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Run 3 Update  (Now) 
Goal: Update ggF Cross Section for Run 3 

Timeline: End of Summer 2024 

Location: https://github.com/bmistlbe/InclusiveHXSUpdate (currently template) 

N3LO QCD HTL Dulat, Lazopoulos, Mistlberger 18 

NNLO QCD Quark Mass Corrections Czakon et al. 21, 23 

Mixed QCD-EW Corrections Becchetti et al 20 

PDF Uncertainties 

Yellow Report 5 (Next) 
Goal: Update ggF Cross Section for Run 3 & HL-LHC + Boosted Higgs + … 

Timeline: General Assembly 2025 

Location: https://scipost.org/SciPostPhysCommunityRep (currently empty) 

Room for other topics of exp/th interest — please propose them!
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WG1 ggF: Current Tasks

https://github.com/bmistlbe/InclusiveHXSUpdate
https://scipost.org/SciPostPhysCommunityRep
https://github.com/bmistlbe/InclusiveHXSUpdate
https://scipost.org/SciPostPhysCommunityRep
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Parameter Choices

Most parameters fixed: (thanks to Karlberg, Mistlberger, Malcles, Di Nardo) 
 https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHWG136TeVxsec  

 Each group asked if they can produce full or reduced scan 

 Each group asked if  BSM scan is possible 

Additional parameters/choices: 

 Central Scale set to   

 Requested 7-point scale variation 

No omissions/ambiguities yet identified in above settings 
 

mH! = 125

μ0 =
mH

2

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHWG136TeVxsec
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHWG136TeVxsec
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1. iHixs2 Run 3 Parameter Update

c.f. previous extrapolated numbers:  (differences: PDF4LHC 15  21) →

Running iHixs2 with recommended parameters:

Old:   

New: 

δσPP→H+X = δ(PDF + αs) + δ(theory) +δ(PDF − TH) = [δ(PDF + αs)] + [δ(scale) + δ(EWK) + δ(t, b, c) + δ(1/mt) + δ(PDF − TH)]
δσPP→H+X = δ(PDF + αs) + δ(theory) + δ(PDF − TH) = [δ(PDF + αs)] + [δ(scale) + δ(EWK) + δ(t, b, c) + δ(1/mt)] + [δ(PDF − TH)]

p
s [TeV] MH [GeV] � [pb] �(theory) �(scale) �(EWK) �(t, b, c) �(1/mt) �(PDF + ↵s) �(PDF) �(↵s) �(PDF� TH)

13.6 120.00 56.03 +3.16
�5.42%

+0.31
�2.57% ±1.00% ±0.85% ±1.00% +2.67

�2.27%
+1.65
+1.65%

+2.11
�1.56% ±1.21%

13.6 122.00 54.40 +3.14
�5.37%

+0.30
�2.53% ±1.00% ±0.84% ±1.00% +2.67

�2.26%
+1.65
+1.65%

+2.10
�1.55% ±1.20%

13.6 124.00 52.87 +3.12
�5.33%

+0.29
�2.50% ±1.00% ±0.83% ±1.00% +2.67

�2.26%
+1.64
+1.64%

+2.10
�1.55% ±1.18%

13.6 124.60 52.43 +3.11
�5.32%

+0.28
�2.49% ±1.00% ±0.83% ±1.00% +2.67

�2.26%
+1.64
+1.64%

+2.10
�1.54% ±1.18%

13.6 124.80 52.28 +3.11
�5.32%

+0.28
�2.49% ±1.00% ±0.83% ±1.00% +2.67

�2.26%
+1.64
+1.64%

+2.10
�1.54% ±1.18%

13.6 125.00 52.13 +3.11
�5.31%

+0.28
�2.48% ±1.00% ±0.83% ±1.00% +2.67

�2.25%
+1.64
+1.64%

+2.10
�1.54% ±1.18%

13.6 125.09 52.07 +3.11
�5.31%

+0.28
�2.48% ±1.00% ±0.83% ±1.00% +2.67

�2.25%
+1.64
+1.64%

+2.10
�1.54% ±1.18%

13.6 125.20 51.99 +3.11
�5.31%

+0.28
�2.48% ±1.00% ±0.83% ±1.00% +2.67

�2.25%
+1.64
+1.64%

+2.10
�1.54% ±1.18%

13.6 125.30 51.92 +3.10
�5.30%

+0.28
�2.48% ±1.00% ±0.83% ±1.00% +2.66

�2.25%
+1.64
+1.64%

+2.10
�1.54% ±1.18%

13.6 125.38 51.86 +3.10
�5.30%

+0.28
�2.48% ±1.00% ±0.83% ±1.00% +2.66

�2.25%
+1.64
+1.64%

+2.10
�1.54% ±1.18%

13.6 125.60 51.70 +3.10
�5.30%

+0.28
�2.47% ±1.00% ±0.82% ±1.00% +2.66

�2.25%
+1.64
+1.64%

+2.10
�1.54% ±1.17%

13.6 126.00 51.41 +3.10
�5.29%

+0.27
�2.47% ±1.00% ±0.82% ±1.00% +2.66

�2.25%
+1.64
+1.64%

+2.10
�1.54% ±1.17%

13.6 128.00 50.00 +3.07
�5.24%

+0.26
�2.43% ±1.00% ±0.81% ±1.00% +2.66

�2.25%
+1.64
+1.64%

+2.09
�1.54% ±1.16%

13.6 130.00 48.65 +3.05
�5.19%

+0.25
�2.39% ±1.00% ±0.80% ±1.00% +2.66

�2.24%
+1.64
+1.64%

+2.09
�1.53% ±1.15%
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Note: Numbers here do not include  or  update(t, b, c) (EWK)
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2. Estimate for PDF-TH & aN3LO PDFs

PDF4LHC21 — no NLO set available  
  switch to PDF4LHC15 just for  estimate  
  PDF4LHC15   

Robust w.r.t. PDF var.  
  MSHT20         
  CT18              
  NNPDF3.1     
  NNPDF4       

⇒ δ(PDF-TH)
↪ ±1.18 %

↪ ±1.43 %
↪ ±1.03 %
↪ ±0.92 %
↪ ±0.18 %

NLO PDFs. The di↵erence of these two predictions serves as our estimator
of this particular uncertainty.

