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Motivation
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2010: LHC @ 7TeV rediscovers SM \ Higgs

2011: LHC challenges the Higgs boson

• Moriond:
H→ γγ: competitive with Tevatron

H→ ττ : new exclusion limits in MSSM (mmax
h )

• Summer: extension of Tevatron exclusion (!?)
• end of 2011: L ∼ 1−2 fb−1 on tape ?

2012: sensitivity to SM Higgs boson in full mass range with L ∼ some fb−1
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Prospects for the Higgs search at 7 TeV (8TeV)

Required luminosity required for
95% CL exclusion, 3σ, or 5σ discovery:

Signal significance
for different luminosities (1, 2, 5 fb−1):
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LHC Higgs Cross Section Group
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The LHC Higgs XS group (ATLAS ⊕ CMS ⊕ LHCb ⊕ Theory)

• physics goals: cross-section predictions + related theory issues
⋄ theory update + agreement for XSs and BRs

⋄ concept of pseudo-observables (POs) for parameter extractions

⋄ SM and MSSM Higgs boson(s)

⋄ common input parameters and errors, including PDFs

⋄ background processes

→֒ input / prescriptions / recommendations

for analyses and the LHC Higgs Combination Group
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The LHC Higgs XS group (ATLAS ⊕ CMS ⊕ LHCb ⊕ Theory)

• physics goals: cross-section predictions + related theory issues

• 4 overall contacts
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The LHC Higgs XS group (ATLAS ⊕ CMS ⊕ LHCb ⊕ Theory)

• physics goals: cross-section predictions + related theory issues

• 4 overall contacts

• 10 subgroups on production modes and common issues
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The LHC Higgs XS group (ATLAS ⊕ CMS ⊕ LHCb ⊕ Theory)

• physics goals: cross-section predictions + related theory issues

• 4 overall contacts

• 10 subgroups on production modes and common issues

• 6 “orthogonal” subgroups on decay channels (since 2011)

• ex-officio contact people

Note:

• group is open for everybody to actively + constructively contribute

• for more up-to-date info see
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CrossSections
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Achieved results
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Major results achieved in 2010
→֒ documented in Yellow Report CERN 2011-002 [arXiv:1101.0593]

• Common setup and input

• SM Higgs boson
⋄ total cross sections a la state-of-the-art for

√
s = 7 TeV and 14TeV

⋄ theoretical and parametric uncertainties for XSs (PDF4LHC widely used)

⋄ BRs a la state-of-the-art with theoretical uncertainties

• MSSM Higgs bosons
⋄ description of state-of-the-art
⋄ numerics for mmax

h scenario

• Selected issues:
⋄ PDFs
⋄ NLO Monte Carlos
⋄ Higgs pseudo-observables
⋄ parametric and theoretical uncertainties
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Updated SM Higgs XS predictions

for the LHC at
√

s = 7TeV
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Rough numbers:

Uncertainties NLO/NNLO/NNLO+
MH scale PDF4LHC QCD EW

ggF < 500 GeV 6−10% 8−10% >100% 5%

VBF < 500 GeV 1% 2−7% 5% 5%

WH < 200 GeV 1% 3−4% 30% 5−10%

ZH < 200 GeV 1−2% 3−4% 40% 5%

ttH < 200 GeV 10% 9% 5% ?

Stefan Dittmaier, Introduction: Theoretical Issues LHC Higgs XS WG meeting, BNL, May 4, 2011 – 10



Updated SM Higgs XS predictions

for the LHC at
√

s = 14TeV
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Rough numbers:

Uncertainties NLO/NNLO/NNLO+
MH scale PDF4LHC QCD EW

ggF < 500 GeV 6−14% 7% >100% 5%

VBF < 500 GeV 1% 3−4% 5% 5%

WH < 200 GeV 1% 3−4% 30% 5−10%

ZH < 200 GeV 2−4% 3−4% 45% 5%

ttH < 200 GeV 10% 9% 15−20% ?
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BRs of the SM Higgs boson
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Parametric uncertainty

→֒ still in progress

Theoretical uncertainty:

Partial width QCD EW Total

H → bb/cc ∼ 0.1−0.2% ∼ 1−2% for MH
<
∼

135 GeV ∼ 1−2%

H → ττ ∼ 1−2% for MH
<
∼

135 GeV ∼ 1−2%

H → tt ∼ 5% <
∼

2−5% for MH < 500 GeV ∼ 5%

H → gg ∼ 10% ∼ 1% ∼ 10%

H → γγ < 1% < 1% ∼ 1%

H → WW/ZZ → 4f < 0.5% ∼ 0.5% for MH < 500 GeV ∼ 0.5%
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Current issues and agenda 2011
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Continued work / pending homework

