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THE LHC

THE LHC - AN INCREDIBLE SUCCESS

▸ Running since 2009 

▸ Experimental performance excellent and exceeding expectations!

▸ We are still at the  
beginning of LHC physics! 

▸ 300 fb^-1 until end of 2023 

▸ 3000 fb^-1 in HL - LHC
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HIGGS BOSON PHYSICS

THE LHC - AN INCREDIBLE SUCCESS
▸ 4th of July 2012: The beginning of the precision physics age of Higgs boson 

phenomenology 

▸ The SM of Particle Physics is now a complete / self-consistent theory! 

▸ The vast amount of data allows us to study the Higgs physics in detail.

✴ Gain insight in the mechanism of electro-weak symmetry breaking 

✴ Investigate the generation of fundamental masses 

✴ Determine couplings / interactions with established matter 

✴ Explore the limitations of the Standard Model of particle physics.
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HIGGS BOSON PHYSICS

THE LHC - AN INCREDIBLE SUCCESS
▸ 4th of July 2012: The beginning of the precision physics age of Higgs boson 

phenomenology

✴ Gain insight in the mechanism of electro-weak symmetry breaking 

✴ Investigate the generation of fundamental masses 

✴ Determine couplings / interactions with established matter 

✴ Explore the limitations of the Standard Model of particle physics.

The Method: Predict & Compare.

Precision is key!
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HIGGS BOSON PHYSICS

CURRENT STATUS

Physics at 10 % level
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HIGGS BOSON PHYSICS

THE FUTURE - 3000 FB^-1

▸ Luminosity at 1 % 

▸ Couplings better then 5% 

▸ Differential Cross Sections get precise
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HIGGS BOSON PHYSICS

THE FUTURE - 3000 FB^-1
�7



HIGGS BOSON PHYSICS

THE FUTURE - 3000 FB^-1

Theory uncertainties!!!
OPTIMISTIC Scenario:
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▸ Interaction of proton constituents within one proton negligible compared to 
collision energy: Free Quarks! 

▸ Description of proton scattering in terms of interaction of fundamental particles.

HIGGS BOSON PHYSICS

THE WAY TO PRECISION HIGGS BOSON PREDICTIONS

H
Long - range, universal interactions

Short - range,  
process specific hard interaction

Length-scale ~ 1 fm

~ 10^-4 fm
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HIGGS BOSON PREDICTIONS
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◆

THE WAY TO PRECISION HIGGS BOSON PREDICTIONS

H

▸ Probabilities for the outcome of scattering events:  
cross sections. 

▸ Partonic cross sections     : From first principle QFT. 

▸ Intrinsic limitation:                                 = level of target precision. 
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HIGGS BOSON PREDICTIONS
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THE WAY TO PRECISION HIGGS BOSON PREDICTIONS

▸ Perturbative approach to computing partonic cross sections. 

▸ QCD perturbation theory is dominant 

▸ Naively:

↵S = 0.118
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<latexit sha1_base64="urtOiNM13cLMTiY9Wz7TzDEBNmQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LJaCp5CIoN6KXjxWMG2hDWWz3bRrN7thdyOU0P/gxYOKV3+QN/+N2zYHbX0w8Hhvhpl5UcqZNp737ZTW1jc2t8rblZ3dvf2D6uFRS8tMERoQyaXqRFhTzgQNDDOcdlJFcRJx2o7GtzO//USVZlI8mElKwwQPBYsZwcZKLc/1Ua/er9Y815sDrRK/IDUo0OxXv3oDSbKECkM41rrre6kJc6wMI5xOK71M0xSTMR7SrqUCJ1SH+fzaKapbZYBiqWwJg+bq74kcJ1pPksh2JtiM9LI3E//zupmJr8KciTQzVJDFojjjyEg0ex0NmKLE8IklmChmb0VkhBUmxgZUsSH4yy+vkuDcvXb9+4ta46ZIowwncApn4MMlNOAOmhAAgUd4hld4c6Tz4rw7H4vWklPMHMMfOJ8/Jj+Nug==</latexit><latexit sha1_base64="urtOiNM13cLMTiY9Wz7TzDEBNmQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LJaCp5CIoN6KXjxWMG2hDWWz3bRrN7thdyOU0P/gxYOKV3+QN/+N2zYHbX0w8Hhvhpl5UcqZNp737ZTW1jc2t8rblZ3dvf2D6uFRS8tMERoQyaXqRFhTzgQNDDOcdlJFcRJx2o7GtzO//USVZlI8mElKwwQPBYsZwcZKLc/1Ua/er9Y815sDrRK/IDUo0OxXv3oDSbKECkM41rrre6kJc6wMI5xOK71M0xSTMR7SrqUCJ1SH+fzaKapbZYBiqWwJg+bq74kcJ1pPksh2JtiM9LI3E//zupmJr8KciTQzVJDFojjjyEg0ex0NmKLE8IklmChmb0VkhBUmxgZUsSH4yy+vkuDcvXb9+4ta46ZIowwncApn4MMlNOAOmhAAgUd4hld4c6Tz4rw7H4vWklPMHMMfOJ8/Jj+Nug==</latexit><latexit sha1_base64="urtOiNM13cLMTiY9Wz7TzDEBNmQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LJaCp5CIoN6KXjxWMG2hDWWz3bRrN7thdyOU0P/gxYOKV3+QN/+N2zYHbX0w8Hhvhpl5UcqZNp737ZTW1jc2t8rblZ3dvf2D6uFRS8tMERoQyaXqRFhTzgQNDDOcdlJFcRJx2o7GtzO//USVZlI8mElKwwQPBYsZwcZKLc/1Ua/er9Y815sDrRK/IDUo0OxXv3oDSbKECkM41rrre6kJc6wMI5xOK71M0xSTMR7SrqUCJ1SH+fzaKapbZYBiqWwJg+bq74kcJ1pPksh2JtiM9LI3E//zupmJr8KciTQzVJDFojjjyEg0ex0NmKLE8IklmChmb0VkhBUmxgZUsSH4yy+vkuDcvXb9+4ta46ZIowwncApn4MMlNOAOmhAAgUd4hld4c6Tz4rw7H4vWklPMHMMfOJ8/Jj+Nug==</latexit><latexit sha1_base64="urtOiNM13cLMTiY9Wz7TzDEBNmQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LJaCp5CIoN6KXjxWMG2hDWWz3bRrN7thdyOU0P/gxYOKV3+QN/+N2zYHbX0w8Hhvhpl5UcqZNp737ZTW1jc2t8rblZ3dvf2D6uFRS8tMERoQyaXqRFhTzgQNDDOcdlJFcRJx2o7GtzO//USVZlI8mElKwwQPBYsZwcZKLc/1Ua/er9Y815sDrRK/IDUo0OxXv3oDSbKECkM41rrre6kJc6wMI5xOK71M0xSTMR7SrqUCJ1SH+fzaKapbZYBiqWwJg+bq74kcJ1pPksh2JtiM9LI3E//zupmJr8KciTQzVJDFojjjyEg0ex0NmKLE8IklmChmb0VkhBUmxgZUsSH4yy+vkuDcvXb9+4ta46ZIowwncApn4MMlNOAOmhAAgUd4hld4c6Tz4rw7H4vWklPMHMMfOJ8/Jj+Nug==</latexit>

▸ How well does it actually work? 
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HIGGS BOSON PRODUCTION

4 WAYS TO PRODUCE A HIGGS

ggF Associated

VBF ttH

~88.2% ~4.1%

~6.8% ~0.9%
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PERTURBATIVE CORRECTIONS TO HIGGS BOSON PRODUCTION
GLUON FUSION HIGGS PRODUCTION

LO NLO NNLO NNNLO
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LHC
pp→h+X gluon fusion
MSTW08 68cl
μ=μR=μF ∈ [mH /4,mH ]
Central scale: μ = mH /2
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-0.2

-0.1

0.0

0.1

0.2

0.3

s /TeV

▸ N3LO corrections 
stabilise perturbative 
expansion. 

▸ Significant reduction in 
residual perturbative 
uncertainty estimates. 

▸ High orders are 
required!
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INGREDIENT NR1: GLUONS.
GLUON FUSION
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Probability to get two gluons out of the proton 
as a function of the partonic centre of mass energy:
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COMPUTING N3LO CROSS SECTIONS IS CHALLENGING
GLUON FUSION

▸ Work in an EFT 
 
 
 

▸ Removes one loop! 

▸ Excellent approximation: Captures dominant QCD effects.  
 

▸ Supplement with mass corrections, EWK corrections etc.

Simplifications:

mt ! 1

�LOt ⇠ 7%

�NLO

t ⇠ 0.7%
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THIS TALK: THE RAPIDITY DISTRIBUTION OF THE HIGGS
RAPIDITY DISTRIBUTION

▸ Towards realistic LHC physics 

▸ THE Differential Observable of inclusive Higgs

Y =
1

2
log

✓
2P1ph
2P2ph

◆

<latexit sha1_base64="zgZbVPLCrCn9EymdVnWT/MS2phA=">AAACIXicbZDLSsNAFIYn9VbrrerSzWAR6qYkRbAboejGZQXbKk0Ik+kkHTq5MHMilJBXceOruHGhSHfiyzhNu9DWHwY+/nMOZ87vJYIrMM0vo7S2vrG5Vd6u7Ozu7R9UD496Kk4lZV0ai1g+eEQxwSPWBQ6CPSSSkdATrO+Nb2b1/hOTisfRPUwS5oQkiLjPKQFtudXW45XtS0IzK8+auS3iANuC+VCfu82Oa+HEHeUzahZkSx6M4Nyt1syGWQivgrWAGlqo41an9jCmacgioIIoNbDMBJyMSOBUsLxip4olhI5JwAYaIxIy5WTFhTk+084Q+7HULwJcuL8nMhIqNQk93RkSGKnl2sz8rzZIwW85GY+SFFhE54v8VGCI8SwuPOSSURATDYRKrv+K6YjoaECHWtEhWMsnr0Kv2bDMhnV3UWtfL+IooxN0iurIQpeojW5RB3URRc/oFb2jD+PFeDM+jem8tWQsZo7RHxnfP2njowc=</latexit><latexit sha1_base64="zgZbVPLCrCn9EymdVnWT/MS2phA=">AAACIXicbZDLSsNAFIYn9VbrrerSzWAR6qYkRbAboejGZQXbKk0Ik+kkHTq5MHMilJBXceOruHGhSHfiyzhNu9DWHwY+/nMOZ87vJYIrMM0vo7S2vrG5Vd6u7Ozu7R9UD496Kk4lZV0ai1g+eEQxwSPWBQ6CPSSSkdATrO+Nb2b1/hOTisfRPUwS5oQkiLjPKQFtudXW45XtS0IzK8+auS3iANuC+VCfu82Oa+HEHeUzahZkSx6M4Nyt1syGWQivgrWAGlqo41an9jCmacgioIIoNbDMBJyMSOBUsLxip4olhI5JwAYaIxIy5WTFhTk+084Q+7HULwJcuL8nMhIqNQk93RkSGKnl2sz8rzZIwW85GY+SFFhE54v8VGCI8SwuPOSSURATDYRKrv+K6YjoaECHWtEhWMsnr0Kv2bDMhnV3UWtfL+IooxN0iurIQpeojW5RB3URRc/oFb2jD+PFeDM+jem8tWQsZo7RHxnfP2njowc=</latexit><latexit sha1_base64="zgZbVPLCrCn9EymdVnWT/MS2phA=">AAACIXicbZDLSsNAFIYn9VbrrerSzWAR6qYkRbAboejGZQXbKk0Ik+kkHTq5MHMilJBXceOruHGhSHfiyzhNu9DWHwY+/nMOZ87vJYIrMM0vo7S2vrG5Vd6u7Ozu7R9UD496Kk4lZV0ai1g+eEQxwSPWBQ6CPSSSkdATrO+Nb2b1/hOTisfRPUwS5oQkiLjPKQFtudXW45XtS0IzK8+auS3iANuC+VCfu82Oa+HEHeUzahZkSx6M4Nyt1syGWQivgrWAGlqo41an9jCmacgioIIoNbDMBJyMSOBUsLxip4olhI5JwAYaIxIy5WTFhTk+084Q+7HULwJcuL8nMhIqNQk93RkSGKnl2sz8rzZIwW85GY+SFFhE54v8VGCI8SwuPOSSURATDYRKrv+K6YjoaECHWtEhWMsnr0Kv2bDMhnV3UWtfL+IooxN0iurIQpeojW5RB3URRc/oFb2jD+PFeDM+jem8tWQsZo7RHxnfP2njowc=</latexit><latexit sha1_base64="zgZbVPLCrCn9EymdVnWT/MS2phA=">AAACIXicbZDLSsNAFIYn9VbrrerSzWAR6qYkRbAboejGZQXbKk0Ik+kkHTq5MHMilJBXceOruHGhSHfiyzhNu9DWHwY+/nMOZ87vJYIrMM0vo7S2vrG5Vd6u7Ozu7R9UD496Kk4lZV0ai1g+eEQxwSPWBQ6CPSSSkdATrO+Nb2b1/hOTisfRPUwS5oQkiLjPKQFtudXW45XtS0IzK8+auS3iANuC+VCfu82Oa+HEHeUzahZkSx6M4Nyt1syGWQivgrWAGlqo41an9jCmacgioIIoNbDMBJyMSOBUsLxip4olhI5JwAYaIxIy5WTFhTk+084Q+7HULwJcuL8nMhIqNQk93RkSGKnl2sz8rzZIwW85GY+SFFhE54v8VGCI8SwuPOSSURATDYRKrv+K6YjoaECHWtEhWMsnr0Kv2bDMhnV3UWtfL+IooxN0iurIQpeojW5RB3URRc/oFb2jD+PFeDM+jem8tWQsZo7RHxnfP2njowc=</latexit>

Our strategy: 

▸ 1) Obtain analytic results. 

▸ 2) Find systematically improvable, high quality approximation. 

