   WITH NNLL’+NNLO UNCERTAINTIESpp → H + j

EXTENSION TO NNLL’
▸ RG consistency gives most anomalous dimensions

<latexit sha1_base64="wrpw332oZu9D5zOSlcQU26mUUyQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF48RzAOSJfROZpMxM7PLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTlDVoIhLdjtAwwRVrWG4Fa6eaoYwEa0Wj25nfemLa8EQ92HHKQokDxWNO0Tqp2R2glNgrV/yqPwdZJUFOKpCj3it/dfsJzSRTlgo0phP4qQ0nqC2ngk1L3cywFOkIB6zjqELJTDiZXzslZ07pkzjRrpQlc/X3xASlMWMZuU6JdmiWvZn4n9fJbHwTTrhKM8sUXSyKM0FsQmavkz7XjFoxdgSp5u5WQoeokVoXUMmFECy/vEqaF9Xgqnp5f1mp1fI4inACp3AOAVxDDe6gDg2g8AjP8ApvXuK9eO/ex6K14OUzx/AH3ucPiT+PHA==</latexit>�

<latexit sha1_base64="SMbmnW3dwbUiqCTLlQJiRUggJk8=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSLUS0mkqMdCLx4r2A9oQ9lsN+3SzSbsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8IJHCoOt+OxubW9s7u4W94v7B4dFx6eS0beJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeYNOZ+54lrI2L1iNOE+xEdKREKRtFKvUalT2UypgNzNSiV3aq7AFknXk7KkKM5KH31hzFLI66QSWpMz3MT9DOqUTDJZ8V+anhC2YSOeM9SRSNu/Gxx8oxcWmVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uwzs/EypJkSu2XBSmkmBM5v+TodCcoZxaQpkW9lbCxlRThjalog3BW315nbSvq95NtfZQK9freRwFOIcLqIAHt1CHe2hCCxjE8Ayv8Oag8+K8Ox/L1g0nnzmDP3A+fwBxsZC3</latexit>

C(↵s)

<latexit sha1_base64="ZugaXqdJiMSk9fDCikselTIjF0k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2g9oQ9lsJ+nSzSbsboRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBVcG9f9dgobm1vbO8Xd0t7+weFR+fikrZNMMWyxRCSqG1CNgktsGW4EdlOFNA4EdoLx7dzvPKHSPJGPZpKiH9NI8pAzaqz0EEXRoFxxq+4CZJ14OalAjuag/NUfJiyLURomqNY9z02NP6XKcCZwVupnGlPKxjTCnqWSxqj96eLUGbmwypCEibIlDVmovyemNNZ6Ege2M6ZmpFe9ufif18tMeONPuUwzg5ItF4WZICYh87/JkCtkRkwsoUxxeythI6ooMzadkg3BW315nbRrVe+qWr+vVxq1PI4inME5XIIH19CAO2hCCxhE8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwBN6I3G</latexit>ggg
<latexit sha1_base64="DO4rFsl06euAKarQNcAKK5aV/mw=">AAAB8HicbVBNTwIxEJ3FL8Qv1KOXRmLiiewSoh5JvHjExAUMbEi3dKGh7S5t14Rs+BVePGiMV3+ON/+NBfag4EsmeXlvJjPzwoQzbVz32ylsbG5t7xR3S3v7B4dH5eOTlo5TRahPYh6rTog15UxS3zDDaSdRFIuQ03Y4vp377SeqNIvlg5kmNBB4KFnECDZWepz0QqyyyWzYL1fcqrsAWideTiqQo9kvf/UGMUkFlYZwrHXXcxMTZFgZRjidlXqppgkmYzykXUslFlQH2eLgGbqwygBFsbIlDVqovycyLLSeitB2CmxGetWbi/953dREN0HGZJIaKslyUZRyZGI0/x4NmKLE8KklmChmb0VkhBUmxmZUsiF4qy+vk1at6l1V6/f1SqOWx1GEMziHS/DgGhpwB03wgYCAZ3iFN0c5L86787FsLTj5zCn8gfP5Ay9VkJ8=</latexit>