�(PDF-TH) = ±
1

2

����(2), EFT, NNLO

PP!H+X � �
(2), EFT, NLO

PP!H+X

��� . (31)

The factor of 1

2
serves as a suppression factor as we expect this e↵ect to

be reduced at N3LO relative to NNLO. Since N3LO predictions are only
available in the EFT we estimate this e↵ect based on predictions using EFT
partonic cross sections only.

3.3. �(EWK) - Missing Higher Order Electro-Weak E↵ects

In ref. [3] several options to asses the uncertainty due to missing higher
order electro-weak e↵ects were discussed. As a result an uncertainty of one
percent on the total cross section was assigned.

�(EWK) = ±1%⇥ �PP!H+X . (32)

3.4. �(t,b,c) - Light Quark Masses and Renormalisation Schemes

In iHixs the e↵ects of light quark masses are included exactly through
NLO in QCD. In order to derive an estimate for the size of contributions due
to finite light quark masses at NNLO we study how big the relative impact
of light quarks on the NLO correction is. We then assume that the relative
impact of the light quark masses on NNLO corrections would be equally large
and use this as an estimate of uncertainty.

�(t, b, c)MS = ±

����
��

t, NLO
� ��

t,b,c, NLO

��t, NLO

����⇥
⇣
RLO��

EFT, NNLO + ��
1/m2

t , NNLO

⌘
.

(33)
Here, ��t, NLO and ��

t,b,c, NLO are the NLO QCD corrections to the hadronic
cross section with finite top quark mass and with finite top, bottom and
charm quark mass respectively. The corrections ��EFT, NNLO refer to contri-
butions to the hadronic cross section due to the EFT QCD corrections at
NNLO. Similarly, ��1/m2

t , NNLO describes QCD corrections at NNLO to the
hadronic cross section due to the approximation of the exact NNLO cross
section that are suppressed in powers of 1/m2

t . To derive this estimate we
work in the MS scheme.

Due to the truncation of the perturbative series a finite dependence on the
chosen mass renormalisation scheme is introduced. To investigate the size of

14

baseline:

numbers for   &  s = 13.6 TeV MH = 125.09 GeV



47

48

49

50

51

52

53

54

55
�
[p

b
]

1.18%

5.6%

1.9%

PDF4LHC21 40

MSHT20an3lo as118

NNPDF40 an3lo as 01180

6

2. Estimate for PDF-TH & aN3LO PDFs

Proposal:  stick with baseline using PDF4LHC15, report numbers for aN3LO set(s)?

numbers for   &  s = 13.6 TeV MH = 125.09 GeV

alternative: δ(PDF − TH) = |σ(3),EFT,aN3LO
PP→H+X − σ(3),EFT,NNLO

PP→H+X |

Error bars: δ(PDF)
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Summary

Goals of Meeting: 
1) Decide path to producing a contribution (text and/or plots) to be presented 
alongside the Run 3 recommendations regarding PDF-TH uncertainties 

2) Brainstorm/kick-off YR5 activities surrounding the latest PDFs 

Finally: Please join the new* ggF mailing list for future meetings/updates: 

lhc-higgs-ggf@cern.ch (via http://cern.ch/egroups) 

mailto:lhc-higgs-ggf@cern.ch
http://cern.ch/egroups
mailto:lhc-higgs-ggf@cern.ch
http://cern.ch/egroups


Backup 

Warning: The following slides are from from GA 2023 and 
are partially outdated
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Inclusion of NNLO mt

• start with iHixs prediction and systematically incorporate new results 

• exact top mass at NNLO  
 
 
 
iHixs gives access to each part: 
    substitution        straightforward 
        (computation of “exact” already as a difference to EFT  compatibility checks)

↪ σNNLO, approx
ij → σNNLO, exact

ij
⇝

2. Set-Up

In this article we present the numerical tool iHixs that allows for the
computation of the probability to produce a Higgs boson in the collision of
protons via the gluon fusion production mode

Proton(P1) + Proton(P2) ! H(ph) +X . (1)

P1 and P2 are the momenta of the colliding protons and ph the momentum
of the Higgs boson. In collinear factorization, the hadronic Higgs boson
production cross section can be written as

�PP!H+X(µR, µF ) = ⌧

X

i,j

Z
1

⌧

dz

z

Z
1

⌧
z

dx1

x1

fi(x1, µF )fj

✓
⌧

x1z
, µF

◆
1

z
b�ij(µF , µR).

(2)
Here, we factorize long and short range interactions into parton distribution
functions fi(x) and partonic cross sections b�ij. The momenta of the colliding
partons are related to the proton momenta through the momentum fractions
xi as p1 = x1P1 and p2 = x2P2 =

⌧
x1z

P2. We define

⌧ =
m

2

h

S
, S = (P1 + P2)

2
,

z =
m

2

h

s
, s = (p1 + p2)

2
. (3)

The sum over i and j ranges over all contributing partons. Furthermore, we
define the variable z̄ = 1 � z. The partonic cross section b� depends on the
factorization scale µF and the renormalization scale µR.

