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The higgs Boson @LHC

•   

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CrossSections  
LHC Higgs Cross Sections Working Group (many people, ..., MZ), arXiv:1101.0593 
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The higgs Boson @LHC

• Warning!               can be a too crude approximation
• Finite width & PDFs change the cross-section
• Interference with background
• The heavier the Higgs the larger the off-shell effects

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CrossSections  
LHC Higgs Cross Sections Working Group (many people, ..., MZ), arXiv:1101.0593 
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The higgs Boson @LHC
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Decay channels
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DEcay channels
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CERNYellowReportPageBR 

• Remember: 
• Decay products must be visible at a hadron collider!
• W and Z are unstable particles!
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Precision

• State of the art: HDECAY & Prophecy4f
• HDECAY: 

• NLO QCD corrections for qq and gg final state
• EW corrections for gg, 

• Prophecy4f:
• EW+NLO QCD for all                   final states, + interferences

arXiv:1101.0593

HDECAY: M. Spira et al., hep-ph/9610350
Prophecy4f: A. bredenstein et al., hep-ph/0604011

6

γγ

V V → 4f



Blois, 2011-01-06Marco Zaro, SM Higgs production x-sects & BRs

Precision

• State of the art: HDECAY & Prophecy4f
• HDECAY: 

• NLO QCD corrections for qq and gg final state
• EW corrections for gg, 

• Prophecy4f:
• EW+NLO QCD for all                   final states, + interferences

Need to consider also error on quark masses - Baglio, Djouadi, 1012.0530

10% b @160GeV - 20% c

arXiv:1101.0593

HDECAY: M. Spira et al., hep-ph/9610350
Prophecy4f: A. bredenstein et al., hep-ph/0604011
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Production Channels
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Production Channels

ggH

VBF

W/Z H

ttH
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Channels?

• What is “a channel”?

9



Blois, 2011-01-06Marco Zaro, SM Higgs production x-sects & BRs

Channels?

• What is “a channel”?
• Exercise: Try to define VBF in a QM correct way
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Channels?

• What is “a channel”?
• Exercise: Try to define VBF in a QM correct way

• 1st try: production of the Higgs boson with 2 jets 
• 2nd try: electro-weak production of the Higgs boson with 2 jets
• 3rd try: ...without color exchange between the protons
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Channels?

• What is “a channel”?
• Exercise: Try to define VBF in a QM correct way

• 1st try: production of the Higgs boson with 2 jets 
• 2nd try: electro-weak production of the Higgs boson with 2 jets
• 3rd try: ...without color exchange between the protons

• The definition of a “channel” is not so-trivial, interferences occur
• Higher order corrections contribute in mixing up
• Interferences are small (specially after imposing selection cuts) but precision 

on cross-sections is highly improving
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Total cross-sections or...

• @LHC, we never directly measure a total x-section
• We have accurate preditions for total x-sections
• We need accurate predictions for less-inclusive observables:

• cross-sections between cuts
• distributions
• ...

Where are we now?
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Fully differential tools

NLO QCD
(parton level)

NLO QCD 
+ PS

NLO EW
(parton level)

NNLO
(parton level)

MCFM
(and refs therein)

POWHEG
MC@NLO

Degrassi et al.
(2004)

Anastasiou et al.
(2004)

MCFM
(and refs therein)

POWHEG
Ciccolini et al.

(2007)
HAWK

Can be doneMCFM
(and refs therein)

POWHEG
MC@NLO

Kramer et al.
(2003) Almost done

Benakker et al. (2002)
Dawson et al. (2002)

Dittmaier et al., (2004)

aMC@NLO
(apr 2011) Can be done
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Gluon Fusion
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Gluon Fusion

• Dominant production channel
• Large fixed order QCD corrections

•  
• LO prediction is not reliable
• need for resummation

Harlander, Kilgore, hep-ph/0201206
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• Residual uncertainities on total cross-section ~15% 
• Sensitive to new heavy fermions (4th gen, ...)