qq̄g
<latexit sha1_base64="fDScEjQakkh7TWFmhwuT5CfWiKI=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9ktRT0WvHisaD+gXUo2zW5Dk+w2yQpl6U/w4kERr/4ib/4b03YP2vpg4PHeDDPzgoQzbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TRWiLxDxW3QBrypmkLcMMp91EUSwCTjvB+Hbud56o0iyWj2aaUF/gSLKQEWys9DCJJoNyxa26C6B14uWkAjmag/JXfxiTVFBpCMda9zw3MX6GlWGE01mpn2qaYDLGEe1ZKrGg2s8Wp87QhVWGKIyVLWnQQv09kWGh9VQEtlNgM9Kr3lz8z+ulJrzxMyaT1FBJlovClCMTo/nfaMgUJYZPLcFEMXsrIiOsMDE2nZINwVt9eZ20a1Xvqlq/r1catTyOIpzBOVyCB9fQgDtoQgsIRPAMr/DmcOfFeXc+lq0FJ585hT9wPn8AbEyN2g==</latexit>qgq <latexit sha1_base64="bhauEpBwj0NevdKVkkwHflO0l+Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2lZoQ9lsN+nSzSbuToRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNkmmGW+xRCb6IaCGS6F4CwVK/pBqTuNA8k4wup75nSeujUjUPY5T7sc0UiIUjKKV7qLHqF+uuFV3DrJKvJxUIEezX/7qDRKWxVwhk9SYruem6E+oRsEkn5Z6meEpZSMa8a6lisbc+JP5qVNyZpUBCRNtSyGZq78nJjQ2ZhwHtjOmODTL3kz8z+tmGF75E6HSDLlii0VhJgkmZPY3GQjNGcqxJZRpYW8lbEg1ZWjTKdkQvOWXV0m7VvUuqvXbeqVRy+Mowgmcwjl4cAkNuIEmtIBBBM/wCm+OdF6cd+dj0Vpw8plj+APn8wddGo3Q</latexit>gqg

<latexit sha1_base64="ZugaXqdJiMSk9fDCikselTIjF0k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2g9oQ9lsJ+nSzSbsboRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBVcG9f9dgobm1vbO8Xd0t7+weFR+fikrZNMMWyxRCSqG1CNgktsGW4EdlOFNA4EdoLx7dzvPKHSPJGPZpKiH9NI8pAzaqz0EEXRoFxxq+4CZJ14OalAjuag/NUfJiyLURomqNY9z02NP6XKcCZwVupnGlPKxjTCnqWSxqj96eLUGbmwypCEibIlDVmovyemNNZ6Ege2M6ZmpFe9ufif18tMeONPuUwzg5ItF4WZICYh87/JkCtkRkwsoUxxeythI6ooMzadkg3BW315nbRrVe+qWr+vVxq1PI4inME5XIIH19CAO2hCCxhE8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwBN6I3G</latexit>ggg
<latexit sha1_base64="DO4rFsl06euAKarQNcAKK5aV/mw=">AAAB8HicbVBNTwIxEJ3FL8Qv1KOXRmLiiewSoh5JvHjExAUMbEi3dKGh7S5t14Rs+BVePGiMV3+ON/+NBfag4EsmeXlvJjPzwoQzbVz32ylsbG5t7xR3S3v7B4dH5eOTlo5TRahPYh6rTog15UxS3zDDaSdRFIuQ03Y4vp377SeqNIvlg5kmNBB4KFnECDZWepz0QqyyyWzYL1fcqrsAWideTiqQo9kvf/UGMUkFlYZwrHXXcxMTZFgZRjidlXqppgkmYzykXUslFlQH2eLgGbqwygBFsbIlDVqovycyLLSeitB2CmxGetWbi/953dREN0HGZJIaKslyUZRyZGI0/x4NmKLE8KklmChmb0VkhBUmxmZUsiF4qy+vk1at6l1V6/f1SqOWx1GEMziHS/DgGhpwB03wgYCAZ3iFN0c5L86787FsLTj5zCn8gfP5Ay9VkJ8=</latexit>

