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                      MOTIVATION
Les Houches 2005:

NLO revolution

 4 jet production
 W+5 jet

         + 3 jet Butter et. al., 2005
<latexit sha1_base64="RU2brTFWjOoikIQcY4Qa/QeIeLo=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4GjLV6WNXdOOygn1AO5RMmmlDk5kxyRTK0O9w40IRt36MO//GTFtBRQ9c7uGce8nN8WPOlEbow8qtrW9sbuW3Czu7e/sHxcOjtooSSWiLRDySXR8ryllIW5ppTruxpFj4nHb8yXXmd6ZUKhaFd3oWU0/gUcgCRrA2ktcfYSEwXLZBsYTssovq1TJEtoucunthCEK1uutAx5AMJbBCc1B87w8jkggaasKxUj0HxdpLsdSMcDov9BNFY0wmeER7hoZYUOWli6Pn8MwoQxhE0lSo4UL9vpFiodRM+GZSYD1Wv71M/MvrJTqoeSkL40TTkCwfChIOdQSzBOCQSUo0nxmCiWTmVkjGWGKiTU4FE8LXT+H/pF22nYpdub0sNa5WceTBCTgF58ABVdAAN6AJWoCAe/AAnsCzNbUerRfrdTmas1Y7x+AHrLdP09aSLA==</latexit>��

~ 2015

NNLO revolution

….

<latexit sha1_base64="G0Q2jxBZU9rC6UXS3JMVY8qoVD8="></latexit>

pp ! H + j NNLOHTL
<latexit sha1_base64="Si6rDysQj8dlSpT9B4vaQWcNU5g="></latexit>

pp ! H + 3j NLO
VBF

HTL

….

Huge effort towards NNNLO

Huss et. al. 2021

<latexit sha1_base64="Lj/Hps6SkmGgC0DORWWG7+5oWlo="></latexit>

pp ! V V 0
NNLOQCD +NLOEW



Inclusive 
hadronic state

                PROCESS OF INTEREST 

Collinear factorization:

<latexit sha1_base64="9mDF/3Y8npXj06Knm0l6ZvQb6+Y=">AAAB/HicbVDLSsNAFJ3UV62vaJduBosgCCUJUt0IRTcuK9gHtGmYTCft0MkknZkIIdRfceNCEbd+iDv/xmmbhbYeGO7hnHu5d44fMyqVZX0bhbX1jc2t4nZpZ3dv/8A8PGrJKBGYNHHEItHxkSSMctJUVDHSiQVBoc9I2x/fzvz2IxGSRvxBpTFxQzTkNKAYKS15ZnnSd+A1nHi2rue6On3HMytW1ZoDrhI7JxWQo+GZX71BhJOQcIUZkrJrW7FyMyQUxYxMS71EkhjhMRqSrqYchUS62fz4KTzVygAGkdCPKzhXf09kKJQyDX3dGSI1ksveTPzP6yYquHIzyuNEEY4Xi4KEQRXBWRJwQAXBiqWaICyovhXiERIIK51XSYdgL395lbScql2r1u4vKvWbPI4iOAYn4AzY4BLUwR1ogCbAIAXP4BW8GU/Gi/FufCxaC0Y+UwZ/YHz+ABqfkoA=</latexit>

q2 = q21 + q22

<latexit sha1_base64="AqN+W/kqeplBTk4G1jNrJe4cVDY=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0VoEUtSpLosunFZwT6wDWEynTRDJ5MwM1FK6Fe48VfcuFDErbjzb5y0WWj1wIVzz7mXmXu8mFGpLOvLKCwtr6yuFddLG5tb2zvm7l5HRonApI0jFomehyRhlJO2ooqRXiwICj1Gut74MvO7d0RIGvEbNYmJE6IRpz7FSGnJNU8CN7Wnldi1q/AY6qaeNfUqHAg6ChQSIrqHt9rKqueaZatmzQD/EjsnZZCj5Zqfg2GEk5BwhRmSsm9bsXJSJBTFjExLg0SSGOExGpG+phyFRDrp7KwpPNLKEPqR0MUVnKk/N1IUSjkJPT0ZIhXIRS8T//P6ifLPnZTyOFGE4/lDfsKgimCWERxSQbBiE00QFlT/FeIACYSVTrKkQ7AXT/5LOvWa3ag1rk/LzYs8jiI4AIegAmxwBprgCrRAG2DwAJ7AC3g1Ho1n4814n48WjHxnH/yC8fENEBScLg==</latexit>

h1(p1) + h2(p2) ! Z + Z +X

<latexit sha1_base64="2gHrNjygTd38DCz8lXuU77RFbWE="></latexit>

�̂ab = �̂(0)
ab + ↵s�̂

(1)
ab + ↵2

s�̂
(2)
ab + ... <latexit sha1_base64="KaG1h5QeZk37GTTq73OM7ec7f6M=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKe4GiV6EoBePEcxDkjXMTmaTITOz68ysEJd8hRcPinj1c7z5N04eB00saCiquunuCmLOtHHdbyeztLyyupZdz21sbm3v5Hf36jpKFKE1EvFINQOsKWeS1gwznDZjRbEIOG0Eg6ux33ikSrNI3pphTH2Be5KFjGBjpbsndIEe7ksnupMvuEV3ArRIvBkpwAzVTv6r3Y1IIqg0hGOtW54bGz/FyjDC6SjXTjSNMRngHm1ZKrGg2k8nB4/QkVW6KIyULWnQRP09kWKh9VAEtlNg09fz3lj8z2slJjz3UybjxFBJpovChCMTofH3qMsUJYYPLcFEMXsrIn2sMDE2o5wNwZt/eZHUS0WvXCzfnBYql7M4snAAh3AMHpxBBa6hCjUgIOAZXuHNUc6L8+58TFszzmxmH/7A+fwBVyWPeQ==</latexit>

z = q2/s

<latexit sha1_base64="YZTKgq/OJueTMJ1ZZaTnKIoCn1Y=">AAAB9HicbVBNSwMxEJ34WetX1aOXYBE8ld0i1YtQ9OKxov2AdinZNNuGZrNrki2Wpb/DiwdFvPpjvPlvTNs9aOuDgcd7M8zM82PBtXGcb7Syura+sZnbym/v7O7tFw4OGzpKFGV1GolItXyimeCS1Q03grVixUjoC9b0hzdTvzliSvNIPphxzLyQ9CUPOCXGSp7GV/ip69oq4/tuoeiUnBnwMnEzUoQMtW7hq9OLaBIyaaggWrddJzZeSpThVLBJvpNoFhM6JH3WtlSSkGkvnR09wadW6eEgUrakwTP190RKQq3HoW87Q2IGetGbiv957cQEl17KZZwYJul8UZAIbCI8TQD3uGLUiLElhCpub8V0QBShxuaUtyG4iy8vk0a55FZKlbvzYvU6iyMHx3ACZ+DCBVThFmpQBwqP8Ayv8IZG6AW9o4956wrKZo7gD9DnD3G+kJs=</latexit>

s = x1x2S

<latexit sha1_base64="T4zIJzEjBGHsfDiDhcmEvyiM/Ts="></latexit>

q2
d�(S, q2)

dq2
=

X

a,b

Z
dx1fa(x1, µ

2
F )

Z
dx2fb(x2, µ

2
F )q

2 d�̂ab(s, q2, µ2
F )

dq2

3



4

    HIGHER ORDER CORRECTIONS
 ZZ production:  Study of electroweak theory

 ZZ production: Background for Higgs production

Leading order: J Ohnemus, 1991

NLO QCD, EW corrections, Polarised ZZ Ohnemus et al., 1991
Mele et al., 1991, 
Dixon et.al, 1998

