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Introduction: The quest for the Higgs boson

LHC is running!

LHC is running at 7 TeV, 40 pb−1 collected
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Introduction: The quest for the Higgs boson

LHC is running!

LHC is running at 7 TeV, 40 pb−1 collected

It’s time to find the Higgs...

... and to study its properties

need for precise theoretical predictions
LO (cross-section estimate)
→ NLO (inclusion of radiative corrections)
→ NNLO (theoretical uncertainity reduction)
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Higgs production channels @LHC

The Higgs production channels

What is a ”channel”?

Intrinsic uncertainity due to interference with other channels.
For VBF ≃ 1%

Zaro Bolzoni Maltoni Moch Higgs production via vector-boson fusion at NNLO in QCD



Higgs production via vector-boson fusion at NNLO in QCD

Higgs production channels @LHC

The VBF production channel

VBF: color singlet exchange between the protons
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Higgs production channels @LHC

VBF signature

2 hard tagging jets

Large rapidity separation between jets

No (or small) hadronic activity between tagging jets

Higgs decay in the central rapidity region

Possibility to measure VVH couplings → distinguish among
different models

(See also E. Gabrielli, B. Mele, arXiv:1005.2498 [hep-ph])
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The VBF cross-section

VBF total cross-section:
computation
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The VBF cross-section

QCD corrections to VBF

LO NLO
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The VBF cross-section

QCD corrections to VBF

LO NLO
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The VBF cross-section

Structure function approach
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QCD correction factorize!

Factorization holds up to NNLO at leading Nc
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The VBF cross-section

The structure function approach to VBF @ NNLO

structure function approach is not exact at NNLO

(in principle) need to consider extra contributes

double gluon-exchange diagrams (real and virtual):
1/N2

c suppressed, gauge invariant

×

t/b loop diagrams: at 1 per mil level, GI

t, b t, b
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Results at colliders

Results at the Tevatron @1.96 TeV

σ (pb) at Tevatron
√s = 1.96 TeV

scale choice:
ggH: µR=µF=mH
VBF: Q/4 ≤ µR,µF ≤ 4Q
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ggH NNLO
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VBF = 10% ggH @ 165 GeV

Negligible error on total x-sect

ggH plot without theoretical error
(http://theory.fi.infn.it/grazzini/hcalculators.html)
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Results at colliders

Results at the LHC @7 TeV

σ (pb) at LHC
√s = 7 TeV

scale choice:
Q/4 ≤ µR,µF ≤ 4Q
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∆NNLO/NLO < 1%

Theoretical uncertainities @NNLO:
±2%|SC ± 3%|PDF

Natural scale of the process:
Q ≃ 20 GeV < mH
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Results at colliders

Going BSM: charged Higgses and more...

Triplet models
Allow W±ZH∓ and W±W±H∓∓ vertices at tree level
Vertices are proportional to vT

v

If vT
v

= O(1) (more triplets, ...) charged VBF can be studied
at the LHC

Asakawa, Kanemura, Kanazaki: arXiv:hep-ph/0612271

Powerful channel to measure vT , discrimination among models
Doubly charged Higgses carry lepton number → Amazing
signatures!

W
±

Z
0

H
±

W
±

W
±

H
±±
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Results at colliders

Going BSM: charged Higgses and more...

Fermiophobia

VBF becomes the main production channel for Higgs boson(s)
Easy extension to FP vector resonances (Z ′, W ′)
Possibility to include aomalous couplings

W
±/Z 0

W
∓/Z 0

Z
′

W
±

Z
0

W
′±
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Results at colliders

Total cross-sections @LHC -
√
s =7TeV

ΓµνViVjH
= 2

(√
2GF

)1/2
mimj (−igµν)

H+ σ (pb) at LHC
√s = 7 TeV

scale choice:
Q/4 ≤ µR,µF ≤ 4Q
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H++ σ (pb) at LHC
√s = 7 TeV

scale choice:
Q/4 ≤ µR,µF ≤ 4Q
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Results at colliders

K-factors @LHC -
√
s =7TeV

H+ K-factors:
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Scale choice: 1/4Q ≤ µR , µF ≤ 4Q
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Results at colliders

NNLO PDF errors @LHC -
√
s =7TeV

H+ PDF errors:
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PDF errors larger than for SM Higgs: due to valence quarks?
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Web interface

Web interface: http://vbf-nnlo.phys.ucl.ac.be
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Web interface

Web interface: http://vbf-nnlo.phys.ucl.ac.be
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Conclusions

Conclusions:

VBF is a very ineresting channel for Higgs discovery and
precision physics

First computation of the NNLO QCD corrections to VBF

Excellent convergence of perturbative series

Great improvement of theoretical uncertainties at NNLO

Extension to charged Higgses and to FP W ′,Z ′, ...

Possible extension also to VV → HH, ...

Flexible web interface available

More exclusive approach needed
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Thank you!

Thank you!
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Backup slides

Backup slides
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Backup slides

Single quark line (SQL) diagrams

Gauge invariant class

Not “pure” VBF process (colour exchanged between protons)

Not IR-safe

Studied by R. V. Harlander, J. Vollinga and M. M. Weber,
Phys. Rev. D 77, 053010 (2008) [arXiv:0801.3355 [hep-ph]]

Impact on the VBF cross section (after VBF cuts) O(10−3)
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Backup slides

Kinematics in the x vs. Q2 plane

< Q2 >≃ (20GeV)2 < x >≃ 6 · 10−2
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Backup slides

Results at the LHC @7 TeV

σ (pb) at LHC
√s = 7 TeV

scale choice:
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Backup slides

PDF uncertainities at the LHC @7 TeV

σ (pb) at LHC
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Backup slides

Results at the LHC @14 TeV

σ (pb) at LHC
√s = 14 TeV

scale choice:
Q/4 ≤ µR,µF ≤ 4Q
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Backup slides

PDF uncertainities at the LHC @14 TeV
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Backup slides

Results at the Tevatron @1.96 TeV
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Backup slides

PDF uncertainities at the Tevatron @1.96 TeV
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Backup slides

Total cross-sections @LHC -
√
s =7TeV

H- σ (pb) at LHC
√s = 7 TeV

scale choice:
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Backup slides

K-factors @LHC -
√
s =7TeV

H- K-factors:
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Backup slides

Are pdf uncertainities correlated to the Higgs charge?
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