
ASSESSING THE VALIDITY OF THE 
EFFECTIVE FIELD THEORY DESCRIPTION

Roberto Contino
EPFL & CERN

HEFT2015 -   November 4-6, 2015,  University of Chicago



2

On the use of Effective Field Theory

• EFT ideal framework for low-energy machines with high precision (ex: e+e-)

Cannot access directly 
the new states

probe their tail effects with 
high-precision measurements
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On the use of Effective Field Theory

• EFT ideal framework for low-energy machines with high precision (ex: e+e-)

Cannot access directly 
the new states

probe their tail effects with 
high-precision measurements

EFT useful to give universal effective description of the contribution 
from new states in terms of a few local operators

☞

No need of complete and accurate knowledge of mass spectrum, 
couplings etc.

• In fact, even if energy is sufficient to discover (some of the) new particles, 
EFT can be useful to study the Higgs properties near threshold (low energy)
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Assessing the validity of the EFT is crucial to derive 
meaningful results and fully exploit the experimental data
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n The validity of the EFT can be assessed without referring 
to specific UV models

n Specifying a power-counting is sufficient (and necessary)



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

The SILH power counting 
Giudice et al. JHEP 0706 (2007) 045



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

5

g∗
m∗

≡ 1

f

1

m∗
- each extra (covariant) derivative costs a factor 

- each extra power of H(x) costs a factor 

Assumption: m∗

The SILH power counting 
Giudice et al. JHEP 0706 (2007) 045



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

g∗�1
1

f
� 1

m∗

5

g∗
m∗

≡ 1

f

1

m∗
- each extra (covariant) derivative costs a factor 

- each extra power of H(x) costs a factor 

Assumption: m∗

For a strongly-interacting 
light Higgs (SILH):

The SILH power counting 
Giudice et al. JHEP 0706 (2007) 045



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

g∗�1
1

f
� 1

m∗

5

g∗
m∗

≡ 1

f

1

m∗
- each extra (covariant) derivative costs a factor 

- each extra power of H(x) costs a factor 

Assumption: m∗

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:

The SILH power counting 
Giudice et al. JHEP 0706 (2007) 045



expansion in powers 
of the Higgs field

The SILH power counting 
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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∗



7

Secondary Assumptions:

1. The Higgs is a pseudo Nambu-Goldstone boson

☞ operators that break the shift symmetry are suppressed

ex:            ,(H†
H)3 H

†
HG

a
µνG

aµν
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Secondary Assumptions:

2. The UV physics is minimally coupled

☞ operators generated at loop level suppressed by

ex: dipole operators

3. (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

1. The Higgs is a pseudo Nambu-Goldstone boson

☞ operators that break the shift symmetry are suppressed

ex:            ,(H†
H)3 H

†
HG

a
µνG

aµν
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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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EFT not valid when setting limits 
on c̄HB , (c̄W − c̄B)
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Experimental searches not yet 
sensitive to SM Higgs signal  

ATLAS-CONF-2013-079
PRD 89 (2014) 012003 (CMS)
D0, PRL 109 (2012) 121802

Riva et al.  
PRD 91 (2015) 055029

SM

from: Ellis et al.  JHEP 1407 (2014) 036



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

10

20

30

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

EFT not valid when setting limits 
on c̄HB , (c̄W − c̄B)

pT (V ) [GeV]

E
ve
n
ts c̄W =0.1

c̄W =0.05

10

Experimental searches not yet 
sensitive to SM Higgs signal  

ATLAS-CONF-2013-079
PRD 89 (2014) 012003 (CMS)
D0, PRL 109 (2012) 121802

Riva et al.  
PRD 91 (2015) 055029

SM

from: Ellis et al.  JHEP 1407 (2014) 036

sensitivity comes from last bin 
where EFT breaks down



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

10

20

30

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

EFT not valid when setting limits 
on c̄HB , (c̄W − c̄B)

pT (V ) [GeV]

E
ve
n
ts c̄W =0.1

c̄W =0.05

c̄HB

(c̄W − c̄B)/2

10

Experimental searches not yet 
sensitive to SM Higgs signal  

ATLAS-CONF-2013-079
PRD 89 (2014) 012003 (CMS)
D0, PRL 109 (2012) 121802

Riva et al.  
PRD 91 (2015) 055029

SM

from: Ellis et al.  JHEP 1407 (2014) 036

sensitivity comes from last bin 
where EFT breaks down

�0.04 �0.02 0.00 0.02 0.04 0.06

�0.15

�0.10

�0.05

0.00

0.05

0.10

pp → V h LEP2

cW (m2
W
/Λ2)

c H
B
(m

2 W
/Λ

2
)

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.

16

solid=95%    dashed=99%

from:  Riva et al.  PRD 91 (2015) 055029

Compare with LEP2 (TGCs):
weaker bounds but EFT valid
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only if analysis is sensitive to SM
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Normally, dimension-8 operators can be safely neglected 
as long as                andE/m∗� 1

15

v/f� 1

when dim-6 operators are suppressed for some 
structural reason

1. symmetry suppression of dim-6

2. observables with no contribution from dim-6

3. dim-6 do not interfere with SM (while dim-8 do)

Exception:

Examples:

. .
 .