The parton distributions are extracted from experimental measurements
by various groups [33–37] and are accessed in our program via the LHAPDF
framework [38]. Our partonic cross sections include a large variety of e↵ects
that combined allow for the currently most precise prediction of the inclusive
Higgs boson production cross section.

Let us begin by defining our master formula for the partonic cross section
before we explain it in detail later.

�̂ij = RLOC
2

h
�
LO, EFT
ij + �

NLO, EFT
ij + �

NNLO, EFT
ij + �

N
3
LO, EFT

ij

i

+ ��
LO, (t,b,c)
ij + ��

NLO, (t,b,c)
ij + ��

NNLO, (t)
ij + RLOC

2
��

Res

ij .

(4)

5

iHixs:

2.3. Mass E↵ects at NNLO

Currently, corrections beyond NLO in exact QCD are unknown. In
refs. [19, 20] NNLO corrections were approximated by performing an ex-
pansion of the partonic cross section in mh

mt
. The NNLO corrections to the

cross section can then be written as

�
NNLO

ij = �
NNLO, approx.
ij +O

 ✓
m

2

h

m
2
t

◆4
!

. (17)

The numerically largest perturbative corrections arise due to contributions
involving a gluon in the partonic initial state. We include the approximate
NNLO correction due to the top quark mass in the gluon-gluon and quark-
gluon channel in our partonic cross section, eq. (4), as

��
NNLO, (t)
ij = �

NNLO, approx.
ij �

h
C

2

QCD
RLO�

EFT

ij

i

↵4
S

for (ij) 2 {(gg), (gq)},

(18)

2.4. Electro-Weak E↵ects

Corrections to the Higgs boson production cross section due to electro-
weak physics are an important ingredient for precision predictions. The
purely virtual leading corrections were computed in refs. [21–24]. In ac-
cordance with the complete factorisation approach we include them in terms
of a modification of our QCD Wilson coe�cient. To this end, we define
the quantity �EWK to be the ratio of the leading electro-weak corrections of
ref. [22] to the Born cross section and include it in eq. (5).

Corrections beyond LO in QCD and electro-weak physics are currently
unknown. They were approximated in an e↵ective theory of infinitely heavy
W and Z bosons and top quark in ref. [25]. In this approach the electro-
weak gauge bosons are integrated out and calculations are performed in a
framework where the QCD Wilson coe�cient receives a modification. The
corrections in this approximation is taken into account in iHixs by including
the coe�cient

C1w =
7

6
(19)

in eq. (5). Recently, the mixed QCD-electroweak corrections were also ap-
proximated using the first term of a threshold expansion in ref. [26]. The
obtained results are in good agreement with the approach outlined above.

9

Czakon, Harlander, Klappert, Niggetiedt 21
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Inclusion of NNLO mt

Predictions from  
 
 
 
 
 
 
 
 

1. predictions employ the pole mass scheme  
  default so far:   scheme  
  numerical impact?  need to include as uncertainty? 

2. predictions   (7, 8, 13, 13.6, 14 TeV)  
  single Higgs mass   
  how to extrapolate?  what are the uncertainties?

↔ MS
↪

∀ s
↔ Mref

H ≡ 125.09 GeV
↪

Czakon, Harlander, Klappert, Niggetiedt 21 + Tom Schellenberger, Felix Eschment

+?�MM2H �LLGP
>16h [T#]

�
�LLGP

2t�+i � �LLGP
>16h

�
[T#]

O(↵2
s
) +O(↵3

s
) +O(↵4

s
) O(↵3

s
) O(↵4

s
)

p
s = 7h2o

gg +5.749 +6.636(2) +3.003(11) +0.0289 +0.0662(1)
qg +0.413(1) +0.183(3) �0.106 +0.0040(24)
qq +0.009 +0.029(1) +0.014 �0.0143(1)

iQi�H +5.749 +7.058(1) +3.215(12) �0.063 +0.0560(24)
p
s = 8h2o

gg +7.257 +8.450(2) +3.805(13) +0.0332 +0.0885(2)
qg +0.556(1) +0.263(4) �0.1407 +0.0048(28)
qq +0.012 +0.038(1) +0.0168 �0.0190(1)

iQi�H +7.257 +9.018(2) +4.106(14) �0.0907 +0.0743(28)
p
s = 13h2o

gg +15.970 +19.291(5) +8.575(22) +0.0280 +0.2409(7)
qg +1.483(2) +0.831(6) �0.3705 +0.0005(44)
qq +0.024(1) +0.101(1) +0.0317 �0.0505(1)

iQi�H +15.970 +20.798(5) +9.506(22) �0.3108 +0.1909(44)
p
s = 13.6h2o

gg +17.114 +20.750(5) +9.216(23) +0.0238 +0.2644(6)
qg +1.613(2) +0.916(6) �0.4034 �0.0004(47)
qq +0.026(1) +0.109(1) +0.0335 �0.0551(1)

iQi�H +17.114 +22.389(6) +10.241(23) �0.3461 +0.2090(47)
p
s = 14h2o

gg +17.886 +21.739(6) +9.650(23) +0.0205 +0.2803(8)
qg +1.702(2) +0.974(6) �0.426 �0.0022(47)
qq +0.027(1) +0.116(1) +0.0347 �0.0582(1)

iQi�H +17.886 +23.468(6) +10.739(24) �0.371 +0.2199(47)

Ç mH = 125.09:2o 2t+2Ti 7Q` i?2 }MBi2 `2�H@pB`im�H +Q``2+iBQMb- r?2`2 mH = 125:2oX

