
ΦTP2

Non-standard Higgs couplings in HAWK

Ansgar Denner, University of Würzburg

Light-mass-Higgs meeting

CERN, November 13, 2013

Implementation in HAWK

Relation to parametrization of YR3

Relation to parametrization of Zeppenfeld et al.

Light-mass-Higgs meeting, November 13, 2013 Ansgar Denner (Würzburg) Non-standard Higgs couplings in HAWK – p.0



ΦTP2Modified Feynman rules

HAWK: modified HV V couplings (in LO)
modified HV ff̄ couplings not (yet) implemented

generalized Feynman rules: (V1V2 = WW,ZZ,Zγ, γγ)

H

V
µ
1
(p1)

V
µ
2
(p2)

= i a
(1)
HV1V2
︸ ︷︷ ︸

SM

gµν + ia
(2)
HV1V2

[pν1p
µ
2 − (p1p2)g

µν ] + ia
(3)
HV1V2

ǫµνρσp1,ρp2,σ

parity-conserving coupling constants: a(1)HV1V2
, a(2)HV1V2

parity-violating coupling constants: a(3)HV1V2

Constants a
(i)
HV1V2

related to couplings fi of effective field theory (EFT)

Leff = LSM +
1

Λ2

∑

k

αkOk

⇒ must fix a basis of independent dimension-6 effective operators Ok
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ΦTP2HAWK implementation of anomalous couplings

Philosophy: anomalous couplings (ACs) considered as small corrections
to SM predictions
◮ QCD corrections dress full AC amplitudes

(consistent calculation straightforward as ACs are colour blind)
◮ EW corrections of SM are added linearly

terms of order AC×EWRC are neglected
◮ take care of sign of sin θw = sw!

e.g. a(1)HWW = MW

sw
+ a

(1),BSM
HWW , convention matters in interference

optional form factor: (not advocated!)
aHV V → aHV V × Λ4

(Λ2+|k1|2)(Λ2+|k2|2)

◮ absent in effective field theory which is only valid for |k2i | ≪ Λ2

◮ avoids unitarity violation for |k2i | ∼ Λ2 by ad-hoc prescription

validation
◮ VBF: results validated against VBFNLO

◮ WH/ZH: new results from HAWK
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ΦTP2EFT parameterization of YR3

following Grzadkowski et al. ’10

Φ6 and Φ4D2 ψ2Φ3 X3

OΦ = (Φ†Φ)3 OeΦ = (Φ†Φ)(̄l ΓeeΦ) OG = fABCGAν
µ GBρ

ν GCµ
ρ

OΦ� = (Φ†Φ)�(Φ†Φ) OuΦ = (Φ†Φ)(q̄ ΓuuΦ̃) O
G̃

= fABCG̃Aν
µ GBρ

ν GCµ
ρ

OΦD = (Φ†DµΦ)∗(Φ†DµΦ) OdΦ = (Φ†Φ)(q̄ Γ
d
dΦ) OW = εIJKWIν

µ WJρ
ν WKµ

ρ

O
W̃

= εIJKW̃Iν
µ WJρ

ν WKµ
ρ

X2Φ2 ψ2XΦ ψ2Φ2D

OΦG = (Φ†Φ)GA
µνG

Aµν OuG = (q̄σµν λA

2 ΓuuΦ̃)GA
µν O(1)

Φl = (Φ†i
↔
DµΦ)(̄lγµl)

OΦG̃
= (Φ†Φ)G̃A

µνG
Aµν OdG = (q̄σµν λA

2 Γ
d
dΦ)GA

µν O(3)
Φl = (Φ†i

↔
DI

µΦ)(̄lγµτI l)

OΦW = (Φ†Φ)WI
µνW

Iµν OeW = (̄lσµνΓeeτ
IΦ)WI

µν OΦe = (Φ†i
↔
DµΦ)(ēγµe)

O
ΦW̃

= (Φ†Φ)W̃I
µνW

Iµν OuW = (q̄σµνΓuuτ
I Φ̃)WI

µν O(1)
Φq = (Φ†i

↔
DµΦ)(q̄γµq)

OΦB = (Φ†Φ)BµνB
µν OdW = (q̄σµνΓ

d
dτIΦ)WI

µν O(3)
Φq = (Φ†i

↔
DI

µΦ)(q̄γµτIq)

OΦB̃ = (Φ†Φ)B̃µνB
µν OeB = (̄lσµνΓeeΦ)Bµν OΦu = (Φ†i

↔
DµΦ)(ūγµu)

OΦWB = (Φ†τIΦ)WI
µνB

µν OuB = (q̄σµνΓuuΦ̃)Bµν OΦd = (Φ†i
↔
DµΦ)(d̄γµd)

O
ΦW̃B

= (Φ†τIΦ)W̃I
µνB

µν OdB = (q̄σµνΓ
d
dΦ)Bµν OΦud = i(Φ̃†DµΦ)(ūγµΓudd)