▸ 3) Ensure compatibility with the inclusive cross section.

d�P P!H+X

dY
= �̂0

X

i,j

Z 1

0
dx1dx2dy1dy2fi(y1)fj(y2)

⇥�(⌧ � x1x2y1y2)�

✓
Y � 1

2
log

✓
x1y1
x2y2

◆◆
⌘ij(x1, x2).

<latexit sha1_base64="dVr5gb+x7y3F8QLTGzUwDeIx6ek="></latexit><latexit sha1_base64="dVr5gb+x7y3F8QLTGzUwDeIx6ek="></latexit><latexit sha1_base64="dVr5gb+x7y3F8QLTGzUwDeIx6ek="></latexit><latexit sha1_base64="dVr5gb+x7y3F8QLTGzUwDeIx6ek="></latexit>
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ANALYTIC RESULTS
COMPUTATION

Motivation

▸ Numerical computations are complex! NNLO:

Inclusive cross sections - analytic formulae: ~ seconds

Differential cross sections for Higgs boson final states: 10 - 100 CPU hours

Differential cross sections for Higgs + J boson final states: 100000+ CPU hours

2 ! 1

2 ! 1

2 ! 2

▸ Extension to N3LO poses a considerable challenge.
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▸ Focus on the degrees of freedom of the Higgs boson:

ph =

0

BB@

E
px
py
pz

1

CCA
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<latexit sha1_base64="KjzrWSmJR5tCNeStSUtwxrYHtc0="></latexit><latexit sha1_base64="KjzrWSmJR5tCNeStSUtwxrYHtc0="></latexit><latexit sha1_base64="KjzrWSmJR5tCNeStSUtwxrYHtc0="></latexit><latexit sha1_base64="KjzrWSmJR5tCNeStSUtwxrYHtc0="></latexit>

▸ Trivial dependence on the azimuthal angle 

▸ Together with the Bjorken / PDF variables we have a 4 
dimensional problem 

▸ Framework would allow to even compute pT!

�
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{x1, x2, pT , Y }
<latexit sha1_base64="1hws5t43B9XFMimtNlOnXY7b374=">AAAB+XicbVBNT8JAEJ36ifhV9OilkZh4IKQlJuqN6MUjJlQwtGm2ywIbtttmd6uQyk/x4kGNV/+JN/+NC/Sg4EsmeXlvJjPzwoRRqWz721hZXVvf2CxsFbd3dvf2zdLBnYxTgYmLYxaLdogkYZQTV1HFSDsRBEUhI61weD31Ww9ESBrzphonxI9Qn9MexUhpKTBLXjYKnMooqFWSoFm59yaBWbar9gzWMnFyUoYcjcD88roxTiPCFWZIyo5jJ8rPkFAUMzIpeqkkCcJD1CcdTTmKiPSz2ekT60QrXasXC11cWTP190SGIinHUag7I6QGctGbiv95nVT1LvyM8iRVhOP5ol7KLBVb0xysLhUEKzbWBGFB9a0WHiCBsNJpFXUIzuLLy8StVS+rzu1ZuX6Vp1GAIziGU3DgHOpwAw1wAcMjPMMrvBlPxovxbnzMW1eMfOYQ/sD4/AFIQ5Lq</latexit><latexit sha1_base64="1hws5t43B9XFMimtNlOnXY7b374=">AAAB+XicbVBNT8JAEJ36ifhV9OilkZh4IKQlJuqN6MUjJlQwtGm2ywIbtttmd6uQyk/x4kGNV/+JN/+NC/Sg4EsmeXlvJjPzwoRRqWz721hZXVvf2CxsFbd3dvf2zdLBnYxTgYmLYxaLdogkYZQTV1HFSDsRBEUhI61weD31Ww9ESBrzphonxI9Qn9MexUhpKTBLXjYKnMooqFWSoFm59yaBWbar9gzWMnFyUoYcjcD88roxTiPCFWZIyo5jJ8rPkFAUMzIpeqkkCcJD1CcdTTmKiPSz2ekT60QrXasXC11cWTP190SGIinHUag7I6QGctGbiv95nVT1LvyM8iRVhOP5ol7KLBVb0xysLhUEKzbWBGFB9a0WHiCBsNJpFXUIzuLLy8StVS+rzu1ZuX6Vp1GAIziGU3DgHOpwAw1wAcMjPMMrvBlPxovxbnzMW1eMfOYQ/sD4/AFIQ5Lq</latexit><latexit sha1_base64="1hws5t43B9XFMimtNlOnXY7b374=">AAAB+XicbVBNT8JAEJ36ifhV9OilkZh4IKQlJuqN6MUjJlQwtGm2ywIbtttmd6uQyk/x4kGNV/+JN/+NC/Sg4EsmeXlvJjPzwoRRqWz721hZXVvf2CxsFbd3dvf2zdLBnYxTgYmLYxaLdogkYZQTV1HFSDsRBEUhI61weD31Ww9ESBrzphonxI9Qn9MexUhpKTBLXjYKnMooqFWSoFm59yaBWbar9gzWMnFyUoYcjcD88roxTiPCFWZIyo5jJ8rPkFAUMzIpeqkkCcJD1CcdTTmKiPSz2ekT60QrXasXC11cWTP190SGIinHUag7I6QGctGbiv95nVT1LvyM8iRVhOP5ol7KLBVb0xysLhUEKzbWBGFB9a0WHiCBsNJpFXUIzuLLy8StVS+rzu1ZuX6Vp1GAIziGU3DgHOpwAw1wAcMjPMMrvBlPxovxbnzMW1eMfOYQ/sD4/AFIQ5Lq</latexit><latexit sha1_base64="1hws5t43B9XFMimtNlOnXY7b374=">AAAB+XicbVBNT8JAEJ36ifhV9OilkZh4IKQlJuqN6MUjJlQwtGm2ywIbtttmd6uQyk/x4kGNV/+JN/+NC/Sg4EsmeXlvJjPzwoRRqWz721hZXVvf2CxsFbd3dvf2zdLBnYxTgYmLYxaLdogkYZQTV1HFSDsRBEUhI61weD31Ww9ESBrzphonxI9Qn9MexUhpKTBLXjYKnMooqFWSoFm59yaBWbar9gzWMnFyUoYcjcD88roxTiPCFWZIyo5jJ8rPkFAUMzIpeqkkCcJD1CcdTTmKiPSz2ekT60QrXasXC11cWTP190SGIinHUag7I6QGctGbiv95nVT1LvyM8iRVhOP5ol7KLBVb0xysLhUEKzbWBGFB9a0WHiCBsNJpFXUIzuLLy8StVS+rzu1ZuX6Vp1GAIziGU3DgHOpwAw1wAcMjPMMrvBlPxovxbnzMW1eMfOYQ/sD4/AFIQ5Lq</latexit>

ANALYTIC RESULTS
COMPUTATION

HIGGS DIFFERENTIAL CROSS SECTIONS
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HIGGS - DIFFERENTIAL CROSS SECTIONS
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▸ How to compute a partonic Higgs - differential cross 
section:

Z
d�h+X ⇠

Z
ddph

nY

i

ddpi
<latexit sha1_base64="FvYMGtSiuIhe/DiKfRWd3Etfe7U=">AAACGXicbZDNSsNAFIUn9a/Wv6hLN4NFEISSiKDuim5cVjC20KRhMpk0QyeTMDMRSuhzuPFV3LhQcakr38Zpk4W2Hhg4fPde5t4TZIxKZVnfRm1peWV1rb7e2Njc2t4xd/fuZZoLTBycslT0AiQJo5w4iipGepkgKAkY6Qaj62m9+0CEpCm/U+OMeAkachpRjJRGvmm7lCsYup2Y+kV80pu4kiawhIMw82PoZiINB9ynJaC+2bRa1kxw0diVaYJKHd/8dMMU5wnhCjMkZd+2MuUVSCiKGZk03FySDOERGpK+thwlRHrF7LQJPNIkhFEq9NM7zejviQIlUo6TQHcmSMVyvjaF/9X6uYouvILyLFeE4/KjKGdQpXCaEwypIFixsTYIC6p3hThGAmGl02zoEOz5kxeNc9q6bNm3Z832VZVGHRyAQ3AMbHAO2uAGdIADMHgEz+AVvBlPxovxbnyUrTWjmtkHf2R8/QAYNKB/</latexit><latexit sha1_base64="FvYMGtSiuIhe/DiKfRWd3Etfe7U=">AAACGXicbZDNSsNAFIUn9a/Wv6hLN4NFEISSiKDuim5cVjC20KRhMpk0QyeTMDMRSuhzuPFV3LhQcakr38Zpk4W2Hhg4fPde5t4TZIxKZVnfRm1peWV1rb7e2Njc2t4xd/fuZZoLTBycslT0AiQJo5w4iipGepkgKAkY6Qaj62m9+0CEpCm/U+OMeAkachpRjJRGvmm7lCsYup2Y+kV80pu4kiawhIMw82PoZiINB9ynJaC+2bRa1kxw0diVaYJKHd/8dMMU5wnhCjMkZd+2MuUVSCiKGZk03FySDOERGpK+thwlRHrF7LQJPNIkhFEq9NM7zejviQIlUo6TQHcmSMVyvjaF/9X6uYouvILyLFeE4/KjKGdQpXCaEwypIFixsTYIC6p3hThGAmGl02zoEOz5kxeNc9q6bNm3Z832VZVGHRyAQ3AMbHAO2uAGdIADMHgEz+AVvBlPxovxbnyUrTWjmtkHf2R8/QAYNKB/</latexit><latexit sha1_base64="FvYMGtSiuIhe/DiKfRWd3Etfe7U=">AAACGXicbZDNSsNAFIUn9a/Wv6hLN4NFEISSiKDuim5cVjC20KRhMpk0QyeTMDMRSuhzuPFV3LhQcakr38Zpk4W2Hhg4fPde5t4TZIxKZVnfRm1peWV1rb7e2Njc2t4xd/fuZZoLTBycslT0AiQJo5w4iipGepkgKAkY6Qaj62m9+0CEpCm/U+OMeAkachpRjJRGvmm7lCsYup2Y+kV80pu4kiawhIMw82PoZiINB9ynJaC+2bRa1kxw0diVaYJKHd/8dMMU5wnhCjMkZd+2MuUVSCiKGZk03FySDOERGpK+thwlRHrF7LQJPNIkhFEq9NM7zejviQIlUo6TQHcmSMVyvjaF/9X6uYouvILyLFeE4/KjKGdQpXCaEwypIFixsTYIC6p3hThGAmGl02zoEOz5kxeNc9q6bNm3Z832VZVGHRyAQ3AMbHAO2uAGdIADMHgEz+AVvBlPxovxbnyUrTWjmtkHf2R8/QAYNKB/</latexit><latexit sha1_base64="FvYMGtSiuIhe/DiKfRWd3Etfe7U=">AAACGXicbZDNSsNAFIUn9a/Wv6hLN4NFEISSiKDuim5cVjC20KRhMpk0QyeTMDMRSuhzuPFV3LhQcakr38Zpk4W2Hhg4fPde5t4TZIxKZVnfRm1peWV1rb7e2Njc2t4xd/fuZZoLTBycslT0AiQJo5w4iipGepkgKAkY6Qaj62m9+0CEpCm/U+OMeAkachpRjJRGvmm7lCsYup2Y+kV80pu4kiawhIMw82PoZiINB9ynJaC+2bRa1kxw0diVaYJKHd/8dMMU5wnhCjMkZd+2MuUVSCiKGZk03FySDOERGpK+thwlRHrF7LQJPNIkhFEq9NM7zejviQIlUo6TQHcmSMVyvjaF/9X6uYouvILyLFeE4/KjKGdQpXCaEwypIFixsTYIC6p3hThGAmGl02zoEOz5kxeNc9q6bNm3Z832VZVGHRyAQ3AMbHAO2uAGdIADMHgEz+AVvBlPxovxbnyUrTWjmtkHf2R8/QAYNKB/</latexit>

Inclusive:

Higgs - differential:Z
d�n ⇠

Z
ddph

nY

i

ddpi
<latexit sha1_base64="nRrdASDFOyGbso9MWu9Ii/Q/p1g=">AAACF3icbZC9TsMwFIWd8lfKX4CRxaJCYioJQgK2ChbGIhFaqUkjx3Eaq44T2Q5SFfUxWHgVFgZArLDxNrhNBmg5kqWj794r33uCjFGpLOvbqC0tr6yu1dcbG5tb2zvm7t69THOBiYNTlopegCRhlBNHUcVILxMEJQEj3WB0Pa13H4iQNOV3apwRL0FDTiOKkdLIN09cyhUM3U5M/YJPXEkTWKJBmPkxdDORhgPu0xJQ32xaLWsmuGjsyjRBpY5vfrlhivOEcIUZkrJvW5nyCiQUxYxMGm4uSYbwCA1JX1uOEiK9YnbYBB5pEsIoFfrpnWb090SBEinHSaA7E6RiOV+bwv9q/VxFF15BeZYrwnH5UZQzqFI4TQmGVBCs2FgbhAXVu0IcI4Gw0lk2dAj2/MmLxjltXbbs27Nm+6pKow4OwCE4BjY4B21wAzrAARg8gmfwCt6MJ+PFeDc+ytaaUc3sgz8yPn8A9cif7g==</latexit><latexit sha1_base64="nRrdASDFOyGbso9MWu9Ii/Q/p1g=">AAACF3icbZC9TsMwFIWd8lfKX4CRxaJCYioJQgK2ChbGIhFaqUkjx3Eaq44T2Q5SFfUxWHgVFgZArLDxNrhNBmg5kqWj794r33uCjFGpLOvbqC0tr6yu1dcbG5tb2zvm7t69THOBiYNTlopegCRhlBNHUcVILxMEJQEj3WB0Pa13H4iQNOV3apwRL0FDTiOKkdLIN09cyhUM3U5M/YJPXEkTWKJBmPkxdDORhgPu0xJQ32xaLWsmuGjsyjRBpY5vfrlhivOEcIUZkrJvW5nyCiQUxYxMGm4uSYbwCA1JX1uOEiK9YnbYBB5pEsIoFfrpnWb090SBEinHSaA7E6RiOV+bwv9q/VxFF15BeZYrwnH5UZQzqFI4TQmGVBCs2FgbhAXVu0IcI4Gw0lk2dAj2/MmLxjltXbbs27Nm+6pKow4OwCE4BjY4B21wAzrAARg8gmfwCt6MJ+PFeDc+ytaaUc3sgz8yPn8A9cif7g==</latexit><latexit sha1_base64="nRrdASDFOyGbso9MWu9Ii/Q/p1g=">AAACF3icbZC9TsMwFIWd8lfKX4CRxaJCYioJQgK2ChbGIhFaqUkjx3Eaq44T2Q5SFfUxWHgVFgZArLDxNrhNBmg5kqWj794r33uCjFGpLOvbqC0tr6yu1dcbG5tb2zvm7t69THOBiYNTlopegCRhlBNHUcVILxMEJQEj3WB0Pa13H4iQNOV3apwRL0FDTiOKkdLIN09cyhUM3U5M/YJPXEkTWKJBmPkxdDORhgPu0xJQ32xaLWsmuGjsyjRBpY5vfrlhivOEcIUZkrJvW5nyCiQUxYxMGm4uSYbwCA1JX1uOEiK9YnbYBB5pEsIoFfrpnWb090SBEinHSaA7E6RiOV+bwv9q/VxFF15BeZYrwnH5UZQzqFI4TQmGVBCs2FgbhAXVu0IcI4Gw0lk2dAj2/MmLxjltXbbs27Nm+6pKow4OwCE4BjY4B21wAzrAARg8gmfwCt6MJ+PFeDc+ytaaUc3sgz8yPn8A9cif7g==</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="FkeSpIiZjr4J3NLWi3MRs3oAwjA=">AAACDHicbZC9TsMwFIVvyl8pBQIri0WFxFQSFmBDYmEsEqGVmjZyHKex6jiR7SBVUR+DhVdhYQDEzMbb4DYdoOVIlo6+Y8v3njDnTGnH+bZqa+sbm1v17cZOc3dv3z5oPqiskIR6JOOZ7IVYUc4E9TTTnPZySXEactoNxzezvPtIpWKZuNeTnA5SPBIsZgRrgwL7zGdCo8jvJCwoxdRXLEUVGkZ5kCA/l1k0FAGrAAvsltN25kKrxl2YFizUCewvP8pIkVKhCcdK9V0n14MSS80Ip9OGXyiaYzLGI9o3VuCUqkE5X2yKTgyJUJxJc8xMc/r7RYlTpSZpaG6mWCdqOZvB/7J+oePLQclEXmgqSPVRXHCkMzRrCUVMUqL5xBhMJDOzIpJgiYk2XTZMCe7yyqvGO29ftd07B+pwBMdwCi5cwDXcQgc8IPAEL/AG79az9Wp9VG3VrEVth/BH1ucPGWSebA==</latexit><latexit sha1_base64="FkeSpIiZjr4J3NLWi3MRs3oAwjA=">AAACDHicbZC9TsMwFIVvyl8pBQIri0WFxFQSFmBDYmEsEqGVmjZyHKex6jiR7SBVUR+DhVdhYQDEzMbb4DYdoOVIlo6+Y8v3njDnTGnH+bZqa+sbm1v17cZOc3dv3z5oPqiskIR6JOOZ7IVYUc4E9TTTnPZySXEactoNxzezvPtIpWKZuNeTnA5SPBIsZgRrgwL7zGdCo8jvJCwoxdRXLEUVGkZ5kCA/l1k0FAGrAAvsltN25kKrxl2YFizUCewvP8pIkVKhCcdK9V0n14MSS80Ip9OGXyiaYzLGI9o3VuCUqkE5X2yKTgyJUJxJc8xMc/r7RYlTpSZpaG6mWCdqOZvB/7J+oePLQclEXmgqSPVRXHCkMzRrCUVMUqL5xBhMJDOzIpJgiYk2XTZMCe7yyqvGO29ftd07B+pwBMdwCi5cwDXcQgc8IPAEL/AG79az9Wp9VG3VrEVth/BH1ucPGWSebA==</latexit><latexit sha1_base64="9Da6a66jhbIaDk8UsRCLfDjICEo=">AAACF3icbZC9TsMwFIUdfkv5CzCyWFRITCVhAbYKFsYiEVqpSSPHcVqrjh3ZDlIV9TFYeBUWBkCssPE2uE0GaDmSpaPv3ivfe6KMUaUd59taWl5ZXVuvbdQ3t7Z3du29/XslcomJhwUTshshRRjlxNNUM9LNJEFpxEgnGl1P650HIhUV/E6PMxKkaMBpQjHSBoX2qU+5hrHfHtKw4BNf0RSWqB9n4RD6mRRxn4e0BDS0G07TmQkuGrcyDVCpHdpffixwnhKuMUNK9Vwn00GBpKaYkUndzxXJEB6hAekZy1FKVFDMDpvAY0NimAhpntlpRn9PFChVapxGpjNFeqjma1P4X62X6+QiKCjPck04Lj9Kcga1gNOUYEwlwZqNjUFYUrMrxEMkEdYmy7oJwZ0/edF4Z83LpnvrNFpXVRo1cAiOwAlwwTlogRvQBh7A4BE8g1fwZj1ZL9a79VG2LlnVzAH4I+vzB/SIn+o=</latexit><latexit sha1_base64="nRrdASDFOyGbso9MWu9Ii/Q/p1g=">AAACF3icbZC9TsMwFIWd8lfKX4CRxaJCYioJQgK2ChbGIhFaqUkjx3Eaq44T2Q5SFfUxWHgVFgZArLDxNrhNBmg5kqWj794r33uCjFGpLOvbqC0tr6yu1dcbG5tb2zvm7t69THOBiYNTlopegCRhlBNHUcVILxMEJQEj3WB0Pa13H4iQNOV3apwRL0FDTiOKkdLIN09cyhUM3U5M/YJPXEkTWKJBmPkxdDORhgPu0xJQ32xaLWsmuGjsyjRBpY5vfrlhivOEcIUZkrJvW5nyCiQUxYxMGm4uSYbwCA1JX1uOEiK9YnbYBB5pEsIoFfrpnWb090SBEinHSaA7E6RiOV+bwv9q/VxFF15BeZYrwnH5UZQzqFI4TQmGVBCs2FgbhAXVu0IcI4Gw0lk2dAj2/MmLxjltXbbs27Nm+6pKow4OwCE4BjY4B21wAzrAARg8gmfwCt6MJ+PFeDc+ytaaUc3sgz8yPn8A9cif7g==</latexit><latexit sha1_base64="nRrdASDFOyGbso9MWu9Ii/Q/p1g=">AAACF3icbZC9TsMwFIWd8lfKX4CRxaJCYioJQgK2ChbGIhFaqUkjx3Eaq44T2Q5SFfUxWHgVFgZArLDxNrhNBmg5kqWj794r33uCjFGpLOvbqC0tr6yu1dcbG5tb2zvm7t69THOBiYNTlopegCRhlBNHUcVILxMEJQEj3WB0Pa13H4iQNOV3apwRL0FDTiOKkdLIN09cyhUM3U5M/YJPXEkTWKJBmPkxdDORhgPu0xJQ32xaLWsmuGjsyjRBpY5vfrlhivOEcIUZkrJvW5nyCiQUxYxMGm4uSYbwCA1JX1uOEiK9YnbYBB5pEsIoFfrpnWb090SBEinHSaA7E6RiOV+bwv9q/VxFF15BeZYrwnH5UZQzqFI4TQmGVBCs2FgbhAXVu0IcI4Gw0lk2dAj2/MmLxjltXbbs27Nm+6pKow4OwCE4BjY4B21wAzrAARg8gmfwCt6MJ+PFeDc+ytaaUc3sgz8yPn8A9cif7g==</latexit><latexit sha1_base64="nRrdASDFOyGbso9MWu9Ii/Q/p1g=">AAACF3icbZC9TsMwFIWd8lfKX4CRxaJCYioJQgK2ChbGIhFaqUkjx3Eaq44T2Q5SFfUxWHgVFgZArLDxNrhNBmg5kqWj794r33uCjFGpLOvbqC0tr6yu1dcbG5tb2zvm7t69THOBiYNTlopegCRhlBNHUcVILxMEJQEj3WB0Pa13H4iQNOV3apwRL0FDTiOKkdLIN09cyhUM3U5M/YJPXEkTWKJBmPkxdDORhgPu0xJQ32xaLWsmuGjsyjRBpY5vfrlhivOEcIUZkrJvW5nyCiQUxYxMGm4uSYbwCA1JX1uOEiK9YnbYBB5pEsIoFfrpnWb090SBEinHSaA7E6RiOV+bwv9q/VxFF15BeZYrwnH5UZQzqFI4TQmGVBCs2FgbhAXVu0IcI4Gw0lk2dAj2/MmLxjltXbbs27Nm+6pKow4OwCE4BjY4B21wAzrAARg8gmfwCt6MJ+PFeDc+ytaaUc3sgz8yPn8A9cif7g==</latexit><latexit sha1_base64="nRrdASDFOyGbso9MWu9Ii/Q/p1g=">AAACF3icbZC9TsMwFIWd8lfKX4CRxaJCYioJQgK2ChbGIhFaqUkjx3Eaq44T2Q5SFfUxWHgVFgZArLDxNrhNBmg5kqWj794r33uCjFGpLOvbqC0tr6yu1dcbG5tb2zvm7t69THOBiYNTlopegCRhlBNHUcVILxMEJQEj3WB0Pa13H4iQNOV3apwRL0FDTiOKkdLIN09cyhUM3U5M/YJPXEkTWKJBmPkxdDORhgPu0xJQ32xaLWsmuGjsyjRBpY5vfrlhivOEcIUZkrJvW5nyCiQUxYxMGm4uSYbwCA1JX1uOEiK9YnbYBB5pEsIoFfrpnWb090SBEinHSaA7E6RiOV+bwv9q/VxFF15BeZYrwnH5UZQzqFI4TQmGVBCs2FgbhAXVu0IcI4Gw0lk2dAj2/MmLxjltXbbs27Nm+6pKow4OwCE4BjY4B21wAzrAARg8gmfwCt6MJ+PFeDc+ytaaUc3sgz8yPn8A9cif7g==</latexit><latexit sha1_base64="nRrdASDFOyGbso9MWu9Ii/Q/p1g=">AAACF3icbZC9TsMwFIWd8lfKX4CRxaJCYioJQgK2ChbGIhFaqUkjx3Eaq44T2Q5SFfUxWHgVFgZArLDxNrhNBmg5kqWj794r33uCjFGpLOvbqC0tr6yu1dcbG5tb2zvm7t69THOBiYNTlopegCRhlBNHUcVILxMEJQEj3WB0Pa13H4iQNOV3apwRL0FDTiOKkdLIN09cyhUM3U5M/YJPXEkTWKJBmPkxdDORhgPu0xJQ32xaLWsmuGjsyjRBpY5vfrlhivOEcIUZkrJvW5nyCiQUxYxMGm4uSYbwCA1JX1uOEiK9YnbYBB5pEsIoFfrpnWb090SBEinHSaA7E6RiOV+bwv9q/VxFF15BeZYrwnH5UZQzqFI4TQmGVBCs2FgbhAXVu0IcI4Gw0lk2dAj2/MmLxjltXbbs27Nm+6pKow4OwCE4BjY4B21wAzrAARg8gmfwCt6MJ+PFeDc+ytaaUc3sgz8yPn8A9cif7g==</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="FkeSpIiZjr4J3NLWi3MRs3oAwjA=">AAACDHicbZC9TsMwFIVvyl8pBQIri0WFxFQSFmBDYmEsEqGVmjZyHKex6jiR7SBVUR+DhVdhYQDEzMbb4DYdoOVIlo6+Y8v3njDnTGnH+bZqa+sbm1v17cZOc3dv3z5oPqiskIR6JOOZ7IVYUc4E9TTTnPZySXEactoNxzezvPtIpWKZuNeTnA5SPBIsZgRrgwL7zGdCo8jvJCwoxdRXLEUVGkZ5kCA/l1k0FAGrAAvsltN25kKrxl2YFizUCewvP8pIkVKhCcdK9V0n14MSS80Ip9OGXyiaYzLGI9o3VuCUqkE5X2yKTgyJUJxJc8xMc/r7RYlTpSZpaG6mWCdqOZvB/7J+oePLQclEXmgqSPVRXHCkMzRrCUVMUqL5xBhMJDOzIpJgiYk2XTZMCe7yyqvGO29ftd07B+pwBMdwCi5cwDXcQgc8IPAEL/AG79az9Wp9VG3VrEVth/BH1ucPGWSebA==</latexit><latexit sha1_base64="FkeSpIiZjr4J3NLWi3MRs3oAwjA=">AAACDHicbZC9TsMwFIVvyl8pBQIri0WFxFQSFmBDYmEsEqGVmjZyHKex6jiR7SBVUR+DhVdhYQDEzMbb4DYdoOVIlo6+Y8v3njDnTGnH+bZqa+sbm1v17cZOc3dv3z5oPqiskIR6JOOZ7IVYUc4E9TTTnPZySXEactoNxzezvPtIpWKZuNeTnA5SPBIsZgRrgwL7zGdCo8jvJCwoxdRXLEUVGkZ5kCA/l1k0FAGrAAvsltN25kKrxl2YFizUCewvP8pIkVKhCcdK9V0n14MSS80Ip9OGXyiaYzLGI9o3VuCUqkE5X2yKTgyJUJxJc8xMc/r7RYlTpSZpaG6mWCdqOZvB/7J+oePLQclEXmgqSPVRXHCkMzRrCUVMUqL5xBhMJDOzIpJgiYk2XTZMCe7yyqvGO29ftd07B+pwBMdwCi5cwDXcQgc8IPAEL/AG79az9Wp9VG3VrEVth/BH1ucPGWSebA==</latexit><latexit sha1_base64="9Da6a66jhbIaDk8UsRCLfDjICEo=">AAACF3icbZC9TsMwFIUdfkv5CzCyWFRITCVhAbYKFsYiEVqpSSPHcVqrjh3ZDlIV9TFYeBUWBkCssPE2uE0GaDmSpaPv3ivfe6KMUaUd59taWl5ZXVuvbdQ3t7Z3du29/XslcomJhwUTshshRRjlxNNUM9LNJEFpxEgnGl1P650HIhUV/E6PMxKkaMBpQjHSBoX2qU+5hrHfHtKw4BNf0RSWqB9n4RD6mRRxn4e0BDS0G07TmQkuGrcyDVCpHdpffixwnhKuMUNK9Vwn00GBpKaYkUndzxXJEB6hAekZy1FKVFDMDpvAY0NimAhpntlpRn9PFChVapxGpjNFeqjma1P4X62X6+QiKCjPck04Lj9Kcga1gNOUYEwlwZqNjUFYUrMrxEMkEdYmy7oJwZ0/edF4Z83LpnvrNFpXVRo1cAiOwAlwwTlogRvQBh7A4BE8g1fwZj1ZL9a79VG2LlnVzAH4I+vzB/SIn+o=</latexit><latexit sha1_base64="nRrdASDFOyGbso9MWu9Ii/Q/p1g=">AAACF3icbZC9TsMwFIWd8lfKX4CRxaJCYioJQgK2ChbGIhFaqUkjx3Eaq44T2Q5SFfUxWHgVFgZArLDxNrhNBmg5kqWj794r33uCjFGpLOvbqC0tr6yu1dcbG5tb2zvm7t69THOBiYNTlopegCRhlBNHUcVILxMEJQEj3WB0Pa13H4iQNOV3apwRL0FDTiOKkdLIN09cyhUM3U5M/YJPXEkTWKJBmPkxdDORhgPu0xJQ32xaLWsmuGjsyjRBpY5vfrlhivOEcIUZkrJvW5nyCiQUxYxMGm4uSYbwCA1JX1uOEiK9YnbYBB5pEsIoFfrpnWb090SBEinHSaA7E6RiOV+bwv9q/VxFF15BeZYrwnH5UZQzqFI4TQmGVBCs2FgbhAXVu0IcI4Gw0lk2dAj2/MmLxjltXbbs27Nm+6pKow4OwCE4BjY4B21wAzrAARg8gmfwCt6MJ+PFeDc+ytaaUc3sgz8yPn8A9cif7g==</latexit><latexit sha1_base64="nRrdASDFOyGbso9MWu9Ii/Q/p1g=">AAACF3icbZC9TsMwFIWd8lfKX4CRxaJCYioJQgK2ChbGIhFaqUkjx3Eaq44T2Q5SFfUxWHgVFgZArLDxNrhNBmg5kqWj794r33uCjFGpLOvbqC0tr6yu1dcbG5tb2zvm7t69THOBiYNTlopegCRhlBNHUcVILxMEJQEj3WB0Pa13H4iQNOV3apwRL0FDTiOKkdLIN09cyhUM3U5M/YJPXEkTWKJBmPkxdDORhgPu0xJQ32xaLWsmuGjsyjRBpY5vfrlhivOEcIUZkrJvW5nyCiQUxYxMGm4uSYbwCA1JX1uOEiK9YnbYBB5pEsIoFfrpnWb090SBEinHSaA7E6RiOV+bwv9q/VxFF15BeZYrwnH5UZQzqFI4TQmGVBCs2FgbhAXVu0IcI4Gw0lk2dAj2/MmLxjltXbbs27Nm+6pKow4OwCE4BjY4B21wAzrAARg8gmfwCt6MJ+PFeDc+ytaaUc3sgz8yPn8A9cif7g==</latexit><latexit sha1_base64="nRrdASDFOyGbso9MWu9Ii/Q/p1g=">AAACF3icbZC9TsMwFIWd8lfKX4CRxaJCYioJQgK2ChbGIhFaqUkjx3Eaq44T2Q5SFfUxWHgVFgZArLDxNrhNBmg5kqWj794r33uCjFGpLOvbqC0tr6yu1dcbG5tb2zvm7t69THOBiYNTlopegCRhlBNHUcVILxMEJQEj3WB0Pa13H4iQNOV3apwRL0FDTiOKkdLIN09cyhUM3U5M/YJPXEkTWKJBmPkxdDORhgPu0xJQ32xaLWsmuGjsyjRBpY5vfrlhivOEcIUZkrJvW5nyCiQUxYxMGm4uSYbwCA1JX1uOEiK9YnbYBB5pEsIoFfrpnWb090SBEinHSaA7E6RiOV+bwv9q/VxFF15BeZYrwnH5UZQzqFI4TQmGVBCs2FgbhAXVu0IcI4Gw0lk2dAj2/MmLxjltXbbs27Nm+6pKow4OwCE4BjY4B21wAzrAARg8gmfwCt6MJ+PFeDc+ytaaUc3sgz8yPn8A9cif7g==</latexit><latexit sha1_base64="nRrdASDFOyGbso9MWu9Ii/Q/p1g=">AAACF3icbZC9TsMwFIWd8lfKX4CRxaJCYioJQgK2ChbGIhFaqUkjx3Eaq44T2Q5SFfUxWHgVFgZArLDxNrhNBmg5kqWj794r33uCjFGpLOvbqC0tr6yu1dcbG5tb2zvm7t69THOBiYNTlopegCRhlBNHUcVILxMEJQEj3WB0Pa13H4iQNOV3apwRL0FDTiOKkdLIN09cyhUM3U5M/YJPXEkTWKJBmPkxdDORhgPu0xJQ32xaLWsmuGjsyjRBpY5vfrlhivOEcIUZkrJvW5nyCiQUxYxMGm4uSYbwCA1JX1uOEiK9YnbYBB5pEsIoFfrpnWb090SBEinHSaA7E6RiOV+bwv9q/VxFF15BeZYrwnH5UZQzqFI4TQmGVBCs2FgbhAXVu0IcI4Gw0lk2dAj2/MmLxjltXbbs27Nm+6pKow4OwCE4BjY4B21wAzrAARg8gmfwCt6MJ+PFeDc+ytaaUc3sgz8yPn8A9cif7g==</latexit><latexit sha1_base64="nRrdASDFOyGbso9MWu9Ii/Q/p1g=">AAACF3icbZC9TsMwFIWd8lfKX4CRxaJCYioJQgK2ChbGIhFaqUkjx3Eaq44T2Q5SFfUxWHgVFgZArLDxNrhNBmg5kqWj794r33uCjFGpLOvbqC0tr6yu1dcbG5tb2zvm7t69THOBiYNTlopegCRhlBNHUcVILxMEJQEj3WB0Pa13H4iQNOV3apwRL0FDTiOKkdLIN09cyhUM3U5M/YJPXEkTWKJBmPkxdDORhgPu0xJQ32xaLWsmuGjsyjRBpY5vfrlhivOEcIUZkrJvW5nyCiQUxYxMGm4uSYbwCA1JX1uOEiK9YnbYBB5pEsIoFfrpnWb090SBEinHSaA7E6RiOV+bwv9q/VxFF15BeZYrwnH5UZQzqFI4TQmGVBCs2FgbhAXVu0IcI4Gw0lk2dAj2/MmLxjltXbbs27Nm+6pKow4OwCE4BjY4B21wAzrAARg8gmfwCt6MJ+PFeDc+ytaaUc3sgz8yPn8A9cif7g==</latexit><latexit sha1_base64="nRrdASDFOyGbso9MWu9Ii/Q/p1g=">AAACF3icbZC9TsMwFIWd8lfKX4CRxaJCYioJQgK2ChbGIhFaqUkjx3Eaq44T2Q5SFfUxWHgVFgZArLDxNrhNBmg5kqWj794r33uCjFGpLOvbqC0tr6yu1dcbG5tb2zvm7t69THOBiYNTlopegCRhlBNHUcVILxMEJQEj3WB0Pa13H4iQNOV3apwRL0FDTiOKkdLIN09cyhUM3U5M/YJPXEkTWKJBmPkxdDORhgPu0xJQ32xaLWsmuGjsyjRBpY5vfrlhivOEcIUZkrJvW5nyCiQUxYxMGm4uSYbwCA1JX1uOEiK9YnbYBB5pEsIoFfrpnWb090SBEinHSaA7E6RiOV+bwv9q/VxFF15BeZYrwnH5UZQzqFI4TQmGVBCs2FgbhAXVu0IcI4Gw0lk2dAj2/MmLxjltXbbs27Nm+6pKow4OwCE4BjY4B21wAzrAARg8gmfwCt6MJ+PFeDc+ytaaUc3sgz8yPn8A9cif7g==</latexit>

