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Due to absence of signs of new physics
HEP has ‘Big Mac’ blues, 


i.e. why nature not like (as natural as) advertised?

Sure, Higgs boson does the job, but…

Commercial Reality
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EFT

‣ interpretation of any measurement model dependent

‣ interpretation requires communication between different scales 
as well as theorists and experimentalists

 Improved/Unified way of interpretation of measurements

Connecting measurements with UV physics

Kappa

Framework

Simplified 

Models

Full (UV) 

Model

Complexity/Flexibility

‣ NP models simple 
rescaling of couplings

‣ No new Lorentz 
-structures or 
kinematics

‣ SM degrees of 
freedom and 
symmetries

‣ New kinematics/
Lorentz structures

‣ New low-energy 
degrees of 
freedom 

‣ Subset of states of 
full models, 
reflective at scale 
of measurement

‣ Very complex and 
often high-dimensional 
parameter space

‣ Allows to correlate 
high-scale and low-
scale physics

⇢X,Y =
E[(X � E[X])(Y � E[Y ])]

�x�y
(193)

gggh(mh) > gggh,SM (194)

bb̄bb̄ (195)

i =
gi

gi,SM
(196)

�(gp)⇥ BR(gd) (197)

14

Nanjing               TeV Physics Conference      Michael Spannowsky             22.04.2019                    4



Flavor diagonal still complex:

Agnostic operator basis highly complex:

2499 non-redundant parameters at dim-6

EFT fit is next step to tension theory with data

59 operators

• Focus on operators with Higgs 
involvement (new kid on the block)

constrained by LEP at permille level

• Focus on operators that are 
probed predominantly at LHC

Choose SILH basis:

here 

[Peskin, Takeuchi ’91]

pp ! Hjj (208)

pp ! HV (209)

pp ! ttH (210)

cT ⇠ T (211)

cB + cW ⇠ S (212)

15

pp ! Hjj (208)

pp ! HV (209)

pp ! ttH (210)

cT ⇠ T (211)

cB + cW ⇠ S (212)

15

and 

[Giudice, Grojean, Pomarol, Rattazzi ’07]

Nanjing               TeV Physics Conference      Michael Spannowsky             22.04.2019                    5



Validity and Relevance of EFT approach

⇢X,Y =
E[(X � E[X])(Y � E[Y ])]

�x�y
(193)

gggh(mh) > gggh,SM (194)

bb̄bb̄ (195)

pT,H . 2mt (196)

2mt . pT,H . 2mNP (197)

2mNP . pT,H (198)

H ! ⌧+⌧� (199)

H ! WW ⇤ (200)

H ! ZZ⇤ (201)

L = LSM +
X

i

g2i
⇤2
NP

Oi (202)

14

Lagrangian dim-6:

EFT used to set limits on UV models from non-observation of new physics
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FIG. 1: New Physics interpretation of constraint on new op-
erators C(ΛNP)⟨ÔNP⟩ ∼ (gNP/ΛNP)

2 (black line). The red
vertical line indicates the validity cut-off of the effective the-
ory. Only the parameter space captured the by green-shaded
area is constrained using the effective theory approach.

est new particle mass, but if this mass scale is resolved
by the LHC, the only theoretically correct way to con-
strain models is to include the full model dependence on
the propagating degrees of freedom. While the numer-
ical effects can be small depending on the model, their
full inclusion is well possible given the state-of-the-art of
current Monte Carlo event generators.

IV. DIJETS AND CONTACT INTERACTIONS
AT THE LHC

Let us come back to the contact interaction model in-
troduced in Sec. II. To make our discussion transparent,
we use these results for all contributing quark flavour-
changing partonic subprocesses (and neglect the factor
GF /

√
2 in the operator definitions). We define the new

physics scale and the resulting EFT at (i) ΛNP = 14 TeV,
outside the kinematic LHC coverage of the run 2 start-
up energy

√
s = 13 TeV and (ii) at the maximum energy

of a low statistics phase during run 2 following Sec. III
in a toy MC analysis. To take into account the opera-
tor mixing and to reflect the energy dependence of the
Wilson coefficients when probed at different centre-of-
mass energies

√
ŝ, we can solve the RGE resulting from

Eqs. (8) and (10) and evaluate the effective Lagrangian at
a specific energy scale on an event-by-event basis. Setting
the correct scale at which we evaluate {Ci(µ)} involves
some freedom, similar to choosing an appropriate scale,
at which we evaluate the running of αs in SM-like sim-
ulations of hadron collider processes. In this particular
case we choose µ =

√
ŝ, which is also chosen to be the

relevant scale for parton densities and the running of the
strong coupling.
In Fig. 2 we display the differential impact of taking

into account the RGE-improved separation of ΛNP =
14 TeV from the scale at which the effective Lagrangian
is probed as a function of the jets’ transverse momentum
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FIG. 2: Transverse momentum distribution of dijet events at
the LHC with

√
s = 13 TeV. We show the SM and two scenar-

ios including the effective operators of Sec. II. Scenario 1 (2)
refers to a choice of the Wilson coefficient of C1 = C2 = 10.
“fixed” refers to the non-RGE improved distributions and
“RGE” refers to distributions obtained by fixing the effective
Lagrangian at Λ = 14 TeV and using the RGEs to consis-
tently resum QCD effects to the measurement scale

√
ŝ. The

ratio panel gives the differential impact of including the RGE
running, displaying the ratio of “fixed” and “RGE”.

pT,j .¶

Generally the absolute effects dominated over the RGE
improved event simulation as becomes obvious from the
logarithmic plot in Fig. 2. The induced relative difference
turns out to be of order O(10%) in this particular exam-
ple. Depending on the size of the data sample and the
systematic uncertainty this could in principle be the level
at which the LHC will be able to probe jet distributions
at large luminosities during run 2.
Obviously, for our choice of ΛNP, the impact of RGE

effects are not very large and will not account for the
dominant uncertainties on non-standard interactions at
the beginning of run 2 (see Refs. [24, 25] for a discus-
sion of systematic uncertainties of jet measurements at
the LHC). Given the 10% relative impact of a theoreti-
cally clean separation of new physics and measurement
scale as demonstrated in Fig. 2, we can turn the argu-

¶These results have been obtained with a modified version of MadE-
vent/MadGraph v5 [21], inputting a Ufo [22] model file generated
with FeynRules [23]. We select jets in |ηj | ≤ 2.5 using the Monte
Carlo’s default settings. The toy model could be thought of in
terms of an already constrained very massive W ′ boson. We have
checked that an analogous Z′ model leads to similar results.

Validity and Relevance of EFT approach

⇢X,Y =
E[(X � E[X])(Y � E[Y ])]

�x�y
(193)

gggh(mh) > gggh,SM (194)

bb̄bb̄ (195)

pT,H . 2mt (196)

2mt . pT,H . 2mNP (197)

2mNP . pT,H (198)

H ! ⌧+⌧� (199)

H ! WW ⇤ (200)

H ! ZZ⇤ (201)

L = LSM +
X

i

g2i
⇤2
NP

Oi (202)

14

Lagrangian dim-6:

EFT used to set limits on UV models from non-observation of new physics

[Englert, MS ’14]
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ŝ, we can solve the RGE resulting from

Eqs. (8) and (10) and evaluate the effective Lagrangian at
a specific energy scale on an event-by-event basis. Setting
the correct scale at which we evaluate {Ci(µ)} involves
some freedom, similar to choosing an appropriate scale,
at which we evaluate the running of αs in SM-like sim-
ulations of hadron collider processes. In this particular
case we choose µ =

√
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FIG. 2: Transverse momentum distribution of dijet events at
the LHC with

√
s = 13 TeV. We show the SM and two scenar-

ios including the effective operators of Sec. II. Scenario 1 (2)
refers to a choice of the Wilson coefficient of C1 = C2 = 10.
“fixed” refers to the non-RGE improved distributions and
“RGE” refers to distributions obtained by fixing the effective
Lagrangian at Λ = 14 TeV and using the RGEs to consis-
tently resum QCD effects to the measurement scale

√
ŝ. The

ratio panel gives the differential impact of including the RGE
running, displaying the ratio of “fixed” and “RGE”.

pT,j .¶

Generally the absolute effects dominated over the RGE
improved event simulation as becomes obvious from the
logarithmic plot in Fig. 2. The induced relative difference
turns out to be of order O(10%) in this particular exam-
ple. Depending on the size of the data sample and the
systematic uncertainty this could in principle be the level
at which the LHC will be able to probe jet distributions
at large luminosities during run 2.
Obviously, for our choice of ΛNP, the impact of RGE

effects are not very large and will not account for the
dominant uncertainties on non-standard interactions at
the beginning of run 2 (see Refs. [24, 25] for a discus-
sion of systematic uncertainties of jet measurements at
the LHC). Given the 10% relative impact of a theoreti-
cally clean separation of new physics and measurement
scale as demonstrated in Fig. 2, we can turn the argu-

¶These results have been obtained with a modified version of MadE-
vent/MadGraph v5 [21], inputting a Ufo [22] model file generated
with FeynRules [23]. We select jets in |ηj | ≤ 2.5 using the Monte
Carlo’s default settings. The toy model could be thought of in
terms of an already constrained very massive W ′ boson. We have
checked that an analogous Z′ model leads to similar results.
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EFT used to set limits on UV models from non-observation of new physics
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FIG. 2: Transverse momentum distribution of dijet events at
the LHC with

√
s = 13 TeV. We show the SM and two scenar-

ios including the effective operators of Sec. II. Scenario 1 (2)
refers to a choice of the Wilson coefficient of C1 = C2 = 10.
“fixed” refers to the non-RGE improved distributions and
“RGE” refers to distributions obtained by fixing the effective
Lagrangian at Λ = 14 TeV and using the RGEs to consis-
tently resum QCD effects to the measurement scale

√
ŝ. The

ratio panel gives the differential impact of including the RGE
running, displaying the ratio of “fixed” and “RGE”.
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Generally the absolute effects dominated over the RGE
improved event simulation as becomes obvious from the
logarithmic plot in Fig. 2. The induced relative difference
turns out to be of order O(10%) in this particular exam-
ple. Depending on the size of the data sample and the
systematic uncertainty this could in principle be the level
at which the LHC will be able to probe jet distributions
at large luminosities during run 2.
Obviously, for our choice of ΛNP, the impact of RGE

effects are not very large and will not account for the
dominant uncertainties on non-standard interactions at
the beginning of run 2 (see Refs. [24, 25] for a discus-
sion of systematic uncertainties of jet measurements at
the LHC). Given the 10% relative impact of a theoreti-
cally clean separation of new physics and measurement
scale as demonstrated in Fig. 2, we can turn the argu-