Accomando et al., 2005, 2006, Bierweiler et al., 2013, 
Baglio et al., 2013, Biedermann et al., 2016, Biedermann et al., 2016, 

Denner et al., 2021 

Combination of NLO EW and NLO QCD Chiesa et al., 2018 

NNLO QCD and NLO EW
Cascioli et al., 2014, Gehrmann et al., 2014

Henn et al., 2014, Caola et al,  Papadapoulus et. 
al, 2014, Heinrich et. al. 2017
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Differential distributions: MATRIX
NNLO corrections increase NLO 
inclusive xsection by 15 % 


Scale uncertainties  ~ 3 %

Grazzini et. al., 2017, 2020

    HIGHER ORDER CORRECTIONS

NLO QCD  + PS
Melia et. al, 2011 Frederix et. al, 2011

NLO QCD+ NLO EW + PS Chiesa et. al, 2020

gg -> ZZ @ NLO QCD + PS
Alioli et. al, 2020

Large impact on           of 4 leptons<latexit sha1_base64="MQH68n8HcXBI2ghOWF5nZDNR1nE=">AAAB6nicdVBNS8NAEJ34WetX1aOXxSJ4CknVWm9FLx4r9gvaUDbbTbt0swm7G6GE/gQvHhTx6i/y5r9xm0ZQ0QcDj/dmmJnnx5wp7Tgf1tLyyuraemGjuLm1vbNb2ttvqyiRhLZIxCPZ9bGinAna0kxz2o0lxaHPacefXM/9zj2VikWiqacx9UI8EixgBGsj3cWD5qBUduxzx72sniLHdjJkpOZWasjNlTLkaAxK7/1hRJKQCk04VqrnOrH2Uiw1I5zOiv1E0RiTCR7RnqECh1R5aXbqDB0bZYiCSJoSGmXq94kUh0pNQ990hliP1W9vLv7l9RId1LyUiTjRVJDFoiDhSEdo/jcaMkmJ5lNDMJHM3IrIGEtMtEmnaEL4+hT9T9oV263a1duzcv0qj6MAh3AEJ+DCBdThBhrQAgIjeIAneLa49Wi9WK+L1iUrnzmAH7DePgF2a43x</latexit>pT

                      NNLO + PS (only qQ initiated)
<latexit sha1_base64="oEPi3N5oSyG/80WjG/sCVIb90Fg=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIsgiGVGpLosunFZwT5gOpZMmrahmWRIMkIZ5jPcuFDErV/jzr8xbWehrQcSDufcy733hDFn2rjut1NYWV1b3yhulra2d3b3yvsHLS0TRWiTSC5VJ8SaciZo0zDDaSdWFEchp+1wfDv1209UaSbFg5nENIjwULABI9hYyW8/pmcZsv951itX3Ko7A1omXk4qkKPRK391+5IkERWGcKy177mxCVKsDCOcZqVuommMyRgPqW+pwBHVQTpbOUMnVumjgVT2CYNm6u+OFEdaT6LQVkbYjPSiNxX/8/zEDK6DlIk4MVSQ+aBBwpGRaHo/6jNFieETSzBRzO6KyAgrTIxNqWRD8BZPXiati6pXq9buLyv1mzyOIhzBMZyCB1dQhztoQBMISHiGV3hzjPPivDsf89KCk/ccwh84nz+CvpDF</latexit>

W+W�
Lombardi et. al, 2021

~ 1% scale uncertainties for inclusive xsection
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    HIGHER ORDER CORRECTIONS

  Z Z   NNLO + PS Buonocore et. al, 2021

 NLO + NNLL threshold corrections for two 
on-shell Z bosons Wang et. al, 2014

SCET approach

  Z Z   NNLO+NNLL @ <latexit sha1_base64="kWErLoY4QLHcr+f0UbGNn1xRNQU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VW1toQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj25nffkKleSybZpKgH9Gh5CFn1FjpIek3++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lTxeVL1atXZ/Wanf5HEU4QRO4Rw8uII63EEDWsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wc4Ho3G</latexit>pT Kallweiti et. al, 2020

  This work:   NNLO + NNLL  threshold corrections for two       
on-shell Z bosons
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        FIXED ORDER DISTRIBUTIONS   

LO NLO NNLO(no gg) NNLO(all)

195 119.2091 145.4280 153.2727 165.4677

595   2.1128      3.1440      3.5398      3.6310

995     0.2303      0.3578      0.4222      0.4272

MSHT 2020

<latexit sha1_base64="REtv2jzbCmrDFNshhvFlz0fUr34=">AAACAXicbVDLSgMxFL1TX7W+Rt0IboJFcFHKjEh1WXShyxbsAzpDyaRpG5rJDElGKEPd+CtuXCji1r9w59+YtrPQ1gOXezjnXpJ7gpgzpR3n28qtrK6tb+Q3C1vbO7t79v5BU0WJJLRBIh7JdoAV5UzQhmaa03YsKQ4DTlvB6Gbqtx6oVCwS93ocUz/EA8H6jGBtpK595MkQpXXklbwSYmLeb2lz0rWLTtmZAS0TNyNFyFDr2l9eLyJJSIUmHCvVcZ1Y+ymWmhFOJwUvUTTGZIQHtGOowCFVfjq7YIJOjdJD/UiaEhrN1N8bKQ6VGoeBmQyxHqpFbyr+53US3b/yUybiRFNB5g/1E450hKZxoB6TlGg+NgQTycxfERliiYk2oRVMCO7iycukeV52K+VK/aJYvc7iyMMxnMAZuHAJVbiDGjSAwCM8wyu8WU/Wi/VufcxHc1a2cwh/YH3+ABsKlMM=</latexit>

Q in GeV
<latexit sha1_base64="uvB45RH8lkBoQLnImJ0KG79oDKg=">AAACFXicbVDLSgMxFM3UV62vqks3wSK4KHVGpLosutBlC/YBnaFkMpk2NMkMSUYow/yEG3/FjQtF3Aru/BvTdhbaeuByD+fcS3KPHzOqtG1/W4WV1bX1jeJmaWt7Z3evvH/QUVEiMWnjiEWy5yNFGBWkralmpBdLgrjPSNcf30z97gORikbiXk9i4nE0FDSkGGkjDcpVN5QIpwF0FR1ylKVBK4Ou5KlbdauQCjjroX92SzrZoFyxa/YMcJk4OamAHM1B+csNIpxwIjRmSKm+Y8faS5HUFDOSldxEkRjhMRqSvqECcaK8dHZVBk+MEsAwkqaEhjP190aKuFIT7ptJjvRILXpT8T+vn+jwykupiBNNBJ4/FCYM6ghOI4IBlQRrNjEEYUnNXyEeIROTNkGWTAjO4snLpHNec+q1euui0rjO4yiCI3AMToEDLkED3IEmaAMMHsEzeAVv1pP1Yr1bH/PRgpXvHII/sD5/AEsjnZ8=</latexit>

d�

dQ
in fb/GeV
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    FIXED ORDER  SCALE VARIATION 

LO NLO NNLO(no gg) NNLO(all)

195 6.4738 2.5490 0.6869 2.0595

595 1.3091 2.9393 2.1817 2.8118

995 4.0309 4.2820 3.4275 3.6989

MSHT 2020

NNLO scale 
variation ~ 2% - 3.5% in 

high Q regions

<latexit sha1_base64="REtv2jzbCmrDFNshhvFlz0fUr34=">AAACAXicbVDLSgMxFL1TX7W+Rt0IboJFcFHKjEh1WXShyxbsAzpDyaRpG5rJDElGKEPd+CtuXCji1r9w59+YtrPQ1gOXezjnXpJ7gpgzpR3n28qtrK6tb+Q3C1vbO7t79v5BU0WJJLRBIh7JdoAV5UzQhmaa03YsKQ4DTlvB6Gbqtx6oVCwS93ocUz/EA8H6jGBtpK595MkQpXXklbwSYmLeb2lz0rWLTtmZAS0TNyNFyFDr2l9eLyJJSIUmHCvVcZ1Y+ymWmhFOJwUvUTTGZIQHtGOowCFVfjq7YIJOjdJD/UiaEhrN1N8bKQ6VGoeBmQyxHqpFbyr+53US3b/yUybiRFNB5g/1E450hKZxoB6TlGg+NgQTycxfERliiYk2oRVMCO7iycukeV52K+VK/aJYvc7iyMMxnMAZuHAJVbiDGjSAwCM8wyu8WU/Wi/VufcxHc1a2cwh/YH3+ABsKlMM=</latexit>

