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Introduction

HDECAY
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 H  →  γ γ 
 ttH (H  →  bb)
 H   →  ZZ(*)   →  4 l
 H   →  WW(*)   →  lνlν
 qqH   →  qq WW(*)   →  lνlν
 qqH   →  qq ττ
 qqH   →  qqZZ   →  llνν
 qqH   →  qqWW   →  lνjj

Total significance

 5 σ

  ∫ L dt = 30 fb-1

 (no K-factors)

ATLAS

• H → WW (∗)/ZZ(∗) most important decay channel for mH & 140GeV

• linear collider: measure BR(H → WW (∗)) up to 3%

• Higgs discovery at LHC: H → WW (∗) → lνlν and H → ZZ(∗) → 4l:
most important channels for intermediate Higgs masses

→ precise theoretical prediction for H → WW (∗)/ZZ(∗) → 4f needed
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Theoretical status

radiative corrections for H → WW/ZZ

O(α) Kniehl ’91, Bardin et al ’91
O(αsGFm2

t ) Kniehl, Spira ’95
O(α2

sGFm2
t ) Kniehl, Steinhauser ’95

O(G2
Fm4

t ) Djouadi, Gambino, Kniehl ’98
O(G2

Fm4
H) Ghinculov ’95; Frick et al ’96

pair production region: under theoretical control

H → WW (∗)/ZZ(∗)

tree level only

→ threshold region?

H → WW (∗)/ZZ(∗) → 4f

• covers all Higgs masses (including threshold region)

• distributions → verification of spin 0 [Choi et al ’02]

• recently: QED corrections: Carloni-Calame et al

• full O(α) electroweak corrections
→ this talk
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Radiative corrections to H → 4f : outline

• external fermions: massless where possible

→ keep only log(mf) terms

• about 400 Feynman diagrams (Feynman gauge)

• reduction of tensor loop integrals

use techniques from e+e− → 4f [Denner, Dittmaier, Wieders ’05]

→ stable evaluation for exceptional kinematics

• renormalization: on-shell / Gµ scheme: αGµ =

√
2Gµm2

Ws2w
π

absorbs: – running from Q2 = 0 to Q2 = m2
Z

– universal m2
t /m2

W corrections related to CC

• phase space

multi channel Monte Carlo integration [Berends,Kleiss,Pittau ’94]

adaptive weight optimization [Kleiss, Pittau ’94]

• parton level Monte Carlo generator

distributions available
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IR singularities: collinear safe observables

real and virtual corrections: soft and collinear singularities
→ cancel in inclusive quantities (KLN theorem)

inclusive quantities insensitve to emission of
• soft photons
• photons collinear to charged fermions

• energy fraction in collinear limit z = p0

p0+k0

→ independent of z

soft and collinear singularities: collinear safe case

• phase space slicing
∫

5
dΓR =

(

∫

5,hard
+

∫

5,soft
+

∫

5,coll

)

dΓR =

∫

5,hard
dΓR +

∫

4
[dΓsoft + dΓcoll]

• dipole formalism [Catani,Seymour ’96], [Dittmaier ’98]

ΓNLO =

∫

5
[dΓR − dΓsub] +

∫

4
[dΓV +

∫

1
dΓsub]

dΓsub: observable calculated from reduced 4-particle PS point

• z integrated out
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IR singularities: non-collinear safe observables

non-collinear safe observables

• need separate identification of collinear f± and γ

• depend on energy fraction z = p0

p0+k0

→ no analytical integration over z possible

• collinear singularities remain → log(mf)

→ modification of slicing and dipole methods needed

soft and collinear singularities: non-collinear safe case [Bredenstein et al ’05]

• phase space slicing
keep z integration → performed numerically

∫

5,coll
dΓR =

∫

4

∫

dz dΓ̃coll

• dipole formalism
• keep information on z in subtraction function
• additional term, z integration numerically

∫

4

∫

dz dΓsub,coll

• z not integrated out
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Resonances

Resonances: finite width needed
→ Dyson resummation of self energies
→ gauge invariance problematic

tree level: several schemes
fixed-width scheme, complex-mass scheme, effective Lagrangians, fermion-loop scheme

1-loop: pole expansion
• gauge invariant
• not in threshold region

complex mass scheme at 1-loop [Denner et al ’05]

• splitting of (real) bare mass: m2
V,0 = µ2

V + δµ2
V

• renormalization condition: Σ̂(µ2
V ) = 0

→ µ2
V = m2

V − imV ΓV complex mass, used everywhere
→ derived quantities complex, e.g. cos θW =

µW
µZ→ complex masses in loop integrals

• Ward identities valid

→ consistent scheme at 1-loop
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Checks

• virtual corrections:

’t Hooft-Feynman gauge and background field method

→ gauge independence

• UV divergences: cancel after renormalization

• soft singularities: cancel after real–virtual combination

• collinear singularities (logmf ): drop out in collinear safe observables (e.g. Γ)

• combination of real & virtual contributions

phase space slicing and dipole formalism

• 2 independent calculations

→ 2 computer codes for numerical evaluation

→ full numerical agreement (12 digits for dΓ)
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Partial widths

H → νee
+µ−ν̄µ

Gµ-scheme

partial width relative corrections

HDecay
one loop
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• O(α) corrections: 3 - 8%
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Partial widths

H → e−e+µ−µ+

Gµ-scheme

partial width relative corrections

HDecay
one loop

H→ e−e+µ−µ+

MH [GeV]

Γ [MeV]

200190180170160150140

1

0.1

0.01

0.001

HDecay
one loop

H → e−e+µ−µ+

MH [GeV]

δ [%]

200190180170160150140

12

10

8

6

4

2

0

• O(α) corrections: 2 - 4%
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Distributions: invariant mass

H → νee
+µ−ν̄µ

Gµ-scheme, mH = 200GeV

invariant mass distribution relative corrections

one loop (no recomb.)
one loop (γ recomb.)

Born

H → νee
+µ−ν̄µ

Mµ−ν̄µ
[GeV]

dσ
dM
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[10−3]

75 76 77 78 79 80 81 82 83 84 85

5

4

3

2

1

0

µ−ν̄µ (no recomb.)
νee

+ (no recomb.)
µ−ν̄µ (γ recomb.)
νee
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mH = 200

subtraction

H → νee
+µ−ν̄µ
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photon recombination: if mfγ < 5GeV
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Distributions: angular

H → e−e+µ−µ+

Gµ-scheme, mH = 200GeV

φ angle between decay planes of e+e− and µ+µ−

angular distribution relative corrections

Born
one loop (no recomb.)
one loop (γ recomb.)

H → e−e+µ−µ+

φ [deg]
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cosφ = ((p1+p2)×p1)(−(p3+p4)×p3)
|(p1+p2)×p1||−(p3+p4)×p3|
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Conclusions

• H → WW (∗)/ZZ(∗) → 4f : important decay channel

→ precise theoretical description needed

• complete O(α) electroweak corrections available

• corrections for partial width: 2 - 8%

larger for distributions

• Monte Carlo generator:

→ partial widths and distributions

• non-collinear safe observables possible

• outlook

• QCD corrections

• higher order final state radiation

• comparison with narrow width approximation
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