¶These results have been obtained with a modified version of MadE-
vent/MadGraph v5 [21], inputting a Ufo [22] model file generated
with FeynRules [23]. We select jets in |ηj | ≤ 2.5 using the Monte
Carlo’s default settings. The toy model could be thought of in
terms of an already constrained very massive W ′ boson. We have
checked that an analogous Z′ model leads to similar results.
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[Englert, MS ’14]
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√
s = 13 TeV. We show the SM and two scenar-

ios including the effective operators of Sec. II. Scenario 1 (2)
refers to a choice of the Wilson coefficient of C1 = C2 = 10.
“fixed” refers to the non-RGE improved distributions and
“RGE” refers to distributions obtained by fixing the effective
Lagrangian at Λ = 14 TeV and using the RGEs to consis-
tently resum QCD effects to the measurement scale

√
ŝ. The
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Generally the absolute effects dominated over the RGE
improved event simulation as becomes obvious from the
logarithmic plot in Fig. 2. The induced relative difference
turns out to be of order O(10%) in this particular exam-
ple. Depending on the size of the data sample and the
systematic uncertainty this could in principle be the level
at which the LHC will be able to probe jet distributions
at large luminosities during run 2.
Obviously, for our choice of ΛNP, the impact of RGE

effects are not very large and will not account for the
dominant uncertainties on non-standard interactions at
the beginning of run 2 (see Refs. [24, 25] for a discus-
sion of systematic uncertainties of jet measurements at
the LHC). Given the 10% relative impact of a theoreti-
cally clean separation of new physics and measurement
scale as demonstrated in Fig. 2, we can turn the argu-

¶These results have been obtained with a modified version of MadE-
vent/MadGraph v5 [21], inputting a Ufo [22] model file generated
with FeynRules [23]. We select jets in |ηj | ≤ 2.5 using the Monte
Carlo’s default settings. The toy model could be thought of in
terms of an already constrained very massive W ′ boson. We have
checked that an analogous Z′ model leads to similar results.
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Any UV (weakly coupled) 
models left?

[Englert, MS ’14]
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Results for linearised LO EFT approach

2

narrow width approximation calculations,

�(pp! H ! X) = �(pp! H)BR(H ! X) . (2)

Therefore, we can divide the simulation of the underlying
dimension six phenomenology into production and decay

of the Higgs boson. We discuss our approach to these
parts in the following.

We consider the set of operators known as the strongly-
interacting light Higgs basis in bar convention (for details
see Refs. [9, 11, 42, 43])

LSILH =
c̄H
2v2

@µ
�
H†H

�
@µ

�
H†H

�
+

c̄T
2v2

⇣
H† !DµH

⌘⇣
H† !D µH

⌘
�

c̄6�

v2
�
H†H

�3

+
⇣ c̄u,iyu,i

v2
H†Hū(i)

L Hcu(i)
R + h.c.
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In particular we assume flavour-diagonal dimension six
e↵ects and in order to directly reflect the oblique cor-
rection subset of LEP measurements of S, T we decrease
the number of degrees of freedom in the fit by identifying
(see also [9, 11, 21, 44])

c̄T = 0 , c̄W + c̄B = 0 . (4)

We do not include anomalous triple gauge vertices to our
fit [21].

A. Higgs Production and Decay

We rely on eHdecay to include the correct Higgs
branching ratios in the dimension six extended Standard
Model [45]. We sample a broad range of dimension six
parameter choices and interpolate them using the Pro-

fessor method detailed in the appendix A. This also
allows us to identify already at this stage a “meaningful”
Wilson coe�cient range with a positive-definite Higgs de-
cay phenomenology.

We find an excellent interpolation of the eHdecay out-
put (independent of the interpolated sample’s size and
choice) and we typically obtain per mille-level accuracy
of the Higgs partial decay widths and branching ratios,
which is precise enough for the limits we can set. Inter-
polation using Professor is key to performing the fit in
the high dimensional space of operators and observables
in a very fast and accurate way.

For the production we rely on an implementation of
dimension six operators analogous to [46], which we have
cross checked and introduced in [47]. The Monte-Carlo
integration of the Higgs production processes is per-
formed with a modified version ofVbfnlo [48] that inter-

faces FeynArts, FormCalc, and LoopTools [49, 50]
using a model file output by FeynRules [51–53] and we
only consider “genuine” dimension six e↵ects that arise
from the interference of the dimension six amplitude with
the SM. Writing

M = MSM +Md=6 , (5)

we obtain a squared matrix element of the form

|M|
2 = |MSM|

2 + 2Re{MSMM
⇤
d=6

}+O(1/⇤4) , (6)

and we consistently neglect the dimension eight contribu-
tions that arise from squaring the dimension six e↵ects.
Similar to higher order electroweak or QCD calculations,
the di↵erential cross sections are not necessarily positive
definite in this expansion, but negative bin entries pro-
vide a means to judge the validity of the Wilson coe�-
cient and the dimension six approach in general.
For parameter choices close to the SM, including

|Md=6|
2 is typically not an issue and the parameters c2i

are often numerically negligible for inclusive observables
such as signal strengths. However, to obtain an inclusive
measurement, we marginalise over a broad range of ener-
gies at the LHC and a positive theoretical cross section
might be misleading as momentum dependencies of some
dimension six operators violate a naive scaling c2i < ci in
the tails of momentum-dependent distributions. For this
reason, we choose to calculate cross sections to the exact
order ⇠ 1/⇤2 and later reject Wilson coe�cient choices
that lead to a negative di↵erential cross section for in-
tegrated bins of a given LHC setting when this part of
the phase space is resolved; such negative cross sections
signal bigger contributions of the d = 6 terms than we
expect in the SM, and we cannot justify limiting our anal-
ysis to dimension six operators if new physics becomes as
important as the SM in observable phase space regions.
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We assume that production and decay factorise to good approximation

4

and the luminosity L of the particular analysis:

Nth = �(H +X)⇥ BR(H ! Y Y )

⇥ L⇥ BR(X,Y ! final state) (7)

This number is then multiplied by the e�ciency to mea-
sure the production channel ✏p and the e�ciency to mea-
sure the decay products ✏d, to obtain the measured num-
ber of events

Nev = ✏p✏dNth. (8)

For the e�ciency to reconstruct a specific final state, we
rely on experimental results from run 1, where avail-
able. The e�ciencies used are ✏p,tt̄h = 0.10 [68–71],
✏p,ZH = 0.12, ✏p,WH = 0.04, ✏p,VBF = 0.30 [4, 72–74].
We assume a value of ✏p,H+j = 0.5 [75] (see also [76])
where no experimental results targeting this production
mode are available so far. In order to simplify the as-
sumptions and the background estimates, we consider
only leptonic channels for the V H and tt̄H production
modes. Here only final states with electrons and muons
are used. These are however allowed to originate from
⌧ -decays. In case of the gluon fusion production mode,
analyses targeting di↵erent final states have di↵erent re-
construction e�ciencies. We use the following e�ciencies
for the process pp ! H: ✏p,GF = 0.4 for H ! �� [72, 74],
✏p,GF = 0.01 for H ! ⌧+⌧� [77, 78], ✏p,GF = 0.25 for
H ! 4l [4, 79], ✏p,GF = 0.10 for H ! 2l2⌫ [80, 81],
✏p,GF = 0.10 for H ! Z� [82, 83], and ✏p,GF = 0.50 for
H ! µµ [84, 85]. The H ! bb̄ decay is not considered for
the gluon fusion production mode. Taking a conservative
approach we assume the same reconstruction e�ciencies
for measurements at 14 TeV, independent of the Higgs
transverse momentum.

In the reconstruction of the Higgs boson we include
reconstruction and identification e�ciencies of the final
state objects:

H ! bb̄: We assume a flat b-tagging e�ciency of 60%,
i.e. ✏d,bb̄ = 0.36.

H ! ��: For the identification and reconstruction of iso-
lated photons we assume respectively an e�ciency
of 85%. Hence, we find ✏d,�� ' 0.72.

H ! ⌧+⌧�: We consider ⌧ -decays into hadrons
(BRhad = 0.648) or leptons, i.e. an electron
(BRe = 0.178) or muon (BRµ = 0.174). For the
reconstruction e�ciency of the hadronic ⌧ we
assume a value of 50% and for the electron and
muon we use 95%. Thus, the total reconstruction
e�ciency is ✏d,⌧⌧ ' 0.433.

H ! ZZ⇤
! 4l: We consider Z decays into electrons

and muons only, also taking into account ⌧ decays
into lighter leptons. For each lepton we assume a
reconstruction e�ciency of 95%, which gives a total
reconstruction e�ciency of ✏d,4l ' 0.815.

production process decay process

pp ! H 10 H ! bb̄ 25
pp ! H + j 30 H ! �� 20
pp ! H + 2j 100 H ! ⌧

+
⌧
� 15

pp ! HZ 10 H ! 4l 20
pp ! HW 50 H ! 2l2⌫ 15
pp ! tt̄H 30 H ! Z� 150

H ! µ
+
µ
� 150

TABLE II: Relative statistical uncertainties for each produc-
tion and decay channel in %.

H ! WW ⇤
! 2l2⌫: Only lepton decays into electrons

and muons are considered and for each visible lep-
ton we include a 95% reconstruction e�ciency, i.e.
✏d,2l2⌫ = 0.9025

H ! Z�: Again, we include separately an 85% identi-
fication and reconstruction e�ciency for isolated
photons and a 95% reconstruction e�ciency for
each electron and muon. As a result we find
✏d,Z� ' 0.767.

H ! µ+µ�: Each muon is assumed to have a reconstruc-
tion e�ciency of 95%, resulting in ✏d,µµ = 0.9025.

Owing to the di↵erent selections made in the various
experimental analyses, each channel has a unique back-
ground composition, resulting in di↵erent additional sta-
tistical uncertainties on the measurements. We approx-
imate those by adding uncertainties from the produc-
tion and decay channels in quadrature. The uncertainties
used are given in Tab. II.
Beyond identification and reconstruction e�ciencies

for production channels and Higgs decays, each channel
is plagued by individual experimental systematic uncer-
tainties. For the individual channels studied at a center-
of-mass energy of 8 TeV, we adopt flat systematic uncer-
tainties as published by the experiments [3, 4, 68, 72, 74,
77–88], see Tab. III. In channels where no measurement
has been performed or no information is publicly avail-
able, e.g. pp ! H+2j, H ! Z�, we choose a conservative
estimate of systematic uncertainties of 100%. In addition
to the uncertainties listed in Tab. III, we include a sys-
tematic uncertainty of 30% for the H ! 2l2⌫ channel for
di↵erential cross sections. This uncertainty is due to the
inability of reconstructing the Higgs transverse momen-
tum accurately.
During future runs, systematic uncertainties are likely

to improve with the integrated luminosity. Hence for
our results at 14 TeV we use the 8 TeV uncertainties
as a starting point, as displayed in Tab. III, and rescale
them by

p
L8/L14 for a given integrated luminosity at

14 TeV L14. This results in a reduction of statistical
and systematic uncertainties by a factor of about 0.3 for
L14 = 300 fb�1 and about 0.1 for L14 = 3000 fb�1.
We only consider measurements with more than 5 sig-

nal events after the application of all e�ciencies and a
total uncertainty smaller than 100%. The pseudo-data
are constructed using the SM hypothesis, i.e. all Wil-

Number of predicted events:

Each channel has own prod. and decay efficiencies:
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pp ! H + 2j 100 H ! ⌧

+
⌧
� 15

pp ! HZ 10 H ! 4l 20
pp ! HW 50 H ! 2l2⌫ 15
pp ! tt̄H 30 H ! Z� 150

H ! µ
+
µ
� 150

TABLE II: Relative statistical uncertainties for each produc-
tion and decay channel in %.

