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Abstract This note documents predictions for the inclusive production cross sections of the Standard
Model Higgs boson at the Large Hadron Collider at a centre of mass energy of 13.6 TeV. The predictions
here are based on simple extrapolations of previously documented predictions published in the CERN
Yellow Report ”Deciphering the Nature of the Higgs Sector”. The predictions documented in this note
should serve as a reference while a more complete and update-to-date derivation of cross section
predictions is in progress.



Higgs boson production cross sections at
Vs =13.6 TeV

This documents collects the ad interim recommendation for the Higgs boson inclusive production cross
section at /s = 13.6 TeV. These are obtained from extrapolations based on the cross-section values computed
at different value of my and centre of mass energy in the CERN Yellow Report ”Deciphering the Nature
of the Higgs Sector” (YR4) (CERN-2017-002) [I]. The values have been computed within the relevant
subgroups of the WG1 LHC Higgs Working Group. Consequently, the derived numerical predictions are a
direct product of the work of YR4 and the references cited therein, and it is therefore recommended both
this note and the YR4 are cited whenever the interim predictions are used in experimental analyses.

ggF

The ggF' cross sections and uncertainties at different values of mpg are reported in Table [0 and obtained
with a linear interpolation of the YR4 [1] cross sections available at /s = 13TeV and /s = 14 TeV. The
interpolation formula utilised is,

o(13.6 TeV) = 0.4 x (13 TeV) + 0.6 x o(14TeV), (1)

where o(FE) is the production cross section at centre of mass energy E. We have checked explicitly by
computing a few cross sections exactly, that the error introduced by the linear interpolation is below the
permille level.

The YR4 numbers incorporate results from:

QCD corrections in the heavy-top limit at NLO [2, 3, 4], NNLO [6, [7, 8] and N3LO [9, 10, 11].

Exact finite quark mass effects at NLO [3], [5].

e Approximate top quark mass effects obtained in a 1/m; expansion at NNLO [12} [13] 14, 15].

Electroweak corrections at NLO [16], [17, [18]
e Approximate mixed QCD-electroweak corrections obtained in the my, my, mz > my limit [19].
The combination procedure and error prescription are described in Ref. [20], and numbers are produced
using 1Hixs [21].
VBF

In Ref. [1], the state-of-the-art predictions were obtained at NNLO QCD + NLO EW accuracy. The NNLO
QCD corrections were obtained from PROVBFH [22] while the EW corrections have been computed with
the help of Hawk [23] 24] 25]. Both types of corrections are obtained in the VBF approximation and do
not include s-channel contributions. They are combined using the following formula:

oVBF = Ugll\ISLOQCD(l + dBw) + 0, (2)



where dgw is the relative EW correction and o, the photon-induced contributions. The VBF cross sections
at 13.6 TeV for different values of my are reported in Table These are obtained upon applying a cubic
spline interpolation based on numbers computed in Ref. [I] at various centre of mass energies.

VH

The WH and ZH cross sections at different values of my are reported in Table [B]and Table M respectively.
These are obtained by first performing a quadratic fit to the available YR4 cross-sections at various centre of
mass energies and then extracting the value for /s = 13.6 TeV. The NNLO-QCD corrections were obtained
with VHONNLO [66), [67, 64, [65, 63] and the NLO-EW with Hawk [63} 25].

ttH and tH

The ttH and tH (t-channel, s-channel, tW H) cross sections at different values of my are reported in Table
tables Bl to [}l and are obtained with a linear interpolation of the YR4 cross sections. In YRA4, cross-sections
for ttH and tH have been computed with MADGRAPHS_AMCQ@QNLO [26, 27], as follows:

e ttH production is computed at NLO QCD+EW accuracy [28, 29, [30, 311 [32, [33, 134, 135 27].

e t-channel tH is computed at NLO QCD, as documented in Ref. [36]. In particular, the central value of
the cross section is computed in a five-flavour scheme, but the quoted scale uncertainty are the envelope
of the scale uncertainty obtained both in the five- and four-flavour scheme; hence, they account also
for the flavor-scheme ambiguity.

e t-channel tH is computed at NLO QCD, as documented in Ref. [36].

e tWH is computed at NLO QCD, following Ref. [37]. In particular, the “diagram removal with in-
terference” (DR2) approach, as implemented in the MADSTR. plugin [38], is employed to subtract
contributions from resonant top quarks which appear at NLO.