+ 25 four-fermion operators
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ΦTP2Feynman rules for HVV vertices (YR3)

HWW coupling: g = e
sw

1√
2Gµ

= v2[1 + O(αi)]

W+
µ , p1

W−
ν , p2

H

= igMWgµν

[
1 +

1√
2GµΛ2

(
αφW + αφ� − 1

4
αφD

)]

+ i
2g

MW

1√
2GµΛ2

[
αφW (p2µp1ν − p1p2gµν) + α

φW̃
εµνρσp

ρ
1p

σ
2

]

a
(1)

HW+W− = gMW

[
1 +

1
√
2GµΛ2

(
αφW + αφ� − 1

4
αφD

)]

a
(2)

HW+W− =
2g

MW

1
√
2GµΛ2

αφW , a
(3)

HW+W− =
2g

MW

1
√
2GµΛ2

α
φW̃

a
(1)
HZZ = g

MZ

cw

[
1 +

1
√
2GµΛ2

(
αφW + αφ� +

1

4
αφD

)]

a
(2)

HV ′V =
2g

MW

1
√
2GµΛ2

αV ′V , a
(3)

HV ′V =
2g

MW

1
√
2GµΛ2

α
V ′Ṽ , V

′
V = ZZ,AZ,AA

αAA = s
2
wαφW + c

2
wαφB − cwswαφWB

αZZ = c
2
wαφW + s

2
wαφB + cwswαφWB

αAZ = swcw(αφW − αφB) +
(c2w − s2w)

2
αφWB
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ΦTP2Input-parameter dependence

Input MZ, MW, and Gµ ⇒

g = 2MW

√√
2Gµ

(

1− 1√
2GµΛ2

(

αφW + α
(3)
φµ

)
)

⇒ αφW in rescaled SM coupling replaced by −α
(3)
φµ

(effective operator contributing to µ decay)

a
(1)
HW+W− = gMW

[

1 +
1√

2GµΛ2

(

αφW + αφ� − 1

4
αφD

)]

→ a
(1)
HW+W− = 2MW

√√
2Gµ

[

1 +
1√

2GµΛ2

(

−α
(3)
φµ + αφ� − 1

4
αφD

)]

expression for g depends on input parameter set and EFT basis!
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ΦTP2Parameterization of Zeppenfeld et al.

Hankele, Klämke, Zeppenfeld, Figy ’06 (hep-ph/0609075)
based on Hagiwara, Ishihara, Szalapski, Zeppenfeld ’93 (no fermionic operators!)

considered operators: (Ŵµν = ig σ
a

2 W a
µν , B̂µν = i g

′

2 Bµν , ˆ̃
Vµν = 1

2ǫµνρσV̂
ρσ)

OWW = Φ†ŴµνŴ
µνΦ, OBB = Φ†B̂µνB̂

µνΦ

OW̃W = Φ† ˆ̃WµνŴ
µνΦ, OB̃B = Φ† ˆ̃BµνB̂

µνΦ

not in basis of Grzadkowski et al. ’10

explicit insertions: (d parameters are input to HAWK)

a
(2)
HWW = 2g

MW
d, a

(2)
HZZ = 2g

MW
(c2wd+ s2wdB)

a
(2)
HZγ = 2g

MW
cwsw(d− dB), a

(2)
Hγγ = 2g

MW
(s2wd+ c2wdB)

a
(3)
HV1V2

= a
(2)
HV1V2

∣
∣
∣
d→d̃,dB→d̃B

where d = −M2
W

Λ2 αWW , dB = −M2
W

Λ2

s2w
c2w

αBB

d̃ = −M2
W

Λ2 αW̃W , d̃B = −M2
W

Λ2

s2w
c2w

αB̃B
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ΦTP2Feynman rules for Higgs vertices

HAA coupling: αAA = s2wαφW + c2wαφB − cwswαφWB

Aµ, p1

Aν , p2

H = i
2g

MW

1
√

2GµΛ2

[

αAA(p2µp1ν − p1p2gµν) + α
AÃ

εµνρσp
ρ
1
pσ2

]

HAZ coupling: αAZ = 2swcw(αφW − αφB) + (c2w − s2w)αφWB

Aµ, p1

Zν , p2

H = i
g

MW

1
√

2GµΛ2

[

αAZ(p2µp1ν − p1p2gµν) + α
AZ̃

εµνρσp
ρ
1
pσ2

]

HZZ coupling: αZZ = c2wαφW + s2wαφB + cwswαφWB , α
ZZ̃

= . . .

Zµ, p1

Zν , p2

H

= ig
MZ

cw
gµν

[

1 +
1

√

2GµΛ2

(

αφW + αφ� +
1

4
αφD

)

]

+ i
2g

MW

1
√

2GµΛ2

[

αZZ(p2µp1ν − p1p2gµν) + α
ZZ̃

εµνρσp
ρ
1
pσ2

]
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