H ! WW ⇤
! 2l2⌫: Only lepton decays into electrons

and muons are considered and for each visible lep-
ton we include a 95% reconstruction e�ciency, i.e.
✏d,2l2⌫ = 0.9025

H ! Z�: Again, we include separately an 85% identi-
fication and reconstruction e�ciency for isolated
photons and a 95% reconstruction e�ciency for
each electron and muon. As a result we find
✏d,Z� ' 0.767.

H ! µ+µ�: Each muon is assumed to have a reconstruc-
tion e�ciency of 95%, resulting in ✏d,µµ = 0.9025.

Owing to the di↵erent selections made in the various
experimental analyses, each channel has a unique back-
ground composition, resulting in di↵erent additional sta-
tistical uncertainties on the measurements. We approx-
imate those by adding uncertainties from the produc-
tion and decay channels in quadrature. The uncertainties
used are given in Tab. II.
Beyond identification and reconstruction e�ciencies

for production channels and Higgs decays, each channel
is plagued by individual experimental systematic uncer-
tainties. For the individual channels studied at a center-
of-mass energy of 8 TeV, we adopt flat systematic uncer-
tainties as published by the experiments [3, 4, 68, 72, 74,
77–88], see Tab. III. In channels where no measurement
has been performed or no information is publicly avail-
able, e.g. pp ! H+2j, H ! Z�, we choose a conservative
estimate of systematic uncertainties of 100%. In addition
to the uncertainties listed in Tab. III, we include a sys-
tematic uncertainty of 30% for the H ! 2l2⌫ channel for
di↵erential cross sections. This uncertainty is due to the
inability of reconstructing the Higgs transverse momen-
tum accurately.
During future runs, systematic uncertainties are likely

to improve with the integrated luminosity. Hence for
our results at 14 TeV we use the 8 TeV uncertainties
as a starting point, as displayed in Tab. III, and rescale
them by

p
L8/L14 for a given integrated luminosity at

14 TeV L14. This results in a reduction of statistical
and systematic uncertainties by a factor of about 0.3 for
L14 = 300 fb�1 and about 0.1 for L14 = 3000 fb�1.
We only consider measurements with more than 5 sig-

nal events after the application of all e�ciencies and a
total uncertainty smaller than 100%. The pseudo-data
are constructed using the SM hypothesis, i.e. all Wil-

signal strength:
36 indep. meas. (300 ifb)
46 indep. meas. (3000 ifb)
differential:
88 indep. meas. (300 ifb)
123 indep. meas. (3000 ifb)

[Englert, Kogler, Schulz, MS 1511.05170]
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signal strength measurement differential measurement

green = 300 ifb orange = 3000 ifb
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Grey: signal strength only
Orange: differential distributions

66% CL (dark), 95% CL (middle), 99% CL (light)

at 14 TeV and 3000 ifb

Parametrisation of cross sections with 
Professor and fit using Gfitter
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Signal strength only differential distributions

7/8 TeV (blue)

14 TeV, 300 ifb (green)

14 TeV, 3000 ifb (orange)

Setup allows to address most fundamental question for high-energy physics:

• Which theory calculations most important?
• Which systematic uncertainties most limiting?
• Where can we improve knowledge most?

[Englert, Kogler, 
Schulz, MS ’17]
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Interpretation of results

Composite (SILH) Higgs:

One expects

10

statistical and systematic uncertainties, which leads to a
more constrained fit. The fit for the 300 fb�1 scenario
uses 36 signal strength measurements, and 46 measure-
ments are used for the scenario with 3000 fb�1. Specifi-
cally the constraints on operators that modify associated
Higgs production and weak boson fusion benefit from the
increased centre-of-mass energy and luminosity. In the
scenario for the high luminosity phase the theoretical un-
certainties become dominant in some cases.

In a second step, we include the di↵erential pT,H mea-
surements from all production modes, except pp ! H.
For the pp ! H production mode we include six sig-
nal strength measurements, as no transverse momentum
of the Higgs boson is generated on tree-level. This re-
sults in 82+6 independent measurements included for
the fit with 300 fb�1 and 117+6 for 3000 fb�1. In a
given production and decay channel, experimental sys-
tematic uncertainties are included as correlated uncer-
tainties among bins in pT,H . Comparing the above con-
straints with those expected from including the di↵eren-
tial distributions, Fig. 4, we see a tremendous improve-
ment. Two-dimensional contours of the expected con-
straints are shown in Fig. 5. Several flat directions are re-
solved, which are present when using only signal strength
measurements, e↵ectively allowing to constrain all coef-
ficients simultaneously. Elements of studying di↵erential
distributions to e↵ective Higgs dimension six framework
have been investigated with similar findings in the liter-
ature [21, 23, 106], but, to our knowledge, Figs. 4 and 5
provide the first consistent fit of all single-Higgs relevant
operators in a fully di↵erential fashion, in particular with
extrapolations to 14 TeV.

A series of dimension six operators, on which no con-
straints can be formulated at this stage of the LHC pro-
gramme or by only including signal strength measure-
ments, can eventually be constrained with enough data
and di↵erential distributions. The reason behind this
is that di↵erential measurements ipso facto increase the
number of (correlated) measurements by number of bins,
leading to a highly over-constrained system. Also, since
the impact of many operators is most significant in the
tails of energy-dependent distribution, the relative statis-
tical pull is decreased by only considering inclusive quan-
tities.

IV. INTERPRETATION OF CONSTRAINTS

The whole purpose of interpreting data in terms of an
e↵ective field theory is to use this framework as a means
of communication between a low-scale measurement at
the LHC and a UV model defined at a high scale, out of
reach of the LHC. This way, the EFT framework allows
us to limit a large class of UV models.

For a well-defined interpretation using e↵ective opera-
tors, we assume that the operators, induced by the UV
theory, only directly depend on the SM particle and sym-
metry content, and we also need to assume that the UV

FIG. 6: Matching the constraints on |c̄g| . 5 ⇥ 10�6 of
Fig. 4 onto stop contributions using Eq. (11) for identified
soft masses m

Q̃
= m

t̃
= m. For details see text.

theory is weakly coupled to the SM sector. The last
condition is necessary to justify the truncation of the ef-
fective Lagrangian at dimension six. After establishing
limits on Wilson coe�cients of the e↵ective theory, as
performed in Secs. III A-III B, we can now address the
implications for a specific UV model.
Two popular ways of addressing the Hierarchy problem

are composite Higgs models and supersymmetric theo-
ries. Let us quickly investigate in how far these con-
straints are relevant once we match the EFT expansion
to a concrete UV scenario.
In the strongly-interacting Higgs case, from the power-

counting arguments of Ref. [9, 107, 108], one typically
expects

cg ⇠
m2

W

16⇡2f2

y2t
g2⇢

, (10)

where g⇢ . 4⇡ and the compositeness scale is set by
⇤ ⇠ g⇢f . So our constraint translates into ⇤ & 2.8
TeV, which falls outside the e↵ective kinematic coverage
of the Higgs phenomenology at the LHC. This means that
new composite physics with a fundamental scale ⇤ & 2.8
TeV can naively not be probed in the Higgs sector alone.
However, new contributions, such as narrow resonances
around this mass can be discovered in di↵erent channels
such as weak-boson fusion [109] or Drell-Yan production
[110].
Matching, say, the MSSM stop contribution on the c̄g

operator, we have (see e.g. [61, 111, 112] for a more
detailed discussion)

cg =
m2

W

(4⇡)2
1
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with comp. scale
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statistical and systematic uncertainties, which leads to a
more constrained fit. The fit for the 300 fb�1 scenario
uses 36 signal strength measurements, and 46 measure-
ments are used for the scenario with 3000 fb�1. Specifi-
cally the constraints on operators that modify associated
Higgs production and weak boson fusion benefit from the
increased centre-of-mass energy and luminosity. In the
scenario for the high luminosity phase the theoretical un-
certainties become dominant in some cases.

In a second step, we include the di↵erential pT,H mea-
surements from all production modes, except pp ! H.
For the pp ! H production mode we include six sig-
nal strength measurements, as no transverse momentum
of the Higgs boson is generated on tree-level. This re-
sults in 82+6 independent measurements included for
the fit with 300 fb�1 and 117+6 for 3000 fb�1. In a
given production and decay channel, experimental sys-
tematic uncertainties are included as correlated uncer-
tainties among bins in pT,H . Comparing the above con-
straints with those expected from including the di↵eren-
tial distributions, Fig. 4, we see a tremendous improve-
ment. Two-dimensional contours of the expected con-
straints are shown in Fig. 5. Several flat directions are re-
solved, which are present when using only signal strength
measurements, e↵ectively allowing to constrain all coef-
ficients simultaneously. Elements of studying di↵erential
distributions to e↵ective Higgs dimension six framework
have been investigated with similar findings in the liter-
ature [21, 23, 106], but, to our knowledge, Figs. 4 and 5
provide the first consistent fit of all single-Higgs relevant
operators in a fully di↵erential fashion, in particular with
extrapolations to 14 TeV.

A series of dimension six operators, on which no con-
straints can be formulated at this stage of the LHC pro-
gramme or by only including signal strength measure-
ments, can eventually be constrained with enough data
and di↵erential distributions. The reason behind this
is that di↵erential measurements ipso facto increase the
number of (correlated) measurements by number of bins,
leading to a highly over-constrained system. Also, since
the impact of many operators is most significant in the
tails of energy-dependent distribution, the relative statis-
tical pull is decreased by only considering inclusive quan-
tities.

IV. INTERPRETATION OF CONSTRAINTS

The whole purpose of interpreting data in terms of an
e↵ective field theory is to use this framework as a means
of communication between a low-scale measurement at
the LHC and a UV model defined at a high scale, out of
reach of the LHC. This way, the EFT framework allows
us to limit a large class of UV models.

