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SM Higgs Search at LHC

• Direct search from LEP: mH > 114.4 GeV at 95% C.L.

• Major goal at LHC

• Very clear precisions for production mechanics, cross-sections
and branching ratios within the Standard Model

• Mass is an unknown parameter!
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Introduction
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Standard Model of Particle Physics
Fundamental particles:

☞ 6 quarks, 6 leptons is enough
☞ bulk of visible matter: u, d and e
☞ anti-particle for each particle

Fundamental interactions:
☞ strong: gluons
☞ weak: W ±, Z 0

☞ electromagnetic: photons
☞ gravitational: graviton?

Higgs field → Higgs particle
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W /Z Bosons Branching Ratios

Z
Decay Fraction (%)

µµ 3.336
ee 3.336
ττ 3.336
νν 20.0
qq̄ 70.0

W
Decay Fraction (%)

µν 10.83
eν 10.83
τν 10.83
qq′ 67.51
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Particle Physics in One Page
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Mass Problem

• The Standard Model taken into account Spin 1 (bosons) and
Spin 1/2 (fermions) only predict massless particles

• Nervertheless W /Z bosons and leptons are massive

• Higgs field is introduced to add mass to those particles

• A new particle, the Higgs boson, is predicted coming from its
own interaction
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Higgs Mechanics: Poor Man Explanation
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Higgs Mechanics: Physicists Explanation
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Predictions & Inputs

☞ Highly predictive: large variety of phenomena has confirmed
the Standard Model

☞ Particles predicted before observed: W and Z bosons,
gluons, top and charm quarks, ντ

☞ Basic inputs:
☞ SU(2) and U(1) gauge couplings g and g0
☞ ν =

√
2 < 0|φ 0|0 > (vacuum of theory)

☞ Higgs mass MH, value unknown (enters radiative corrections)
☞ heavy fermion masses, mt , mb... (phase space, radiative corrections)
☞ strong coupling αs (enters radiative corrections)

☞ Trade ν, g, g’ for precisely known quantities:
☞ GF = 1√

sν2 from τµ (GF = 1.16637(1) × 10−5 GeV −2)
☞ α = 1/137.03599911(46) (but must extrapolate to MZ )
☞ MZ (or sin2θW )
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Just 3 Light Neutrinos
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Pulls from Several Measurements

Measurement Fit |Omeas−Ofit|/σmeas

0 1 2 3

0 1 2 3

∆αhad(mZ)∆α(5) 0.02758 ± 0.00035 0.02767

mZ [GeV]mZ [GeV] 91.1875 ± 0.0021 91.1874

ΓZ [GeV]ΓZ [GeV] 2.4952 ± 0.0023 2.4959

σhad [nb]σ0 41.540 ± 0.037 41.478

RlRl 20.767 ± 0.025 20.743

AfbA0,l 0.01714 ± 0.00095 0.01643

Al(Pτ)Al(Pτ) 0.1465 ± 0.0032 0.1480

RbRb 0.21629 ± 0.00066 0.21581

RcRc 0.1721 ± 0.0030 0.1722

AfbA0,b 0.0992 ± 0.0016 0.1038

AfbA0,c 0.0707 ± 0.0035 0.0742

AbAb 0.923 ± 0.020 0.935

AcAc 0.670 ± 0.027 0.668

Al(SLD)Al(SLD) 0.1513 ± 0.0021 0.1480

sin2θeffsin2θlept(Qfb) 0.2324 ± 0.0012 0.2314

mW [GeV]mW [GeV] 80.398 ± 0.025 80.377

ΓW [GeV]ΓW [GeV] 2.097 ± 0.048 2.092

mt [GeV]mt [GeV] 172.6 ± 1.4 172.8

March 2008
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Higgs Mass from Precision Measurements
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mH vs. mW
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mH vs. mt
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Direct SM Higgs Searches at
LEP & TeVatron
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Direct SM Higgs Searches at LEP (I)

• A lot of Higgs searches at LEP time

• Main decay channels for mH ∼ 100 GeV/c2 (more details later):

☞ BR(H → bb̄) ∼ 90%
☞ BR(H → ττ) ∼ 10%

• Main SM production: e+e− → HZ 0

☞ BR(HZ → bb̄qq̄) ∼ 90% × 70% = 63%
☞ BR(HZ → bb̄νν) ∼ 90% × 20% = 18%
☞ BR(HZ → bb̄``) ∼ 90% × 6.6% = 6%
☞ BR(HZ → bb̄ττ) ∼ 90% × 3.3% = 3%
☞ BR(HZ → ττqq̄) ∼ 10% × 70% = 7%
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Direct SM Higgs Searches at LEP (II)