Q in GeV <latexit sha1_base64="S36SSPvDLpiiKgizszPANYUIhZk=">AAACAXicbVDLSgMxFL3js9bXqBvBTbAUXJQyI1JdFt24rGAf0BlKJs20ocnMkGSEMtSNv+LGhSJu/Qt3/o1pOwttPRA4OedeknOChDOlHefbWlldW9/YLGwVt3d29/btg8OWilNJaJPEPJadACvKWUSbmmlOO4mkWASctoPRzdRvP1CpWBzd63FCfYEHEQsZwdpIPfvYEynyKl4FeVJkLJrkl3LPLjlVZwa0TNyclCBHo2d/ef2YpIJGmnCsVNd1Eu1nWGpGOJ0UvVTRBJMRHtCuoREWVPnZLMEElY3SR2EszYk0mqm/NzIslBqLwEwKrIdq0ZuK/3ndVIdXvsmVpJpGZP5QmHKkYzStA/WZpETzsSGYSGb+isgQS0y0Ka1oSnAXIy+T1nnVrVVrdxel+nVeRwFO4BTOwIVLqMMtNKAJBB7hGV7hzXqyXqx362M+umLlO0fwB9bnD5UglQ8=</latexit>

µ in %
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           THRESHOLD RESUMMATION
Scale variation at NNLO increases with Q

<latexit sha1_base64="2gHrNjygTd38DCz8lXuU77RFbWE="></latexit>

�̂ab = �̂(0)
ab + ↵s�̂

(1)
ab + ↵2

s�̂
(2)
ab + ...

⇢
What are the dominant higher order contributions?

<latexit sha1_base64="ENyhOwK3k2iXJ5b4Y+pTRDAs6ZU=">AAACFHicbVA9SwNBEN2L3/ErammzGARBCHci0TJoY6loVMiFsLeZS5bs3h67c2o88iNs/Cs2ForYWtj5b9zEFH49GHi8N8PMvCiVwqLvf3iFicmp6ZnZueL8wuLScmll9dzqzHCocy21uYyYBSkSqKNACZepAaYiCRdR73DoX1yBsUInZ9hPoalYJxGx4Ayd1Cpt39LQiE4XmTH6mgY0FMrtBUtDhBvMT3WMVAolcEBbpbJf8Uegf0kwJmUyxnGr9B62Nc8UJMgls7YR+Ck2c2ZQcAmDYphZSBnvsQ40HE2YAtvMR08N6KZT2jTWxlWCdKR+n8iZsravItepGHbtb28o/uc1Moz3m7lI0gwh4V+L4kxS1HSYEG0LAxxl3xHGjXC3Ut5lhnF0ORZdCMHvl/+S851KUK1UT3bLtYNxHLNknWyQLRKQPVIjR+SY1Aknd+SBPJFn79579F6816/WgjeeWSM/4L19AqSUnpc=</latexit>

z ! 1 =) Soft limit
<latexit sha1_base64="GRPoyfGHfGIVBo0BWBYr7RxHYco="></latexit>

�̂ab = �̂SV
ab + �̂hard

ab

⇢Universal soft-collinear operator

<latexit sha1_base64="D1MaYs/S8ak0NJy8tooNeYqQwoI="></latexit>

�sv
aa

�
z, q2, µ2

F

�
=|M(0)

aa |
2|Faa(q

2, µ2
R, ✏)|2�(1� z)

⌦ C exp
�
2�aa

�
z, q2, µ2

R, ✏
�
� 2C log�aa(z, µ

2
F , µ

2
R, ✏)

�

Ahmed et. al, 2020

<latexit sha1_base64="ZNy0dTP0dxibEl59GdyTbcZaM/g=">AAAB8nicbVBNSwMxEM36WetX1aOXYBHqwbIrUj0WvXisYD9gu5RsNm1Ds8mSzAp16c/w4kERr/4ab/4b03YP2vpg4PHeDDPzwkRwA6777aysrq1vbBa2its7u3v7pYPDllGppqxJlVC6ExLDBJesCRwE6ySakTgUrB2Obqd++5Fpw5V8gHHCgpgMJO9zSsBKfjdiAkjFO38665XKbtWdAS8TLydllKPRK311I0XTmEmgghjje24CQUY0cCrYpNhNDUsIHZEB8y2VJGYmyGYnT/CpVSLcV9qWBDxTf09kJDZmHIe2MyYwNIveVPzP81PoXwcZl0kKTNL5on4qMCg8/R9HXDMKYmwJoZrbWzEdEk0o2JSKNgRv8eVl0rqoerVq7f6yXL/J4yigY3SCKshDV6iO7lADNRFFCj2jV/TmgPPivDsf89YVJ585Qn/gfP4AHi6Qgg==</latexit>

�(1� z)
<latexit sha1_base64="/3qpjPKLXdGGXwqcirmnz/mU/sQ=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0WoiCURqS5L3bisYB/QxDCZTtqhk0mYmQg15Bfc+CtuXCji1p07/8Zp2oW2HriXwzn3MnOPHzMqlWV9G4Wl5ZXVteJ6aWNza3vH3N1ryygRmLRwxCLR9ZEkjHLSUlQx0o0FQaHPSMcfXU38zj0Rkkb8Vo1j4oZowGlAMVJa8syK06CDQQ86gUA4dRi/oxX79OE4S3XPYO66XnqSeWbZqlo54CKxZ6QMZmh65pfTj3ASEq4wQ1L2bCtWboqEopiRrOQkksQIj9CA9DTlKCTSTfOLMniklT4MIqGLK5irvzdSFEo5Dn09GSI1lPPeRPzP6yUquHRTyuNEEY6nDwUJgyqCk3hgnwqCFRtrgrCg+q8QD5HORukQSzoEe/7kRdI+q9q1au3mvFxvzOIoggNwCCrABhegDq5BE7QABo/gGbyCN+PJeDHejY/paMGY7eyDPzA+fwCtxpxQ</latexit>"
lni(1� z)

1� z

#

+

!
Ravindran 2006
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<latexit sha1_base64="CbTOTATJyPYERyJCR/rPB+ghl94=">AAACsXicbVFLj9MwEHbCaymvAkcuIyqkrrSqkoJ2uSCtqIQ4FrTdXVQnYeI6rVXnsbazolj5f5y </latexit>

�sv
aa

�
z, q2, µ2

F

�
= Caā

0 (q2, µ2
F )⌦ C exp

�
2�res

aa

�
z, q2, µ2

R, ✏
��

         THRESHOLD RESUMMATION
<latexit sha1_base64="/3qpjPKLXdGGXwqcirmnz/mU/sQ=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0WoiCURqS5L3bisYB/QxDCZTtqhk0mYmQg15Bfc+CtuXCji1p07/8Zp2oW2HriXwzn3MnOPHzMqlWV9G4Wl5ZXVteJ6aWNza3vH3N1ryygRmLRwxCLR9ZEkjHLSUlQx0o0FQaHPSMcfXU38zj0Rkkb8Vo1j4oZowGlAMVJa8syK06CDQQ86gUA4dRi/oxX79OE4S3XPYO66XnqSeWbZqlo54CKxZ6QMZmh65pfTj3ASEq4wQ1L2bCtWboqEopiRrOQkksQIj9CA9DTlKCTSTfOLMniklT4MIqGLK5irvzdSFEo5Dn09GSI1lPPeRPzP6yUquHRTyuNEEY6nDwUJgyqCk3hgnwqCFRtrgrCg+q8QD5HORukQSzoEe/7kRdI+q9q1au3mvFxvzOIoggNwCCrABhegDq5BE7QABo/gGbyCN+PJeDHejY/paMGY7eyDPzA+fwCtxpxQ</latexit>"
lni(1� z)

1� z

#

+

!