It is worth to notice that, since YR4, important theoretical progress has been achieved for these processes,
in particular: soft-gluon resummation has been performed for t¢tH at NNLL accuracy [39, [40] 41l 42], and
it has been subsequently combined with the EW corrections [43] [44] [45]. More recently, the NNLO cross
section has been computed [46], relying on an approximation solely for the two-loop amplitude; finally, EW
corrections have been computed for tH production [47]; their effect is rather small (3%), and furthermore
they cannot be computed for the s-, t- and tW channels separately.

bbH
The bbH cross sections at different values of mp are reported in Table [ and obtained with a linear interpo-
lation of the YRA4 cross sections available at /s = 13.5 TeV and /s = 14 TeV (For My = 125.4 GeV we used

the numbers for 13 TeV.). These are obtained for both the YR4 values and for the NLO+NNLLpart+y,y:
predictions that are based on the following results:

e QCD corrections within the 4-flavour scheme (4FS) at NLO including the interference between top-
and bottom-Yukawa induced contributions [48], 49} [50].

e QCD corrections within the 5-flavour scheme at NLO [52] [51] and NNLO [53].
e Santander matching of the 4FS and 5FS [54].

e Fully matched results of the 4FS and 5FS using the FONLL [55] 56] and NLO+NNLLpart+yy: [57, 58]
methods.



Since YR4 there have been additional work on the determination of the N3LO corrections to bottom-
induced Higgs-boson production in the 5FS that has been matched to the 4FS consistently [59]. Another
study pointed out the relevance or dominance of non bottom-Yukawa induced processes as gg — Hg* — Hbb
[60] and several other competing processes that overwhelm the SM bottom-Yukawa induced contribution
[61]. The disentanglement of the bottom-Yukawa induced contribution from the other competing processes,
however, might be possible by machine-learning techniques [62]. In general, the bottom-Yukawa induced
cross sections are relevant for BSM scenarios with an enhanced bottom Yukawa coupling as e.g. supersym-
metric extensions or a 2HDM of type II.
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Table 1:  ggF cross sections at the LHC at 13.6 TeV and corresponding scale and PDF+ay uncertainties
computed according to the PDF4LHC recommendation.