Nu
mb

er 
of 

ev
en

ts 
pe

r b
in

DELPHI

0

2

4

6

50 75 100 125 150

He+e-

0

2

4

6

8

50 75 100 125 150

Hµ+µ-

0

20

40

20 40 60 80 100 120

Hνν
–

0

20

40

20 40 60 80 100 120

Hqq
–

0

2

4

20 40 60 80 100 120

Hτ+τ-

0

20

40

60

20 40 60 80 100 120
mH (GeV/c2)

bb
–
bb

–

17



Direct SM Higgs Searches at LEP (III)
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☞ No significant excess found in the SM LEP Higgs searches
☞ mH > 114.4 GeV at 95% C.L.
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Direct SM Higgs Searches at the TeVatron (I)

• A lot of Higgs searches at this moment

• Tough analyses, very sophisticated techniques

• Main SM production: gg → H, VH (V = W /Z )

☞ high mass (150-200 GeV/c2):
☞ H → WW → 2`2ν

☞ low mass (100-150 GeV/c2):
☞ WH → `νbb̄
☞ ZH → ``bb̄
☞ ZH → ννbb̄

• 75 mutually exclusive final states considered in the last round of
combination!
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Direct SM Higgs Searches at the TeVatron (II)
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Direct SM Higgs Searches at the TeVatron (III)
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Production Mechanics

• Gluon Fusion: gg → H

• Weak Boson Fusion (WBF): qqH

• Associated Production with Z /W : VH, V = W /Z

• Associated Production with tt̄: tt̄H
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Gluon Fusion: gg → H
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• Main production mechanic

• Little jet activity (except from gluon radiation)
23



Weak Boson Fusion (WBF): qqH

• Cross-section ∼10 times smaller than gg → H, but very
particular topology

• Higgs produced together with two forward-backward hard
energetic jets
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Tagging Jets in qqH Events
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Associated Production with Z /W : VH, V = W /Z

• Less important processes than in the TeVatron

• Interesting for low Higgs masses, high luminosity
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Associated Production with tt̄: tt̄H

�
� �

�
�

�
�

�
��

� �
� �

�
�

	




�
�




• Very important process to measure Higgs couplings

• Very challenging analysis
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Cross-Sections
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Comments

• Reported cross-section at
√

s = 10 TeV

• Similar behavior at
√

s = 14 TeV , “just” a factor ∼2 smaller
values

• CTEQ6 PDF sets are used for NLO computations, the newest
MSTW2008 PDF sets for NNLO computations
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gg → H & qqH

gg → H qqH

• σgg→H/σqqH ∼ 10

• Increased in σgg→H for mH ∼ 350 GeV/c2 due to the appearance
of H → tt̄ decays in that region
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Associated Production with Z /W /tt̄

VH tt̄H

31



Branching Ratios,
Higgs Decays
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Branching Ratios vs. Higgs Mass

Partial widths at tree level:
☞ Γ(H → f f̄ ) ∝ Ncm2

f β 3mH

☞ Γ(H → VV ) ∝ δV βm3
H(1 − τV + 3

4τ2
V )

β 2 = 1 − 4m2
f /m2

H, τV = 4m2
V /m2

H

Nc = 3 for quarks and Nc = 1 for leptons

δW = 2, δZ = 1

Low mass region:
☞ H → bb̄ dominant

Higgs mass region:
☞ Γtot ≈ Γ(H → WW ) + Γ(H → ZZ )
☞ mH ≈ 1.4 TeV/c2 → Γtot ≈ mH
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Main Higgs Decay Modes

☞ mH < 150 GeV/c2: H → bb̄, ττ , γγ (H → WW already relevant)

☞ mH > 150 GeV/c2: H → WW , ZZ
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Decay Modes at LHC

Decay gg → H qqH t t̄H , ZH , WH
H → γγ yes yes high L
H → bb̄ no trigger no trigger high L
H → WW → 4q no trigger no trigger high L
H → WW → 2`2ν yes yes yes
H → WW → 2q`ν high L yes yes
H → ττ → `hν ′s yes yes high L
H → ττ → ``ν ′s yes yes high L
H → ττ → hhν ′s no trigger no trigger high L
H → ZZ → 4` yes yes high L
H → ZZ → 2q2` yes yes high L
H → ZZ → 2`2ν yes yes high L
H → ZZ → 4ν no trigger no trigger no trigger
H → ZZ → 4q no trigger no trigger high L
H → ZZ → 2q2ν no trigger no trigger high L

(*) “no trigger” == no `/γ HLT, “yes” ==can be done with L < 50fb−1,
“high L” == ∼100 fb−1 region
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