Ç mt = 172.5:2o 2t+2Ti 7Q` i?2 }MBi2 `2�H@pB`im�H +Q``2+iBQMb- r?2`2 mt =
q

23
12mH = 173.055:2oX

Ç S.6 b2i, S.69G>*kRn9y

Ç µR = mH/2

Ç h?2 2``Q`b +QK2 7`QK i?2 JQMi2@*�`HQ BMi2;`�iBQM �M/ MQi i?2 b+�H2 p�`B�iBQMX

R

+?�MM2H �LLGP
>16h [T#]

�
�LLGP

2t�+i � �LLGP
>16h

�
[T#]

O(↵2
s
) +O(↵3

s
) +O(↵4

s
) O(↵3

s
) O(↵4

s
)

p
s = 7h2o

gg +5.749 +6.636(2) +3.003(11) +0.0289 +0.0662(1)
qg +0.413(1) +0.183(3) �0.106 +0.0040(24)
qq +0.009 +0.029(1) +0.014 �0.0143(1)

iQi�H +5.749 +7.058(1) +3.215(12) �0.063 +0.0560(24)
p
s = 8h2o

gg +7.257 +8.450(2) +3.805(13) +0.0332 +0.0885(2)
qg +0.556(1) +0.263(4) �0.1407 +0.0048(28)
qq +0.012 +0.038(1) +0.0168 �0.0190(1)

iQi�H +7.257 +9.018(2) +4.106(14) �0.0907 +0.0743(28)
p
s = 13h2o

gg +15.970 +19.291(5) +8.575(22) +0.0280 +0.2409(7)
qg +1.483(2) +0.831(6) �0.3705 +0.0005(44)
qq +0.024(1) +0.101(1) +0.0317 �0.0505(1)

iQi�H +15.970 +20.798(5) +9.506(22) �0.3108 +0.1909(44)
p
s = 13.6h2o

gg +17.114 +20.750(5) +9.216(23) +0.0238 +0.2644(6)
qg +1.613(2) +0.916(6) �0.4034 �0.0004(47)
qq +0.026(1) +0.109(1) +0.0335 �0.0551(1)

iQi�H +17.114 +22.389(6) +10.241(23) �0.3461 +0.2090(47)
p
s = 14h2o

gg +17.886 +21.739(6) +9.650(23) +0.0205 +0.2803(8)
qg +1.702(2) +0.974(6) �0.426 �0.0022(47)
qq +0.027(1) +0.116(1) +0.0347 �0.0582(1)

iQi�H +17.886 +23.468(6) +10.739(24) �0.371 +0.2199(47)

Ç mH = 125.09:2o 2t+2Ti 7Q` i?2 }MBi2 `2�H@pB`im�H +Q``2+iBQMb- r?2`2 mH = 125:2oX

Ç mt = 172.5:2o 2t+2Ti 7Q` i?2 }MBi2 `2�H@pB`im�H +Q``2+iBQMb- r?2`2 mt =
q

23
12mH = 173.055:2oX

Ç S.6 b2i, S.69G>*kRn9y

Ç µR = mH/2

Ç h?2 2``Q`b +QK2 7`QK i?2 JQMi2@*�`HQ BMi2;`�iBQM �M/ MQi i?2 b+�H2 p�`B�iBQMX

R
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Inclusion of NNLO mt

 scheme dependence  (pole v.s. ) [%] mt MS
Table 1: ��mt scheme [%]

MH [GeV] 7 TeV 8 TeV 13 TeV 13.6 TeV 14 TeV
120 0.168 0.164 0.128 0.115 0.115
122 0.165 0.159 0.164 0.165 0.166
124 0.159 0.155 0.154 0.150 0.148

124.60 0.157 0.155 0.147 0.143 0.142
124.80 0.157 0.155 0.145 0.142 0.141

125 0.156 0.154 0.143 0.141 0.140
125.09 0.156 0.154 0.143 0.140 0.139
125.20 0.155 0.152 0.142 0.139 0.139
125.30 0.155 0.151 0.133 0.132 0.128
125.38 0.155 0.151 0.133 0.132 0.128
125.60 0.154 0.151 0.133 0.132 0.127

126 0.154 0.150 0.132 0.130 0.130
128 0.147 0.142 0.127 0.125 0.121
130 0.139 0.137 0.123 0.121 0.119

3 MH extrapolation

One possible approach to dress the exact NNLO mt results with the MH dependence would be
to use the approximate NNLO results from the (1/mt) expansion. One subtlety here is that it
is more tricky to validate and assign uncertainties to this procedure.

We will instead take the approach to use the MH dependence of the HTL predictions. Here,
we can check its validy at NLO as well as NNLO using the approximate (1/mt) expansion. The
main formula we’ll use is (M ref

H
= 125.09GeV)

��
exact(MH)

��
O(↵n

s )
'

��
HTL(MH)

��
O(↵n

s )
⇥ ��

exact(M ref

H
)
��
O(↵n

s )

��HTL(M ref

H
)
��
O(↵n

s )

(1)

To check its validy, we consider the ratio between the exact NLO (Table 2) as well as the
approximate NNLO (Table 3) v.s. the HTL as a function of the Higgs mass:

R(MH)
��
O(↵n

s )
=

��
(exact|approx.)(MH)

��
O(↵n

s )

��HTL(MH)
��
O(↵n

s )

(2)

2

• scheme dependence 
    
  c.f.    

