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Effective Lagrangian for the Higgs boson

• At low energies,               , NP effects are 
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scale       with coefficientsm∗
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Operators “generated” at the new physics 
scale       with coefficientsm∗

1. There is a gap between the NP scale      andm∗ mh

H = e
iπ/v

�
0

v + h

�
2. The new boson is part of an SU(2)L doublet

Assumptions:
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• Operators can be classified according to their dimension 

L = LSM +
�

i

c̄iOi ≡ LSM +∆L(6) +∆L(8) + . . .

Effective Lagrangian for the Higgs boson
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• Operators can be classified according to their dimension 

L = LSM +
�

i

c̄iOi ≡ LSM +∆L(6) +∆L(8) + . . .

Leading effects from dim-6 operators

59 independent operators for 1 SM family

Buchmuller and Wyler NPB 268 (1986) 621

...

Grzadkowski et al. JHEP 1010 (2010) 085

For a review see:  
RC, Ghezzi, Grojean, Muhlleitner, Spira JHEP 1307 (2013) 035

Effective Lagrangian for the Higgs boson
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the UV physics is broadly characterized by 1 scale (       ) 
and 1 coupling strength (     )
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For a strongly-interacting 
light Higgs (SILH):

OW =
ig

2m2
W

�
H†σiDµH

�
(DνWµν)

i

c̄W ∼
�
m2

W

m2
∗

� (H†σi
D

µ
H) Wµ

ρ

Example:



expansion in powers 
of the Higgs field

Estimating the coefficients at      :  the SILH power counting m∗
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Giudice et al. JHEP 0706 (2007) 045

Assumption:

Expansion parameters:                     ,              ,                
∂µ
m∗

αSM

4π

v

f

H/f

derivative expansion

expansion in powers 
of the SM couplings

the UV physics is broadly characterized by 1 scale (       ) 
and 1 coupling strength (     )g∗

m∗



(g2∗/16π
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True for some of the popular models (e.g. weakly-coupled SUSY, 
holographic Higgs), but not necessarily so in more general contexts

Secondary Assumptions:

1. The UV physics is minimally coupled

see for example:   Jenkins, Manohar, Trott JHEP 1309 (2013) 063 

☞ operators generated at loop level suppressed by

ex: dipole operators
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True for some of the popular models (e.g. weakly-coupled SUSY, 
holographic Higgs), but not necessarily so in more general contexts

Secondary Assumptions:

1. The UV physics is minimally coupled

see for example:   Jenkins, Manohar, Trott JHEP 1309 (2013) 063 

☞ operators generated at loop level suppressed by

ex: dipole operators

2. (light) SM fermions are weakly coupled to the UV dynamics

☞ current-current operators subdominant

Equivalent to assuming “universality” of NP effects, easier to comply with LEP
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Probing the strength of the EWSB dynamics

Although full reconstruction of their spectrum and couplings requires open producing the new 
states, EFT can give information on whether the UV dynamics is strongly or weakly coupled



gives information on on-shell couplings 
at a fixed scale
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• At LHC Run1 Higgs searches have focussed on single-Higgs 
on-shell production and decay
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h

m2
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�
g2∗
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× m2
h

m2
∗
=

v2

f2

�
< 1

• At LHC Run1 Higgs searches have focussed on single-Higgs 
on-shell production and decay

• Next frontier for Run2:  probe directly the strength of SSB dynamics 
at energies               through 2→2 scattering processesE � mh

∼ g(E)2
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Validity of the EFT description Inspired by:
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opportunities at 100TeV”, Cern 2014
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Validity of the EFT description

m∗

Inspired by:
R. Rattazzi, talk at “BSM physics 
opportunities at 100TeV”, Cern 2014

In general:

E2

m2
∗
∼ g(E)2

g2∗

dim-8 operators 
further suppressed by

gSM f < E < m∗

gSM < g(E) < g∗ � 4π

Interesting 
energy window:

Interesting 
coupling range:
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Validity of the EFT description

m∗

Inspired by:
R. Rattazzi, talk at “BSM physics 
opportunities at 100TeV”, Cern 2014

Interesting 
energy window:

Interesting 
coupling range:

In general: dim-8 operators 
further suppressed by

For:
best sensitivity on

largest energy probed

Parameter space 
under scrutiny within 
the validity of EFT



Example #1:   Double Higgs production via VBF (               )VLVL → hh
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ŝ

v2
δ2 + . . .