qq̄g
<latexit sha1_base64="fDScEjQakkh7TWFmhwuT5CfWiKI=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9ktRT0WvHisaD+gXUo2zW5Dk+w2yQpl6U/w4kERr/4ib/4b03YP2vpg4PHeDDPzgoQzbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TRWiLxDxW3QBrypmkLcMMp91EUSwCTjvB+Hbud56o0iyWj2aaUF/gSLKQEWys9DCJJoNyxa26C6B14uWkAjmag/JXfxiTVFBpCMda9zw3MX6GlWGE01mpn2qaYDLGEe1ZKrGg2s8Wp87QhVWGKIyVLWnQQv09kWGh9VQEtlNgM9Kr3lz8z+ulJrzxMyaT1FBJlovClCMTo/nfaMgUJYZPLcFEMXsrIiOsMDE2nZINwVt9eZ20a1Xvqlq/r1catTyOIpzBOVyCB9fQgDtoQgsIRPAMr/DmcOfFeXc+lq0FJ585hT9wPn8AbEyN2g==</latexit>qgq <latexit sha1_base64="bhauEpBwj0NevdKVkkwHflO0l+Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2lZoQ9lsN+nSzSbuToRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNkmmGW+xRCb6IaCGS6F4CwVK/pBqTuNA8k4wup75nSeujUjUPY5T7sc0UiIUjKKV7qLHqF+uuFV3DrJKvJxUIEezX/7qDRKWxVwhk9SYruem6E+oRsEkn5Z6meEpZSMa8a6lisbc+JP5qVNyZpUBCRNtSyGZq78nJjQ2ZhwHtjOmODTL3kz8z+tmGF75E6HSDLlii0VhJgkmZPY3GQjNGcqxJZRpYW8lbEg1ZWjTKdkQvOWXV0m7VvUuqvXbeqVRy+Mowgmcwjl4cAkNuIEmtIBBBM/wCm+OdF6cd+dj0Vpw8plj+APn8wddGo3Q</latexit>gqg

<latexit sha1_base64="HvQ512POwxjoE6JT66PcMO3VMeY=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYhC8GHZDUI8BLx4jmAckS5iddJIhszPrTG8wLPkOLx4U8erHePNvnCR70MSChqKqm+6uMBbcoOd9O2vrG5tb27md/O7e/sFh4ei4YVSiGdSZEkq3QmpAcAl15CigFWugUSigGY5uZ35zDNpwJR9wEkMQ0YHkfc4oWinoIDxhWr4USsXTbqHolbw53FXiZ6RIMtS6ha9OT7EkAolMUGPavhdjkFKNnAmY5juJgZiyER1A21JJIzBBOj966p5bpef2lbYl0Z2rvydSGhkziULbGVEcmmVvJv7ntRPs3wQpl3GCINliUT8RLip3loDb4xoYiokllGlub3XZkGrK0OaUtyH4yy+vkka55F+VKveVYrWaxZEjp+SMXBCfXJMquSM1UieMPJJn8krenLHz4rw7H4vWNSebOSF/4Hz+AOz7kjU=</latexit>

2-loop

<latexit sha1_base64="hep7KbXLnKjf7S5wE4cnXU4+omk=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY8kXjxCIo8ENmR2aGBkdnadmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT27nffkKleSTvzTRGP6QjyYecUWOlxmO/WHLL7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ446dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtCpl76pcbVRLtUoWRx7O4BwuwYNrqMEd1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/ANm7jO4=</latexit>q <latexit sha1_base64="7LEUTiy7hC8bWm6NaQBWeYVhaJ4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6rHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzUHA1KZbfiLkDWiZeTMuRoDEpf/WHM0gilYYJq3fPcxPgZVYYzgbNiP9WYUDahI+xZKmmE2s8Wh87IpVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNkUbgrf68jppVyvedaXWrJXr1TyOApzDBVyBBzdQh3toQAsYIDzDK7w5j86L8+58LFs3nHzmDP7A+fwBypOM5A==</latexit>g

<latexit sha1_base64="hep7KbXLnKjf7S5wE4cnXU4+omk=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY8kXjxCIo8ENmR2aGBkdnadmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT27nffkKleSTvzTRGP6QjyYecUWOlxmO/WHLL7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ446dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtCpl76pcbVRLtUoWRx7O4BwuwYNrqMEd1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/ANm7jO4=</latexit>q <latexit sha1_base64="7LEUTiy7hC8bWm6NaQBWeYVhaJ4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6rHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzUHA1KZbfiLkDWiZeTMuRoDEpf/WHM0gilYYJq3fPcxPgZVYYzgbNiP9WYUDahI+xZKmmE2s8Wh87IpVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNkUbgrf68jppVyvedaXWrJXr1TyOApzDBVyBBzdQh3toQAsYIDzDK7w5j86L8+58LFs3nHzmDP7A+fwBypOM5A==</latexit>g