RC, C. Grojean, A. Falkowski, F. Goertz, F. Riva, 
note to appear on Higgs Yellow Report 4
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Examples of the second kind  (observables free from dim-6):    

0-Higgs vs 1-Higgs
(“decorrelations” in non-linear lagrangian)

See talk by Luca Merlo



Ex:   couplings of 1 and 2 Higgs bosons to vector bosons
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Examples of the second kind  (observables free from dim-6):    

[ RC, Grojean, Pappadopulo, Rattazzi, Thamm  JHEP 1402 (2014) 006 ]

0-Higgs vs 1-Higgs
(“decorrelations” in non-linear lagrangian)

See talk by Luca Merlo

1-Higgs vs 2-Higgs
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P. Roloff (CLICdp Coll.), talk at LCWS14 
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Suppose:

Test dim-8 
operators

Expected precision at CLIC             

on

with

P. Roloff (CLICdp Coll.), talk at LCWS14 

For an SO(5)/SO(4) Composite Higgs:
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Example of the first kind (symmetry suppression):    

Azatov, R.C., Panico, Son   Phys. Rev. D92 (2015) 035001

suppressed by

suppressed by

(     = weak spurion breaking the shift symmetry)

double Higgs production via gluon fusion (assuming Higgs is a pNGB)
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δA8

δA6
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m2
∗

g2∗
λ2 λf < E < m∗

(v2/f2) = 0.1

λ = yt
λf ∼ 500GeV
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Example of the first kind (symmetry suppression):    

Azatov, R.C., Panico, Son   Phys. Rev. D92 (2015) 035001

suppressed by

suppressed by

(     = weak spurion breaking the shift symmetry)

dim-8 dominate 
over dim-6 for:

Example:

double Higgs production via gluon fusion (assuming Higgs is a pNGB)
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E
m∗λf

dim-8 > dim-6

double Higgs production has a very low rate, dim-8 
are unobservable at the LHC unless bigger than SM

However:
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dim-8 > dim-6
dim-8 > SM

double Higgs production has a very low rate, dim-8 
are unobservable at the LHC unless bigger than SM

However:



g∗= 3

∼ 1.3TeV ∼ 2.3TeV
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√
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dim-8 > dim-6
dim-8 > SM

double Higgs production has a very low rate, dim-8 
are unobservable at the LHC unless bigger than SM

However:

(v2/f2) = 0.1

λ = ytExample:



Probing dim-8 operators 
is very difficult (perhaps 
possible through              
or at 100TeV)

g∗= 3

∼ 1.3TeV ∼ 2.3TeV

Largest value
of m(hh)[GeV] bb̄γγ 4b
√
s = 14TeV 550 1550

√
s = 100TeV 1350 4300

hh→4b
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E
m∗λf f

√
ytg∗

dim-8 > dim-6
dim-8 > SM

double Higgs production has a very low rate, dim-8 
are unobservable at the LHC unless bigger than SM

However:

(v2/f2) = 0.1

λ = ytExample:

- requiring at least 5 events
- including 10% efficiency

due to kinematic cuts

For a luminosity:                   L = 3ab−1



• The scattering               proceeds 
through          and             transitions

gg→hh
Jz=0 Jz=±2

M0 ∼ const.

M2 ∼ sin2θ

θ =

20

Testing dim-8 operators through angular distributions

        angle between either 
of the Higgs bosons and the 
beam axis in the c.o.m frame
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-                       on the tail of the m(hh) 
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Testing dim-8 operators through angular distributions

        angle between either 
of the Higgs bosons and the 
beam axis in the c.o.m frame

• Only          contributes toOgD2 M2

         set to its SILH 
estimate with:
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Testing dim-8 operators through angular distributions

        angle between either 
of the Higgs bosons and the 
beam axis in the c.o.m frame

• Only          contributes toOgD2 M2

         set to its SILH 
estimate with:

Sensitivity on dim-8 operators 
only marginally improved by 
angular analysis 
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Conclusions
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Conclusions

n Validity of the EFT can be assessed without making reference to models
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for different power countings)

n Validity of the EFT can be assessed without making reference to models

n Possible procedure to extract bounds and report experimental results:

1)   first, derive bounds as a function of an energy cut
2)   then, cast bounds on theory space for a given power counting
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Conclusions

n Specifying a power counting is sufficient and necessary (different estimates 
for different power countings)

n Dimension-8 operators can be safely neglected except in few special cases 

n Validity of the EFT can be assessed without making reference to models

Ex:   -- dim-6 operators suppressed by symmetry
       -- observables with no contribution from dim-6

n Possible procedure to extract bounds and report experimental results:

1)   first, derive bounds as a function of an energy cut
2)   then, cast bounds on theory space for a given power counting