• Lot of QCD activity
• look for clean decay channels (γγ or leptons)

• Currently known up to NNLO + NNLL QCD, NLO EW
(finite top-mass up to NLO) de Florian, Grazzini

Anastasiou, Boughezal, Petriello, Stoeckli
...

12
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Weak boson fusion
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Weak boson fusion

• Important channel in the whole mass range
• Clean experimental signature:

• 2 Tagging jets
• Little QCD activity in the central region (central jet veto)
• Higgs mainly produced in the central region
• Clean decay observation (     feasible): extraction of couplings
• Jet correlations: extra discrimination power

• Crucial to separate VBF from gluon fusion

Ciccolini, Denner, Dittmaier, arXiv: 0710.4749
H

agiw
ara, Li, M

aw
atari, arXiv: 0905.4314
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Weak boson fusion

• QCD corrections are small
• known up to NNLO QCD + NLO EW

• Small residual uncertainities
• (Probably) The best known x-sect @LHC

NLO QCD + EW: Ciccolini, Denner, Dittmaier
NNLO QCD: Bolzoni, Maltoni, Moch, MZ
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VH, tth production
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VH, tth production

• Unique chances to extract Higgs coupling to top and vector bosons
• Considered (till 2008-2009) unfeasible channels @LHC

• Small x-sect, quickly decreasing with the Higgs mass
• Too large background for               decay (other BRs too small)

15

H → bb
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VH, tth production
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• fat-jets: VH and ttH production back on the scene!
• Look for boosted (high-    ) Higgses and tops, which appear as fat jets
• Look inside the fat jet strucutre (undo clustering) to reconstruct the decay

• High-     particles are produced at central rapidities (easier to tag)
• High background reduction, VH possible discovery channel for a 120 GeV 

Higgs at 30        , ttH at 100         (@ 14 TeV)

pT

pT

fb−1 fb−1

H → bb
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Plehn, Salam, Spannowsky, arXiv:0910.5472

UE, 3 b-tags

no UE, 3 b-tags

VH, tth production

Butterworth, Davison, Rubin, Salam, arXiv:0802.2470
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on mass resolution and background rejection.

The above results were obtained with HER-
WIG 6.510[17, 18] with Jimmy 4.31 [19] for the under-
yling event, which has been used throughout the sub-
sequent analysis. The signal reconstruction was also
cross-checked using Pythia 6.403[20]. In both cases
the underlying event model was chosen in line with the
tunes currently used by ATLAS and CMS (see for ex-
ample [21] 2). The leading-logarithmic parton shower
approximation used in these programs have been shown
to model jet substructure well in a wide variety of pro-
cesses [23, 24, 25, 26, 27, 28]. For this analysis, sig-
nal samples of WH, ZH were generated, as well as
WW, ZW, ZZ, Z + jet, W + jet, tt̄, single top and dijets
to study backgrounds. All samples correspond to a lu-
minosity ≥ 30 fb−1, except for the lowest p̂min

T dijet sam-
ple, where the cross section makes this impractical. In
this case an assumption was made that the selection ef-
ficiency of a leptonically-decaying boson factorises from
the hadronic Higgs selection. This assumption was tested
and is a good approximation in the signal region of the
mass plot, though correlations are significant at lower
masses.

The leading order (LO) estimates of the cross-section
were checked by comparing to next-to-leading order
(NLO) results. High-pT V H and V bb̄ cross sections were
obtained with MCFM [29, 30] and found to be about 1.5
times the LO values for the two signal and the Z0bb̄ chan-
nels (confirmed with MC@NLO v3.3 for the signal [31]),
while the W±bb̄ channel has a K-factor closer to 2.5 (as
observed also at low-pT in [30]).3 The main other back-
ground, tt̄ production, has a K-factor of about 2 (found
comparing the HERWIG total cross section to [32]). This
suggests that our final LO-based signal/

√
background es-

timates ought not to be too strongly affected by higher
order corrections, though further detailed NLO studies
would be of value.