In soft limit, 
dominant 
contributions

!

200 400 600 800 1000 1200 1400 1600 1800 2000
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         THRESHOLD RESUMMATION
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Ravindran 2006

<latexit sha1_base64="+u/gggVCaS91cl6CDj/5a/B8gZE="></latexit>

�res
aā =

 
1

1� z

(Z (1�z)2q2

µ2
F

d�2

�2
2Aaā(as(�

2)) +Daā(as((1� z)2q2))

)!

+

Resummation coefficients in Mellin space
<latexit sha1_base64="Y2vDDafJ1sfKhYeeqSngkO2d3Gk="></latexit>

�SV
aā (N̄) = ḡaā exp(Ḡ

aā
N̄ (!)) <latexit sha1_base64="kZ313iG2W0Ngpp2CpoXPaHfAV38=">AAACEXicbVA9SwNBEN3zM8avqKXNYhBiE+5Eoo0QtLGSCOYDcuGY20ySxb3bY3dPCEf+go1/xcZCEVs7O/+Nm49Cow8GHu/NMDMvTATXxnW/nIXFpeWV1dxafn1jc2u7sLPb0DJVDOtMCqlaIWgUPMa64UZgK1EIUSiwGd5djv3mPSrNZXxrhgl2IujHvMcZGCsFhRL1ZYR9oOfUB5EMINDUD9FA4FJfyH7JD0Fl16OjoFB0y+4E9C/xZqRIZqgFhU+/K1kaYWyYAK3bnpuYTgbKcCZwlPdTjQmwO+hj29IYItSdbPLRiB5apUt7UtmKDZ2oPycyiLQeRqHtjMAM9Lw3Fv/z2qnpnXUyHiepwZhNF/VSQY2k43holytkRgwtAaa4vZWyAShgxoaYtyF48y//JY3jslcpV25OitWLWRw5sk8OSIl45JRUyRWpkTph5IE8kRfy6jw6z86b8z5tXXBmM3vkF5yPbzfRnAk=</latexit>

! = ↵s�0 log(N̄)

Catani et. al, 2003

⇢
Leading log(LL)

Next-to-Leading log(NLL)
⇢
⇢

Next-to-Next-to-Leading log(NNLL)

<latexit sha1_base64="mH4db/rRGrJ14WO+BZ5vKRwRt2k="></latexit>

Ḡaā
N̄ (!) = Ḡaā

1 (!) log(N̄) + Ḡaā
2 (!) + ↵sḠ

aā
3 (!) + ...
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        RESUMMED DISTRIBUTIONS   

LO LO+LL NLO NLO+NLL NNLO NNLO+NNLL

195 119.2091 134.2247 145.4280 150.6777 153.2727 154.2949

595   2.1128 2.3909      3.1440 3.2722      3.5398 3.5831

995     0.2303 0.2634      0.3578 0.3771      0.4222 0.4311

NNLO+NNLL 
Xsection increases 
by 1% - 2% in high Q 

regions

<latexit sha1_base64="REtv2jzbCmrDFNshhvFlz0fUr34=">AAACAXicbVDLSgMxFL1TX7W+Rt0IboJFcFHKjEh1WXShyxbsAzpDyaRpG5rJDElGKEPd+CtuXCji1r9w59+YtrPQ1gOXezjnXpJ7gpgzpR3n28qtrK6tb+Q3C1vbO7t79v5BU0WJJLRBIh7JdoAV5UzQhmaa03YsKQ4DTlvB6Gbqtx6oVCwS93ocUz/EA8H6jGBtpK595MkQpXXklbwSYmLeb2lz0rWLTtmZAS0TNyNFyFDr2l9eLyJJSIUmHCvVcZ1Y+ymWmhFOJwUvUTTGZIQHtGOowCFVfjq7YIJOjdJD/UiaEhrN1N8bKQ6VGoeBmQyxHqpFbyr+53US3b/yUybiRFNB5g/1E450hKZxoB6TlGg+NgQTycxfERliiYk2oRVMCO7iycukeV52K+VK/aJYvc7iyMMxnMAZuHAJVbiDGjSAwCM8wyu8WU/Wi/VufcxHc1a2cwh/YH3+ABsKlMM=</latexit>

Q in GeV
<latexit sha1_base64="FfpA9ktzdvCgbfkbYJ5Sq35VuuI=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwUWoiUl0WXeiyBfuAppTJZNIOzkzCzEQoIT/gxl9x40IRt+7d+TdO2yy09cCFwzn3cu89fsyo0o7zbRWWlldW14rrpY3Nre0de3evraJEYtLCEYtk10eKMCpIS1PNSDeWBHGfkY5/fz3xOw9EKhqJOz2OSZ+joaAhxUgbaWAfeaFEOA2gp+iQoywNmhn0JE+9ileBoX96Q9rZwC47VWcKuEjcnJRBjsbA/vKCCCecCI0ZUqrnOrHup0hqihnJSl6iSIzwPRqSnqECcaL66fSbDB4bJYBhJE0JDafq74kUcaXG3DedHOmRmvcm4n9eL9HhZT+lIk40EXi2KEwY1BGcRAMDKgnWbGwIwpKaWyEeIROPNgGWTAju/MuLpH1WdWvVWvO8XL/K4yiCA3AIToALLkAd3IIGaAEMHsEzeAVv1pP1Yr1bH7PWgpXP7IM/sD5/AHCgmyg=</latexit>

d�

dQ
fb/GeV

only qQ
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              RESUM SCALE VARIATION 

LO LO+LL NLO NLO+NLL NNLO NNLO+NNLL


195 6.4738 6.8730 2.5490 5.5395 0.6869 1.7587

595 1.3091 2.0257 2.9393 3.2867 2.1817 1.9287

995 4.0309 4.9242 4.2820 3.2408 3.4275 2.5882

Improved 
scale variation 
at NNLO+NNLL 

compared to 
NNLO

<latexit sha1_base64="REtv2jzbCmrDFNshhvFlz0fUr34=">AAACAXicbVDLSgMxFL1TX7W+Rt0IboJFcFHKjEh1WXShyxbsAzpDyaRpG5rJDElGKEPd+CtuXCji1r9w59+YtrPQ1gOXezjnXpJ7gpgzpR3n28qtrK6tb+Q3C1vbO7t79v5BU0WJJLRBIh7JdoAV5UzQhmaa03YsKQ4DTlvB6Gbqtx6oVCwS93ocUz/EA8H6jGBtpK595MkQpXXklbwSYmLeb2lz0rWLTtmZAS0TNyNFyFDr2l9eLyJJSIUmHCvVcZ1Y+ymWmhFOJwUvUTTGZIQHtGOowCFVfjq7YIJOjdJD/UiaEhrN1N8bKQ6VGoeBmQyxHqpFbyr+53US3b/yUybiRFNB5g/1E450hKZxoB6TlGg+NgQTycxfERliiYk2oRVMCO7iycukeV52K+VK/aJYvc7iyMMxnMAZuHAJVbiDGjSAwCM8wyu8WU/Wi/VufcxHc1a2cwh/YH3+ABsKlMM=</latexit>