▸ Partonic Higgs - differential cross section:

COMPUTATION

Inspired by [Anastasiou,Dixon,Melnikov,Petriello]

�19



PARTONIC HIGGS - DIFFERENTIAL CROSS SECTIONS

▸ Compute all required matrix elements of different final 
states X to a given order in perturbation theory.

d2�̂ij

dY dp2
T

⇠
X

X

Z
d�n

���Mij!H+X

���
2

LO:

NLO:

NNLO:

COMPUTING PERTURBATIVELY �20



PARTONIC HIGGS - DIFFERENTIAL CROSS SECTIONS

h

Z
d�n

d2�̂ij

dY dp2
T

⇠
X

X

Z
d�n

���Mij!H+X

���
2

COMPUTING PERTURBATIVELY

▸ Perform integration over parton phase space analytically 

▸ Rely on tools to perform analytic computation learned 
from inclusive N3LO 

▸ Make singularities of final state parton integrations 
manifest using dimensional regularisation. d = 4� 2✏
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Very Complicated!

PARTONIC HIGGS - DIFFERENTIAL CROSS SECTIONS

h

Z
d�n

d2�̂ij

dY dp2
T

⇠
X

X

Z
d�n

���Mij!H+X

���
2

COMPUTING PERTURBATIVELY

▸ Perform integration over parton phase space analytically 

▸ Rely on tools to perform analytic computation learned 
from inclusive N3LO 

▸ Make singularities of final state parton integrations 
manifest using dimensional regularisation. d = 4� 2✏
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//EXPAND
Simplifications:

▸ Perform expansion around kinematic limit: Production Threshold

z =
m2

H

ŝ
⇠ 1

p1

p2

H

z̄ = 1� z �̂(z̄) = �SV + �(0) + z̄�(1) + . . .

▸ Expand to sufficiently high order to ensure stable results. 

▸ Remarkably successful for inclusive N3LO.

COMPUTATION �23



EXPANDED VS. EXACT
INCLUSIVE GLUON FUSION AT N3LO

●

● ●
●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■

● Expansion

■ Full

0 10 20 30 40

0

1

2

3

Truncation Order

σ
N
3L
O
[p
b]

LHC 13 TeV
PDF4LHC15.0
μ=125 GeV
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SO WE USE OUR CROSS SECTION MACHINE AND COMPUTE!
�25



THRESHOLD EXPANSION
▸ Obtain in total 6 terms in the threshold expansion. 

▸ Integrate out the transverse momentum degree of freedom. 

▸ Perform analytic renormalisation and infra-red subtraction.

COMPUTATION

Finite N3LO coefficient function 
⌘ij(x1, x2).

<latexit sha1_base64="o0j9Qin39xMlwhPjKER521aZ470=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEChKSIuiy6MZlBfuANoTJdNKOTh7MTKQ1FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3Hj/hTCrb/jYKS8srq2vF9dLG5tb2jrm715RxKghtkJjHou1jSTmLaEMxxWk7ERSHPqct//5q4rceqJAsjm7VKKFuiPsRCxjBSkueedClCnsZuxtXhp6DTode9cTyzLJt2VOgReLkpAw56p751e3FJA1ppAjHUnYcO1FuhoVihNNxqZtKmmByj/u0o2mEQyrdbHr9GB1rpYeCWOiKFJqqvycyHEo5Cn3dGWI1kPPeRPzP66QquHAzFiWpohGZLQpSjlSMJlGgHhOUKD7SBBPB9K2IDLDAROnASjoEZ/7lRdKsWo5tOTdn5dplHkcRDuEIKuDAOdTgGurQAAKP8Ayv8GY8GS/Gu/Exay0Y+cw+/IHx+QOzBJQP</latexit><latexit sha1_base64="o0j9Qin39xMlwhPjKER521aZ470=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEChKSIuiy6MZlBfuANoTJdNKOTh7MTKQ1FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3Hj/hTCrb/jYKS8srq2vF9dLG5tb2jrm715RxKghtkJjHou1jSTmLaEMxxWk7ERSHPqct//5q4rceqJAsjm7VKKFuiPsRCxjBSkueedClCnsZuxtXhp6DTode9cTyzLJt2VOgReLkpAw56p751e3FJA1ppAjHUnYcO1FuhoVihNNxqZtKmmByj/u0o2mEQyrdbHr9GB1rpYeCWOiKFJqqvycyHEo5Cn3dGWI1kPPeRPzP66QquHAzFiWpohGZLQpSjlSMJlGgHhOUKD7SBBPB9K2IDLDAROnASjoEZ/7lRdKsWo5tOTdn5dplHkcRDuEIKuDAOdTgGurQAAKP8Ayv8GY8GS/Gu/Exay0Y+cw+/IHx+QOzBJQP</latexit><latexit sha1_base64="o0j9Qin39xMlwhPjKER521aZ470=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEChKSIuiy6MZlBfuANoTJdNKOTh7MTKQ1FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3Hj/hTCrb/jYKS8srq2vF9dLG5tb2jrm715RxKghtkJjHou1jSTmLaEMxxWk7ERSHPqct//5q4rceqJAsjm7VKKFuiPsRCxjBSkueedClCnsZuxtXhp6DTode9cTyzLJt2VOgReLkpAw56p751e3FJA1ppAjHUnYcO1FuhoVihNNxqZtKmmByj/u0o2mEQyrdbHr9GB1rpYeCWOiKFJqqvycyHEo5Cn3dGWI1kPPeRPzP66QquHAzFiWpohGZLQpSjlSMJlGgHhOUKD7SBBPB9K2IDLDAROnASjoEZ/7lRdKsWo5tOTdn5dplHkcRDuEIKuDAOdTgGurQAAKP8Ayv8GY8GS/Gu/Exay0Y+cw+/IHx+QOzBJQP</latexit><latexit sha1_base64="o0j9Qin39xMlwhPjKER521aZ470=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEChKSIuiy6MZlBfuANoTJdNKOTh7MTKQ1FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3Hj/hTCrb/jYKS8srq2vF9dLG5tb2jrm715RxKghtkJjHou1jSTmLaEMxxWk7ERSHPqct//5q4rceqJAsjm7VKKFuiPsRCxjBSkueedClCnsZuxtXhp6DTode9cTyzLJt2VOgReLkpAw56p751e3FJA1ppAjHUnYcO1FuhoVihNNxqZtKmmByj/u0o2mEQyrdbHr9GB1rpYeCWOiKFJqqvycyHEo5Cn3dGWI1kPPeRPzP66QquHAzFiWpohGZLQpSjlSMJlGgHhOUKD7SBBPB9K2IDLDAROnASjoEZ/7lRdKsWo5tOTdn5dplHkcRDuEIKuDAOdTgGurQAAKP8Ayv8GY8GS/Gu/Exay0Y+cw+/IHx+QOzBJQP</latexit>

▸ Perform expansion such that each term corresponds exactly to 
one term in the expansion of the inclusive cross section!

x̄1 ! �x̄1
1� x̄2

1� �x̄2
, x̄2 ! �x̄2.