      (negligible before)  
  matters now:  

      new uncertainty

∼ 0.15 %
↔ δ(1/mt) = 1 %

↪

• new default:  pole mass scheme  in iHixs2
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Inclusion of NNLO mt

 extrapolation 
• use  dependence of HTL to extrapolate

MH

MHTable 2: NLO HTL v.s. exact: R(MH)
��
O(↵3

s)

MH [GeV] 7 TeV 8 TeV 13 TeV 13.6 TeV 14 TeV
120 0.991 0.990 0.985 0.984 0.984
122 0.991 0.990 0.985 0.985 0.984
124 0.991 0.990 0.985 0.985 0.984

124.60 0.991 0.990 0.985 0.985 0.984
124.80 0.991 0.990 0.985 0.985 0.984

125 0.991 0.990 0.985 0.984 0.984
125.09 0.991 0.990 0.985 0.984 0.984
125.20 0.991 0.990 0.985 0.984 0.984
125.30 0.991 0.990 0.985 0.984 0.984
125.38 0.991 0.990 0.985 0.984 0.984
125.60 0.991 0.990 0.985 0.984 0.984

126 0.991 0.990 0.985 0.984 0.984
128 0.991 0.990 0.985 0.984 0.984
130 0.991 0.990 0.985 0.984 0.984

Table 3: NNLO HTL v.s. approx: R(MH)
��
O(↵4

s)

MH [GeV] 7 TeV 8 TeV 13 TeV 13.6 TeV 14 TeV
120 1.028 1.030 1.038 1.038 1.039
122 1.027 1.029 1.036 1.037 1.037
124 1.026 1.028 1.035 1.036 1.036

124.60 1.026 1.028 1.035 1.035 1.036
124.80 1.026 1.028 1.034 1.035 1.035

125 1.026 1.028 1.034 1.035 1.035
125.09 1.026 1.028 1.034 1.035 1.035
125.20 1.026 1.028 1.034 1.035 1.035
125.30 1.026 1.028 1.034 1.035 1.035
125.38 1.026 1.028 1.034 1.035 1.035
125.60 1.026 1.028 1.034 1.035 1.035

126 1.026 1.027 1.034 1.034 1.035
128 1.025 1.027 1.033 1.033 1.033
130 1.024 1.026 1.031 1.032 1.032

We can conclude that the MH dependence of the respective (N)NLO coefficient is remarkably
well captured by the HTL calculation. This supports the use of Eq.(1). For a conservative error
estimate, we assign a 100% uncertainty to the shift induced by the MH extrapolation, i.e. on
the HTL ratio ��

HTL(MH)
��
O(↵4

s)
/��

HTL(M ref

H
)
��
O(↵4

s)
appearing in our extrapolation formula.

4 Updated XS numbers

The final procedure we propose is the following:

1. take iHixs predictions in the pole mass scheme for the top mass

2. subtract the approximate NNLO result

3. use Eq.(1) to add the exact NNLO results for the different Higgs masses with anchor points
M

ref

H
= 125.09GeV

3

Table 2: NLO HTL v.s. exact: R(MH)
��
O(↵3

s)

MH [GeV] 7 TeV 8 TeV 13 TeV 13.6 TeV 14 TeV
120 0.991 0.990 0.985 0.984 0.984
122 0.991 0.990 0.985 0.985 0.984
124 0.991 0.990 0.985 0.985 0.984

124.60 0.991 0.990 0.985 0.985 0.984
124.80 0.991 0.990 0.985 0.985 0.984

125 0.991 0.990 0.985 0.984 0.984
125.09 0.991 0.990 0.985 0.984 0.984
125.20 0.991 0.990 0.985 0.984 0.984
125.30 0.991 0.990 0.985 0.984 0.984
125.38 0.991 0.990 0.985 0.984 0.984
125.60 0.991 0.990 0.985 0.984 0.984

126 0.991 0.990 0.985 0.984 0.984
128 0.991 0.990 0.985 0.984 0.984
130 0.991 0.990 0.985 0.984 0.984

Table 3: NNLO HTL v.s. approx: R(MH)
��
O(↵4

s)

MH [GeV] 7 TeV 8 TeV 13 TeV 13.6 TeV 14 TeV
120 1.028 1.030 1.038 1.038 1.039
122 1.027 1.029 1.036 1.037 1.037
124 1.026 1.028 1.035 1.036 1.036

124.60 1.026 1.028 1.035 1.035 1.036
124.80 1.026 1.028 1.034 1.035 1.035

125 1.026 1.028 1.034 1.035 1.035
125.09 1.026 1.028 1.034 1.035 1.035
125.20 1.026 1.028 1.034 1.035 1.035
125.30 1.026 1.028 1.034 1.035 1.035
125.38 1.026 1.028 1.034 1.035 1.035
125.60 1.026 1.028 1.034 1.035 1.035

126 1.026 1.027 1.034 1.034 1.035
128 1.025 1.027 1.033 1.033 1.033
130 1.024 1.026 1.031 1.032 1.032

We can conclude that the MH dependence of the respective (N)NLO coefficient is remarkably
well captured by the HTL calculation. This supports the use of Eq.(1). For a conservative error
estimate, we assign a 100% uncertainty to the shift induced by the MH extrapolation, i.e. on
the HTL ratio ��

HTL(MH)
��
O(↵4

s)
/��

HTL(M ref

H
)
��
O(↵4

s)
appearing in our extrapolation formula.