geF (N3LO QCD + NLO EW)
my [GeV] | o [pb] +Th % | -Th % | TH Gaussian % | £(PDF+as)% | £PDF% | as%
120.00 5.611E+01 | +4.7 -6.9 +4.0 +3.2 +1.9 +2.6
120.50 5.571E+01 | +4.7 -6.9 +4.0 +3.2 +1.9 +2.6
121.00 5.531E+01 | +4.7 -6.8 +3.9 +3.2 +1.9 +2.6
121.50 5.490E+01 | +4.7 -6.8 +3.9 +3.2 +1.9 +2.6
122.00 5.451E+401 | +4.6 -6.8 +3.9 +3.2 +1.9 +2.6
122.50 5.412E4-01 | +4.6 -6.8 +3.9 +3.2 +1.9 +2.6
123.00 5.374E+01 | +4.6 -6.8 +3.9 +3.2 +1.9 +2.6
123.50 5.336E4-01 | +4.6 -6.8 +3.9 +3.2 +1.9 +2.6
124.00 5.298E+01 | +4.6 -6.7 +3.9 +3.2 +1.9 +2.6
124.10 5.290E4-01 | +4.6 -6.7 +3.9 +3.2 +1.9 +2.6
124.20 5.283E+01 | +4.6 -6.7 +3.9 +3.2 +1.9 +2.6
124.30 5.275E4-01 | +4.6 -6.7 +3.9 +3.2 +1.9 +2.6
124.40 5.268E+01 | +4.6 -6.7 +3.9 +3.2 +1.9 +2.6
124.50 5.260E4-01 | +4.6 -6.7 +3.9 +3.2 +1.9 +2.6
124.60 5.253E4-01 | +4.6 -6.7 +3.9 +3.2 +1.9 +2.6
124.70 5.245E+01 | +4.6 -6.7 +3.9 +3.2 +1.9 +2.6
124.80 5.238E4-01 | +4.6 -6.7 +3.9 +3.2 +1.9 +2.6
124.90 5.231E+401 | +4.6 -6.7 +3.9 +3.2 +1.9 +2.6
125.00 5.223E4-01 | +4.6 -6.7 +3.9 +3.2 +1.9 +2.6
125.09 5.217E+401 | +4.6 -6.7 +3.9 +3.2 +1.9 +2.6
125.10 5.216E4-01 | +4.6 -6.7 +3.9 +3.2 +1.9 +2.6
125.20 5.209E+01 | +4.6 -6.7 +3.9 +3.2 +1.9 +2.6
125.30 5.202E4-01 | +4.6 -6.7 +3.9 +3.2 +1.9 +2.6
125.38 5.196E+01 | +4.6 -6.7 +3.9 +3.2 +1.9 +2.6
125.40 5.194E4-01 | +4.6 -6.7 +3.9 +3.2 +1.9 +2.6
125.50 5.187E4-01 | +4.6 -6.7 +3.9 +3.2 +1.9 +2.6
125.60 5.180E+01 | +4.6 -6.7 +3.9 +3.2 +1.9 +2.6
125.70 5.172E4-01 | +4.6 -6.7 +3.9 +3.2 +1.9 +2.6
125.80 5.166E+01 | +4.6 -6.7 +3.9 +3.2 +1.9 +2.6
125.90 5.158E4-01 | +4.6 -6.7 +3.9 +3.2 +1.9 +2.6
126.00 5.151E+401 | +4.6 -6.7 +3.9 +3.2 +1.9 +2.6
126.50 5.115E4-01 | +4.5 -6.7 +3.8 +3.2 +1.9 +2.6
127.00 5.080E+01 | +4.5 -6.6 +3.8 +3.2 +1.9 +2.6
127.50 5.045E4-01 | +4.5 -6.6 +3.8 +3.2 +1.9 +2.6
128.00 5.011E+01 | +4.5 -6.6 +3.8 +3.2 +1.9 +2.6
128.50 4.976E401 | +4.5 -6.6 +3.8 +3.2 +1.9 +2.6
129.00 4.943E4-01 | +4.5 -6.6 +3.8 +3.2 +1.9 +2.6
129.50 4.909E+401 | +4.5 -6.6 +3.8 +3.2 +1.9 +2.6
130.00 4.875E401 | +4.5 -6.6 +3.8 +3.2 +1.8 +2.6




Table 2:

computed according to the PDF4LHC recommendation.
VBF ( (approx.) NNLO QCD + NLO EW )

Table 3:

mpg [GeV] | o [pb] | +Scale % | -Scale % | £(PDF+as)% | £PDF% | as%
125 4.078 | +0.5 -0.3 +2.1 +2.1 +0.5
125.09 4.075 | +0.5 -0.3 +2.1 +2.1 +0.5
125.38 4.067 | +0.5 -0.3 +2.1 +2.1 +0.5

computed according to the PDF4ALHC recommendation.

VBF cross sections at the LHC at 13.6 TeV and corresponding scale and PDF+ag uncertainties

WH cross sections at the LHC at 13.6 TeV and corresponding scale and PDF+ag uncertainties

pp — WH (NNLO QCD + NLO EW )

mpy [GeV] | o [pb] | +Scale % | -Scale % | £(PDF+a5)% | £PDF% | £as% | WTH [pb] | W™ H [pb]
125 1.457 | 40.4 -0.7 +1.8 +1.6 +0.9 | 0.8889 0.5677
125.09 1.453 | 40.4 -0.7 +1.8 +1.6 £0.9 | 0.8870 0.5664
125.38 1.442 | 40.4 -0.7 +1.8 +1.6 +£0.9 | 0.8801 0.5620
Table 4:  ZH cross sections at the LHC at 13.6 TeV and corresponding scale and PDF+qg uncertainties
computed according to the PDF4LHC recommendation.
pp — ZH (NNLO QCD + NLO EW )
my [GeV] | o [pb] +Scale % | -Scale % | +=(PDF+as)% | £PDF% | +as% | o(g9 — ZH) [pb]
125 9.439E-01 | +3.7 -3.2 +1.6 +1.3 +0.9 | 1.360E-01
125.09 9.422E-01 | +3.8 -3.2 +1.6 +1.3 +0.9 | 1.359E-01
125.38 9.361E-01 | +3.8 -3.2 +1.6 +1.3 +0.9 1.347E-01