<latexit sha1_base64="CIbIPzm3Az0nTzscMgjeWJlDB14="></latexit><latexit sha1_base64="CIbIPzm3Az0nTzscMgjeWJlDB14="></latexit><latexit sha1_base64="CIbIPzm3Az0nTzscMgjeWJlDB14="></latexit><latexit sha1_base64="CIbIPzm3Az0nTzscMgjeWJlDB14="></latexit>
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EXPLOITING POLE CANCELLATION
▸ Partonic coefficient functions take the form

COMPUTATION

⌘(3)ij, bare(x̄1, x̄2) =⌘(3)ij, virt.�(x̄1)�(x̄2)

+
3X

n,m=1

x̄�1�m✏
1 x̄�1�n✏

2 ⌘(3,m,n)
ij, bare (x̄1, x̄2).

<latexit sha1_base64="c87C04rnuchwM91tHQeR9d0Wn2U="></latexit><latexit sha1_base64="c87C04rnuchwM91tHQeR9d0Wn2U="></latexit><latexit sha1_base64="c87C04rnuchwM91tHQeR9d0Wn2U="></latexit><latexit sha1_base64="c87C04rnuchwM91tHQeR9d0Wn2U="></latexit>

▸ Different generalised exponents n,m -> different momentum 
modes of loop particles. 

▸ Remaining functions holomorphic around 0.  
All logs from pre-factors. 
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EXPLOITING POLE CANCELLATION
▸ Partonic coefficient functions take the form

COMPUTATION

⌘(3)ij, bare(x̄1, x̄2) =⌘(3)ij, virt.�(x̄1)�(x̄2)

+
3X

n,m=1

x̄�1�m✏
1 x̄�1�n✏

2 ⌘(3,m,n)
ij, bare (x̄1, x̄2).

<latexit sha1_base64="c87C04rnuchwM91tHQeR9d0Wn2U="></latexit><latexit sha1_base64="c87C04rnuchwM91tHQeR9d0Wn2U="></latexit><latexit sha1_base64="c87C04rnuchwM91tHQeR9d0Wn2U="></latexit><latexit sha1_base64="c87C04rnuchwM91tHQeR9d0Wn2U="></latexit>

▸ Expand in Distributions
Z 1

0
dx̄i�(x̄i)x̄

�1+a✏
i =

Z 1

0
dx̄i�(x̄i)

�(x̄i)

a✏

+

Z 1

0
dx̄i�(x̄i)

1X

n=0

(a✏)n

n!


Ln
i

x̄i

�

+

,
<latexit sha1_base64="6tCB3hrPhlZKmFIMTI27WxB+f38="></latexit><latexit sha1_base64="6tCB3hrPhlZKmFIMTI27WxB+f38="></latexit><latexit sha1_base64="6tCB3hrPhlZKmFIMTI27WxB+f38="></latexit><latexit sha1_base64="6tCB3hrPhlZKmFIMTI27WxB+f38="></latexit>

Explicit Pole

Plus - Distribution

Test Function: 
 - Luminosity, Observable
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EXPLOITING POLE CANCELLATION
▸ Partonic coefficient functions take the form

COMPUTATION

⌘(3)ij, bare(x̄1, x̄2) =⌘(3)ij, virt.�(x̄1)�(x̄2)

+
3X

n,m=1

x̄�1�m✏
1 x̄�1�n✏

2 ⌘(3,m,n)
ij, bare (x̄1, x̄2).

<latexit sha1_base64="c87C04rnuchwM91tHQeR9d0Wn2U="></latexit><latexit sha1_base64="c87C04rnuchwM91tHQeR9d0Wn2U="></latexit><latexit sha1_base64="c87C04rnuchwM91tHQeR9d0Wn2U="></latexit><latexit sha1_base64="c87C04rnuchwM91tHQeR9d0Wn2U="></latexit>

▸ m=1 or n=1 known exactly! Genuine two loop contributions.

▸ Something curious: lim
x̄2!0

⌘(3,m,n)
ij, bare (x̄1, x̄2)

<latexit sha1_base64="06MPWJdzNVPcHavUHNxrRhwjkAg="></latexit><latexit sha1_base64="06MPWJdzNVPcHavUHNxrRhwjkAg="></latexit><latexit sha1_base64="06MPWJdzNVPcHavUHNxrRhwjkAg="></latexit><latexit sha1_base64="06MPWJdzNVPcHavUHNxrRhwjkAg="></latexit>

Only m        n non-zero.
<latexit sha1_base64="8ynJjh7+wwy0IWDIvv6o14tJK9U=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMmlzqC3wcVGtu3Z2DrBKvIDUo0BxUv/rDmKURSsME1brnuYnxM6oMZwJnlX6qMaFsQkfYs1TSCLWfzW+dkTOrDEkYK1vSkLn6eyKjkdbTKLCdETVjvezl4n9eLzXhtZ9xmaQGJVssClNBTEzyx8mQK2RGTC2hTHF7K2FjqigzNp6KDcFbfnmVtC/qnlv37i9rjZsijjKcwCmcgwdX0IA7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8ARUBjkA=</latexit><latexit sha1_base64="8ynJjh7+wwy0IWDIvv6o14tJK9U=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMmlzqC3wcVGtu3Z2DrBKvIDUo0BxUv/rDmKURSsME1brnuYnxM6oMZwJnlX6qMaFsQkfYs1TSCLWfzW+dkTOrDEkYK1vSkLn6eyKjkdbTKLCdETVjvezl4n9eLzXhtZ9xmaQGJVssClNBTEzyx8mQK2RGTC2hTHF7K2FjqigzNp6KDcFbfnmVtC/qnlv37i9rjZsijjKcwCmcgwdX0IA7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8ARUBjkA=</latexit><latexit sha1_base64="8ynJjh7+wwy0IWDIvv6o14tJK9U=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMmlzqC3wcVGtu3Z2DrBKvIDUo0BxUv/rDmKURSsME1brnuYnxM6oMZwJnlX6qMaFsQkfYs1TSCLWfzW+dkTOrDEkYK1vSkLn6eyKjkdbTKLCdETVjvezl4n9eLzXhtZ9xmaQGJVssClNBTEzyx8mQK2RGTC2hTHF7K2FjqigzNp6KDcFbfnmVtC/qnlv37i9rjZsijjKcwCmcgwdX0IA7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8ARUBjkA=</latexit><latexit sha1_base64="8ynJjh7+wwy0IWDIvv6o14tJK9U=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMmlzqC3wcVGtu3Z2DrBKvIDUo0BxUv/rDmKURSsME1brnuYnxM6oMZwJnlX6qMaFsQkfYs1TSCLWfzW+dkTOrDEkYK1vSkLn6eyKjkdbTKLCdETVjvezl4n9eLzXhtZ9xmaQGJVssClNBTEzyx8mQK2RGTC2hTHF7K2FjqigzNp6KDcFbfnmVtC/qnlv37i9rjZsijjKcwCmcgwdX0IA7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8ARUBjkA=</latexit>
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EXPLOITING POLE CANCELLATION
▸ Partonic coefficient functions take the form

COMPUTATION

⌘(3)ij, bare(x̄1, x̄2) =⌘(3)ij, virt.�(x̄1)�(x̄2)

+
3X

n,m=1

x̄�1�m✏
1 x̄�1�n✏

2 ⌘(3,m,n)
ij, bare (x̄1, x̄2).

<latexit sha1_base64="c87C04rnuchwM91tHQeR9d0Wn2U="></latexit><latexit sha1_base64="c87C04rnuchwM91tHQeR9d0Wn2U="></latexit><latexit sha1_base64="c87C04rnuchwM91tHQeR9d0Wn2U="></latexit><latexit sha1_base64="c87C04rnuchwM91tHQeR9d0Wn2U="></latexit>

▸ 5 powers of log(1-x) 

▸ Pole cancellation:

⌘(3)ij (x1, x2) = lim
✏!0

h
⌘(3)ij, bare(x1, x2) + CT (3)

ij (x1, x2)
i

<latexit sha1_base64="o/cYFa+MWESd4s+dvCnPQCgVi9M="></latexit><latexit sha1_base64="o/cYFa+MWESd4s+dvCnPQCgVi9M="></latexit><latexit sha1_base64="o/cYFa+MWESd4s+dvCnPQCgVi9M="></latexit><latexit sha1_base64="o/cYFa+MWESd4s+dvCnPQCgVi9M="></latexit>

DGLAP+renormalisation
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EXPLOITING POLE CANCELLATION
▸ Knowing that poles will cancel allows to derive relations between different 

singular pieces.  

▸ We can extract a good portion of coefficients of logarithmically enhanced 
terms from those equations. 

▸ Here is what we cannot extract!

COMPUTATION

⌘(3)ij,missing(x1, x2) =
h
�(x̄1) log(x̄2)⌘

(3)
ij,(1,9)(0, x2)

+ �(x̄1)⌘
(3)
ij,(1,8)(0, x2) +


1

x̄1

�

+

⌘(3)ij,(2,8)(0, x2)

+ log(x̄2)⌘
(3)
ij,(8,9)(x1, x2)

i
+

h
(x1 $ x2)

i

+ ⌘(3)ij,(8,8)(x1, x2) + log(x̄1) log(x̄2)⌘
(3)
ij,(9,9)(x1, x2).

<latexit sha1_base64="J/5WEkRLgg6kw2cxPDWMvMca8s8="></latexit><latexit sha1_base64="J/5WEkRLgg6kw2cxPDWMvMca8s8="></latexit><latexit sha1_base64="J/5WEkRLgg6kw2cxPDWMvMca8s8="></latexit><latexit sha1_base64="J/5WEkRLgg6kw2cxPDWMvMca8s8="></latexit>
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RELATION TO INCLUSIVE CROSS SECTION
▸ Inclusive partonic coefficient function known exactly at N3LO 

▸ Relation to our rapidity PCF:  
 
 

▸ Fantastic Check! 

▸ Can we use it?

COMPUTATION

⌘(3),inc.ij (z) =

Z 1

0

z̄dx̄

(1� z̄x̄)
⌘(3)ij

✓
(1� x̄)z̄

1� x̄z̄
, x̄z̄

◆
.

<latexit sha1_base64="jgEYJgnoFFlvA5WzmU+jsnfW/WU="></latexit><latexit sha1_base64="jgEYJgnoFFlvA5WzmU+jsnfW/WU="></latexit><latexit sha1_base64="jgEYJgnoFFlvA5WzmU+jsnfW/WU="></latexit><latexit sha1_base64="jgEYJgnoFFlvA5WzmU+jsnfW/WU="></latexit>
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RELATION TO INCLUSIVE CROSS SECTION
▸ Modify our approximated result:

COMPUTATION

⌘(3),matched
ij (x1, x2) = ⌘(3),app.ij (x1, x2)

+
x1 + x2

2(1� x1x2)

h
⌘(3),incij (x1x2)� ⌘(3),inc, app.ij (x1x2)

i
.