For a well-defined interpretation using e↵ective opera-
tors, we assume that the operators, induced by the UV
theory, only directly depend on the SM particle and sym-
metry content, and we also need to assume that the UV
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theory is weakly coupled to the SM sector. The last
condition is necessary to justify the truncation of the ef-
fective Lagrangian at dimension six. After establishing
limits on Wilson coe�cients of the e↵ective theory, as
performed in Secs. III A-III B, we can now address the
implications for a specific UV model.
Two popular ways of addressing the Hierarchy problem

are composite Higgs models and supersymmetric theo-
ries. Let us quickly investigate in how far these con-
straints are relevant once we match the EFT expansion
to a concrete UV scenario.
In the strongly-interacting Higgs case, from the power-

counting arguments of Ref. [9, 107, 108], one typically
expects

cg ⇠
m2

W

16⇡2f2

y2t
g2⇢
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where g⇢ . 4⇡ and the compositeness scale is set by
⇤ ⇠ g⇢f . So our constraint translates into ⇤ & 2.8
TeV, which falls outside the e↵ective kinematic coverage
of the Higgs phenomenology at the LHC. This means that
new composite physics with a fundamental scale ⇤ & 2.8
TeV can naively not be probed in the Higgs sector alone.
However, new contributions, such as narrow resonances
around this mass can be discovered in di↵erent channels
such as weak-boson fusion [109] or Drell-Yan production
[110].
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statistical and systematic uncertainties, which leads to a
more constrained fit. The fit for the 300 fb�1 scenario
uses 36 signal strength measurements, and 46 measure-
ments are used for the scenario with 3000 fb�1. Specifi-
cally the constraints on operators that modify associated
Higgs production and weak boson fusion benefit from the
increased centre-of-mass energy and luminosity. In the
scenario for the high luminosity phase the theoretical un-
certainties become dominant in some cases.

In a second step, we include the di↵erential pT,H mea-
surements from all production modes, except pp ! H.
For the pp ! H production mode we include six sig-
nal strength measurements, as no transverse momentum
of the Higgs boson is generated on tree-level. This re-
sults in 82+6 independent measurements included for
the fit with 300 fb�1 and 117+6 for 3000 fb�1. In a
given production and decay channel, experimental sys-
tematic uncertainties are included as correlated uncer-
tainties among bins in pT,H . Comparing the above con-
straints with those expected from including the di↵eren-
tial distributions, Fig. 4, we see a tremendous improve-
ment. Two-dimensional contours of the expected con-
straints are shown in Fig. 5. Several flat directions are re-
solved, which are present when using only signal strength
measurements, e↵ectively allowing to constrain all coef-
ficients simultaneously. Elements of studying di↵erential
distributions to e↵ective Higgs dimension six framework
have been investigated with similar findings in the liter-
ature [21, 23, 106], but, to our knowledge, Figs. 4 and 5
provide the first consistent fit of all single-Higgs relevant
operators in a fully di↵erential fashion, in particular with
extrapolations to 14 TeV.

A series of dimension six operators, on which no con-
straints can be formulated at this stage of the LHC pro-
gramme or by only including signal strength measure-
ments, can eventually be constrained with enough data
and di↵erential distributions. The reason behind this
is that di↵erential measurements ipso facto increase the
number of (correlated) measurements by number of bins,
leading to a highly over-constrained system. Also, since
the impact of many operators is most significant in the
tails of energy-dependent distribution, the relative statis-
tical pull is decreased by only considering inclusive quan-
tities.
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The whole purpose of interpreting data in terms of an
e↵ective field theory is to use this framework as a means
of communication between a low-scale measurement at
the LHC and a UV model defined at a high scale, out of
reach of the LHC. This way, the EFT framework allows
us to limit a large class of UV models.

For a well-defined interpretation using e↵ective opera-
tors, we assume that the operators, induced by the UV
theory, only directly depend on the SM particle and sym-
metry content, and we also need to assume that the UV
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theory is weakly coupled to the SM sector. The last
condition is necessary to justify the truncation of the ef-
fective Lagrangian at dimension six. After establishing
limits on Wilson coe�cients of the e↵ective theory, as
performed in Secs. III A-III B, we can now address the
implications for a specific UV model.
Two popular ways of addressing the Hierarchy problem

are composite Higgs models and supersymmetric theo-
ries. Let us quickly investigate in how far these con-
straints are relevant once we match the EFT expansion
to a concrete UV scenario.
In the strongly-interacting Higgs case, from the power-

counting arguments of Ref. [9, 107, 108], one typically
expects
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where g⇢ . 4⇡ and the compositeness scale is set by
⇤ ⇠ g⇢f . So our constraint translates into ⇤ & 2.8
TeV, which falls outside the e↵ective kinematic coverage
of the Higgs phenomenology at the LHC. This means that
new composite physics with a fundamental scale ⇤ & 2.8
TeV can naively not be probed in the Higgs sector alone.
However, new contributions, such as narrow resonances
around this mass can be discovered in di↵erent channels
such as weak-boson fusion [109] or Drell-Yan production
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with TeVwe get

indirect probe of new physics scenario using Higgs observables only

MSSM:
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statistical and systematic uncertainties, which leads to a
more constrained fit. The fit for the 300 fb�1 scenario
uses 36 signal strength measurements, and 46 measure-
ments are used for the scenario with 3000 fb�1. Specifi-
cally the constraints on operators that modify associated
Higgs production and weak boson fusion benefit from the
increased centre-of-mass energy and luminosity. In the
scenario for the high luminosity phase the theoretical un-
certainties become dominant in some cases.

In a second step, we include the di↵erential pT,H mea-
surements from all production modes, except pp ! H.
For the pp ! H production mode we include six sig-
nal strength measurements, as no transverse momentum
of the Higgs boson is generated on tree-level. This re-
sults in 82+6 independent measurements included for
the fit with 300 fb�1 and 117+6 for 3000 fb�1. In a
given production and decay channel, experimental sys-
tematic uncertainties are included as correlated uncer-
tainties among bins in pT,H . Comparing the above con-
straints with those expected from including the di↵eren-
tial distributions, Fig. 4, we see a tremendous improve-
ment. Two-dimensional contours of the expected con-
straints are shown in Fig. 5. Several flat directions are re-
solved, which are present when using only signal strength
measurements, e↵ectively allowing to constrain all coef-
ficients simultaneously. Elements of studying di↵erential
distributions to e↵ective Higgs dimension six framework
have been investigated with similar findings in the liter-
ature [21, 23, 106], but, to our knowledge, Figs. 4 and 5
provide the first consistent fit of all single-Higgs relevant
operators in a fully di↵erential fashion, in particular with
extrapolations to 14 TeV.

A series of dimension six operators, on which no con-
straints can be formulated at this stage of the LHC pro-
gramme or by only including signal strength measure-
ments, can eventually be constrained with enough data
and di↵erential distributions. The reason behind this
is that di↵erential measurements ipso facto increase the
number of (correlated) measurements by number of bins,
leading to a highly over-constrained system. Also, since
the impact of many operators is most significant in the
tails of energy-dependent distribution, the relative statis-
tical pull is decreased by only considering inclusive quan-
tities.
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The whole purpose of interpreting data in terms of an
e↵ective field theory is to use this framework as a means
of communication between a low-scale measurement at
the LHC and a UV model defined at a high scale, out of
reach of the LHC. This way, the EFT framework allows
us to limit a large class of UV models.

For a well-defined interpretation using e↵ective opera-
tors, we assume that the operators, induced by the UV
theory, only directly depend on the SM particle and sym-
metry content, and we also need to assume that the UV
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theory is weakly coupled to the SM sector. The last
condition is necessary to justify the truncation of the ef-
fective Lagrangian at dimension six. After establishing
limits on Wilson coe�cients of the e↵ective theory, as
performed in Secs. III A-III B, we can now address the
implications for a specific UV model.
Two popular ways of addressing the Hierarchy problem

are composite Higgs models and supersymmetric theo-
ries. Let us quickly investigate in how far these con-
straints are relevant once we match the EFT expansion
to a concrete UV scenario.
In the strongly-interacting Higgs case, from the power-
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expects
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where g⇢ . 4⇡ and the compositeness scale is set by
⇤ ⇠ g⇢f . So our constraint translates into ⇤ & 2.8
TeV, which falls outside the e↵ective kinematic coverage
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TeV can naively not be probed in the Higgs sector alone.
However, new contributions, such as narrow resonances
around this mass can be discovered in di↵erent channels
such as weak-boson fusion [109] or Drell-Yan production
[110].
Matching, say, the MSSM stop contribution on the c̄g

operator, we have (see e.g. [61, 111, 112] for a more
detailed discussion)

cg =
m2

W

(4⇡)2
1

24

✓
h2

t � g2
1
c2�/6

m2

Q̃

+
h2

t + g2
1
c2�/3

m2

t̃R

�
h2

tX
2

t

m2

Q̃
m2

t̃R

◆
, (11)

10

statistical and systematic uncertainties, which leads to a
more constrained fit. The fit for the 300 fb�1 scenario
uses 36 signal strength measurements, and 46 measure-
ments are used for the scenario with 3000 fb�1. Specifi-
cally the constraints on operators that modify associated
Higgs production and weak boson fusion benefit from the
increased centre-of-mass energy and luminosity. In the
scenario for the high luminosity phase the theoretical un-
certainties become dominant in some cases.

In a second step, we include the di↵erential pT,H mea-
surements from all production modes, except pp ! H.
For the pp ! H production mode we include six sig-
nal strength measurements, as no transverse momentum
of the Higgs boson is generated on tree-level. This re-
sults in 82+6 independent measurements included for
the fit with 300 fb�1 and 117+6 for 3000 fb�1. In a
given production and decay channel, experimental sys-
tematic uncertainties are included as correlated uncer-
tainties among bins in pT,H . Comparing the above con-
straints with those expected from including the di↵eren-
tial distributions, Fig. 4, we see a tremendous improve-
ment. Two-dimensional contours of the expected con-
straints are shown in Fig. 5. Several flat directions are re-
solved, which are present when using only signal strength
measurements, e↵ectively allowing to constrain all coef-
ficients simultaneously. Elements of studying di↵erential
distributions to e↵ective Higgs dimension six framework
have been investigated with similar findings in the liter-
ature [21, 23, 106], but, to our knowledge, Figs. 4 and 5
provide the first consistent fit of all single-Higgs relevant
operators in a fully di↵erential fashion, in particular with
extrapolations to 14 TeV.

A series of dimension six operators, on which no con-
straints can be formulated at this stage of the LHC pro-
gramme or by only including signal strength measure-
ments, can eventually be constrained with enough data
and di↵erential distributions. The reason behind this
is that di↵erential measurements ipso facto increase the
number of (correlated) measurements by number of bins,
leading to a highly over-constrained system. Also, since
the impact of many operators is most significant in the
tails of energy-dependent distribution, the relative statis-
tical pull is decreased by only considering inclusive quan-
tities.

IV. INTERPRETATION OF CONSTRAINTS

The whole purpose of interpreting data in terms of an
e↵ective field theory is to use this framework as a means
of communication between a low-scale measurement at
the LHC and a UV model defined at a high scale, out of
reach of the LHC. This way, the EFT framework allows
us to limit a large class of UV models.