4 Updated XS numbers

The final procedure we propose is the following:

1. take iHixs predictions in the pole mass scheme for the top mass

2. subtract the approximate NNLO result

3. use Eq.(1) to add the exact NNLO results for the different Higgs masses with anchor points
M

ref

H
= 125.09GeV

3

Table 2: NLO HTL v.s. exact: R(MH)
��
O(↵3

s)

MH [GeV] 7 TeV 8 TeV 13 TeV 13.6 TeV 14 TeV
120 0.991 0.990 0.985 0.984 0.984
122 0.991 0.990 0.985 0.985 0.984
124 0.991 0.990 0.985 0.985 0.984

124.60 0.991 0.990 0.985 0.985 0.984
124.80 0.991 0.990 0.985 0.985 0.984

125 0.991 0.990 0.985 0.984 0.984
125.09 0.991 0.990 0.985 0.984 0.984
125.20 0.991 0.990 0.985 0.984 0.984
125.30 0.991 0.990 0.985 0.984 0.984
125.38 0.991 0.990 0.985 0.984 0.984
125.60 0.991 0.990 0.985 0.984 0.984

126 0.991 0.990 0.985 0.984 0.984
128 0.991 0.990 0.985 0.984 0.984
130 0.991 0.990 0.985 0.984 0.984

Table 3: NNLO HTL v.s. approx: R(MH)
��
O(↵4

s)

MH [GeV] 7 TeV 8 TeV 13 TeV 13.6 TeV 14 TeV
120 1.028 1.030 1.038 1.038 1.039
122 1.027 1.029 1.036 1.037 1.037
124 1.026 1.028 1.035 1.036 1.036

124.60 1.026 1.028 1.035 1.035 1.036
124.80 1.026 1.028 1.034 1.035 1.035

125 1.026 1.028 1.034 1.035 1.035
125.09 1.026 1.028 1.034 1.035 1.035
125.20 1.026 1.028 1.034 1.035 1.035
125.30 1.026 1.028 1.034 1.035 1.035
125.38 1.026 1.028 1.034 1.035 1.035
125.60 1.026 1.028 1.034 1.035 1.035

126 1.026 1.027 1.034 1.034 1.035
128 1.025 1.027 1.033 1.033 1.033
130 1.024 1.026 1.031 1.032 1.032

We can conclude that the MH dependence of the respective (N)NLO coefficient is remarkably
well captured by the HTL calculation. This supports the use of Eq.(1). For a conservative error
estimate, we assign a 100% uncertainty to the shift induced by the MH extrapolation, i.e. on
the HTL ratio ��

HTL(MH)
��
O(↵4

s)
/��

HTL(M ref

H
)
��
O(↵4

s)
appearing in our extrapolation formula.

4 Updated XS numbers

The final procedure we propose is the following:

1. take iHixs predictions in the pole mass scheme for the top mass

2. subtract the approximate NNLO result

3. use Eq.(1) to add the exact NNLO results for the different Higgs masses with anchor points
M

ref

H
= 125.09GeV

3

δσexact(MH)
𝒪(α3

s )

δσHTL(MH)
𝒪(α3

s )

δσapprox.(MH)
𝒪(α4

s )

δσHTL(MH)
𝒪(α4

s )

• very stable ratio   use extrapolation 
 
 
 
 

  uncertainty:  conservative 100%   
         

↔

↪
≲ 0.03 %

δσHTL(MH)
𝒪(α4

s )

δσHTL(Mref
H )

𝒪(α4
s )

× δσexact(M ref
H )

𝒪(α4
s )

δextrap(MH) = 1 −
δσHTL(MH)|𝒪(α4

s )

δσHTL(Mref
H )|𝒪(α4

s )
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Inclusion of NNLO mt

Final impact from NNLO  
 
 
 
 
 
 
 
 

• linearly add uncertainties from  (  scheme dependence) + (extrapolation)  
  dominant piece:  scheme dependence  
  net effect:  previous  reduced to  

• full set of numbers in “table_comp.pdf”  (attachment on indico)

mt

mt
↔
↪ 1 % ∼ 0.15 %

p
s [TeV] MH [GeV] � [pb] �(theory) �(scale) �(EWK) �(t, b, c) �(1/mt) �(PDF + ↵s) �(PDF) �(↵s) �(PDF� TH)