<latexit sha1_base64="MHNBpE51cTCBJHY81uK4Uibi/p0="></latexit><latexit sha1_base64="MHNBpE51cTCBJHY81uK4Uibi/p0="></latexit><latexit sha1_base64="MHNBpE51cTCBJHY81uK4Uibi/p0="></latexit><latexit sha1_base64="MHNBpE51cTCBJHY81uK4Uibi/p0="></latexit> |{z}
<latexit sha1_base64="7V/oQ90OTBeYLEh/mEeDS3RkHAM=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAbymYzaZduNnF3Uyihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8XiZDVIGiDPNpv1J1a+4cZJV4BalCgUa/8tULE5bFKA0TVOuu56bGz6kynAmclnuZxpSyER1g11JJY9R+Pj96Ss6tEpIoUbakIXP190ROY60ncWA7Y2qGetmbif953cxEN37OZZoZlGyxKMoEMQmZJUBCrpAZMbGEMsXtrYQNqY3A2JzKNgRv+eVV0rqseW7Ne7iq1m+LOEpwCmdwAR5cQx3uoQFNYPAEz/AKb87YeXHenY9F65pTzJzAHzifP0hEkms=</latexit><latexit sha1_base64="7V/oQ90OTBeYLEh/mEeDS3RkHAM=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAbymYzaZduNnF3Uyihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8XiZDVIGiDPNpv1J1a+4cZJV4BalCgUa/8tULE5bFKA0TVOuu56bGz6kynAmclnuZxpSyER1g11JJY9R+Pj96Ss6tEpIoUbakIXP190ROY60ncWA7Y2qGetmbif953cxEN37OZZoZlGyxKMoEMQmZJUBCrpAZMbGEMsXtrYQNqY3A2JzKNgRv+eVV0rqseW7Ne7iq1m+LOEpwCmdwAR5cQx3uoQFNYPAEz/AKb87YeXHenY9F65pTzJzAHzifP0hEkms=</latexit><latexit sha1_base64="7V/oQ90OTBeYLEh/mEeDS3RkHAM=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAbymYzaZduNnF3Uyihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8XiZDVIGiDPNpv1J1a+4cZJV4BalCgUa/8tULE5bFKA0TVOuu56bGz6kynAmclnuZxpSyER1g11JJY9R+Pj96Ss6tEpIoUbakIXP190ROY60ncWA7Y2qGetmbif953cxEN37OZZoZlGyxKMoEMQmZJUBCrpAZMbGEMsXtrYQNqY3A2JzKNgRv+eVV0rqseW7Ne7iq1m+LOEpwCmdwAR5cQx3uoQFNYPAEz/AKb87YeXHenY9F65pTzJzAHzifP0hEkms=</latexit><latexit sha1_base64="7V/oQ90OTBeYLEh/mEeDS3RkHAM=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAbymYzaZduNnF3Uyihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8XiZDVIGiDPNpv1J1a+4cZJV4BalCgUa/8tULE5bFKA0TVOuu56bGz6kynAmclnuZxpSyER1g11JJY9R+Pj96Ss6tEpIoUbakIXP190ROY60ncWA7Y2qGetmbif953cxEN37OZZoZlGyxKMoEMQmZJUBCrpAZMbGEMsXtrYQNqY3A2JzKNgRv+eVV0rqseW7Ne7iq1m+LOEpwCmdwAR5cQx3uoQFNYPAEz/AKb87YeXHenY9F65pTzJzAHzifP0hEkms=</latexit>

O(z̄5)
<latexit sha1_base64="udhPZDhpgQrZ/Gj+SwwK2lRJaMQ=">AAAB/nicbVDLSsNAFJ34rPUVFVduBotQNyURRZdFN+6sYB/QxHIznbRDJ5MwMxFqKPgrblwo4tbvcOffOG2z0NYDA4dz7uWeOUHCmdKO820tLC4tr6wW1orrG5tb2/bObkPFqSS0TmIey1YAinImaF0zzWkrkRSigNNmMLga+80HKhWLxZ0eJtSPoCdYyAhoI3XsfS8C3SfAs5tR2QtA4sf7s+OOXXIqzgR4nrg5KaEctY795XVjkkZUaMJBqbbrJNrPQGpGOB0VvVTRBMgAerRtqICIKj+bxB/hI6N0cRhL84TGE/X3RgaRUsMoMJPjsGrWG4v/ee1Uhxd+xkSSairI9FCYcqxjPO4Cd5mkRPOhIUAkM1kx6YMEok1jRVOCO/vledI4qbhOxb09LVUv8zoK6AAdojJy0TmqomtUQ3VEUIae0St6s56sF+vd+piOLlj5zh76A+vzB05plQk=</latexit><latexit sha1_base64="udhPZDhpgQrZ/Gj+SwwK2lRJaMQ=">AAAB/nicbVDLSsNAFJ34rPUVFVduBotQNyURRZdFN+6sYB/QxHIznbRDJ5MwMxFqKPgrblwo4tbvcOffOG2z0NYDA4dz7uWeOUHCmdKO820tLC4tr6wW1orrG5tb2/bObkPFqSS0TmIey1YAinImaF0zzWkrkRSigNNmMLga+80HKhWLxZ0eJtSPoCdYyAhoI3XsfS8C3SfAs5tR2QtA4sf7s+OOXXIqzgR4nrg5KaEctY795XVjkkZUaMJBqbbrJNrPQGpGOB0VvVTRBMgAerRtqICIKj+bxB/hI6N0cRhL84TGE/X3RgaRUsMoMJPjsGrWG4v/ee1Uhxd+xkSSairI9FCYcqxjPO4Cd5mkRPOhIUAkM1kx6YMEok1jRVOCO/vledI4qbhOxb09LVUv8zoK6AAdojJy0TmqomtUQ3VEUIae0St6s56sF+vd+piOLlj5zh76A+vzB05plQk=</latexit><latexit sha1_base64="udhPZDhpgQrZ/Gj+SwwK2lRJaMQ=">AAAB/nicbVDLSsNAFJ34rPUVFVduBotQNyURRZdFN+6sYB/QxHIznbRDJ5MwMxFqKPgrblwo4tbvcOffOG2z0NYDA4dz7uWeOUHCmdKO820tLC4tr6wW1orrG5tb2/bObkPFqSS0TmIey1YAinImaF0zzWkrkRSigNNmMLga+80HKhWLxZ0eJtSPoCdYyAhoI3XsfS8C3SfAs5tR2QtA4sf7s+OOXXIqzgR4nrg5KaEctY795XVjkkZUaMJBqbbrJNrPQGpGOB0VvVTRBMgAerRtqICIKj+bxB/hI6N0cRhL84TGE/X3RgaRUsMoMJPjsGrWG4v/ee1Uhxd+xkSSairI9FCYcqxjPO4Cd5mkRPOhIUAkM1kx6YMEok1jRVOCO/vledI4qbhOxb09LVUv8zoK6AAdojJy0TmqomtUQ3VEUIae0St6s56sF+vd+piOLlj5zh76A+vzB05plQk=</latexit><latexit sha1_base64="udhPZDhpgQrZ/Gj+SwwK2lRJaMQ=">AAAB/nicbVDLSsNAFJ34rPUVFVduBotQNyURRZdFN+6sYB/QxHIznbRDJ5MwMxFqKPgrblwo4tbvcOffOG2z0NYDA4dz7uWeOUHCmdKO820tLC4tr6wW1orrG5tb2/bObkPFqSS0TmIey1YAinImaF0zzWkrkRSigNNmMLga+80HKhWLxZ0eJtSPoCdYyAhoI3XsfS8C3SfAs5tR2QtA4sf7s+OOXXIqzgR4nrg5KaEctY795XVjkkZUaMJBqbbrJNrPQGpGOB0VvVTRBMgAerRtqICIKj+bxB/hI6N0cRhL84TGE/X3RgaRUsMoMJPjsGrWG4v/ee1Uhxd+xkSSairI9FCYcqxjPO4Cd5mkRPOhIUAkM1kx6YMEok1jRVOCO/vledI4qbhOxb09LVUv8zoK6AAdojJy0TmqomtUQ3VEUIae0St6s56sF+vd+piOLlj5zh76A+vzB05plQk=</latexit>

▸ Ensures that we reproduce the exact N3LO inclusive cross 
section when integrating over the rapidity!  

▸ Exact for every value in z!
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OUR PARTONIC COEFFICIENT FUNCTION - SUMMARY
ANALYTIC RESULT

⌘(3)(x1, x2)
<latexit sha1_base64="nJJ9c/C1/h/SfVc23Zpik7/n9uE=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRahBSlJFfRY9OKxgv2ANobNdtou3WzC7kYaQv0rXjwo4tUf4s1/47bNQVsfDDzem2Fmnh8xKpVtfxu5tfWNza38dmFnd2//wDw8askwFgSaJGSh6PhYAqMcmooqBp1IAA58Bm1/fDPz248gJA35vUoicAM85HRACVZa8sxiDxR+SMvnlWl54jlnE69W8cySXbXnsFaJk5ESytDwzK9ePyRxAFwRhqXsOnak3BQLRQmDaaEXS4gwGeMhdDXlOADppvPjp9apVvrWIBS6uLLm6u+JFAdSJoGvOwOsRnLZm4n/ed1YDa7clPIoVsDJYtEgZpYKrVkSVp8KIIolmmAiqL7VIiMsMFE6r4IOwVl+eZW0alXHrjp3F6X6dRZHHh2jE1RGDrpEdXSLGqiJCErQM3pFb8aT8WK8Gx+L1pyRzRTRHxifP5G+k2c=</latexit><latexit sha1_base64="nJJ9c/C1/h/SfVc23Zpik7/n9uE=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRahBSlJFfRY9OKxgv2ANobNdtou3WzC7kYaQv0rXjwo4tUf4s1/47bNQVsfDDzem2Fmnh8xKpVtfxu5tfWNza38dmFnd2//wDw8askwFgSaJGSh6PhYAqMcmooqBp1IAA58Bm1/fDPz248gJA35vUoicAM85HRACVZa8sxiDxR+SMvnlWl54jlnE69W8cySXbXnsFaJk5ESytDwzK9ePyRxAFwRhqXsOnak3BQLRQmDaaEXS4gwGeMhdDXlOADppvPjp9apVvrWIBS6uLLm6u+JFAdSJoGvOwOsRnLZm4n/ed1YDa7clPIoVsDJYtEgZpYKrVkSVp8KIIolmmAiqL7VIiMsMFE6r4IOwVl+eZW0alXHrjp3F6X6dRZHHh2jE1RGDrpEdXSLGqiJCErQM3pFb8aT8WK8Gx+L1pyRzRTRHxifP5G+k2c=</latexit><latexit sha1_base64="nJJ9c/C1/h/SfVc23Zpik7/n9uE=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRahBSlJFfRY9OKxgv2ANobNdtou3WzC7kYaQv0rXjwo4tUf4s1/47bNQVsfDDzem2Fmnh8xKpVtfxu5tfWNza38dmFnd2//wDw8askwFgSaJGSh6PhYAqMcmooqBp1IAA58Bm1/fDPz248gJA35vUoicAM85HRACVZa8sxiDxR+SMvnlWl54jlnE69W8cySXbXnsFaJk5ESytDwzK9ePyRxAFwRhqXsOnak3BQLRQmDaaEXS4gwGeMhdDXlOADppvPjp9apVvrWIBS6uLLm6u+JFAdSJoGvOwOsRnLZm4n/ed1YDa7clPIoVsDJYtEgZpYKrVkSVp8KIIolmmAiqL7VIiMsMFE6r4IOwVl+eZW0alXHrjp3F6X6dRZHHh2jE1RGDrpEdXSLGqiJCErQM3pFb8aT8WK8Gx+L1pyRzRTRHxifP5G+k2c=</latexit><latexit sha1_base64="nJJ9c/C1/h/SfVc23Zpik7/n9uE=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRahBSlJFfRY9OKxgv2ANobNdtou3WzC7kYaQv0rXjwo4tUf4s1/47bNQVsfDDzem2Fmnh8xKpVtfxu5tfWNza38dmFnd2//wDw8askwFgSaJGSh6PhYAqMcmooqBp1IAA58Bm1/fDPz248gJA35vUoicAM85HRACVZa8sxiDxR+SMvnlWl54jlnE69W8cySXbXnsFaJk5ESytDwzK9ePyRxAFwRhqXsOnak3BQLRQmDaaEXS4gwGeMhdDXlOADppvPjp9apVvrWIBS6uLLm6u+JFAdSJoGvOwOsRnLZm4n/ed1YDa7clPIoVsDJYtEgZpYKrVkSVp8KIIolmmAiqL7VIiMsMFE6r4IOwVl+eZW0alXHrjp3F6X6dRZHHh2jE1RGDrpEdXSLGqiJCErQM3pFb8aT8WK8Gx+L1pyRzRTRHxifP5G+k2c=</latexit>

Ingredients:

★ Integrates to the exact N3LO cross section. 

★Contains leading logarithmic contributions exactly. 

★Complemented by six terms in the expansion around the 
partonic threshold.
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VALIDATION AT NNLO

NNLO -1 0 1
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▸ Our approximation performs nicely! 

▸ Especially for central rapidities |Y| < 3 
Larger Rapidities ~ More energetic final states = further from threshold 

▸ After first couple of orders: Systematic improvement by including more 
terms in threshold expansion. 

▸ To cover the remaining difference to exact NNLO other ingredients than 
threshold expansion are necessary.
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VALIDATION AT N3LO

▸ Similar picture as at NNLO. 

▸ Central rapidities very stable under adding more threshold 
terms. 

▸ Larger rapidities: expansion varies more. 

▸ High confidence in central rapidity region.
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HIGGS BOSON RAPIDITY DISTRIBUTIONS AT N3LO

HIGGS BOSON RAPIDITY
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HIGGS BOSON RAPIDITY DISTRIBUTIONS AT N3LO

HIGGS BOSON RAPIDITY - RATIO

▸ Flat correction throughout entire rapidity range. 

▸ Significant reduction in scale uncertainty. 

▸ Excellent agreement with earlier approximation of 
[Cieri,Chen,Gehrmann,Glover,Huss]
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HIGGS BOSON RAPIDITY DISTRIBUTIONS AT N3LO

HIGGS BOSON RAPIDITY - RATIO

▸ Very compatible with rescaling of NNLO distribution 

▸ Good news for current experimental usage!  
Re-weighted Parton-Shower MC.
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HIGGS BOSON IN REAL LIFE

FIDUCIAL PREDICTIONS
▸ Real LHC observables are constrained by fiducial selection of 

Higgs boson decay products. 
 

▸ High orders: Challenging to compute due to presence of 
complex infra-red singularities! 