For a well-defined interpretation using e↵ective opera-
tors, we assume that the operators, induced by the UV
theory, only directly depend on the SM particle and sym-
metry content, and we also need to assume that the UV

FIG. 6: Matching the constraints on |c̄g| . 5 ⇥ 10�6 of
Fig. 4 onto stop contributions using Eq. (11) for identified
soft masses m

Q̃
= m

t̃
= m. For details see text.

theory is weakly coupled to the SM sector. The last
condition is necessary to justify the truncation of the ef-
fective Lagrangian at dimension six. After establishing
limits on Wilson coe�cients of the e↵ective theory, as
performed in Secs. III A-III B, we can now address the
implications for a specific UV model.
Two popular ways of addressing the Hierarchy problem

are composite Higgs models and supersymmetric theo-
ries. Let us quickly investigate in how far these con-
straints are relevant once we match the EFT expansion
to a concrete UV scenario.
In the strongly-interacting Higgs case, from the power-

counting arguments of Ref. [9, 107, 108], one typically
expects

cg ⇠
m2

W

16⇡2f2

y2t
g2⇢

, (10)

where g⇢ . 4⇡ and the compositeness scale is set by
⇤ ⇠ g⇢f . So our constraint translates into ⇤ & 2.8
TeV, which falls outside the e↵ective kinematic coverage
of the Higgs phenomenology at the LHC. This means that
new composite physics with a fundamental scale ⇤ & 2.8
TeV can naively not be probed in the Higgs sector alone.
However, new contributions, such as narrow resonances
around this mass can be discovered in di↵erent channels
such as weak-boson fusion [109] or Drell-Yan production
[110].
Matching, say, the MSSM stop contribution on the c̄g

operator, we have (see e.g. [61, 111, 112] for a more
detailed discussion)

cg =
m2

W

(4⇡)2
1

24

✓
h2

t � g2
1
c2�/6

m2

Q̃

+
h2

t + g2
1
c2�/3

m2

t̃R

�
h2

tX
2

t

m2

Q̃
m2

t̃R

◆
, (11)

11

0.1− 0.05− 0 0.05 0.1

d3c

u3c

HBc

HWc

Hc

Wc

100)× (γc

1000)× (gc

0.1− 0.05− 0 0.05 0.1

d3c

u3c

HBc

HWc

Hc

Wc

100)× (γc

1000)× (gc

FIG. 7: Marginalised 95% confidence level constraints for the dimension-six operator coe�cients for current data (blue),
the LHC at 14 TeV with an integrated luminosity of 300 fb�1 (green) and 3000 fb�1 (orange). The expected constraints are
centred around zero by construction, since the pseudo-data are generated by using the SM hypothesis. The left panel shows the
constraints obtained using signal strength measurements only, and on the right di↵erential pT,H measurements are included.
The inner error bar depicts the experimental uncertainty, the outer error bar shows the total uncertainty.

where ht ⌘ yts� , Xt ⌘ At � µ cot� and mQ̃ and mt̃R
denote the soft masses of the left and right-handed stops
respectively. To ensure the validity of our EFT approach
based on di↵erential distributions, we have to make the
strong assumption that all supersymmetric particles are
heavier than the momentum transfer probed in all pro-
cesses that are involved in of our fit [40, 113] (see also
[47, 114] for discussions of (non-)resonant signatures in
BSM scenarios and EFT). For convenience, we addition-
ally assume that all supersymmetric particles except the
lightest stop t̃1 are very heavy and decouple from cg.
The largest value for pT,H we expect to probe during the
LHC high-luminosity runs, based on our leading-order
theory predictions is 500 GeV. And we can therefore
trust the e↵ective field theory approach for mt̃1 > 600
GeV. For instance, fixing the soft masses mQ̃ = mt̃ = m,
µ = 200 GeV and tan� = 30 we can understand the con-
straints on cg as constraints in the At �m plane, Fig. 6.
Similar interpretations are, of course, possible with the
other Wilson coe�cients.

V. DISCUSSION, CONCLUSIONS AND
OUTLOOK

Even though current measurements as performed by
ATLAS and CMS show good agreement with the SM
hypothesis for the small statistics collected during LHC
run 1, the recently discovered Higgs boson remains one of
the best candidates that could be a harbinger of physics
beyond the SM. If new physics is heavy enough, modi-
fications to the Higgs boson’s phenomenology from inte-
grating out heavy states can be expressed using e↵ective
field theory methods.

In this paper we have constructed a scalable fitting
framework, based on adapted versions of Gfitter, Pro-
fessor, Vbfnlo, and eHdecay and have used an abun-
dant list of available single-Higgs LHC measurements to
constrain new physics in the Higgs sector for the results
of run 1. In these fits we have adopted the leading order
strongly-interacting light Higgs basis assuming vanishing
tree-level T and S parameters and flavour universality of
the new physics sector. Our results represent the latest
incarnation of fits at 8 TeV, and update results from the
existing literature. The main goal of this work, however,
is to provide an estimate of how these constraints will

11

0.1− 0.05− 0 0.05 0.1

d3c

u3c

HBc

HWc

Hc

Wc

100)× (γc

1000)× (gc

0.1− 0.05− 0 0.05 0.1

d3c

u3c

HBc

HWc

Hc

Wc

100)× (γc

1000)× (gc

FIG. 7: Marginalised 95% confidence level constraints for the dimension-six operator coe�cients for current data (blue),
the LHC at 14 TeV with an integrated luminosity of 300 fb�1 (green) and 3000 fb�1 (orange). The expected constraints are
centred around zero by construction, since the pseudo-data are generated by using the SM hypothesis. The left panel shows the
constraints obtained using signal strength measurements only, and on the right di↵erential pT,H measurements are included.
The inner error bar depicts the experimental uncertainty, the outer error bar shows the total uncertainty.

where ht ⌘ yts� , Xt ⌘ At � µ cot� and mQ̃ and mt̃R
denote the soft masses of the left and right-handed stops
respectively. To ensure the validity of our EFT approach
based on di↵erential distributions, we have to make the
strong assumption that all supersymmetric particles are
heavier than the momentum transfer probed in all pro-
cesses that are involved in of our fit [40, 113] (see also
[47, 114] for discussions of (non-)resonant signatures in
BSM scenarios and EFT). For convenience, we addition-
ally assume that all supersymmetric particles except the
lightest stop t̃1 are very heavy and decouple from cg.
The largest value for pT,H we expect to probe during the
LHC high-luminosity runs, based on our leading-order
theory predictions is 500 GeV. And we can therefore
trust the e↵ective field theory approach for mt̃1 > 600
GeV. For instance, fixing the soft masses mQ̃ = mt̃ = m,
µ = 200 GeV and tan� = 30 we can understand the con-
straints on cg as constraints in the At �m plane, Fig. 6.
Similar interpretations are, of course, possible with the
other Wilson coe�cients.

V. DISCUSSION, CONCLUSIONS AND
OUTLOOK

Even though current measurements as performed by
ATLAS and CMS show good agreement with the SM
hypothesis for the small statistics collected during LHC
run 1, the recently discovered Higgs boson remains one of
the best candidates that could be a harbinger of physics
beyond the SM. If new physics is heavy enough, modi-
fications to the Higgs boson’s phenomenology from inte-
grating out heavy states can be expressed using e↵ective
field theory methods.

In this paper we have constructed a scalable fitting
framework, based on adapted versions of Gfitter, Pro-
fessor, Vbfnlo, and eHdecay and have used an abun-
dant list of available single-Higgs LHC measurements to
constrain new physics in the Higgs sector for the results
of run 1. In these fits we have adopted the leading order
strongly-interacting light Higgs basis assuming vanishing
tree-level T and S parameters and flavour universality of
the new physics sector. Our results represent the latest
incarnation of fits at 8 TeV, and update results from the
existing literature. The main goal of this work, however,
is to provide an estimate of how these constraints will

11

0.1− 0.05− 0 0.05 0.1

d3c

u3c

HBc

HWc

Hc

Wc

100)× (γc

1000)× (gc

0.1− 0.05− 0 0.05 0.1

d3c

u3c

HBc

HWc

Hc

Wc

100)× (γc

1000)× (gc

FIG. 7: Marginalised 95% confidence level constraints for the dimension-six operator coe�cients for current data (blue),
the LHC at 14 TeV with an integrated luminosity of 300 fb�1 (green) and 3000 fb�1 (orange). The expected constraints are
centred around zero by construction, since the pseudo-data are generated by using the SM hypothesis. The left panel shows the
constraints obtained using signal strength measurements only, and on the right di↵erential pT,H measurements are included.
The inner error bar depicts the experimental uncertainty, the outer error bar shows the total uncertainty.

where ht ⌘ yts� , Xt ⌘ At � µ cot� and mQ̃ and mt̃R
denote the soft masses of the left and right-handed stops
respectively. To ensure the validity of our EFT approach
based on di↵erential distributions, we have to make the
strong assumption that all supersymmetric particles are
heavier than the momentum transfer probed in all pro-
cesses that are involved in of our fit [40, 113] (see also
[47, 114] for discussions of (non-)resonant signatures in
BSM scenarios and EFT). For convenience, we addition-
ally assume that all supersymmetric particles except the
lightest stop t̃1 are very heavy and decouple from cg.
The largest value for pT,H we expect to probe during the
LHC high-luminosity runs, based on our leading-order
theory predictions is 500 GeV. And we can therefore
trust the e↵ective field theory approach for mt̃1 > 600
GeV. For instance, fixing the soft masses mQ̃ = mt̃ = m,
µ = 200 GeV and tan� = 30 we can understand the con-
straints on cg as constraints in the At �m plane, Fig. 6.
Similar interpretations are, of course, possible with the
other Wilson coe�cients.

V. DISCUSSION, CONCLUSIONS AND
OUTLOOK

Even though current measurements as performed by
ATLAS and CMS show good agreement with the SM
hypothesis for the small statistics collected during LHC
run 1, the recently discovered Higgs boson remains one of
the best candidates that could be a harbinger of physics
beyond the SM. If new physics is heavy enough, modi-
fications to the Higgs boson’s phenomenology from inte-
grating out heavy states can be expressed using e↵ective
field theory methods.

In this paper we have constructed a scalable fitting
framework, based on adapted versions of Gfitter, Pro-
fessor, Vbfnlo, and eHdecay and have used an abun-
dant list of available single-Higgs LHC measurements to
constrain new physics in the Higgs sector for the results
of run 1. In these fits we have adopted the leading order
strongly-interacting light Higgs basis assuming vanishing
tree-level T and S parameters and flavour universality of
the new physics sector. Our results represent the latest
incarnation of fits at 8 TeV, and update results from the
existing literature. The main goal of this work, however,
is to provide an estimate of how these constraints will

large At can be 
constrained

⇢X,Y =
E[(X � E[X])(Y � E[Y ])]

�x�y
(193)

U(1)⇥ SU(2)L ⇥ SU(2)R (194)

W1 (195)

W2 (196)

g = gL, gR = 0 (197)

g = gR, gL = 0 (198)

C1(⇤NP) (199)

C2(⇤NP) (200)

C3(⇤NP) (201)

C1(
p
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However, how about operators that have been tested at LEP via Z 
and W pole measurements?

Can energy enhancement in EFT framework combined with direct Higgs 
measurement overcome precision of linear e+e- collider? E.g. for

Can we perform electroweak precision measurements at the LHC?