13.6 120.00 56.03 +3.16
�5.42%

+0.31
�2.57% ±1.00% ±0.85% ±1.00% +2.67

�2.27%
+1.65
+1.65%

+2.11
�1.56% ±1.21%

13.6 122.00 54.40 +3.14
�5.37%

+0.30
�2.53% ±1.00% ±0.84% ±1.00% +2.67

�2.26%
+1.65
+1.65%

+2.10
�1.55% ±1.20%

13.6 124.00 52.87 +3.12
�5.33%

+0.29
�2.50% ±1.00% ±0.83% ±1.00% +2.67

�2.26%
+1.64
+1.64%

+2.10
�1.55% ±1.18%

13.6 124.60 52.43 +3.11
�5.32%

+0.28
�2.49% ±1.00% ±0.83% ±1.00% +2.67

�2.26%
+1.64
+1.64%

+2.10
�1.54% ±1.18%

13.6 124.80 52.28 +3.11
�5.32%

+0.28
�2.49% ±1.00% ±0.83% ±1.00% +2.67

�2.26%
+1.64
+1.64%

+2.10
�1.54% ±1.18%

13.6 125.00 52.13 +3.11
�5.31%

+0.28
�2.48% ±1.00% ±0.83% ±1.00% +2.67

�2.25%
+1.64
+1.64%

+2.10
�1.54% ±1.18%

13.6 125.09 52.07 +3.11
�5.31%

+0.28
�2.48% ±1.00% ±0.83% ±1.00% +2.67

�2.25%
+1.64
+1.64%

+2.10
�1.54% ±1.18%

13.6 125.20 51.99 +3.11
�5.31%

+0.28
�2.48% ±1.00% ±0.83% ±1.00% +2.67

�2.25%
+1.64
+1.64%

+2.10
�1.54% ±1.18%

13.6 125.30 51.92 +3.10
�5.30%

+0.28
�2.48% ±1.00% ±0.83% ±1.00% +2.66

�2.25%
+1.64
+1.64%

+2.10
�1.54% ±1.18%

13.6 125.38 51.86 +3.10
�5.30%

+0.28
�2.48% ±1.00% ±0.83% ±1.00% +2.66

�2.25%
+1.64
+1.64%

+2.10
�1.54% ±1.18%

13.6 125.60 51.70 +3.10
�5.30%

+0.28
�2.47% ±1.00% ±0.82% ±1.00% +2.66

�2.25%
+1.64
+1.64%

+2.10
�1.54% ±1.17%

13.6 126.00 51.41 +3.10
�5.29%

+0.27
�2.47% ±1.00% ±0.82% ±1.00% +2.66

�2.25%
+1.64
+1.64%

+2.10
�1.54% ±1.17%

13.6 128.00 50.00 +3.07
�5.24%

+0.26
�2.43% ±1.00% ±0.81% ±1.00% +2.66

�2.25%
+1.64
+1.64%

+2.09
�1.54% ±1.16%

13.6 130.00 48.65 +3.05
�5.19%

+0.25
�2.39% ±1.00% ±0.80% ±1.00% +2.66

�2.24%
+1.64
+1.64%

+2.09
�1.53% ±1.15%

p
s [TeV] MH [GeV] � [pb] �(scale) �(EWK) �(t, b, c) �

P
(mt) �(theory) �(PDF + ↵s) �(PDF) �(↵s) �(PDF� TH)

13.6 120.00 55.90 +0.56
�3.32% ±1.00% ±0.85% ±0.15% +2.56

�1.32%
+2.68
�2.27%

+1.65
+1.65%

+2.12
�1.57% ±1.21%

13.6 122.00 54.31 +0.56
�3.31% ±1.00% ±0.84% ±0.19% +2.59

�1.28%
+2.68
�2.27%

+1.65
+1.65%

+2.11
�1.56% ±1.20%

13.6 124.00 52.79 +0.56
�3.31% ±1.00% ±0.83% ±0.16% +2.55

�1.32%
+2.68
�2.26%

+1.64
+1.64%

+2.11
�1.56% ±1.18%

13.6 124.60 52.35 +0.56
�3.31% ±1.00% ±0.83% ±0.15% +2.53

�1.33%
+2.67
�2.26%

+1.64
+1.64%

+2.11
�1.56% ±1.18%

13.6 124.80 52.20 +0.56
�3.31% ±1.00% ±0.83% ±0.14% +2.53

�1.33%
+2.67
�2.26%

+1.64
+1.64%

+2.11
�1.55% ±1.18%

13.6 125.00 52.06 +0.56
�3.31% ±1.00% ±0.83% ±0.14% +2.53

�1.34%
+2.67
�2.26%

+1.64
+1.64%

+2.11
�1.55% ±1.18%

13.6 125.09 51.99 +0.56
�3.31% ±1.00% ±0.83% ±0.14% +2.52

�1.34%
+2.67
�2.26%

+1.64
+1.64%

+2.11
�1.55% ±1.18%

13.6 125.20 51.91 +0.56
�3.31% ±1.00% ±0.83% ±0.14% +2.52

�1.34%
+2.67
�2.26%

+1.64
+1.64%

+2.11
�1.55% ±1.18%

13.6 125.30 51.84 +0.56
�3.30% ±1.00% ±0.83% ±0.13% +2.52

�1.34%
+2.67
�2.26%

+1.64
+1.64%

+2.11
�1.55% ±1.18%

13.6 125.38 51.78 +0.56
�3.30% ±1.00% ±0.83% ±0.13% +2.52

�1.34%
+2.67
�2.26%

+1.64
+1.64%

+2.11
�1.55% ±1.18%

13.6 125.60 51.62 +0.55
�3.30% ±1.00% ±0.83% ±0.14% +2.52

�1.34%
+2.67
�2.26%

+1.64
+1.64%

+2.11
�1.55% ±1.17%

13.6 126.00 51.33 +0.55
�3.30% ±1.00% ±0.82% ±0.14% +2.51

�1.34%
+2.67
�2.26%

+1.64
+1.64%

+2.11
�1.55% ±1.17%

13.6 128.00 49.94 +0.55
�3.29% ±1.00% ±0.81% ±0.14% +2.51

�1.33%
+2.67
�2.26%

+1.64
+1.64%

+2.10
�1.55% ±1.16%

13.6 130.00 48.60 +0.55
�3.28% ±1.00% ±0.80% ±0.15% +2.51

�1.33%
+2.67
�2.25%

+1.64
+1.64%

+2.10
�1.54% ±1.15%

4
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Inclusion of mixed QCD-EW

• start with iHixs prediction and systematically incorporate new results 

• inclusion of EW corrections by  
iHixs formula based on factorization hypothesis: 
 
 

  iHixs uses  as estimated from the  limit 
  full result gives:   ( )   ( )  

      but note:     vary  by factor in range  
 
Initial proposal: incorporate new result with an additional correction term (1st step)  
 
 
and define error estimates on correction factor (beyond light quarks,  channel, …)

↪ C1w = 7/6 MV → ∞
↪ C1w = − 1.7 μR = MH/2 C1w = − 2.1 μR = MH

δ(EW) ∼ ± 1 % ↭ C1w [−3, 6]

gg

2. Set-Up

In this article we present the numerical tool iHixs that allows for the
computation of the probability to produce a Higgs boson in the collision of
protons via the gluon fusion production mode

Proton(P1) + Proton(P2) ! H(ph) +X . (1)

P1 and P2 are the momenta of the colliding protons and ph the momentum
of the Higgs boson. In collinear factorization, the hadronic Higgs boson
production cross section can be written as

�PP!H+X(µR, µF ) = ⌧

X

i,j

Z
1

⌧

dz

z

Z
1

⌧
z

dx1

x1

fi(x1, µF )fj

✓
⌧

x1z
, µF

◆
1

z
b�ij(µF , µR).