Fully Differential Cross Sections

Z
d4phd

4pg
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HIGGS BOSON IN REAL LIFE

SUBTRACTION
▸ Procedure to regulate infra-red and collinear singularities in 

all generality (at NLO): 
Z

d�|M |2J(�B ,�g) !
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Finite numerically

Integrate in dim.-reg.
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<latexit sha1_base64="OjpUvJeUqHuUOCGXoGXAw37/pKk=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR6qYkRdBl0Y0boYJ9QJOWyXTSDp08mLkRSpqNv+LGhSJu/Qx3/o3TNgttPXDhcM693HuPFwuuwLK+jZXVtfWNzcJWcXtnd2/fPDhsqiiRlDVoJCLZ9ohigoesARwEa8eSkcATrOWNbqZ+65FJxaPwAcYxcwMyCLnPKQEt9cxjRzAfJnfdtGydZ47kgyFMulXcM0tWxZoBLxM7JyWUo94zv5x+RJOAhUAFUapjWzG4KZHAqWBZ0UkUiwkdkQHraBqSgCk3nT2Q4TOt9LEfSV0h4Jn6eyIlgVLjwNOdAYGhWvSm4n9eJwH/yk15GCfAQjpf5CcCQ4SnaeA+l4yCGGtCqOT6VkyHRBIKOrOiDsFefHmZNKsV26rY9xel2nUeRwGdoFNURja6RDV0i+qogSjK0DN6RW/Gk/FivBsf89YVI585Qn9gfP4AyvaV3g==</latexit><latexit sha1_base64="OjpUvJeUqHuUOCGXoGXAw37/pKk=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR6qYkRdBl0Y0boYJ9QJOWyXTSDp08mLkRSpqNv+LGhSJu/Qx3/o3TNgttPXDhcM693HuPFwuuwLK+jZXVtfWNzcJWcXtnd2/fPDhsqiiRlDVoJCLZ9ohigoesARwEa8eSkcATrOWNbqZ+65FJxaPwAcYxcwMyCLnPKQEt9cxjRzAfJnfdtGydZ47kgyFMulXcM0tWxZoBLxM7JyWUo94zv5x+RJOAhUAFUapjWzG4KZHAqWBZ0UkUiwkdkQHraBqSgCk3nT2Q4TOt9LEfSV0h4Jn6eyIlgVLjwNOdAYGhWvSm4n9eJwH/yk15GCfAQjpf5CcCQ4SnaeA+l4yCGGtCqOT6VkyHRBIKOrOiDsFefHmZNKsV26rY9xel2nUeRwGdoFNURja6RDV0i+qogSjK0DN6RW/Gk/FivBsf89YVI585Qn9gfP4AyvaV3g==</latexit><latexit sha1_base64="OjpUvJeUqHuUOCGXoGXAw37/pKk=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR6qYkRdBl0Y0boYJ9QJOWyXTSDp08mLkRSpqNv+LGhSJu/Qx3/o3TNgttPXDhcM693HuPFwuuwLK+jZXVtfWNzcJWcXtnd2/fPDhsqiiRlDVoJCLZ9ohigoesARwEa8eSkcATrOWNbqZ+65FJxaPwAcYxcwMyCLnPKQEt9cxjRzAfJnfdtGydZ47kgyFMulXcM0tWxZoBLxM7JyWUo94zv5x+RJOAhUAFUapjWzG4KZHAqWBZ0UkUiwkdkQHraBqSgCk3nT2Q4TOt9LEfSV0h4Jn6eyIlgVLjwNOdAYGhWvSm4n9eJwH/yk15GCfAQjpf5CcCQ4SnaeA+l4yCGGtCqOT6VkyHRBIKOrOiDsFefHmZNKsV26rY9xel2nUeRwGdoFNURja6RDV0i+qogSjK0DN6RW/Gk/FivBsf89YVI585Qn9gfP4AyvaV3g==</latexit><latexit sha1_base64="OjpUvJeUqHuUOCGXoGXAw37/pKk=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR6qYkRdBl0Y0boYJ9QJOWyXTSDp08mLkRSpqNv+LGhSJu/Qx3/o3TNgttPXDhcM693HuPFwuuwLK+jZXVtfWNzcJWcXtnd2/fPDhsqiiRlDVoJCLZ9ohigoesARwEa8eSkcATrOWNbqZ+65FJxaPwAcYxcwMyCLnPKQEt9cxjRzAfJnfdtGydZ47kgyFMulXcM0tWxZoBLxM7JyWUo94zv5x+RJOAhUAFUapjWzG4KZHAqWBZ0UkUiwkdkQHraBqSgCk3nT2Q4TOt9LEfSV0h4Jn6eyIlgVLjwNOdAYGhWvSm4n9eJwH/yk15GCfAQjpf5CcCQ4SnaeA+l4yCGGtCqOT6VkyHRBIKOrOiDsFefHmZNKsV26rY9xel2nUeRwGdoFNURja6RDV0i+qogSjK0DN6RW/Gk/FivBsf89YVI585Qn9gfP4AyvaV3g==</latexit>

Typically an approximation of  
the matrix element in singular limit.
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HIGGS BOSON IN REAL LIFE

PROJECTION TO BORN

Z
d�

✓
|M |2J(�B ,�g)�

���M (0)
���
2
J(�B , 0)

◆

<latexit sha1_base64="PXbeGpJD9w+QS4v5StPt3LvxxYU="></latexit><latexit sha1_base64="PXbeGpJD9w+QS4v5StPt3LvxxYU="></latexit><latexit sha1_base64="PXbeGpJD9w+QS4v5StPt3LvxxYU="></latexit><latexit sha1_base64="PXbeGpJD9w+QS4v5StPt3LvxxYU="></latexit>

���M (0)
���
2
= |M |2

<latexit sha1_base64="FOovf/1ktqli9+G6PkMY/77PgHw=">AAACEnicbZC7SgNBFIZn4y3G26qlzWAQkibsBkEbIWhjI0QwF0g2YXYymwyZvTBzVgibPIONr2JjoYitlZ1v4yRZUBN/GPj5zjmcOb8bCa7Asr6MzMrq2vpGdjO3tb2zu2fuH9RVGEvKajQUoWy6RDHBA1YDDoI1I8mI7wrWcIdX03rjnknFw+AORhFzfNIPuMcpAY26ZrEtmAfjm05SsIqTtuT9AYw7ZXyR8h/SNfNWyZoJLxs7NXmUqto1P9u9kMY+C4AKolTLtiJwEiKBU8EmuXasWETokPRZS9uA+Ew5yeykCT7RpIe9UOoXAJ7R3xMJ8ZUa+a7u9AkM1GJtCv+rtWLwzp2EB1EMLKDzRV4sMIR4mg/ucckoiJE2hEqu/4rpgEhCQaeY0yHYiycvm3q5ZFsl+/Y0X7lM48iiI3SMCshGZ6iCrlEV1RBFD+gJvaBX49F4Nt6M93lrxkhnDtEfGR/fYeidRQ==</latexit><latexit sha1_base64="FOovf/1ktqli9+G6PkMY/77PgHw=">AAACEnicbZC7SgNBFIZn4y3G26qlzWAQkibsBkEbIWhjI0QwF0g2YXYymwyZvTBzVgibPIONr2JjoYitlZ1v4yRZUBN/GPj5zjmcOb8bCa7Asr6MzMrq2vpGdjO3tb2zu2fuH9RVGEvKajQUoWy6RDHBA1YDDoI1I8mI7wrWcIdX03rjnknFw+AORhFzfNIPuMcpAY26ZrEtmAfjm05SsIqTtuT9AYw7ZXyR8h/SNfNWyZoJLxs7NXmUqto1P9u9kMY+C4AKolTLtiJwEiKBU8EmuXasWETokPRZS9uA+Ew5yeykCT7RpIe9UOoXAJ7R3xMJ8ZUa+a7u9AkM1GJtCv+rtWLwzp2EB1EMLKDzRV4sMIR4mg/ucckoiJE2hEqu/4rpgEhCQaeY0yHYiycvm3q5ZFsl+/Y0X7lM48iiI3SMCshGZ6iCrlEV1RBFD+gJvaBX49F4Nt6M93lrxkhnDtEfGR/fYeidRQ==</latexit><latexit sha1_base64="FOovf/1ktqli9+G6PkMY/77PgHw=">AAACEnicbZC7SgNBFIZn4y3G26qlzWAQkibsBkEbIWhjI0QwF0g2YXYymwyZvTBzVgibPIONr2JjoYitlZ1v4yRZUBN/GPj5zjmcOb8bCa7Asr6MzMrq2vpGdjO3tb2zu2fuH9RVGEvKajQUoWy6RDHBA1YDDoI1I8mI7wrWcIdX03rjnknFw+AORhFzfNIPuMcpAY26ZrEtmAfjm05SsIqTtuT9AYw7ZXyR8h/SNfNWyZoJLxs7NXmUqto1P9u9kMY+C4AKolTLtiJwEiKBU8EmuXasWETokPRZS9uA+Ew5yeykCT7RpIe9UOoXAJ7R3xMJ8ZUa+a7u9AkM1GJtCv+rtWLwzp2EB1EMLKDzRV4sMIR4mg/ucckoiJE2hEqu/4rpgEhCQaeY0yHYiycvm3q5ZFsl+/Y0X7lM48iiI3SMCshGZ6iCrlEV1RBFD+gJvaBX49F4Nt6M93lrxkhnDtEfGR/fYeidRQ==</latexit><latexit sha1_base64="FOovf/1ktqli9+G6PkMY/77PgHw=">AAACEnicbZC7SgNBFIZn4y3G26qlzWAQkibsBkEbIWhjI0QwF0g2YXYymwyZvTBzVgibPIONr2JjoYitlZ1v4yRZUBN/GPj5zjmcOb8bCa7Asr6MzMrq2vpGdjO3tb2zu2fuH9RVGEvKajQUoWy6RDHBA1YDDoI1I8mI7wrWcIdX03rjnknFw+AORhFzfNIPuMcpAY26ZrEtmAfjm05SsIqTtuT9AYw7ZXyR8h/SNfNWyZoJLxs7NXmUqto1P9u9kMY+C4AKolTLtiJwEiKBU8EmuXasWETokPRZS9uA+Ew5yeykCT7RpIe9UOoXAJ7R3xMJ8ZUa+a7u9AkM1GJtCv+rtWLwzp2EB1EMLKDzRV4sMIR4mg/ucckoiJE2hEqu/4rpgEhCQaeY0yHYiycvm3q5ZFsl+/Y0X7lM48iiI3SMCshGZ6iCrlEV1RBFD+gJvaBX49F4Nt6M93lrxkhnDtEfGR/fYeidRQ==</latexit>

!
Z

d�|M |2 (J(�B ,�g)� J(�B , 0))
<latexit sha1_base64="KaKIEYXayXCZ+pzDBBzsR5pVB8c="></latexit><latexit sha1_base64="KaKIEYXayXCZ+pzDBBzsR5pVB8c="></latexit><latexit sha1_base64="KaKIEYXayXCZ+pzDBBzsR5pVB8c="></latexit><latexit sha1_base64="KaKIEYXayXCZ+pzDBBzsR5pVB8c="></latexit>

The best possible subtraction scheme!

▸ Exact cancellation of singularities! 

▸ Integrated counter term is the inclusive cross section, 
differential in all Born variables! 

▸ Typically very hard to obtain! For the Higgs:  

�B = {z, Y }
<latexit sha1_base64="bf/b3OePIKuBgLxkeaTql0JXnHQ=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBL0IpV48VrAf0sSy2W7apZtN2N0oNeR/ePGgiFf/izf/jds2B219MPB4b4aZeX7MmdK2/W0VlpZXVteK66WNza3tnfLuXktFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/uhq4rcfqFQsErd6HFMvxAPBAkawNtK92xiyXv3STZ9O7tysV67YVXsKtEicnFQgR6NX/nL7EUlCKjThWKmuY8faS7HUjHCaldxE0RiTER7QrqECh1R56fTqDB0ZpY+CSJoSGk3V3xMpDpUah77pDLEeqnlvIv7ndRMdXHgpE3GiqSCzRUHCkY7QJALUZ5ISzceGYCKZuRWRIZaYaBNUyYTgzL+8SFqnVceuOjdnlVo9j6MIB3AIx+DAOdTgGhrQBAISnuEV3qxH68V6tz5mrQUrn9mHP7A+fwDUUZIQ</latexit><latexit sha1_base64="bf/b3OePIKuBgLxkeaTql0JXnHQ=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBL0IpV48VrAf0sSy2W7apZtN2N0oNeR/ePGgiFf/izf/jds2B219MPB4b4aZeX7MmdK2/W0VlpZXVteK66WNza3tnfLuXktFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/uhq4rcfqFQsErd6HFMvxAPBAkawNtK92xiyXv3STZ9O7tysV67YVXsKtEicnFQgR6NX/nL7EUlCKjThWKmuY8faS7HUjHCaldxE0RiTER7QrqECh1R56fTqDB0ZpY+CSJoSGk3V3xMpDpUah77pDLEeqnlvIv7ndRMdXHgpE3GiqSCzRUHCkY7QJALUZ5ISzceGYCKZuRWRIZaYaBNUyYTgzL+8SFqnVceuOjdnlVo9j6MIB3AIx+DAOdTgGhrQBAISnuEV3qxH68V6tz5mrQUrn9mHP7A+fwDUUZIQ</latexit><latexit sha1_base64="bf/b3OePIKuBgLxkeaTql0JXnHQ=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBL0IpV48VrAf0sSy2W7apZtN2N0oNeR/ePGgiFf/izf/jds2B219MPB4b4aZeX7MmdK2/W0VlpZXVteK66WNza3tnfLuXktFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/uhq4rcfqFQsErd6HFMvxAPBAkawNtK92xiyXv3STZ9O7tysV67YVXsKtEicnFQgR6NX/nL7EUlCKjThWKmuY8faS7HUjHCaldxE0RiTER7QrqECh1R56fTqDB0ZpY+CSJoSGk3V3xMpDpUah77pDLEeqnlvIv7ndRMdXHgpE3GiqSCzRUHCkY7QJALUZ5ISzceGYCKZuRWRIZaYaBNUyYTgzL+8SFqnVceuOjdnlVo9j6MIB3AIx+DAOdTgGhrQBAISnuEV3qxH68V6tz5mrQUrn9mHP7A+fwDUUZIQ</latexit><latexit sha1_base64="bf/b3OePIKuBgLxkeaTql0JXnHQ=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBL0IpV48VrAf0sSy2W7apZtN2N0oNeR/ePGgiFf/izf/jds2B219MPB4b4aZeX7MmdK2/W0VlpZXVteK66WNza3tnfLuXktFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/uhq4rcfqFQsErd6HFMvxAPBAkawNtK92xiyXv3STZ9O7tysV67YVXsKtEicnFQgR6NX/nL7EUlCKjThWKmuY8faS7HUjHCaldxE0RiTER7QrqECh1R56fTqDB0ZpY+CSJoSGk3V3xMpDpUah77pDLEeqnlvIv7ndRMdXHgpE3GiqSCzRUHCkY7QJALUZ5ISzceGYCKZuRWRIZaYaBNUyYTgzL+8SFqnVceuOjdnlVo9j6MIB3AIx+DAOdTgGhrQBAISnuEV3qxH68V6tz5mrQUrn9mHP7A+fwDUUZIQ</latexit>