Yes, ‘cause energy helps accuracy within an 
EFT framework:

LHC can match LEP accuracy in high E regime

[Farina et al ’16] 
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• at high goldstone equivalence allows 
to test Higgs dynamics

• diboson production at high energies

Higgs dynamics at high energies

• Interference between the SM and new-physics (at dim-6 level) only at longitudinal 

growth at high energy

• 4 high-energy Primaries with leading-order interference and energy growth
Amplitude High-energy primaries Low-energy primaries
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Table 2: Parameter combinations (in the high- and in the low-energy primary bases) that

control E2-enhanced e↵ects in each polarized longitudinal diboson production process. Here,

T f
Z = T f

3 � Qfs2✓W and YL,fR is the hypercharge of the left-handed and right-handed quark

(e.g., YL = 1/6).

that the HEP parameters have energy dimension �2; we will measure them in units of TeV�2

in what follows.

The fact that only the 4 HEP parameters produce sizable e↵ects at high energy is non-

trivial from the point of view of the generic d = 6 EFT, where a total of 6 anomalous couplings

contribute to longitudinal diboson processes. These couplings can be identified as �gZuL, �g
Z
uR,

�gZdL, �g
Z
dR, �g

Z
1 and �� in the notation of Ref. [18], defined through their contributions to

trilinear vertices as
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[µ(A+Z)⌫] with V̂µ⌫ ⌘ @µV⌫�@⌫Vµ,

and c✓W ⌘ cos ✓w where ✓w is the weak mixing angle. Modifications of the left-handed quark

couplings to the W are related to modifications to the Z couplings, due to an accidental

custodial symmetry present in the dimension-six operators. Similarly, the above 6 low-energy

primary parameters are related to certainx modifications of the physical Higgs couplings,

denoted with dots in eq. (4) (see Ref. [18] for details). The relations between the HEP

parameters and the 4 combinations of the low-energy primaries that produce growing-with-

energy e↵ects are reported in the third column of table 2.
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elementary states). Those include many models that solve the hierarchy problem (eg. com-

posite Higgs models, extra dimensional models, little Higgs, twin Higgs) and are therefore

generally better motivated. In these models the contributions to HEPs are always mediated

by SM gauge bosons whose coupling is g (see diagrams 3c and 3d), and therefore we expect

a ⇠ g2/M2.

In several new physics scenarios of the ”Weak” class, the light SM fermions have negligible

direct couplings with the new dynamics, which only interacts with the SM vector and Higgs

bosons. These BSM scenarios, that we call ”universal”, are conveniently parametrized at

low-energy in the SILH basis [31],6 where d = 6 operators are written as a function of SM

bosons only (see table 3). The relations between the HEP and the Wilson coe�cients in the

SILH basis are given by
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which can be useful in order to compare HEP analyses from LHC with other experiments,

such as LEP.

It can be instructive to provide a concrete example of this type of models, and the explicit

values of the HEP parameters that are generated. For this purpose, let us consider holographic

models of composite Higgs [37]. One finds [31], after integrating out the heavy resonances of

the model at tree-level:
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where g⇤ is here the coupling of the composite heavy vectors, and the new-physics scale M

is identified with the lightest vector-resonance mass. The relation cW = cB in eq. (8) is due

to a global O(4) symmetry of the model, and cHW,HB ⌧ cW,B is a generic consequence of

the “minimal coupling” hypothesis [14,31], which is realized not only in holographic models,

but also in little Higgs or other weakly-coupled scenarios. Eq. (8) leads to the following

predictions:
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Rel to SILH: and

Warsaw
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WZ production [Franceschini, Panico, Pomarol, 
Riva, Wulzer ’17]

• transverse modes minimal for central scattering though longitudinal maximal
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Figure 7: Comparison of the bounds obtained from LEP with those from our analysis based

on the WZ channel at the LHC. Left: universal theories with W,Y ⌧ 1. Right: Theories

characterized by W,Y, ��,�� ⌧ 1. See main text for details.

The gray shaded area in figure 7 shows bounds from LEP2 [15]. These bounds depend

also on the parameter ��, which for simplicity we have taken to zero, a conservative choice

in our comparison. Our analysis is instead insensitive to (small values of) ��, because of

the non-interference rules discussed before. This comparison allows us to conclude that, in

the context of universal theories, LEP2 bounds will be order-of-magnitude improved by the

HL-LHC, at least in the �gZ1 direction.

In section 2.2, we have further discussed explicit realizations of universal theories, which

we can refer to as “general SILH theories” and include e.g. theories with extra gauge bosons

or extra-dimensions, holographic versions of composite Higgs or little Higgs models. In these

theories �� (and ��) arise only at the one-loop level, and are therefore expected to be small.

Similarly, for large g⇤, W and Y are small, see for instance eq. (9). As a result, the only

relevant parameters are Ŝ and �gZ1 , that can be induced at tree-level. These parameters enter

in the HEPs, eq. (7), and provide then a strong motivation for our analysis. The results

are shown in the right panel of figure 7. Present limits on Ŝ come from LEP measurements

on the Z-pole, and we do not expect that the LHC will improve them any further (such an

improvement would require very accurate measurements of the WLWL/ZLh channels).

This result can be better appreciated in the specific context of composite Higgs models with

O(4) symmetry, where the two parameters are related according to eq. (9), �gZ1 ' �Ŝ/2c2✓W
(corresponding to cB = cW ), as shown by a blue solid line in the plot. In this context it

becomes remarkable that the size of the constraint on Ŝ from LEP (which is considered one

of the most precise measurements of the EW sector) is comparable with that on �gZ1 , obtained
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Figure 6: Expected 95% CL bounds from fully leptonic WZ on the high-energy primary

parameter a(3)q as a function of the new physics scale M . The plots reports the results for the

HL-LHC (orange lines), HE-LHC (green lines) and FCC-hh (brown lines) for di↵erent values

of the systematic uncertainties.

would not only weaken by a factor ⇠ 4 the asymptotic reach at mmax
wz ! 1, but it would also

raise above 2 TeV the energy scale that is relevant for the limit. This makes that on one hand

we would be only sensitive to theories with a lower M , since a(3)q ⇠ 1/M2, while on the other

hand we would need theories with larger M for our limit to hold. The combination of these

two e↵ects would drastically reduce the set of BSM theories that we would be able to probe.

This is illustrated in the figures by overlying to the reach the theoretical estimates of a(3)q , as a

function of M ' mmax
wz , in the “Fully Strong”, “Strong TGC and “Weak” scenarios described

in the introduction and in section 2.2. The fact that the �syst = 100% limit lies above or on

top of the “Weak” line means that with this large systematic we can probe a given value of

a(3)q only if we trust the EFT prediction at or above the cuto↵ of the “Weak” BSM theory that

is producing that value, which is clearly inconsistent. If instead �syst is low the reach stays

well below the “Weak” line, meaning that we can probe BSM theories of the “Weak” type by

only using events with a center of mass energy that is below the cuto↵, for which the EFT

description applies. The figures show that �syst = 5% is su�cient to probe “Weak” theories

in all cases, but it also shows that the impact of a larger or smaller uncertainties on the reach

is di↵erent at di↵erent colliders. In particular we see that the reach is very stable with �syst
at the LHC, given that the �syst = 10% curve is very close to the one at �syst = 1%, while it is

much less so at the HL-LHC, where �syst = 5% already makes an appreciable di↵erence with

respect to �syst = 1%. This is due to the fact that the low-pT,V bins are more populated at

the HL-LHC, hence the statistical error is lower and the reach in those bins benefits from a

lower systematics. The e↵ect is even more pronounced at the HE-LHC and at the FCC-hh,

where even with �syst = 2% the reach deteriorates significantly with respect the ideal case
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TABLE I: Dimension-six operators that give dominant con-
tribution to pp ! V h at high energies in the Warsaw [1] and
SILH [20] bases.

tainties. We therefore leave an inclusion of this channel
for future work.

As we will see, the leading high energy contribution
to the pp ! Zh process comes from the four contact in-
teractions hZµūL,R�

µ
uL,R and hZµd̄L,R�

µ
dL,R that are

present in the dimension-6 extended Lagrangian. Thus,
although many more operators contribute to the pp !

Zh process, the high energy limit isolates the four lin-
ear combinations of operators that generate the above
contact terms. An interesting observation, first made in
Ref. [18], is that the same four EFT directions (that the
authors call “high energy primaries”) also control Wh

and WW/WZ production. The reason is that at high
energies these four final processes correspond to the pro-
duction of di↵erent components of the Higgs doublet due
to the Goldstone Boson Equivalence Theorem [19]. They
are therefore related by SU(2)L symmetry for ŝ � m

2
Z
.

Hence, although these four diboson processes may be
very di↵erent from a collider physics point of view, they
are intimately related by gauge symmetry, which stands
at the heart of an EFT interpretation. This enables
an elegant understanding of the connection of pseudo-
observables in WW production (such as TGCs) with
those in Zh production. It will also allow us to present
our results in a combined way with the projections for
WZ production in Ref. [18].

The high energy V h-amplitude in the SMEFT

Let us first study V h production at high energy in
the SMEFT where V = W,Z. Although we focus on
pp ! Zh production in the subsequent sections, here we
keep the discussion more general considering also the Wh

final state. We will see that V h production at hadron
colliders at high energies, isolates four independent di-
rections in the full 59 dimensional space of dimension
6 operators. To derive this fact, consider first the ver-
tices in the dimension 6 Lagrangian that contribute to

the ff ! Zh process in unitary gauge,
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We are using the dimension 6 Lagrangian presented in
Ref. [2] where any corrections to the SM vector propa-
gators, i.e. the terms VµV

µ
, Vµ⌫V

µ⌫ and Vµ⌫F
µ⌫ , have

been traded in favor of the vertex corrections in the first
two lines above and the TGCs. At high energies, i.e., for
ŝ � m

2
Z
, we obtain for the amplitude M(ff ! VT,Lh),
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ŝ

"
1 +

g
h

Zff

g
Z

f

ŝ
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where g
Z

f
= g(T f

3 � Qfs
2
✓W

)/c✓W , and g
W

f
= g/

p
2. J

µ

f

is the fermion current f̄�µ
f , the subscript L (T ) denotes

the longitudinal (transverse) polarization of the gauge
boson, q denotes its four momentum and ✏ the polariza-
tion vector.
We see that only the gh

V f
and V V couplings lead to an

amplitude growing with energy. In the case of the V V

couplings, the energy growth arises because of the extra
powers of momenta in the hV V vertex, whereas for the
contact interaction, gh

V f
, the energy growth is due to the

fact that there is no propagator in the diagram involving
this vertex. In fact for the latter interaction, the only
di↵erence in the amplitude with respect to the SM is the
absence of the propagator. Thus, angular distributions
are expected to be identical for BSM and SM produc-
tion. Therefore, the only way to probe this interaction
is through the direct energy-dependence of di↵erential
cross-sections.
On the other hand, the V V interactions contribute

only to the transverse V amplitude as a consequence of
their vertex structure. Hence, they cannot interfere with
the dominant longitudinal piece in the SM amplitude.
As a result, after summing over all V -polarizations, the
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TABLE I: Dimension-six operators that give dominant con-
tribution to pp ! V h at high energies in the Warsaw [1] and
SILH [20] bases.

tainties. We therefore leave an inclusion of this channel
for future work.