Table 5:  ttH cross sections at the LHC at 13.6 TeV and corresponding scale and PDF+ay uncertainties
computed according to the PDF4ALHC recommendation.

ttH (NLO QCD + NLO EW)
my [GeV] | o [pb] +Scale % | —Scale % | £(PDF+as)% | £PDF% | +as%
125 5.700 - 10~ | +6.0 -9.3 +3.5 +3 +2
125.09 5.688 107! | +6.0 -9.3 +3.5 +3 +2
125.38 5.638 - 10~ | +6.0 -9.3 +3.5 +3 +2
125.40 5.634-10~! | 4+6.0 -9.3 +3.5 +3 +2

Table 6: tH t-channel cross sections at the LHC at 13.6 TeV and corresponding scale and PDF+qy
uncertainties computed according to the PDFALHC recommendation. Sum of both ¢t H and tH cross sections
is given.

tH t-chan (NLO QCD)
my [GeV] | o [pb] +Scale % | —Scale % | =(PDF+as)% | £PDF% | +as%
125 8.362-10"2 | +6.5 —14.8 +3.7 +3.5 +1.2
125.09 8.353-1072 | 4+6.5 —14.8 +3.7 +3.5 +1.2
125.38 8.320-1072 | 4+6.5 —14.8 +3.7 +3.5 +1.2
125.40 8.317-1072 | 4+6.5 —14.8 +3.7 +3.5 +1.2

Table 7: tH s-channel cross sections at the LHC at 13.6 TeV and corresponding scale and PDF+qy
uncertainties computed according to the PDF4LHC recommendation. Sum of both tH and tH cross sections
is given.

tH s-chan (NLO QCD)
my [GeV] | o [pb] +Scale % | —Scale % | £(PDF+a5)% | £PDF% | +as%
125 3.068 1073 | +2.4 —-1.7 +2.2 +2.2 +0.3
125.09 3.064 -1073 | 424 —-1.7 +2.2 +2.2 +0.3
125.38 3.044 1073 | 424 —-1.7 +2.2 +2.2 +0.3
125.40 3.040 - 1073 | 424 —-1.7 +2.2 +2.2 +0.3

Table 8: tH W-associated cross sections at the LHC at 13.6 TeV and corresponding scale and PDF+qy
uncertainties computed according to the PDF4ALHC recommendation. Sum of both tH and tH cross sections
is given.

tWH (NLO QCD)
mp [GeV] | o [pb] +Scale % | —Scale % | +(PDF+as)% | £PDF% | +as%
125 1.720 - 1072 | 5.0 —6.8 +6.3 +6.1 +1.5




Table 9:  bbH cross sections at the LHC at 13.6 TeV and corresponding scale and PDF+ag uncertainties
computed according to the PDF4LHC recommendation.

bbH (NNLO QCD in 5FS, NLO QCD in 4FS, Santander matching)

mpy [GeV] | o [pb] | +(Scale+PDF+ag5)% | —(Scale+PDF+a5)%
125.0 0.5269 | +20.1 —24.0
125.09 0.5257 | 4+20.3 —24.0
125.40 0.5213 | +20.4 —24.1

bbH (NLO+NNLLpart+ybyt matching)

mp [GeV] | o [pb] | £(Ren.4Fact.+Matching Scales)% | +(PDF+as+my)% | —(PDF+as+my)%
125 0.568 | £5.0 +2.0 —-2.1
125.09 0.566 | £5.1 +2.0 —-2.0
125.40 0.563 | +4.9 +1.9 -1.9
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