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INTRODUCTION



Experimental status and precision outlook

Current measurement of signal strength for VBF Higgs production has
uncertainty of about 20%.
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Experimental status and precision outlook

Current measurement of signal strength for VBF Higgs production has
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QCD CORRECTIONS IN VBFH



Structure function approach

Assume that lower and upper sector factorize from each other (i.e. no

cross-talk). [Han, Valencia, Willenbrock Phys.Rev.Lett. 69 (1992) 3274-3277]

One can then think of
VBFH as DISxDIS.

This picture is accurate

to better than 1%.

— [ Bolzoni et al. PRD85 (2012) 035002,
Ciccolini et al. PRD77 (2008) 013002,
- N\ Andersen et al. JHEP 0802 (2008) 057]

Since DIS coefficients are inclusive over hadronic final states, this
calculation cannot provide differential results for the jets.
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Structure function approach

Assume that lower and upper sector factorize from each other (i.e. no

cross-talk). [Han, Valencia, Willenbrock Phys.Rev.Lett. 69 (1992) 3274-3277]

gk _gE

These types of contributions are neglected in this limit:
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Since DIS coefficients are inclusive over hadronic final states, this
calculation cannot provide differential results for the jets.
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Inclusive NNLO VBF Higgs production

Fully inclusive VBF Higgs production has been known at NNLO for some
time.

[Bolzoni, Maltoni, Moch, Zaro Phys.Rev.Lett. 105 (2010) 011801]

o (pb) at LHC -~ LO
Vs=7TeV - NLO .
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scale choice:
4| Q4 =pq.He =4Q
10
This calculation is inclusive over all

hadronic final states.

1.08
1.04

1
0.96
0.92

TR A e

100 150 200 250 300 350 400 450 500
m,(GeV)

Result is obtained using the structure function approach.
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Differential NNLO VBF Higgs production

Using novel “projection-to-Born” method, differential results were derived

recently in the DISXDIS limit. [Cacciari, FD, Karlberg, Salam, Zanderighi
doldpy j, [pb/GeV] do/dAy;, ;, [pb] Phys.Rev.Lett. 115 (2015) no.8, 082002]
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No reduction of theoretical uncertainty at NNLO after VBF cuts.
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N3LO QCD CORRECTIONS



Inclusive cross section at N3LO

Inclusive calculation can be extended to VBF Higgs production at N>LO
o [pb] . . .. . i
using third order coefficient functions:
[Moch, Vermaseren, Vogt PLB606 (2005) 123-129]
[Vermaseren, Vogt, Moch NPB724 (2005) 3-182]

[Vermaseren, Moch, Vogt NPPS 160 (2006) 44-50]
[Moch, Rogal, Vogt NPB790 (2008) 317-335]

which have been implemented in HOPPET

1 v1.2.0-devel.
L0 me NNLO B | [Salam, Rojo CPC 180 (2009) 120-156]
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Total cross-sections

We consider pp collisions, and use PDFALHC15_nnlo_mc.

Central scale is set to the vector boson energies, Q1, Q», and varied up and
down by a factor two keeping 0.5 < ur/ur < 2.

Inclusive cross section (no cuts)

(7(13 TeV) [pb] 0(14 TeV) [pb] U(lOO TeV) [pb]

L0 40991080 4647007 77174645
NLO 3.9701002  4.497%002  7390*17
NNLO 39327001 4452008 7244703
NSLO  3.928+0005 4 4480006 72.34 100,

N3LO corrections tiny, at 2% level, but reduce

theoretical uncertainties by a factor of 5.
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Differential distributions: Higgs p: and rapidity

Using vector-boson momenta, we can reconstruct the Higgs momentum
and obtain differential distributions w.r.t. Higgs kinematics.
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But no information on kinematics of tagging jets.
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Theoretical PDF uncertainties

One source of unknown N3LO corrections: missing higher orders in PDF
determination.

Only NNLO PDF sets are available, which are missing two main
contributions:

» Higher order splitting functions in PDF evolution

» Higher order corrections to coefficient functions relating observables to
PDFs
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Theoretical PDF uncertainties

One source of unknown N3LO corrections: missing higher orders in PDF
determination.

Only NNLO PDF sets are available, which are missing two main
contributions:

» Higher order splitting functions in PDF evolution = less than O(1%)

» Higher order corrections to coefficient functions relating observables to
PDFs
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Theoretical PDF uncertainties

We provide two estimates of impact of missing higher orders in PDFs

A. Estimate from difference between NLO and NNLO PDF

GNNLO _ gNNLo
5PDF — NNLO-PDF NLO-PDF | _ 1 1o,

2 7NNLO ' [Anastasiou et al.
ONNLO-PDF JHEP 1605 (2016) 058]

B. Estimate using N3LO structure functions
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where rescaled cross section is obtained with
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Vs [TeV]
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CONCLUSION



Conclusion

» VBF channel brought to the same formal accuracy as gluon-gluon
fusion.

» Inclusive N3LO corrections are tiny, few permille, but reduce theoretical
uncertainties substantially.

» How do VBF cuts affect the size of the N3LO QCD corrections ?
= will require calculation differential in the parton kinematics.

» How “small” are neglected non-factorisable corrections at NNLO ?

The code will be made public.
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BACKUP SLIDES



VBF cuts

To reduce background noise, cuts on rapidity separation and jet p; are
essential.
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Cuts discriminate against background, such as gluon-fusion H + 2j
production and t# production.
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VBF cuts

To reduce background noise, cuts on rapidity separation and jet p; are
essential.

Example event selection

> At least two jets with p; > 25GeV and |y| < 4.5.
> Rapidity separation |Ayj, ;,| > 4.5.
> Dijet invariant mass mj, j, > 600 GeV.

Cuts discriminate against background, such as gluon-fusion H + 2j
production and t¢ production.
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Scale variation up to N3LO

Dependence of cross section on renormalisation and factorisation scale

o [pbl]
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Very stable convergence of perturbative series.
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