As we will see, the leading high energy contribution
to the pp ! Zh process comes from the four contact in-
teractions hZµūL,R�
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dL,R that are

present in the dimension-6 extended Lagrangian. Thus,
although many more operators contribute to the pp !

Zh process, the high energy limit isolates the four lin-
ear combinations of operators that generate the above
contact terms. An interesting observation, first made in
Ref. [18], is that the same four EFT directions (that the
authors call “high energy primaries”) also control Wh

and WW/WZ production. The reason is that at high
energies these four final processes correspond to the pro-
duction of di↵erent components of the Higgs doublet due
to the Goldstone Boson Equivalence Theorem [19]. They
are therefore related by SU(2)L symmetry for ŝ � m
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Hence, although these four diboson processes may be
very di↵erent from a collider physics point of view, they
are intimately related by gauge symmetry, which stands
at the heart of an EFT interpretation. This enables
an elegant understanding of the connection of pseudo-
observables in WW production (such as TGCs) with
those in Zh production. It will also allow us to present
our results in a combined way with the projections for
WZ production in Ref. [18].

The high energy V h-amplitude in the SMEFT

Let us first study V h production at high energy in
the SMEFT where V = W,Z. Although we focus on
pp ! Zh production in the subsequent sections, here we
keep the discussion more general considering also the Wh

final state. We will see that V h production at hadron
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ŝ

2m2
Z

#
,

ZLh : gZ
f

q · Jf

v

2mZ

ŝ
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couplings, the energy growth arises because of the extra
powers of momenta in the hV V vertex, whereas for the
contact interaction, gh

V f
, the energy growth is due to the

fact that there is no propagator in the diagram involving
this vertex. In fact for the latter interaction, the only
di↵erence in the amplitude with respect to the SM is the
absence of the propagator. Thus, angular distributions
are expected to be identical for BSM and SM produc-
tion. Therefore, the only way to probe this interaction
is through the direct energy-dependence of di↵erential
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this leads to four matrix elements contributing to the process
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EFT directions probed by high energy ff ! V h production
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TABLE II: The linear combinations of Wilson coe�cients contributing to the contact interaction couplings g
h

Zf that control
the ff ! V h process at high energies. The four directions relevant for hadron colliders (corresponding to f = uL, dL, uR, dR)
can be read o↵ from this table by substituting the value of the SU(2)L and U(1)Y quantum numbers T

f

3 and Yf for the
corresponding f . Here ĉW = cW + cHW � c2W and ĉB = cB + cHB � c2B .

leading piece in the high energy cross-section deviation,
is controlled only by the couplings gh

V f
whereas the V V

contribution is suppressed by an additionalO(m2
V
/ŝ) fac-

tor.
At hadron colliders, the pp ! V h process at high ener-

gies and at leading order are therefore controlled by the
five contact interactions: g

h

Zf
, with f = uL, uR, dL and

dR and g
h

Wud
. These five couplings correspond to dif-

ferent linear combinations of Wilson coe�cients in any
given basis. In Tab. I we show all operators in the “War-
saw” [1] and strongly-interacting light Higgs (SILH) [20]
bases that generate these contact terms. As there are
only four independent operators contributing to these five
interactions in the Warsaw basis, there exists a basis in-
dependent constraint at the dimension-6 level,

g
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leaving only the four independent gh
Zf

couplings.
In Table II, we show the linear combinations of Wil-

son coe�cients contributing to the four g
h

Zf
couplings

in di↵erent EFT bases. The first row gives these direc-
tions in the Warsaw basis. The second row provides the
aforementioned directions in the BSM Primary basis of
Ref. [2], where the Wilson coe�cients can be written in
terms of already constrained pseudo-observables. It is
clear in this basis that the directions to be probed by
high energy V h production can be written in terms of
the LEP (pseudo)observables. The couplings �gZ

f
defined

in Eq. (2) are strongly constrained by Z-pole measure-
ments at LEP, whereas the anomalous TGCs, �� and
�g

Z

1 (in the notation of Ref. [21]), were constrained by
WW production during LEP2.

For the physically motivated case where the leading
e↵ects of new physics can be parametrized by univer-
sal (bosonic) operators, the SILH Lagrangian provides a
convenient formulation and we show the above directions
in this basis in the third row of Table II. For this case
one can again write the directions in terms of only the
“oblique”/universal pseudo-observables, viz., the TGCs

�� and �g
Z

1 and the Peskin-Takeuchi Ŝ-parameter [22]
in the normalization of Ref. [23] (see e.g. Refs. [24, 25]).
This is shown in the fourth row of Table II. As we already
mentioned, upon using the Goldstone Equivalence Prin-
ciple, one finds that the same 4 dimensional subspace of
operators also controls the longitudinal V V production
at high energies. This space is defined in Ref. [18] in
terms of the four high energy primaries which are linear
combinations of the four gh

V f
couplings, as shown in the

last row of Table II.
As it is not possible to control the polarization of the

initial state partons in a hadron collider, the process can,
in reality, only probe two of the above four directions.
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where Lu,d is the uū, dd̄ luminosity at a given partonic
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eff. L/R couplings:

[Franceschini et al ’17]
[Banerjee, Englert, 

Gupta, MS ’18]

eff. up/down couplings:

eff proton coupling:

300 ifb (light)
3000 ifb (dark)
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Discussion

Considering only the SM-BSM interference term, we
find the per-mille level bounds,

g
h

Zp 2 [�0.003, 0.003] (300 fb�1)

g
h

Zp 2 [�0.001, 0.001] (3000 fb�1). (11)

Using Eq. (10) the above bounds can be translated to
a lower bound on the scale of new physics given by 2.4
TeV (4.4 TeV) at 300 fb�1 (3000 fb�1). One can now
compare the above projections with existing LEP bounds
by turning on the LEP observables contributing to g

h

Zp in
Eq. (8) one by one. This is equivalent to assuming that
there are no large cancellations in Eq. (8) so that each
individual term is bounded by Eq. (11). The results are
shown in Tab. IV. We see that our projections are much
stronger than the LEP bounds for the TGCs �g

Z

1 and
�� and comparable in the case of the Z-pole observables
�g

Z

f
, that parametrize the deviations of the Z coupling

to quarks.
For the universal case, the EFT directions presented in

Table II can be visualized in the ��� Ŝ vs. �gZ1 plane as
shown in Fig. 2 for the interesting class of models where
W = Y = 0 [18]. The flat direction related to the pp !

FIG. 2: We show in light blue (dark blue) the projection
for the allowed region with 300 fb�1 (3 ab�1) data from the
pp ! Zh process for universal models in the �� � Ŝ vs �g

Z

1

plane. The allowed region after LEP bounds are imposed is
shown in grey. The pink (dark pink) region corresponds to the
projection from the WZ process with 300 fb�1 (3 ab�1) data
derived in Ref. [18] and the purple (green) region shows the
region that survives after our projection from the Zh process
is combined with the above WZ projections with 300 fb�1 (3
ab�1) data.

Zh interference term, i.e., gh
Zp = 0, Eq. (7), is shown by

the dashed blue line, where the direction g
h

Zp is now given
by the second line of Eq. (8). The grey shaded area shows
the allowed region after the LEP II bounds [53] from the
e
+
e
�

! W
+
W

� process are imposed. The results of
this work are shown in blue (light (dark) blue for results
at 300 (3000) fb�1). To understand the shape of the
blue bands, note that along the dashed line, the SM-BSM
interference term vanishes. If the interference was the
only dominant e↵ect, the projected allowed region would
be a band along this direction. The BSM squared term
thus plays a role in determining the shape of the blue
region. To the left of the dashed blue line, the squared
and the interference terms have the same sign while there
is a partial cancellation between these two terms on the
right hand side of the dashed line. This results in the
curvature of the blue band with stronger bounds to the
left of the dashed line and weaker bounds to its right.
We see that, as we move further from the origin, the

e↵ect of the squared term becomes more pronounced.
This is expected, as along the dashed line, the interfer-
ence term is accidentally zero, even for energies below
the cut-o↵, and thus, the parametrically sub-dominant
squared term is larger. To achieve a partial cancellation
between these two terms one needs to deviate more and
more from the dashed line. While EFT validity has been
carefully imposed to derive our bounds, the fact that the
interference term vanishes along the flat direction and
the squared term becomes important, does imply that for
weakly coupled UV completions our bounds are suscep-
tible to O(1) dimension 8 deformations in this direction.
In the orthogonal direction shown by the dotted line, on
the other hand, our projections are more robust and not
sensitive to such e↵ects.
As we have emphasized already, V V production con-

strains the same set of operators as the V h production.
In Fig. 2, we also show the projected bound from the
WZ process at 300 fb�1 obtained in Ref. [18]. When
both these bounds are combined, only the purple region
remains. At 3000 fb�1, this region shrinks further to
the green region shown in Fig. 2. Thus, we see a dras-
tic reduction in the allowed LEP region is possible by
investigating pp ! Zh at high energies.

Conclusions

As hints for new physics beyond the SM remain elusive
with the LHC entering a new energy territory, model-
independent approaches based on the assumption of no
additional light propagating degrees of freedom are gain-
ing ground. The power of e↵ective field theory is that the-
oretical correlations between independent measurements
can be exploited to formulate tight constraints on the
presence of new physics, solely based on the SM symme-
tries and matter content.

Nanjing               TeV Physics Conference      Michael Spannowsky             22.04.2019                    16



6

Cut-off

550 1050
0

10

20

30

40

MZh (GeV)

N
ev
en
ts

FIG. 1: The di↵erential distribution of events at an integrated
luminosity of 300 fb�1 with respect to MZh for the EFT
signal as well as the di↵erent backgrounds. For the EFT
signal we have taken the point {g

h

ZuL
, g

h

ZdL
, g

h

ZuR
, g

h

ZdR
} =

{�0.005, 0.0001,�0.010, 0.005} which is allowed by the LEP
bounds.