Q in GeV
<latexit sha1_base64="S36SSPvDLpiiKgizszPANYUIhZk=">AAACAXicbVDLSgMxFL3js9bXqBvBTbAUXJQyI1JdFt24rGAf0BlKJs20ocnMkGSEMtSNv+LGhSJu/Qt3/o1pOwttPRA4OedeknOChDOlHefbWlldW9/YLGwVt3d29/btg8OWilNJaJPEPJadACvKWUSbmmlOO4mkWASctoPRzdRvP1CpWBzd63FCfYEHEQsZwdpIPfvYEynyKl4FeVJkLJrkl3LPLjlVZwa0TNyclCBHo2d/ef2YpIJGmnCsVNd1Eu1nWGpGOJ0UvVTRBJMRHtCuoREWVPnZLMEElY3SR2EszYk0mqm/NzIslBqLwEwKrIdq0ZuK/3ndVIdXvsmVpJpGZP5QmHKkYzStA/WZpETzsSGYSGb+isgQS0y0Ka1oSnAXIy+T1nnVrVVrdxel+nVeRwFO4BTOwIVLqMMtNKAJBB7hGV7hzXqyXqx362M+umLlO0fwB9bnD5UglQ8=</latexit>

µ in %



            RESUM SCALE VARIATION 
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          INCLUSIVE CROSS SECTION

COM 
energy

         


 (pb)

          


(pb) (pb) (pb) (pb) (pb)

13 TeV

13.6 TeV

<latexit sha1_base64="m5pImy3ETdm1qupChj+y+yDSOkU=">AAACBXicbZDLSsNAFIYn9VbrLepSF4OlIIgh8dLaXdGNywr2Am0sk+mkHTqZhJmJUEI3bnwVNy4Uces7uPNtnLRZaPWHgY//nMOZ83sRo1LZ9peRW1hcWl7JrxbW1jc2t8ztnaYMY4FJA4csFG0PScIoJw1FFSPtSBAUeIy0vNFVWm/dEyFpyG/VOCJugAac+hQjpa2eue/YVvW8Au+So1OrWoXd0qSXHKeYklm0LXsq+BecDIogU71nfnb7IY4DwhVmSMqOY0fKTZBQFDMyKXRjSSKER2hAOho5Coh0k+kVE1jSTh/6odCPKzh1f04kKJByHHi6M0BqKOdrqflfrRMr/8JNKI9iRTieLfJjBlUI00hgnwqCFRtrQFhQ/VeIh0ggrHRwBR2CM3/yX2ieWE7ZKt+cFWuXWRx5sAcOwCFwQAXUwDWogwbA4AE8gRfwajwaz8ab8T5rzRnZzC74JePjG7xulO8=</latexit>

10.957+3.99%
�3.99%

<latexit sha1_base64="/anWyUnYnUgdMgSRCMsFpCsJPGI=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4EI5gHbJYwO5kkQ+axzMwKYclnePGgiFe/xpt/4yTZg0YLGoqqbrq74oQzY33/yyusrK6tbxQ3S1vbO7t75f2DllGpJrRJFFe6E2NDOZO0aZnltJNoikXMaTseX8/89iPVhin5YCcJjQQeSjZgBFsnhV3DhgL3stu7aa9c8av+HOgvCXJSgRyNXvmz21ckFVRawrExYeAnNsqwtoxwOi11U0MTTMZ4SENHJRbURNn85Ck6cUofDZR2JS2aqz8nMiyMmYjYdQpsR2bZm4n/eWFqB5dRxmSSWirJYtEg5cgqNPsf9ZmmxPKJI5ho5m5FZIQ1JtalVHIhBMsv/yWts2pQq9buzyv1qzyOIhzBMZxCABdQhxtoQBMIKHiCF3j1rPfsvXnvi9aCl88cwi94H99bpJFS</latexit>�LO
<latexit sha1_base64="hYy+IlCVJXsG1G2424kMeTV7XcI=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSIIQtkVqR6LXjwUrGA/oF1LNs22oUl2SbJKWfo/vHhQxKv/xZv/xrTdg7Y+GHi8N8PMvCDmTBvX/XaWlldW19ZzG/nNre2d3cLefkNHiSK0TiIeqVaANeVM0rphhtNWrCgWAafNYHg98ZuPVGkWyXsziqkvcF+ykBFsrPTQ0awvcDet3p5Wq+NuoeiW3CnQIvEyUoQMtW7hq9OLSCKoNIRjrdueGxs/xcowwuk430k0jTEZ4j5tWyqxoNpPp1eP0bFVeiiMlC1p0FT9PZFiofVIBLZTYDPQ895E/M9rJya89FMm48RQSWaLwoQjE6FJBKjHFCWGjyzBRDF7KyIDrDAxNqi8DcGbf3mRNM5KXrlUvjsvVq6yOHJwCEdwAh5cQAVuoAZ1IKDgGV7hzXlyXpx352PWuuRkMwfwB87nD/84kjM=</latexit>�LO+LL

<latexit sha1_base64="1SlLPIoqUWi0DoSgFWgz9RKX/pw=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBZBEEoiUj0WvXgotYL9gDaEzXbbLt1Nwu6mUEL/iRcPinj1n3jz37htc9DWBwOP92aYmRfEnCntON9Wbm19Y3Mrv13Y2d3bP7APj5oqSiShDRLxSLYDrChnIW1opjltx5JiEXDaCkZ3M781plKxKHzSk5h6Ag9C1mcEayP5tt1VbCCwn9aqDxe1anXq20Wn5MyBVombkSJkqPv2V7cXkUTQUBOOleq4Tqy9FEvNCKfTQjdRNMZkhAe0Y2iIBVVeOr98is6M0kP9SJoKNZqrvydSLJSaiMB0CqyHatmbif95nUT3b7yUhXGiaUgWi/oJRzpCsxhQj0lKNJ8Ygolk5lZEhlhiok1YBROCu/zyKmleltxyqfx4VazcZnHk4QRO4RxcuIYK3EMdGkBgDM/wCm9War1Y79bHojVnZTPH8AfW5w+3+JMU</latexit>�NLO+NLL

<latexit sha1_base64="mu1fSqkJONYDIo8+aH/Q/Swjx8A=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjyIVrAf0F1KNs22oUl2SbJCWfo3vHhQxKt/xpv/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKXjVBHaJDGPVSfEmnImadMww2knURSLkNN2OLqe+u0nqjSL5aMZJzQQeCBZxAg2VvJ9zQYC97K72/tJr1xxq+4MaJl4OalAjkav/OX3Y5IKKg3hWOuu5yYmyLAyjHA6KfmppgkmIzygXUslFlQH2ezmCTqxSh9FsbIlDZqpvycyLLQei9B2CmyGetGbiv953dREl0HGZJIaKsl8UZRyZGI0DQD1maLE8LElmChmb0VkiBUmxsZUsiF4iy8vk9ZZ1atVaw/nlfpVHkcRjuAYTsGDC6jDDTSgCQQSeIZXeHNS58V5dz7mrQUnnzmEP3A+fwD7BZGq</latexit>�NLO