O(v2/f2) = g(E)2 ∼ E2

f2

O

�
E2

f2
× E2

m2
∗

�

10

cV

c2V c3
cV

δ2 ≡ 1− c2V /c
2
V

δ3 ≡ 1− c3/cV

= ASM

from heavy 
resonances
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3TeV, L = 1ab−1 0.3 0.05 1.8TeV 1.6

e+e− → hh νν̄ → 4b νν̄

(δ3)min (δ2)min Ē gmin
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EFT better justified at high-precision 
machines (such as e+e- colliders)
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Example #2:   Higgs associated production (               )qq̄ → VLh
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constrained by Z-pole data at LEP1



EFT not valid when setting limits 
on

QCD corrections than is the V + H invariant mass distribution [30]. We present in
Fig. 3 the results of an NLO calculation using MCFM [31]. Although the pVT distribution
is more sensitive to NLO corrections, the constraint on the coefficient of an effective
operator that we can obtain with LHC Run 1 data at 8 TeV is still quite insensitive
to the QCD higher order corrections. However, this will be an important effect when
reaching c̄W ∼ O(10−3). Since such effects tend to broaden the p

V
T distribution in the

SM, the inclusion of NLO would only strengthen the bounds reported here and as such
will not modify our conclusions, which are reached under conservative assumptions.

Details of the cuts implemented for the 0-,1- and 2-lepton ATLAS analysis can be
found in Appendix B. Fig. 4 is an example of the p

T
V distribution for the 2-lepton signal

in the bins used by the ATLAS search, for various values of c̄W .

0 50 100 150 200 250
0
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40

50

60

70

pT �GeV�

N
ev

LHC8 ATLAS VH

Figure 4: Simulation of the p
V
T distribution in (V → 2�) + (H → b̄b) events at the LHC

after implementing ATLAS cuts, as obtained using MadGraph v2.1.0 interfaced with

Pythia and Delphes v3, combined with the dimension-6 model implementation developed

in [25]. The solid distribution is the SM expectation, and the red-dotted and blue-dashed

lines correspond to the distributions with c̄W =0.1 and 0.05, respectively.

We see that the number of events in the last (overflow) bin increases rapidly with
c̄W . Since the background overwhelms any signal in the lower bins, henceforth we focus
exclusively on this overflow bin where the signal-to-background ratio is highest. A χ2 fit
to the observed data gives the 95% CL range

c̄W ∈ [−0.07, 0.07] ,

which improves upon the D0 constraint (3.1), as expected. The contribution to the
χ2 function from this constraint is shown as the dashed blue line in the left panel of
Fig. 2. For comparison, using the signal strength given for each of the 0-, 1- and 2-lepton

6

c̄HB , (c̄W − c̄B)

pT (V ) [GeV]

E
ve
n
ts

c̄W =0.1

c̄W =0.05
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on

QCD corrections than is the V + H invariant mass distribution [30]. We present in
Fig. 3 the results of an NLO calculation using MCFM [31]. Although the pVT distribution
is more sensitive to NLO corrections, the constraint on the coefficient of an effective
operator that we can obtain with LHC Run 1 data at 8 TeV is still quite insensitive
to the QCD higher order corrections. However, this will be an important effect when
reaching c̄W ∼ O(10−3). Since such effects tend to broaden the p

V
T distribution in the

SM, the inclusion of NLO would only strengthen the bounds reported here and as such
will not modify our conclusions, which are reached under conservative assumptions.

Details of the cuts implemented for the 0-,1- and 2-lepton ATLAS analysis can be
found in Appendix B. Fig. 4 is an example of the p

T
V distribution for the 2-lepton signal

in the bins used by the ATLAS search, for various values of c̄W .
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Figure 4: Simulation of the p
V
T distribution in (V → 2�) + (H → b̄b) events at the LHC

after implementing ATLAS cuts, as obtained using MadGraph v2.1.0 interfaced with

Pythia and Delphes v3, combined with the dimension-6 model implementation developed

in [25]. The solid distribution is the SM expectation, and the red-dotted and blue-dashed

lines correspond to the distributions with c̄W =0.1 and 0.05, respectively.