d�

dzdY
<latexit sha1_base64="lrywTdZUfu47QmTRy93Whz/A2pQ=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRPJVEBD0WvXisYFulCWWz2bRLd5OwuxFqCPhXvHhQxKu/w5v/xm2bg7Y+GHi8N8PMvCDlTGnH+bYqS8srq2vV9drG5tb2jr2711FJJgltk4Qn8i7AinIW07ZmmtO7VFIsAk67wehq4ncfqFQsiW/1OKW+wIOYRYxgbaS+feBFEpM89BQbCFzk4SMK74u+XXcazhRokbglqUOJVt/+8sKEZILGmnCsVM91Uu3nWGpGOC1qXqZoiskID2jP0BgLqvx8en6Bjo0SoiiRpmKNpurviRwLpcYiMJ0C66Ga9ybif14v09GFn7M4zTSNyWxRlHGkEzTJAoVMUqL52BBMJDO3IjLEJg9tEquZENz5lxdJ57ThOg335qzevCzjqMIhHMEJuHAOTbiGFrSBQA7P8Apv1pP1Yr1bH7PWilXO7MMfWJ8/sgiV8Q==</latexit><latexit sha1_base64="lrywTdZUfu47QmTRy93Whz/A2pQ=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRPJVEBD0WvXisYFulCWWz2bRLd5OwuxFqCPhXvHhQxKu/w5v/xm2bg7Y+GHi8N8PMvCDlTGnH+bYqS8srq2vV9drG5tb2jr2711FJJgltk4Qn8i7AinIW07ZmmtO7VFIsAk67wehq4ncfqFQsiW/1OKW+wIOYRYxgbaS+feBFEpM89BQbCFzk4SMK74u+XXcazhRokbglqUOJVt/+8sKEZILGmnCsVM91Uu3nWGpGOC1qXqZoiskID2jP0BgLqvx8en6Bjo0SoiiRpmKNpurviRwLpcYiMJ0C66Ga9ybif14v09GFn7M4zTSNyWxRlHGkEzTJAoVMUqL52BBMJDO3IjLEJg9tEquZENz5lxdJ57ThOg335qzevCzjqMIhHMEJuHAOTbiGFrSBQA7P8Apv1pP1Yr1bH7PWilXO7MMfWJ8/sgiV8Q==</latexit><latexit sha1_base64="lrywTdZUfu47QmTRy93Whz/A2pQ=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRPJVEBD0WvXisYFulCWWz2bRLd5OwuxFqCPhXvHhQxKu/w5v/xm2bg7Y+GHi8N8PMvCDlTGnH+bYqS8srq2vV9drG5tb2jr2711FJJgltk4Qn8i7AinIW07ZmmtO7VFIsAk67wehq4ncfqFQsiW/1OKW+wIOYRYxgbaS+feBFEpM89BQbCFzk4SMK74u+XXcazhRokbglqUOJVt/+8sKEZILGmnCsVM91Uu3nWGpGOC1qXqZoiskID2jP0BgLqvx8en6Bjo0SoiiRpmKNpurviRwLpcYiMJ0C66Ga9ybif14v09GFn7M4zTSNyWxRlHGkEzTJAoVMUqL52BBMJDO3IjLEJg9tEquZENz5lxdJ57ThOg335qzevCzjqMIhHMEJuHAOTbiGFrSBQA7P8Apv1pP1Yr1bH7PWilXO7MMfWJ8/sgiV8Q==</latexit><latexit sha1_base64="lrywTdZUfu47QmTRy93Whz/A2pQ=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRPJVEBD0WvXisYFulCWWz2bRLd5OwuxFqCPhXvHhQxKu/w5v/xm2bg7Y+GHi8N8PMvCDlTGnH+bYqS8srq2vV9drG5tb2jr2711FJJgltk4Qn8i7AinIW07ZmmtO7VFIsAk67wehq4ncfqFQsiW/1OKW+wIOYRYxgbaS+feBFEpM89BQbCFzk4SMK74u+XXcazhRokbglqUOJVt/+8sKEZILGmnCsVM91Uu3nWGpGOC1qXqZoiskID2jP0BgLqvx8en6Bjo0SoiiRpmKNpurviRwLpcYiMJ0C66Ga9ybif14v09GFn7M4zTSNyWxRlHGkEzTJAoVMUqL52BBMJDO3IjLEJg9tEquZENz5lxdJ57ThOg335qzevCzjqMIhHMEJuHAOTbiGFrSBQA7P8Apv1pP1Yr1bH7PWilXO7MMfWJ8/sgiV8Q==</latexit>

[Cacciari,Dreyer,Karlberg,Salam,Zanderighi]
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<latexit sha1_base64="hKrAONVBvuoXuimZxfu+ZKYxzWc=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQZdFN11WsA9oQrmZTtKhM0mYmSglFDf+ihsXirj1K9z5N07bLLT1wL0czrmXmXuClDOlHefbKq2srq1vlDcrW9s7u3v2/kFbJZkktEUSnshuAIpyFtOWZprTbiopiIDTTjC6mfqdeyoVS+I7PU6pLyCKWcgIaCP17aOGJ1k01CBl8oC9CISAee/bVafmzICXiVuQKirQ7Ntf3iAhmaCxJhyU6rlOqv0cpGaE00nFyxRNgYwgoj1DYxBU+fnshAk+NcoAh4k0FWs8U39v5CCUGovATArQQ7XoTcX/vF6mwys/Z3GaaRqT+UNhxrFO8DQPPGCSEs3HhgCRzPwVkyFIINqkVjEhuIsnL5P2ec11au7tRbV+XcRRRsfoBJ0hF12iOmqgJmohgh7RM3pFb9aT9WK9Wx/z0ZJV7ByiP7A+fwBuqJdw</latexit><latexit sha1_base64="hKrAONVBvuoXuimZxfu+ZKYxzWc=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQZdFN11WsA9oQrmZTtKhM0mYmSglFDf+ihsXirj1K9z5N07bLLT1wL0czrmXmXuClDOlHefbKq2srq1vlDcrW9s7u3v2/kFbJZkktEUSnshuAIpyFtOWZprTbiopiIDTTjC6mfqdeyoVS+I7PU6pLyCKWcgIaCP17aOGJ1k01CBl8oC9CISAee/bVafmzICXiVuQKirQ7Ntf3iAhmaCxJhyU6rlOqv0cpGaE00nFyxRNgYwgoj1DYxBU+fnshAk+NcoAh4k0FWs8U39v5CCUGovATArQQ7XoTcX/vF6mwys/Z3GaaRqT+UNhxrFO8DQPPGCSEs3HhgCRzPwVkyFIINqkVjEhuIsnL5P2ec11au7tRbV+XcRRRsfoBJ0hF12iOmqgJmohgh7RM3pFb9aT9WK9Wx/z0ZJV7ByiP7A+fwBuqJdw</latexit><latexit sha1_base64="hKrAONVBvuoXuimZxfu+ZKYxzWc=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQZdFN11WsA9oQrmZTtKhM0mYmSglFDf+ihsXirj1K9z5N07bLLT1wL0czrmXmXuClDOlHefbKq2srq1vlDcrW9s7u3v2/kFbJZkktEUSnshuAIpyFtOWZprTbiopiIDTTjC6mfqdeyoVS+I7PU6pLyCKWcgIaCP17aOGJ1k01CBl8oC9CISAee/bVafmzICXiVuQKirQ7Ntf3iAhmaCxJhyU6rlOqv0cpGaE00nFyxRNgYwgoj1DYxBU+fnshAk+NcoAh4k0FWs8U39v5CCUGovATArQQ7XoTcX/vF6mwys/Z3GaaRqT+UNhxrFO8DQPPGCSEs3HhgCRzPwVkyFIINqkVjEhuIsnL5P2ec11au7tRbV+XcRRRsfoBJ0hF12iOmqgJmohgh7RM3pFb9aT9WK9Wx/z0ZJV7ByiP7A+fwBuqJdw</latexit><latexit sha1_base64="hKrAONVBvuoXuimZxfu+ZKYxzWc=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQZdFN11WsA9oQrmZTtKhM0mYmSglFDf+ihsXirj1K9z5N07bLLT1wL0czrmXmXuClDOlHefbKq2srq1vlDcrW9s7u3v2/kFbJZkktEUSnshuAIpyFtOWZprTbiopiIDTTjC6mfqdeyoVS+I7PU6pLyCKWcgIaCP17aOGJ1k01CBl8oC9CISAee/bVafmzICXiVuQKirQ7Ntf3iAhmaCxJhyU6rlOqv0cpGaE00nFyxRNgYwgoj1DYxBU+fnshAk+NcoAh4k0FWs8U39v5CCUGovATArQQ7XoTcX/vF6mwys/Z3GaaRqT+UNhxrFO8DQPPGCSEs3HhgCRzPwVkyFIINqkVjEhuIsnL5P2ec11au7tRbV+XcRRRsfoBJ0hF12iOmqgJmohgh7RM3pFb9aT9WK9Wx/z0ZJV7ByiP7A+fwBuqJdw</latexit>

In collaboration with [Chen,Gehrmann, Glover,Huss]

▸ Combination with H+J  

▸ Validation at NNLO 

▸ Fiducial Cross Sections 
for LHC 
Phenomenology! 
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HIGGS BOSON IN REAL LIFE

H ! ��
<latexit sha1_base64="hKrAONVBvuoXuimZxfu+ZKYxzWc=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQZdFN11WsA9oQrmZTtKhM0mYmSglFDf+ihsXirj1K9z5N07bLLT1wL0czrmXmXuClDOlHefbKq2srq1vlDcrW9s7u3v2/kFbJZkktEUSnshuAIpyFtOWZprTbiopiIDTTjC6mfqdeyoVS+I7PU6pLyCKWcgIaCP17aOGJ1k01CBl8oC9CISAee/bVafmzICXiVuQKirQ7Ntf3iAhmaCxJhyU6rlOqv0cpGaE00nFyxRNgYwgoj1DYxBU+fnshAk+NcoAh4k0FWs8U39v5CCUGovATArQQ7XoTcX/vF6mwys/Z3GaaRqT+UNhxrFO8DQPPGCSEs3HhgCRzPwVkyFIINqkVjEhuIsnL5P2ec11au7tRbV+XcRRRsfoBJ0hF12iOmqgJmohgh7RM3pFb9aT9WK9Wx/z0ZJV7ByiP7A+fwBuqJdw</latexit><latexit sha1_base64="hKrAONVBvuoXuimZxfu+ZKYxzWc=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQZdFN11WsA9oQrmZTtKhM0mYmSglFDf+ihsXirj1K9z5N07bLLT1wL0czrmXmXuClDOlHefbKq2srq1vlDcrW9s7u3v2/kFbJZkktEUSnshuAIpyFtOWZprTbiopiIDTTjC6mfqdeyoVS+I7PU6pLyCKWcgIaCP17aOGJ1k01CBl8oC9CISAee/bVafmzICXiVuQKirQ7Ntf3iAhmaCxJhyU6rlOqv0cpGaE00nFyxRNgYwgoj1DYxBU+fnshAk+NcoAh4k0FWs8U39v5CCUGovATArQQ7XoTcX/vF6mwys/Z3GaaRqT+UNhxrFO8DQPPGCSEs3HhgCRzPwVkyFIINqkVjEhuIsnL5P2ec11au7tRbV+XcRRRsfoBJ0hF12iOmqgJmohgh7RM3pFb9aT9WK9Wx/z0ZJV7ByiP7A+fwBuqJdw</latexit><latexit sha1_base64="hKrAONVBvuoXuimZxfu+ZKYxzWc=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQZdFN11WsA9oQrmZTtKhM0mYmSglFDf+ihsXirj1K9z5N07bLLT1wL0czrmXmXuClDOlHefbKq2srq1vlDcrW9s7u3v2/kFbJZkktEUSnshuAIpyFtOWZprTbiopiIDTTjC6mfqdeyoVS+I7PU6pLyCKWcgIaCP17aOGJ1k01CBl8oC9CISAee/bVafmzICXiVuQKirQ7Ntf3iAhmaCxJhyU6rlOqv0cpGaE00nFyxRNgYwgoj1DYxBU+fnshAk+NcoAh4k0FWs8U39v5CCUGovATArQQ7XoTcX/vF6mwys/Z3GaaRqT+UNhxrFO8DQPPGCSEs3HhgCRzPwVkyFIINqkVjEhuIsnL5P2ec11au7tRbV+XcRRRsfoBJ0hF12iOmqgJmohgh7RM3pFb9aT9WK9Wx/z0ZJV7ByiP7A+fwBuqJdw</latexit><latexit sha1_base64="hKrAONVBvuoXuimZxfu+ZKYxzWc=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQZdFN11WsA9oQrmZTtKhM0mYmSglFDf+ihsXirj1K9z5N07bLLT1wL0czrmXmXuClDOlHefbKq2srq1vlDcrW9s7u3v2/kFbJZkktEUSnshuAIpyFtOWZprTbiopiIDTTjC6mfqdeyoVS+I7PU6pLyCKWcgIaCP17aOGJ1k01CBl8oC9CISAee/bVafmzICXiVuQKirQ7Ntf3iAhmaCxJhyU6rlOqv0cpGaE00nFyxRNgYwgoj1DYxBU+fnshAk+NcoAh4k0FWs8U39v5CCUGovATArQQ7XoTcX/vF6mwys/Z3GaaRqT+UNhxrFO8DQPPGCSEs3HhgCRzPwVkyFIINqkVjEhuIsnL5P2ec11au7tRbV+XcRRRsfoBJ0hF12iOmqgJmohgh7RM3pFb9aT9WK9Wx/z0ZJV7ByiP7A+fwBuqJdw</latexit>

In collaboration with [Chen,Gehrmann, Glover,Huss]

▸ Leading Photon Y 

▸ Extension to N3LO in 
progress 

▸ Combination with other 
uncertainties required! 
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CONCLUSIONS

▸ We computed the Higgs boson rapidity distribution at N3LO. 

▸ We observe a stabilisation of perturbative corrections and a 
significant reduction in the variation of the cross section as a 
function of the perturbative scale. 

▸ N3LO corrections are uniform throughout the entire rapidity 
range. 

▸ Our result is the cornerstone for future fully differential 
predictions of Higgs boson phenomenology.

Thank you!
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