<latexit sha1_base64="HKpjaGI4tUaNaOgorn7MEWNrObo=">AAACAnicbZDLSsNAFIYn9VbrLepK3AyWgiCGpJbosujGZQV7gTaWyXTSDp1MwsxEKKG48VXcuFDErU/hzrdx2kbQ1h8GPv5zDmfO78eMSmXbX0ZuaXlldS2/XtjY3NreMXf3GjJKBCZ1HLFItHwkCaOc1BVVjLRiQVDoM9L0h1eTevOeCEkjfqtGMfFC1Oc0oBgpbXXNA8exXPcuPalY5bNOadxNT3/ILNqWPRVcBCeDIshU65qfnV6Ek5BwhRmSsu3YsfJSJBTFjIwLnUSSGOEh6pO2Ro5CIr10esIYlrTTg0Ek9OMKTt3fEykKpRyFvu4MkRrI+drE/K/WTlRw4aWUx4kiHM8WBQmDKoKTPGCPCoIVG2lAWFD9V4gHSCCsdGoFHYIzf/IiNMqW41ruTaVYvcziyINDcASOgQPOQRVcgxqoAwwewBN4Aa/Go/FsvBnvs9ackc3sgz8yPr4BY9yUQQ==</latexit>

11.66+4.23%
�4.23%

<latexit sha1_base64="z9HzBY2DJQEDM1A2ovw8gBdtuAA=">AAACAnicbZDLSsNAFIYn9VbrLepK3AyWgiCGpK3VZdGNywr2Am0sk+mkHTqZhJmJUEJx46u4caGIW5/CnW/jtI2grT8MfPznHM6c34sYlcq2v4zM0vLK6lp2PbexubW9Y+7uNWQYC0zqOGShaHlIEkY5qSuqGGlFgqDAY6TpDa8m9eY9EZKG/FaNIuIGqM+pTzFS2uqaB07RKp3dJSdlq1TpFMbd5PSHzLxt2VPBRXBSyINUta752emFOA4IV5ghKduOHSk3QUJRzMg414kliRAeoj5pa+QoINJNpieMYUE7PeiHQj+u4NT9PZGgQMpR4OnOAKmBnK9NzP9q7Vj5F25CeRQrwvFskR8zqEI4yQP2qCBYsZEGhAXVf4V4gATCSqeW0yE48ycvQqNoORWrclPOVy/TOLLgEByBY+CAc1AF16AG6gCDB/AEXsCr8Wg8G2/G+6w1Y6Qz++CPjI9va3aURg==</latexit>

12.35+4.36%
�4.36%

<latexit sha1_base64="A1g677zsa+PwgEkvhO7StFIZWg4=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAmWgiAOEy3VZdGNywr2Au1YMmmmDc1khiQjlKG48VXcuFDErU/hzrcxbUfQ6g+Bj/+cw8n5/ZgzpV3308otLC4tr+RXC2vrG5tb9vZOQ0WJJLROIh7Jlo8V5UzQumaa01YsKQ59Tpv+8HJSb95RqVgkbvQopl6I+4IFjGBtrK69h04dVL5Nj8pOBXVK4256/E120XXcqeBfQBkUQaZa1/7o9CKShFRowrFSbeTG2kux1IxwOi50EkVjTIa4T9sGBQ6p8tLpCWNYMk4PBpE0T2g4dX9OpDhUahT6pjPEeqDmaxPzv1o70cG5lzIRJ5oKMlsUJBzqCE7ygD0mKdF8ZAATycxfIRlgiYk2qRVMCGj+5L/QOHFQxalcl4vViyyOPNgHB+AQIHAGquAK1EAdEHAPHsEzeLEerCfr1XqbteasbGYX/JL1/gViHZRA</latexit>

13.14+4.61%
�4.61%

<latexit sha1_base64="mWoYjknzw5ieSXBt7NBmzKJtHhA=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAmWgiAOEy2t7opuXFawF2jHkknTNjSTGZKMUIbixldx40IRtz6FO9/GtB1Bqz8EPv5zDifn9yPOlHbdTyuzsLi0vJJdza2tb2xu2ds7dRXGktAaCXkomz5WlDNBa5ppTpuRpDjwOW34w8tJvXFHpWKhuNGjiHoB7gvWYwRrY3XsPVR0Tsu3yRFyzlG7MO4kx99k513HnQr+BZRCHqSqduyPdjckcUCFJhwr1UJupL0ES80Ip+NcO1Y0wmSI+7RlUOCAKi+ZnjCGBeN0YS+U5gkNp+7PiQQHSo0C33QGWA/UfG1i/ldrxbp35iVMRLGmgswW9WIOdQgnecAuk5RoPjKAiWTmr5AMsMREm9RyJgQ0f/JfqJ84qOSUrov5ykUaRxbsgwNwCBAogwq4AlVQAwTcg0fwDF6sB+vJerXeZq0ZK53ZBb9kvX8Ba6aURg==</latexit>

14.37+1.91%
�1.91%

<latexit sha1_base64="wgwb16LZVjbyljpWBgK2oUq0Y3A=">AAACAnicbZDLSgMxFIbP1Futt1FX4iZYCoI4zBStdVd047KCvUA7lkyatqGZC0lGKENx46u4caGIW5/CnW9j2o6g1R8CH/85h5PzexFnUtn2p5FZWFxaXsmu5tbWNza3zO2dugxjQWiNhDwUTQ9LyllAa4opTpuRoNj3OG14w8tJvXFHhWRhcKNGEXV93A9YjxGstNUx95xTq1i+TY4c69xuF8ad5PibzLxt2VOhv+CkkIdU1Y750e6GJPZpoAjHUrYcO1JugoVihNNxrh1LGmEyxH3a0hhgn0o3mZ4wRgXtdFEvFPoFCk3dnxMJ9qUc+Z7u9LEayPnaxPyv1opVr+wmLIhiRQMyW9SLOVIhmuSBukxQovhIAyaC6b8iMsACE6VTy+kQnPmT/0K9aDklq3R9kq9cpHFkYR8O4BAcOIMKXEEVakDgHh7hGV6MB+PJeDXeZq0ZI53ZhV8y3r8AaiiURQ==</latexit>

15.28+1.90%
�1.90%

<latexit sha1_base64="k+RRHSImvIKfU6YH1cP2Ii6BwXQ=">AAACAnicbZDLSsNAFIYn9VbrLepK3AyWgiCGREKtu6IblxXsBdpYJtNJO3QyCTMToYTixldx40IRtz6FO9/GaRtBW38Y+PjPOZw5vx8zKpVtfxm5peWV1bX8emFjc2t7x9zda8goEZjUccQi0fKRJIxyUldUMdKKBUGhz0jTH15N6s17IiSN+K0axcQLUZ/TgGKktNU1DxzXqlzcpSeu5VY6pXE3Pf0hs2hb9lRwEZwMiiBTrWt+dnoRTkLCFWZIyrZjx8pLkVAUMzIudBJJYoSHqE/aGjkKifTS6QljWNJODwaR0I8rOHV/T6QolHIU+rozRGog52sT879aO1FBxUspjxNFOJ4tChIGVQQnecAeFQQrNtKAsKD6rxAPkEBY6dQKOgRn/uRFaJxZTtkq37jF6mUWRx4cgiNwDBxwDqrgGtRAHWDwAJ7AC3g1Ho1n4814n7XmjGxmH/yR8fENhlOUVw==</latexit>

14.89+4.48%
�4.48%

<latexit sha1_base64="PKkZHviII3pgiIkNuOHUv6Sv6Bw=">AAACA3icbZDLSsNAFIYn9VbrLepON4OlIIghKW3tsujGZQV7gTaWyXTSDp1MwsxEKKHgxldx40IRt76EO9/GSZuFVn8Y+PjPOZw5vxcxKpVtfxm5ldW19Y38ZmFre2d3z9w/aMswFpi0cMhC0fWQJIxy0lJUMdKNBEGBx0jHm1yl9c49EZKG/FZNI+IGaMSpTzFS2hqYR07VqpfvkrOKVa31S7NBcp4STNEs2pY9F/wLTgZFkKk5MD/7wxDHAeEKMyRlz7Ej5SZIKIoZmRX6sSQRwhM0Ij2NHAVEusn8hhksaWcI/VDoxxWcuz8nEhRIOQ083RkgNZbLtdT8r9aLlV93E8qjWBGOF4v8mEEVwjQQOKSCYMWmGhAWVP8V4jESCCsdW0GH4Cyf/BfaZcupWbWbSrFxmcWRB8fgBJwCB1yABrgGTdACGDyAJ/ACXo1H49l4M94XrTkjmzkEv2R8fAPVZJR5</latexit>