• parametric uncertainties of BRs and combination with THU
→֒ new independent analysis (compare with Baglio/Djouadi arXiv:1012.0530)

• interpolation points for XS and BR predictions
→֒ results for more MH values via calculation / interpolation (if justified)

• reconcilation of 4FS and 5FS schemes for pp→ bb̄H, etc.
→֒ accepted proposal of “Santander Matching”:

Harlander, Krämer, Schumacher ’11
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Specific final states

• combine production and decay tools for precision analyses
• dedicated subgroups formed for H→ γγ, ZZ(∗), WW(∗), ττ, bb and H±

→֒ talks this afternoon
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Specific final states

• combine production and decay tools for precision analyses
• dedicated subgroups formed for H→ γγ, ZZ(∗), WW(∗), ττ, bb and H±

→֒ talks this afternoon

An example: interferences among different H→ 4f channels Tanaka et al., see wiki page
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Specific final states

• combine production and decay tools for precision analyses
• dedicated subgroups formed for H→ γγ, ZZ(∗), WW(∗), ττ, bb and H±

→֒ talks this afternoon

First background issues

• signal–background interference for gg→ heavy Higgs→WW/ZZ→ 4f

→֒ talk by Giampiero

• WH/ZH background, e.g. via pp→Wbb̄, etc.
• more to come
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Specific final states

• combine production and decay tools for precision analyses
• dedicated subgroups formed for H→ γγ, ZZ(∗), WW(∗), ττ, bb and H±

→֒ talks this afternoon

First background issues

• signal–background interference for gg→ heavy Higgs→WW/ZZ→ 4f

→֒ talk by Giampiero

• WH/ZH background, e.g. via pp→Wbb̄, etc.
• more to come

PDF activities

• more pragmatic/acceptable/reasonable PDF4LHC recipe ?
• update of PDF, PDF⊕αs error correlations

→֒ talk by Stefano
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Issues in MSSM predictions

• Optimal combination of tools for XSs and BRs predictions

The controversial subject:

conservative LO improvements ←→
rescaled state-of-the-art SM predictions

via effective MSSM couplings

• charged Higgs: combination of 4FS and 5FS a la Santander ?!

• ultimately: solid state-of-the-art predictions for pp→ bb̄H

beyond ad hoc combinations of 4FS/5FS

• explicit results beyond mmax
h scenario ?

→ talks by Daniela, Sven
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NLOMC activities

• determination of acceptance ε

• error assessment for σ × ε

• comparison of results from different codes / code chains
→֒ unification of descriptions ↔ spread as part of error ?!

• jet multiplicities (jet bin uncertainties)

• inclusion of corrections

• reweighting strategies

• strategy for combining Higgs results for summer conferences
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Cuts and corrections

Anastasiou, Dissertori, Stoeckli ’07

Cut dependence of K factors:

• dependence often sizeable / large
• avoid large corrections
→֒ perturbative stability !

• careful studies necessary

Jet vetoes:

• study usefulness
• impact on K often large
→֒ stability issue important

• perturbative control via resummations ?

→֒ Can Effective Field Theories help ?

→ talks by Alexander, Frank, Massimiliano
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Differential distributions and corrections

• predictions with state-of-the-art corrections required

• study distortions induced by corrections

Note: constant K factors only in “lucky cases” !
→֒ Usually, if you flatten a specific distribution by tuning a dynamical scale,

you distort another !

• error assessments for shapes of distributions → recipes and results

Note: can be non-trivial, e.g., due to “non-local correlations” (PDFs, dyn. scales)

Examples from VBF:
Ciccolini, Denner, S.D. ’07
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Quick summary

• Homework: THU⊕PU for BRs, more MH points for interpolation
• New subgroup structure: dedicated task forces for specific final states
• Ongoing work:

⋄ background issues: signal⊕bkg, Wbb̄

⋄ PDFs: updates, uncertainties
⋄ MSSM: Santander matching, combination of tools
⋄ NLOMC: σ × ε, comparison of tools
⋄ cuts and distributions: issue of QCD⊕EW corrections, jet vetoes

Main goals of the BNL workshop

• Discussion of current issues – preparation for summer conferences
• Communication between LHC and Tevatron Higgs groups (e.g. about errors)
• Plans for 2011 → final discussion
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It’s a lot of work ...
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It’s a lot of work ...

... but acting as a team we can make it !
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