Let us now turn to the details of the event selection.
The candidate Higgs jet should have a pT greater than
some p̂min

T . The jet R-parameter values commonly used
by the experiments are typically in the range 0.4 - 0.7.
Increasing the R-parameter increases the fraction of con-
tained Higgs decays. Scanning the region 0.6 < R < 1.6
for various values of p̂min

T indicates an optimum value
around R = 1.2 with p̂min

T = 200 GeV.

Three subselections are used for vector bosons: (a) An
e+e− or µ+µ− pair with an invariant mass 80 GeV <
m < 100 GeV and pT > p̂min

T . (b) Missing transverse
momentum > p̂min

T . (c) Missing transverse momentum

2 The non-default parameter setting are: PRSOF=0,
JMRAD(73)=1.8, PTJIM=4.9 GeV, JMUEO=1, with
CTEQ6L [22] PDFs.

3 For the V bb̄ backgrounds these results hold as long as both the
vector boson and bb̄ jet have a high pT ; relaxing the requirement
on pTV leads to enhanced K-factors from electroweak double-
logarithms.
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(d)

FIG. 2: Signal and background for a 115 GeV SM Higgs
simulated using HERWIG, C/A MD-F with R = 1.2 and
pT > 200 GeV, for 30 fb−1. The b tag efficiency is assumed
to be 60% and a mistag probability of 2% is used. The qq̄
sample includes dijets and tt̄. The vector boson selections
for (a), (b) and (c) are described in the text, and (d) shows
the sum of all three channels. The errors reflect the statisti-
cal uncertainty on the simulated samples, and correspond to
integrated luminosities > 30 fb−1.

> 30 GeV plus a lepton (e or µ) with pT > 30 GeV,
consistent with a W of nominal mass with pT > p̂min

T . It
may also be possible, by using similar techniques to re-
construct hadronically decaying bosons, to recover signal
from these events. This is a topic left for future study.

To reject backgrounds we require that there be no lep-
tons with |η| < 2.5, pT > 30 GeV apart from those used
to reconstruct the leptonic vector boson, and no b-tagged
jets in the range |η| < 2.5, pT > 50 GeV apart from the
Higgs candidate. For channel (c), where the tt̄ back-
ground is particularly severe, we require that there are
no additional jets with |η| < 3, pT > 30 GeV. The re-
jection might be improved if this cut were replaced by a
specific top veto [5]. However, without applying the sub-
jet mass reconstruction to all jets, the mass resolution
for R = 1.2 is inadequate.

The results for R = 1.2, p̂min
T = 200 GeV are shown

in Fig. 2, for mH = 115 GeV. The Z peak from ZZ and
WZ events is clearly visible in the background, providing
a critical calibration tool. Relaxing the b-tagging selec-
tion would provide greater statistics for this calibration,
and would also make the W peak visible. The major
backgrounds are from W or Z+jets, and (except for the
HZ(Z → l+l−) case), tt̄.

Combining the three sub-channels in Fig. 2d, and sum-
ming signal and background over the two bins in the
range 112-128 GeV, the Higgs is seen with a significance

Z → ee/µµ
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Conclusions...

• LHC is running and taking lot of data
•  100          per week @ATLAS, CMS

• We do not only want to discover the Higgs, but 
also to measure its properties
• Need for precise theoretical predictions
• Interplay of all production/decay channels

• fat-jets “revolution”
• Much progress has been done recently to push 

theoretical uncertainities as low as possible
• all production channels @NLO QCD+PS
• total rates known to higher orders                    

(NLO EW, NNLO QCD)
• all decay channels @NLO QCD+EW

• uncertainities small, except for heavy quarks

17
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Thank you!
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vh: uncertainities

19
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NLO QCD + NLO EW

• EW corrections negative, 5-10% of total cross-section
• Residual uncertainity (NNLO QCD + NLO EW):

 2-3% (scale), 4-5% (PDF)
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ttH: uncertainities
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• Scale uncertainities greatly improve from LO to NLO
• Residual uncertainity: 10-15%
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Dawson, Orr, Reina, Wackeroth, hep-ph/0211438