15.82+4.56%
�4.56%

Q integrated from 190 GeV to 13/13.6 TeV

COM energy
         

         


       (fb)

          


(fb)

13 TeV

13.6 TeV

<latexit sha1_base64="1SlLPIoqUWi0DoSgFWgz9RKX/pw=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBZBEEoiUj0WvXgotYL9gDaEzXbbLt1Nwu6mUEL/iRcPinj1n3jz37htc9DWBwOP92aYmRfEnCntON9Wbm19Y3Mrv13Y2d3bP7APj5oqSiShDRLxSLYDrChnIW1opjltx5JiEXDaCkZ3M781plKxKHzSk5h6Ag9C1mcEayP5tt1VbCCwn9aqDxe1anXq20Wn5MyBVombkSJkqPv2V7cXkUTQUBOOleq4Tqy9FEvNCKfTQjdRNMZkhAe0Y2iIBVVeOr98is6M0kP9SJoKNZqrvydSLJSaiMB0CqyHatmbif95nUT3b7yUhXGiaUgWi/oJRzpCsxhQj0lKNJ8Ygolk5lZEhlhiok1YBROCu/zyKmleltxyqfx4VazcZnHk4QRO4RxcuIYK3EMdGkBgDM/wCm9War1Y79bHojVnZTPH8AfW5w+3+JMU</latexit>�NLO+NLL

<latexit sha1_base64="mu1fSqkJONYDIo8+aH/Q/Swjx8A=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjyIVrAf0F1KNs22oUl2SbJCWfo3vHhQxKt/xpv/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKXjVBHaJDGPVSfEmnImadMww2knURSLkNN2OLqe+u0nqjSL5aMZJzQQeCBZxAg2VvJ9zQYC97K72/tJr1xxq+4MaJl4OalAjkav/OX3Y5IKKg3hWOuu5yYmyLAyjHA6KfmppgkmIzygXUslFlQH2ezmCTqxSh9FsbIlDZqpvycyLLQei9B2CmyGetGbiv953dREl0HGZJIaKsl8UZRyZGI0DQD1maLE8LElmChmb0VkiBUmxsZUsiF4iy8vk9ZZ1atVaw/nlfpVHkcRjuAYTsGDC6jDDTSgCQQSeIZXeHNS58V5dz7mrQUnnzmEP3A+fwD7BZGq</latexit>�NLO

Q integrated from 1500 
GeV to 13/13.6 TeV <latexit sha1_base64="LCQeSNamUdT8JRL4HqGzdsiMQ/4=">AAACA3icbZDLSsNAFIYn9VbrLepON4OlIIghsSW6LLpxWcFeoI1lMp20QyeTMDMRSii48VXcuFDErS/hzrdx0mah1R8GPv5zDmfO78eMSmXbX0ZhaXllda24XtrY3NreMXf3WjJKBCZNHLFIdHwkCaOcNBVVjHRiQVDoM9L2x1dZvX1PhKQRv1WTmHghGnIaUIyUtvrmgVOzbPcuPXGtarVXmfbT04xghmbZtuyZ4F9wciiDXI2++dkbRDgJCVeYISm7jh0rL0VCUczItNRLJIkRHqMh6WrkKCTSS2c3TGFFOwMYREI/ruDM/TmRolDKSejrzhCpkVysZeZ/tW6iggsvpTxOFOF4vihIGFQRzAKBAyoIVmyiAWFB9V8hHiGBsNKxlXQIzuLJf6F1Zjmu5d7UyvXLPI4iOARH4Bg44BzUwTVogCbA4AE8gRfwajwaz8ab8T5vLRj5zD74JePjG8QWlG4=</latexit>

14.06+6.33%
�6.33%

<latexit sha1_base64="kPCozeaURayxrq17zRsyg+dFtpw=">AAACA3icbZDLSsNAFIZP6q3WW9SdbgZLQRBLUrS6LLpxWcFeoI1lMp20QycXZiZCCQU3voobF4q49SXc+TZO2iy09YeBj/+cw5nzuxFnUlnWt5FbWl5ZXcuvFzY2t7Z3zN29pgxjQWiDhDwUbRdLyllAG4opTtuRoNh3OW25o+u03nqgQrIwuFPjiDo+HgTMYwQrbfXMA7tats/vk5NquWJ1S5NecpoSStEsWmVrKrQIdgZFyFTvmV/dfkhinwaKcCxlx7Yi5SRYKEY4nRS6saQRJiM8oB2NAfapdJLpDRNU0k4feaHQL1Bo6v6eSLAv5dh3daeP1VDO11Lzv1onVt6lk7AgihUNyGyRF3OkQpQGgvpMUKL4WAMmgum/IjLEAhOlYyvoEOz5kxehWSnrHKu3Z8XaVRZHHg7hCI7BhguowQ3UoQEEHuEZXuHNeDJejHfjY9aaM7KZffgj4/MHuuWUaA==</latexit>

16.15+6.20%
�6.20%

<latexit sha1_base64="yvHFd0wAUAKPoLeaHUKCJZGmOkA=">AAACA3icbZDLSsNAFIYn9VbrLepON4OlIIghabW6LLpxWcFeoI1lMp20QyeTMDMRSii48VXcuFDErS/hzrdx0mahrT8MfPznHM6c34sYlcq2v43c0vLK6lp+vbCxubW9Y+7uNWUYC0waOGShaHtIEkY5aSiqGGlHgqDAY6Tlja7TeuuBCElDfqfGEXEDNODUpxgpbfXMA+fcqtj3yUnFKpe7pUkvOU0JpmgWbcueCi6Ck0ERZKr3zK9uP8RxQLjCDEnZcexIuQkSimJGJoVuLEmE8AgNSEcjRwGRbjK9YQJL2ulDPxT6cQWn7u+JBAVSjgNPdwZIDeV8LTX/q3Vi5V+6CeVRrAjHs0V+zKAKYRoI7FNBsGJjDQgLqv8K8RAJhJWOraBDcOZPXoRm2XKqVvX2rFi7yuLIg0NwBI6BAy5ADdyAOmgADB7BM3gFb8aT8WK8Gx+z1pyRzeyDPzI+fwCxVJRi</latexit>

15.30+3.22%
�3.22%

<latexit sha1_base64="GSw44+Y82nlAHqORrDmHbPpH+w8=">AAACA3icbZDLSsNAFIYn9VbrLepON4OlIIghsdq6LLpxWcFeoI1lMp20QyeTMDMRSii48VXcuFDErS/hzrdx0mahrT8MfPznHM6c34sYlcq2v43c0vLK6lp+vbCxubW9Y+7uNWUYC0waOGShaHtIEkY5aSiqGGlHgqDAY6Tlja7TeuuBCElDfqfGEXEDNODUpxgpbfXMA6dqXZTvk5OyVa52S5NecpoSTNEs2pY9FVwEJ4MiyFTvmV/dfojjgHCFGZKy49iRchMkFMWMTArdWJII4REakI5GjgIi3WR6wwSWtNOHfij04wpO3d8TCQqkHAee7gyQGsr5Wmr+V+vEyr90E8qjWBGOZ4v8mEEVwjQQ2KeCYMXGGhAWVP8V4iESCCsdW0GH4MyfvAjNM8upWJXb82LtKosjDw7BETgGDqiCGrgBddAAGDyCZ/AK3own48V4Nz5mrTkjm9kHf2R8/gDPKZR1</latexit>