(2)
Here, we factorize long and short range interactions into parton distribution
functions fi(x) and partonic cross sections b�ij. The momenta of the colliding
partons are related to the proton momenta through the momentum fractions
xi as p1 = x1P1 and p2 = x2P2 =

⌧
x1z

P2. We define

⌧ =
m

2

h

S
, S = (P1 + P2)

2
,

z =
m

2

h

s
, s = (p1 + p2)

2
. (3)

The sum over i and j ranges over all contributing partons. Furthermore, we
define the variable z̄ = 1 � z. The partonic cross section b� depends on the
factorization scale µF and the renormalization scale µR.

The parton distributions are extracted from experimental measurements
by various groups [33–37] and are accessed in our program via the LHAPDF
framework [38]. Our partonic cross sections include a large variety of e↵ects
that combined allow for the currently most precise prediction of the inclusive
Higgs boson production cross section.

Let us begin by defining our master formula for the partonic cross section
before we explain it in detail later.

�̂ij = RLOC
2

h
�
LO, EFT
ij + �

NLO, EFT
ij + �

NNLO, EFT
ij + �

N
3
LO, EFT

ij

i

+ ��
LO, (t,b,c)
ij + ��

NLO, (t,b,c)
ij + ��

NNLO, (t)
ij + RLOC

2
��

Res

ij .

(4)

5

iHixs:

Becchetti, Bonciani, Del Duca, Hirschi, Moriello, Schweitzer 20
We define the combined Wilson coe�cient,

C = CQCD + �EWK(1 +
↵S

⇡
C1w + . . . ).

CQCD =
3X

i=0

⇣
↵S

⇡

⌘i

C
(i)
QCD

. (5)

Here CQCD is the QCDWilson coe�cient, matching the heavy top quark EFT
to QCD with finite masses and �EWK is an e↵ective Wilson coe�cient incor-
porating electroweak corrections. iHixs enables the user to choose which of
the contributions in eq. (4) and eq. (5) should be taken into account in cross
section predictions. In the following we will discuss the individual contribu-
tions.

2.1. E↵ective Theory

Perturbative corrections in QCD are known to be large and thus of sig-
nificant importance for hadron collider phenomenology. The gluon fusion
production cross section is loop induced process and the computation of high
order corrections is consequently rather di�cult. A very successful strategy
to approximate higher order QCD corrections is the computation of pertur-
bative corrections within an e↵ective theory (EFT) where the top quark is
considered to be infinitely heavy and all other quarks to be massless [6, 39–
41]. This e↵ective theory is described by the Lagrangian density

Le↵ = LSM,5 +
↵S

12⇡v
CQCDHG

a
µ⌫G

µ⌫
a , (6)

where H is the Higgs field, Ga
µ⌫ is the gluon field strength tensor and LSM,5

denotes the SM Lagrangian with nf = 5 massless quark flavours. The Wilson
coe�cient CQCD is obtained by matching the e↵ective theory to the full SM
in the limit where the top quark is infinitely heavy [7–10]. It is implmeneted
in iHixs through three loops, in both the on-shell scheme as well as the
MS-scheme. The corrections to the partonic cross section in the e↵ective
theory at NLO [11] , at NNLO [12–14] and at N3LO [3, 15, 16] are currently
available and implemented in iHixs.

The partonic cross sections �N
n
LO, EFT

ij in eqn. (4) correspond to the cor-
rections obtained in this e↵ective theory at order n after factoring out the
Wilson coe�cient CQCD. Higher order corrections to the cross section, due to

6

δσEW
ij = σEW

ij − [C2RLOσEFT
ij ]α3

s α2
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Impact from naive replacement C1w → − 1.7

• approx. constant impact  
(  &  variation) 

   
• well within the  

  
uncertainty estimate 

• caveats:  
  only  channel 

s MH
∼ 0.5 %

δ(EWK) = ± 1 %

↪ gg

Inclusion of mixed QCD-EW

Contents

E [TeV] MH [GeV] � [pb] �|C1w!�1.7 [pb] � [%] EW-QCD [pb] EW-QCD’ [pb]
7.0 125.09 16.757 16.668 0.530 0.520 0.431
8.0 125.09 21.326 21.213 0.530 0.664 0.551

13.0 125.09 48.497 48.240 0.530 1.532 1.275
13.6 125.09 52.140 51.864 0.529 1.650 1.373
14.0 125.09 54.611 54.321 0.529 1.729 1.440

E [TeV] MH [GeV] � [pb] �|C1w!�1.7 [pb] � [%] EW-QCD [pb] EW-QCD’ [pb]
13.6 120.00 56.099 55.812 0.512 1.715 1.428
13.6 122.00 54.494 54.211 0.519 1.689 1.406
13.6 124.00 52.953 52.675 0.526 1.663 1.385
13.6 124.60 52.504 52.227 0.528 1.656 1.379
13.6 124.80 52.355 52.078 0.529 1.653 1.377
13.6 125.00 52.206 51.930 0.529 1.651 1.374
13.6 125.09 52.140 51.864 0.529 1.650 1.373
13.6 125.20 52.059 51.783 0.530 1.648 1.372
13.6 125.30 51.986 51.710 0.530 1.647 1.371
13.6 125.38 51.927 51.652 0.530 1.646 1.370
13.6 125.60 51.766 51.491 0.531 1.643 1.368
13.6 126.00 51.476 51.202 0.533 1.638 1.364
13.6 128.00 50.062 49.792 0.539 1.614 1.344
13.6 130.00 48.706 48.440 0.546 1.590 1.324

1

Current Proposal (for discussion):   
• Stick with baseline using   
• Keep 1% error

C1w = 7/6

Becchetti, Bonciani, Del Duca, 
Hirschi, Moriello, Schweitzer 20