<latexit sha1_base64="hep7KbXLnKjf7S5wE4cnXU4+omk=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY8kXjxCIo8ENmR2aGBkdnadmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT27nffkKleSTvzTRGP6QjyYecUWOlxmO/WHLL7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ446dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtCpl76pcbVRLtUoWRx7O4BwuwYNrqMEd1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/ANm7jO4=</latexit>q <latexit sha1_base64="7LEUTiy7hC8bWm6NaQBWeYVhaJ4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6rHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzUHA1KZbfiLkDWiZeTMuRoDEpf/WHM0gilYYJq3fPcxPgZVYYzgbNiP9WYUDahI+xZKmmE2s8Wh87IpVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNkUbgrf68jppVyvedaXWrJXr1TyOApzDBVyBBzdQh3toQAsYIDzDK7w5j86L8+58LFs3nHzmDP7A+fwBypOM5A==</latexit>g

<latexit sha1_base64="hep7KbXLnKjf7S5wE4cnXU4+omk=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY8kXjxCIo8ENmR2aGBkdnadmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT27nffkKleSTvzTRGP6QjyYecUWOlxmO/WHLL7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ446dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtCpl76pcbVRLtUoWRx7O4BwuwYNrqMEd1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/ANm7jO4=</latexit>q <latexit sha1_base64="7LEUTiy7hC8bWm6NaQBWeYVhaJ4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6rHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzUHA1KZbfiLkDWiZeTMuRoDEpf/WHM0gilYYJq3fPcxPgZVYYzgbNiP9WYUDahI+xZKmmE2s8Wh87IpVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNkUbgrf68jppVyvedaXWrJXr1TyOApzDBVyBBzdQh3toQAsYIDzDK7w5j86L8+58LFs3nHzmDP7A+fwBypOM5A==</latexit>g

<latexit sha1_base64="ZugaXqdJiMSk9fDCikselTIjF0k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2g9oQ9lsJ+nSzSbsboRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBVcG9f9dgobm1vbO8Xd0t7+weFR+fikrZNMMWyxRCSqG1CNgktsGW4EdlOFNA4EdoLx7dzvPKHSPJGPZpKiH9NI8pAzaqz0EEXRoFxxq+4CZJ14OalAjuag/NUfJiyLURomqNY9z02NP6XKcCZwVupnGlPKxjTCnqWSxqj96eLUGbmwypCEibIlDVmovyemNNZ6Ege2M6ZmpFe9ufif18tMeONPuUwzg5ItF4WZICYh87/JkCtkRkwsoUxxeythI6ooMzadkg3BW315nbRrVe+qWr+vVxq1PI4inME5XIIH19CAO2hCCxhE8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwBN6I3G</latexit>ggg
<latexit sha1_base64="DO4rFsl06euAKarQNcAKK5aV/mw=">AAAB8HicbVBNTwIxEJ3FL8Qv1KOXRmLiiewSoh5JvHjExAUMbEi3dKGh7S5t14Rs+BVePGiMV3+ON/+NBfag4EsmeXlvJjPzwoQzbVz32ylsbG5t7xR3S3v7B4dH5eOTlo5TRahPYh6rTog15UxS3zDDaSdRFIuQ03Y4vp377SeqNIvlg5kmNBB4KFnECDZWepz0QqyyyWzYL1fcqrsAWideTiqQo9kvf/UGMUkFlYZwrHXXcxMTZFgZRjidlXqppgkmYzykXUslFlQH2eLgGbqwygBFsbIlDVqovycyLLSeitB2CmxGetWbi/953dREN0HGZJIaKslyUZRyZGI0/x4NmKLE8KklmChmb0VkhBUmxmZUsiF4qy+vk1at6l1V6/f1SqOWx1GEMziHS/DgGhpwB03wgYCAZ3iFN0c5L86787FsLTj5zCn8gfP5Ay9VkJ8=</latexit>