17.53+3.37%
�3.37%

<latexit sha1_base64="bWXzfdfyqaZl4/Mc4JGjAxJ7oW4=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjxIrWA/oF1KNs22oUl2TbKFsvR3ePGgiFd/jDf/jWm7B60+GHi8N8PMvCDmTBvX/XJyK6tr6xv5zcLW9s7uXnH/oKmjRBHaIBGPVDvAmnImacMww2k7VhSLgNNWMLqe+a0xVZpF8sFMYuoLPJAsZAQbK/ldzQYC99Ja7fZu2iuW3LI7B/pLvIyUIEO9V/zs9iOSCCoN4VjrjufGxk+xMoxwOi10E01jTEZ4QDuWSiyo9tP50VN0YpU+CiNlSxo0V39OpFhoPRGB7RTYDPWyNxP/8zqJCS/9lMk4MVSSxaIw4chEaJYA6jNFieETSzBRzN6KyBArTIzNqWBD8JZf/kuaZ2WvUq7cn5eqV1kceTiCYzgFDy6gCjdQhwYQeIQneIFXZ+w8O2/O+6I152Qzh/ALzsc3msWSAg==</latexit>�NNLO

<latexit sha1_base64="+KQyZQTCHvJMqcfXRM5YVY4X4+k=">AAACA3icbZDLSgMxFIYz9VbrbdSdboKlIIjDpNTqsujGZQV7gXYsmTRtQzOZIckIZSi48VXcuFDErS/hzrcx085Cqz8EPv5zDifn9yPOlHbdLyu3tLyyupZfL2xsbm3v2Lt7TRXGktAGCXko2z5WlDNBG5ppTtuRpDjwOW3546u03rqnUrFQ3OpJRL0ADwUbMIK1sXr2ATpzKuW75AQ5LuqWpr3kNCWYol10HXcm+BdQBkWQqd6zP7v9kMQBFZpwrFQHuZH2Eiw1I5xOC91Y0QiTMR7SjkGBA6q8ZHbDFJaM04eDUJonNJy5PycSHCg1CXzTGWA9Uou11Pyv1on14MJLmIhiTQWZLxrEHOoQpoHAPpOUaD4xgIlk5q+QjLDERJvYCiYEtHjyX2iWHVR1qjeVYu0yiyMPDsEROAYInIMauAZ10AAEPIAn8AJerUfr2Xqz3uetOSub2Qe/ZH18A6aOlFs=</latexit>

15.42+1.01%
�1.01%

<latexit sha1_base64="EQw9uTcGB19Sk48NC9l+POaUE64=">AAACA3icbZDLSsNAFIZP6q3WW9SdbgZLQRBLoqW6LLpxWcFeoI1lMp20QycXZiZCCQU3voobF4q49SXc+TZO2iy09YeBj/+cw5nzuxFnUlnWt5FbWl5ZXcuvFzY2t7Z3zN29pgxjQWiDhDwUbRdLyllAG4opTtuRoNh3OW25o+u03nqgQrIwuFPjiDo+HgTMYwQrbfXMA7tarpzfJyd22ap2S5NecpoSStEsWmVrKrQIdgZFyFTvmV/dfkhinwaKcCxlx7Yi5SRYKEY4nRS6saQRJiM8oB2NAfapdJLpDRNU0k4feaHQL1Bo6v6eSLAv5dh3daeP1VDO11Lzv1onVt6lk7AgihUNyGyRF3OkQpQGgvpMUKL4WAMmgum/IjLEAhOlYyvoEOz5kxeheVbWOVZvK8XaVRZHHg7hCI7BhguowQ3UoQEEHuEZXuHNeDJejHfjY9aaM7KZffgj4/MHuUWUZw==</latexit>

16.43+1.06%
�1.06%

<latexit sha1_base64="9r+O3BjQ96IkgZu1pVlLyi1Zv88=">AAAB+3icbVDLSgMxFM34rPU11qWbYBEEocyIVJdFNy5KrWAf0A5DJs20oUlmSDJiGeZX3LhQxK0/4s6/MW1noa0H7uVwzr3k5gQxo0o7zre1srq2vrFZ2Cpu7+zu7dsHpbaKEolJC0cskt0AKcKoIC1NNSPdWBLEA0Y6wfhm6nceiVQ0Eg96EhOPo6GgIcVIG8m3S31Fhxz5aaNRvzszrZ75dtmpODPAZeLmpAxyNH37qz+IcMKJ0JghpXquE2svRVJTzEhW7CeKxAiP0ZD0DBWIE+Wls9szeGKUAQwjaUpoOFN/b6SIKzXhgZnkSI/UojcV//N6iQ6vvJSKONFE4PlDYcKgjuA0CDigkmDNJoYgLKm5FeIRkghrE1fRhOAufnmZtM8rbrVSvb8o167zOArgCByDU+CCS1ADt6AJWgCDJ/AMXsGblVkv1rv1MR9dsfKdQ/AH1ucP+lOTxA==</latexit>�NNLO+NNLL

<latexit sha1_base64="+y6u7jJ7zqmU5tQSx2Br+jHXzOk=">AAACA3icbZDLSsNAFIYn9VbrLepON4OlIIghKZp2WXTjsoK9QBvLZDpth04mYWYilFBw46u4caGIW1/CnW/jpM1CW38Y+PjPOZw5vx8xKpVtfxu5ldW19Y38ZmFre2d3z9w/aMowFpg0cMhC0faRJIxy0lBUMdKOBEGBz0jLH1+n9dYDEZKG/E5NIuIFaMjpgGKktNUzj5xLy3Xvk7OyVal2S9Necp4STNEs2pY9E1wGJ4MiyFTvmV/dfojjgHCFGZKy49iR8hIkFMWMTAvdWJII4TEako5GjgIivWR2wxSWtNOHg1DoxxWcub8nEhRIOQl83RkgNZKLtdT8r9aJ1aDqJZRHsSIczxcNYgZVCNNAYJ8KghWbaEBYUP1XiEdIIKx0bAUdgrN48jI0y5bjWu7tRbF2lcWRB8fgBJwCB1RADdyAOmgADB7BM3gFb8aT8WK8Gx/z1pyRzRyCPzI+fwDewJR/</latexit>

15.66+2.78%
�2.78%

<latexit sha1_base64="DFUVmPGrWu7YB4ss2hb0FSo8Zt8=">AAACA3icbZDLSsNAFIYn9VbrLepON4OlIIghKVrrrujGZQV7gTaWyXTSDp1MwsxEKKHgxldx40IRt76EO9/GSZuFtv4w8PGfczhzfi9iVCrb/jZyS8srq2v59cLG5tb2jrm715RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7pO660HIiQN+Z0aR8QN0IBTn2KktNUzD5yKVbm8T07KVvW8W5r0ktOUYIpm0bbsqeAiOBkUQaZ6z/zq9kMcB4QrzJCUHceOlJsgoShmZFLoxpJECI/QgHQ0chQQ6SbTGyawpJ0+9EOhH1dw6v6eSFAg5TjwdGeA1FDO11Lzv1onVn7VTSiPYkU4ni3yYwZVCNNAYJ8KghUba0BYUP1XiIdIIKx0bAUdgjN/8iI0y1aa4+1ZsXaVxZEHh+AIHAMHXIAauAF10AAYPIJn8ArejCfjxXg3PmatOSOb2Qd/ZHz+AN71lH8=</latexit>

16.69+2.85%
�2.85%
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Resummation for invariant mass of two on-shell Z bosons, in qQ 
channel.

Universal soft-collinear operator constructed using 
factorization and renormalization group evolution of amplitudes 
in QCD, and the universality of soft gluon contributions.

Resummed Xsection increases fixed order counterpart by 1% - 
2%, in high Q regions

Improved scale variation observed in high Q regions.
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