We see that the number of events in the last (overflow) bin increases rapidly with
c̄W . Since the background overwhelms any signal in the lower bins, henceforth we focus
exclusively on this overflow bin where the signal-to-background ratio is highest. A χ2 fit
to the observed data gives the 95% CL range

c̄W ∈ [−0.07, 0.07] ,

which improves upon the D0 constraint (3.1), as expected. The contribution to the
χ2 function from this constraint is shown as the dashed blue line in the left panel of
Fig. 2. For comparison, using the signal strength given for each of the 0-, 1- and 2-lepton
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Figure 5: The 95CL (solid) and 99CL (dashed) combined observed limits on the coefficients
cW and c

HB
(with cB = −cW and all other operators set to zero) from our analysis of Higgs

searches in the bb+0l, 1l, 2l final states in ATLAS. We employ a cut
√
ŝ < 1.2 TeV. We compare

the exclusion with LEP2 limits on TGCs (red contour).

from TGC measurements is to limit ourselves to a generic class of theories where the operator
O3W = �abc

3! W
aν
µ W b

νρW
cρµ is small. Under this assumption, the 95% C.L. bounds from TGCs

are [47]14

− 0.05 � (
cW − cB

2
)
m2

W

Λ2
� 0.05 , −0.12 � c

HB

m2
W

Λ2
� 0.10 (33)

Note that this upper bound on cW from LEP corresponds to a suppression scale � 350 GeV,
larger than relevant LEP2 energies.

On the other hand, as discussed above, the constraints from Higgs observables at high-
energy that we have derived here are typically beyond the validity of the EFT expansion, but
they can make sense for the direction OW − OB, in the case of strongly interacting fermions.
Non-minimally coupled theories could in principle generate tree-level effects for cHB, but it is
difficult to argue along the lines of Section 3 to say whether the coefficient of these operators
can or cannot be enhanced with respect to the inverse cutoff. We assume for completeness that
a class of theories exists where the coefficients of the operator OHB can be very large, and that
the validity of the EFT description can be extrapolated up to the breakdown of perturbative
unitarity. The resulting bounds from present Higgs data, valid only in this class of theories, are
shown in Fig. 5. We employ a cut

√
ŝ < 1200 GeV corresponding to

√
4πmW /

√
0.05, keeping

14In our basis, the TGC parameters of Ref. [34] are modified as δgZ1 = cW / cos θ2W and δκγ = cHB . As noticed
in Ref. [23], under the assumption that c3W = 0, there is no quantitative difference between a fit to TGCs in the
context of dimension-6 operators (that neglects terms higher order in the Wilson coefficients) and the fit of the
LEP2 collaboration [47], which we use in this article.
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solid=95%    dashed=99%

from:  Riva et al.  arXiv:1406.7320

Compare with LEP2 (TGCs):
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✓ EFT valid
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Conclusions

n Assessing the validity of EFT requires power counting.
   Dim-8 operators can be relevant if dim-6 ones are suppressed

n Higgs Effective Lagrangian is the tool for future precision physics

n Power counting needed to estimate coefficients and extract information on the 
underlying UV dynamics.  SILH power counting useful to test weak vs strong 
EWSB dynamics
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Example #4:   Telling the top loop from a point

On-shell single-Higgs cannot distinguish 
the top loop from a point-like interaction:

≃
h

O(v2/f2)
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Figure 2: Figures (a)-(c) show the 95% CL contours obtained from the χ2 in Eq. (2.12) for

different choices of the actual parameters κ0
t and κ0

g, or equivalently of µ0
incl and R0. The

colors blue, red and black correspond to κ0
t = 0.8, 1.0 and 1.2, respectively, or equivalently to

the indicated values of R0 = R(κ0
t ,
�
µ0
incl − κ0

t ). The gray band is obtained by considering

only the inclusive measurement. The SM point is indicated by the black star. Figure (d)

shows the variation of the 95% CL contours for different choices of the renormalization and

factorization scale µ. For all plots we assumed an integrated luminosity of
�
L dt = 3 ab−1

and
√
s = 14TeV.
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On-shell single-Higgs cannot distinguish 
the top loop from a point-like interaction:

≃
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An extra hard jet can probe the top loop 
and break the degeneracy:

A(gg → gh) = ASM
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Azatov, Paul  arXiv:1309.5273
Grojean et al. arXiv:1312.3317
Schlaffer et al. arXiv:1405.4295

from  Grojean et al. arXiv:1312.3317

LHC 14TeV

L = 3ab−1

95%

SMhh

gg→h 
(inclusive)

gg→hg 
(exclusive)



0.6 0.8 1.0 1.2 1.4
�0.3

�0.2

�0.1

0.0

0.1

0.2

0.3

Κt
Κ g

�.0� 2.19 � 10�3

�.0� 1.23 � 10�3

�.0� 0.692 �10�3

Μ0
incl�0.8 � 20�

�

(a) µ0
incl = 0.8

0.6 0.8 1.0 1.2 1.4
�0.3

�0.2

�0.1

0.0

0.1

0.2

0.3

Κt

Κ g

�.0� 2.71 � 10�3

�.0� 1.69 � 10�3

�.0� 0.985 �10�3

Μ0
incl�1.0 � 20�

�

(b) µ0
incl = 1.0

0.6 0.8 1.0 1.2 1.4
�0.3

�0.2

�0.1

0.0

0.1

0.2

0.3

Κt

Κ g

�.0� 3.14 � 10�3

�.0� 2.10 � 10�3

�.0� 1.31 � 10�3

Μ0
incl�1.2 � 20�

�

(c) µ0
incl = 1.2

0.8 0.9 1.0 1.1 1.2 1.3

�0.2

�0.1

0.0

0.1

Κt

Κ g

Μren � 0.5 mT
Μren � 1.0 mT
Μren � 2.0 mT
Μ0

incl�1.0 � 20�

�

(d) Scale variation

Figure 2: Figures (a)-(c) show the 95% CL contours obtained from the χ2 in Eq. (2.12) for

different choices of the actual parameters κ0
t and κ0

g, or equivalently of µ0
incl and R0. The

colors blue, red and black correspond to κ0
t = 0.8, 1.0 and 1.2, respectively, or equivalently to

the indicated values of R0 = R(κ0
t ,
�
µ0
incl − κ0

t ). The gray band is obtained by considering

only the inclusive measurement. The SM point is indicated by the black star. Figure (d)

shows the variation of the 95% CL contours for different choices of the renormalization and

factorization scale µ. For all plots we assumed an integrated luminosity of
�
L dt = 3 ab−1

and
√
s = 14TeV.

10

1− c̄u

12
(4
π
/α

2
)
c̄ g

O

�
λ2

y2t

E2

m2
∗

�
for pT �mt

12

�
4π

α2

�
c̄g ×

p2T
m2

t

≈ λ2

y2t

E2

m2
∗
<

λ2

y2t

22

Example #4:   Telling the top loop from a point

For the effective theory 
to be valid one needs:

An extra hard jet can probe the top loop 
and break the degeneracy:
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incl = 0.8
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(d) Scale variation

Figure 2: Figures (a)-(c) show the 95% CL contours obtained from the χ2 in Eq. (2.12) for

different choices of the actual parameters κ0
t and κ0

g, or equivalently of µ0
incl and R0. The

colors blue, red and black correspond to κ0
t = 0.8, 1.0 and 1.2, respectively, or equivalently to

the indicated values of R0 = R(κ0
t ,
�
µ0
incl − κ0

t ). The gray band is obtained by considering

only the inclusive measurement. The SM point is indicated by the black star. Figure (d)

shows the variation of the 95% CL contours for different choices of the renormalization and

factorization scale µ. For all plots we assumed an integrated luminosity of
�
L dt = 3 ab−1

and
√
s = 14TeV.
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Example #4:   Telling the top loop from a point

For the effective theory 
to be valid one needs:

An extra hard jet can probe the top loop 
and break the degeneracy:
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For a cut                        
(as done in arXiv:1312.3317)