qq̄g
<latexit sha1_base64="fDScEjQakkh7TWFmhwuT5CfWiKI=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9ktRT0WvHisaD+gXUo2zW5Dk+w2yQpl6U/w4kERr/4ib/4b03YP2vpg4PHeDDPzgoQzbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TRWiLxDxW3QBrypmkLcMMp91EUSwCTjvB+Hbud56o0iyWj2aaUF/gSLKQEWys9DCJJoNyxa26C6B14uWkAjmag/JXfxiTVFBpCMda9zw3MX6GlWGE01mpn2qaYDLGEe1ZKrGg2s8Wp87QhVWGKIyVLWnQQv09kWGh9VQEtlNgM9Kr3lz8z+ulJrzxMyaT1FBJlovClCMTo/nfaMgUJYZPLcFEMXsrIiOsMDE2nZINwVt9eZ20a1Xvqlq/r1catTyOIpzBOVyCB9fQgDtoQgsIRPAMr/DmcOfFeXc+lq0FJ585hT9wPn8AbEyN2g==</latexit>qgq <latexit sha1_base64="bhauEpBwj0NevdKVkkwHflO0l+Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2lZoQ9lsN+nSzSbuToRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNkmmGW+xRCb6IaCGS6F4CwVK/pBqTuNA8k4wup75nSeujUjUPY5T7sc0UiIUjKKV7qLHqF+uuFV3DrJKvJxUIEezX/7qDRKWxVwhk9SYruem6E+oRsEkn5Z6meEpZSMa8a6lisbc+JP5qVNyZpUBCRNtSyGZq78nJjQ2ZhwHtjOmODTL3kz8z+tmGF75E6HSDLlii0VhJgkmZPY3GQjNGcqxJZRpYW8lbEg1ZWjTKdkQvOWXV0m7VvUuqvXbeqVRy+Mowgmcwjl4cAkNuIEmtIBBBM/wCm+OdF6cd+dj0Vpw8plj+APn8wddGo3Q</latexit>gqg

<latexit sha1_base64="ZugaXqdJiMSk9fDCikselTIjF0k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2g9oQ9lsJ+nSzSbsboRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBVcG9f9dgobm1vbO8Xd0t7+weFR+fikrZNMMWyxRCSqG1CNgktsGW4EdlOFNA4EdoLx7dzvPKHSPJGPZpKiH9NI8pAzaqz0EEXRoFxxq+4CZJ14OalAjuag/NUfJiyLURomqNY9z02NP6XKcCZwVupnGlPKxjTCnqWSxqj96eLUGbmwypCEibIlDVmovyemNNZ6Ege2M6ZmpFe9ufif18tMeONPuUwzg5ItF4WZICYh87/JkCtkRkwsoUxxeythI6ooMzadkg3BW315nbRrVe+qWr+vVxq1PI4inME5XIIH19CAO2hCCxhE8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwBN6I3G</latexit>ggg
<latexit sha1_base64="DO4rFsl06euAKarQNcAKK5aV/mw=">AAAB8HicbVBNTwIxEJ3FL8Qv1KOXRmLiiewSoh5JvHjExAUMbEi3dKGh7S5t14Rs+BVePGiMV3+ON/+NBfag4EsmeXlvJjPzwoQzbVz32ylsbG5t7xR3S3v7B4dH5eOTlo5TRahPYh6rTog15UxS3zDDaSdRFIuQ03Y4vp377SeqNIvlg5kmNBB4KFnECDZWepz0QqyyyWzYL1fcqrsAWideTiqQo9kvf/UGMUkFlYZwrHXXcxMTZFgZRjidlXqppgkmYzykXUslFlQH2eLgGbqwygBFsbIlDVqovycyLLSeitB2CmxGetWbi/953dREN0HGZJIaKslyUZRyZGI0/x4NmKLE8KklmChmb0VkhBUmxmZUsiF4qy+vk1at6l1V6/f1SqOWx1GEMziHS/DgGhpwB03wgYCAZ3iFN0c5L86787FsLTj5zCn8gfP5Ay9VkJ8=</latexit>

qq̄g
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▸ Treat missing ones as theory nuisance parameters
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JET VETO RESUMMATION FOR   WITH NNLL’+NNLO UNCERTAINTIESpp → H + j

THEORY NUISANCE PARAMETERS

▸ Resummed calculations have a 
definite all-order structure - 
predictions at each order depend on 
a handful of (semi) universal 
parameters 

▸ Unknown parameters at higher orders 
are the real source of theory 
uncertainty, not arbitrary scales 

▸ Treat them as nuisance parameters 
and vary, many advantages 
(correlations correct, can fit to data,…)

Tackmann, F.



JET VETO RESUMMATION FOR   WITH NNLL’+NNLO UNCERTAINTIESpp → H + j

EXTENSION TO NNLL’
▸ Logarithmic structure of unknown boundary terms can be 

obtained by solving RGE perturbatively

<latexit sha1_base64="Ca6f7Td9T1Bokhu7MjCbP7llQXg="></latexit>
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JET VETO RESUMMATION FOR   WITH NNLL’+NNLO UNCERTAINTIESpp → H + j

RESULTS
▸   cumulant, integrated over Born variablespcut

T
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JET VETO RESUMMATION FOR   WITH NNLL’+NNLO UNCERTAINTIESpp → H + j

RESULTS

▸   spectrum at nominal  pH
T pcut
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JET VETO RESUMMATION FOR   WITH NNLL’+NNLO UNCERTAINTIESpp → H + j

SUMMARY

▸ We also studied jet veto resummation for Higgs+jet 
production — this is important for experimental 
measurements of STXS bins 

▸ Power corrections to the soft function in   are crucial to 
obtain the correct nonsingular, and refactorisation of the 
soft sector can allow resummation of logs of   

▸ We were able to obtain approximate NNLL’+NNLO 
accuracy by bootstrapping anomalous dimensions and 
treating missing terms as theory nuisance parameters

RJ

RJ



JET VETO RESUMMATION FOR   WITH NNLL’+NNLO UNCERTAINTIESpp → H + j

OUTLOOK

▸ Future availability of missing two-loop ingredients would 
allow us to promote resummed accuracy to full NNLL’ 

▸ Likewise,  a publicly available NNLO1 calculation would 
allow us to perform the matching exactly 

▸ Studies of the STXS bin for   would 
require a different EFT treatment 

▸ Higgs+2 jets studies would also be interesting

pH
T ∈ [0, 60] GeV
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JET VETO RESUMMATION FOR   WITH NNLL’+NNLO UNCERTAINTIESpp → H + j

NONGLOBAL LOGARITHMS
▸ Jet and soft-collinear functions have the same angular 

scaling but different virtuality - this leads to nonglobal logs
J(pTRJ) ∼ Q(R2

J , 1, RJ)
𝒮R(pcut

T RJ) ∼ Qλ(R2
J , 1, RJ)

▸ Related to hemisphere 
NGLs by a boost along jet 
axis 

▸ Use 5-loop solution of 
BMS equation, percent  
level effect

M. Schwartz, Zhu H.X.,1403.4949 
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NONGLOBAL LOGS AND THEIR CONVERGENCE
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JET VETO RESUMMATION FOR   WITH NNLL’+NNLO UNCERTAINTIESpp → H + j

MATCHING TO FIXED ORDER

▸ Effective theory description/factorisation formula valid for 
small   

▸ For larger values near hard scale, EFT breaks down   
need fixed order predictions to give correct behaviour 

▸ Switch off resummation - RGE running stops when all 
scales approach a common value,

pcut
T

⇒

μFO = μH = μB = μS = μJ = μ𝒮



JET VETO RESUMMATION FOR   WITH NNLL’+NNLO UNCERTAINTIESpp → H + j

HYBRID PROFILE SCALES

▸ Resummation turned off via hybrid profile scales for  pcut
T ∼ pH

T

μB = μS = frun (ξ, pcut
T , μFO)

frun(ξ, μ0, μFO) = grun(ξ)μ0 + [1 − grun(ξ)]μFO
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⇠

▸ All scales flow to   as   

▸ Similar expressions for rapidity scales

μH = μFO ξ = pcut
T /pH

T → 1

μJ = frun (ξ, pJ
TRJ, μFO)

μ𝒮 = frun (ξ, pcut
T RJ, μFO)



JET VETO RESUMMATION FOR   WITH NNLL’+NNLO UNCERTAINTIESpp → H + j

MATCHING TO FIXED ORDER

▸ Choose transition points   based on size of singular/
nonsingular, vary to obtain matching uncertainty 

▸ No NNLO1 calculation publicly available!

xi

▸ Match to NLO2 and determine ~constant shift needed from  
NNLO K-factor.



JET VETO RESUMMATION FOR   WITH NNLL’+NNLO UNCERTAINTIESpp → H + j

RESULTS WITH NUISANCE PARAMETERS
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