Zh channel, is summarized in Table III.
Before focussing on the very high-energy e↵ects by

imposing cuts on MZh, we find that the ratio of cross-
section between SM Zh and Zbb̄ is⇠ 0.32. A multivariate
implementation at this level strengthens this ratio fur-
ther. In order to be quantitative, we impose looser cuts
on the aforementioned variables 70 GeV < m`` < 110
GeV, pT,`` > 160 GeV, �R`` > 0.2, pT,fatjet > 60 GeV,
95 GeV < mh < 155 GeV, �Rbi,`j > 0.4 and /ET < 30
GeV. Because Z+jets and tt̄ are much less significant
than Zbb̄, we train the boosted decision trees only with
the SM qq̄-initiated Zh and Zbb̄ samples using the follow-
ing variables: pT of the two isolated leptons, �R between
pairs of b-subjets and isolated leptons, between the two
isolated leptons and between the hardest two b-subjets
in the Higgs fatjet, the reconstructed Z-boson mass and
its pT , �� separation between the fatjet and the recon-
structed Z-boson, /ET , mass of the reconstructed Higgs
jet and its pT , pT of the two b-tagged filtered subjets, the
ratio of their pT and the rapidity of the Higgs jet. We
ensure that we do not have variables which are ⇠ 100%
correlated but we retain all other variables. Because our
final distribution of interest is the invariant mass of the
Zh-system, we do not consider it as an input variable.
We use the TMVA [50] framework to train our samples and
always ensure that the Kolmogorov-Smirnov statistic is
at least of the order ⇠ 0.1 in order to avoid overtrain-
ing of the samples [51]. We find that the aforementioned
ratio increases to ⇠ 0.54 upon using the boosted deci-
sion tree algorithm showing that a further optimisation
of the cut-based analysis was necessary. Finally, we test
all our samples with the training obtained from the SM
qq̄ initiated Zh and the Zbb̄ samples.

To distinguish between the EFT signal and the irre-
ducible SM Zh(bb̄) background we utilise the growth of
the EFT cross-section at high energies. The e↵ects are

Our Projection LEP Bound
�g

Z

uL
±0.002 (±0.0007) �0.0026± 0.0016

�g
Z

dL
±0.002 (±0.0005) 0.0023± 0.001

�g
Z

uR
±0.003 (±0.001) �0.0036± 0.0035

�g
Z

dR
±0.011 (±0.004) 0.0016± 0.0052

�g
Z

1 ±0.003 (±0.001) 0.009+0.043
�0.042

�� ±0.020 (±0.008) 0.016+0.085
�0.096

Ŝ ±0.020 (±0.008) 0.0004± 0.0007
W ±0.002 (±0.0008) 0.0000± 0.0006
Y ±0.020 (±0.008) 0.0003± 0.0006

TABLE IV: Comparison of the bounds obtained in this work
with existing LEP bounds. To obtain our projection we turn
on the LEP observables in Eq. (8) one by one and use Eq. (11).
The LEP bounds on the Z coupling to quarks has been ob-
tained from Ref. [52], the bound on the TGCs from Ref. [53],
the bound on Ŝ from Ref. [54] and finally the bounds on W,Y

have been obtained from Ref. [23]. Except for the case of the
bounds on �g

Z

f , all of the bounds in the last column were de-
rived by turning on only the given parameter and putting all
other parameters to zero.

readily seen in the MZh distribution, our observable of
interest. In Fig. 1 we show the di↵erential distribution
with respect to this variable for the EFT signal as well
as the di↵erent backgrounds for an integrated luminosity
of 300 fb�1. For the EFT signal we take a point that can
be excluded in our analysis but is well within the LEP
allowed region. We see that the EFT cross-section keeps
growing with energy, but much of this growth is unphys-
ical at energies above the cut-o↵, i.e., MZh > ⇤, where
⇤ is the cut-o↵ evaluated as described below Eq. (10)
and shown by a vertical line in Fig. 1. For MZh < ⇤,
the EFT deviations are never larger than an O(1) fac-
tor with respect to the SM background as expected on
general grounds. Note, however, that even for MZh < ⇤
the fractional deviation can be a few tens of a percent
even though the underlying anomalous couplings, g

h

Zf
,

are per-mille to percent level.

To make full use of the shape deviation of the EFT sig-
nal with respect to the background, we perform a binned
log likelihood analysis assuming a 5% systematic error.
The likelihood function is taken to be the product of
Poisson distribution functions for each bin with the mean
given by the number of events expected for a given BSM
point. To account for the 5% systematic error we smear
the mean with a Gaussian distribution. To obtain the
projection for the 95% CL exclusion curve we assume
that the observed number of events agrees with the SM.

• ee even more advantageous for leptonic operators
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Considering only the SM-BSM interference term, we
find the per-mille level bounds,
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shown in Fig. 2 for the interesting class of models where
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plane. The allowed region after LEP bounds are imposed is
shown in grey. The pink (dark pink) region corresponds to the
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ab�1) data.

Zh interference term, i.e., gh
Zp = 0, Eq. (7), is shown by
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Zp is now given
by the second line of Eq. (8). The grey shaded area shows
the allowed region after the LEP II bounds [53] from the
e
+
e
�

! W
+
W

� process are imposed. The results of
this work are shown in blue (light (dark) blue for results
at 300 (3000) fb�1). To understand the shape of the
blue bands, note that along the dashed line, the SM-BSM
interference term vanishes. If the interference was the
only dominant e↵ect, the projected allowed region would
be a band along this direction. The BSM squared term
thus plays a role in determining the shape of the blue
region. To the left of the dashed blue line, the squared
and the interference terms have the same sign while there
is a partial cancellation between these two terms on the
right hand side of the dashed line. This results in the
curvature of the blue band with stronger bounds to the
left of the dashed line and weaker bounds to its right.
We see that, as we move further from the origin, the

e↵ect of the squared term becomes more pronounced.
This is expected, as along the dashed line, the interfer-
ence term is accidentally zero, even for energies below
the cut-o↵, and thus, the parametrically sub-dominant
squared term is larger. To achieve a partial cancellation
between these two terms one needs to deviate more and
more from the dashed line. While EFT validity has been
carefully imposed to derive our bounds, the fact that the
interference term vanishes along the flat direction and
the squared term becomes important, does imply that for
weakly coupled UV completions our bounds are suscep-
tible to O(1) dimension 8 deformations in this direction.
In the orthogonal direction shown by the dotted line, on
the other hand, our projections are more robust and not
sensitive to such e↵ects.
As we have emphasized already, V V production con-

strains the same set of operators as the V h production.
In Fig. 2, we also show the projected bound from the
WZ process at 300 fb�1 obtained in Ref. [18]. When
both these bounds are combined, only the purple region
remains. At 3000 fb�1, this region shrinks further to
the green region shown in Fig. 2. Thus, we see a dras-
tic reduction in the allowed LEP region is possible by
investigating pp ! Zh at high energies.

Conclusions

As hints for new physics beyond the SM remain elusive
with the LHC entering a new energy territory, model-
independent approaches based on the assumption of no
additional light propagating degrees of freedom are gain-
ing ground. The power of e↵ective field theory is that the-
oretical correlations between independent measurements
can be exploited to formulate tight constraints on the
presence of new physics, solely based on the SM symme-
tries and matter content.

Projected sensitivity

• ee and pp colliders provide complementary view. One design not 
sufficient to rule them all (EFT operators).
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Two Higgs properties are of particular interest
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MOTIVATION

Higgs self-couplingTotal width of Higgs

(invisible decays)

• Indicative of ew sym. breaking potential

• Matter/Anti-matter asymmetry

• Width affects all decay channels

• Indicative of new couplings (i.e. 
invisible or novel particles)

• Indicative of large coupling 
modifications, e.g. to second 
generation
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in off-shell region
using angular correlations of 4l decay products

CMS ‘width’ Measurement

CMS search region

[Kauer, Passarino 2011]

I. Count events in on-shell region 
fix signal strength

⇢X,Y =
E[(X � E[X])(Y � E[Y ])]

�x�y
(193)

gggh(mh) > gggh,SM (194)

bb̄bb̄ (195)

i =
gi

gi,SM
(196)

�(gp)⇥ BR(gd) (197)

µi,j = �H,i ⇥BRj ⇠
gggHgHZZ

�H
(198)

14

 III. insert off-shell coupling measurement in
on-shell signal strength to bound width

2
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FIG. 1: Constraining the total Higgs width by
fixing the signal strength (on-shell region) and
measuring the cross section at large invariant ZZ
masses, keeping couplings in the on-shell and Higgs
o↵-shell region fixed. Distributions are leading or-
der, while keeping all quarks dynamical and the
bottom and top quarks massive. We have chosen
a minimal cut set pT (`) � 10 GeV, |y(`)|  2.5,
�R(``0) � 0.4.

CMS have presented first results [18] using this strat-
egy, claiming �h < 4.2 ⇥ �SM

h at 95% confidence level
by injecting a global Higgs signal strength µ ' 1. The
strategy is sketched in Fig. 1; and we give a quick outline
to make this work self-contained (for additional details
see [11, 14, 18]):

As long as the narrow width approximation is appli-
cable, the cross section for the process p(g)p(g) ! h !

ZZ
⇤
! 4` in the the Higgs on-shell region scales as3

�h,g ⇥ BR(H ! ZZ ! 4`) ⇠
g
2
ggh g

2
hZZ

�h
, (2)

where we denote the relevant couplings by gX . The
dominant Feynman diagram in this phase space region
is the triangle of Fig. 2, the continuum contribution from
gg ! ZZ

⇤ is highly suppressed and interference is negli-
gible [12].

Since the Higgs width is anticipated to be a small pa-
rameter compared to the Higgs mass �h/mh ⇠ 10�4, we
can expand the Higgs Breit-Wigner propagator D(s) =

g

g

e
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FIG. 2: Representative Feynman diagram topologies con-
tributing to gg ! ZZ with leptonic Z boson decays in the
SM and theories with extended fermionic sectors.

3We mainly focus on the final state e+e�µ+µ� in the following.
Generalizing our results to full leptonic ZZ decays is straightfor-
ward due to negligible identical fermion interference.

i/(s�m
2
h + i�hmh) away from the peak region s � m

2
h

|D|
2 =

1

s2

✓
1 +

m
4
h

s4

�2
h

m
2
h

◆
+O

✓
�4

s4

◆
(3)

which shows that the Higgs width parameter rapidly de-
couples from the scattering process for Higgs o↵-shell pro-
duction. Therefore, the contribution from the triangle di-
agrams in Fig. 2 (neglecting interference for the moment)
scales as

d�h ⇠
g
2
ggh(

p
s) g2hZZ(

p
s)

s
dLIPS⇥pdfs. (4)

Now, if there is a direct correspondence between gi(mh)
and gi(

p
s), measuring the signal strength µ in the o↵-

shell and on-shell regions simultaneously allows to set a
limit on the width of the Higgs boson �h. More explicitly,
for �h > �SM

h , we need to have g2gghg
2
hZZ > (g2gghg

2
hZZ)

SM

to keep µ = µ
SM fixed, which in turn implies �h > �

SM
h .

Fig. 1 validates this line of thought and qualitatively re-
flects the CMS analysis.

But how general is this approach, or put di↵erently,
how solid is a limit on �h obtained this way once we in-
clude unknown new physics e↵ects? And let aside the in-
terpretation in terms of a constraint on the Higgs width,
what are the more general ramifications of a measure-
ment of the gluon-fusion ZZ and WW cross section away
from the Higgs mass peak?
It is the purpose of this letter to address these ques-

tions from a new physics perspective with a particular
emphasis on probability conservation. First we interpret
the outlined Higgs width measurement from a unitarity
perspective, which paves the way to the formulation of a
simple and transparent BSM counterexample. We anal-
yse the interplay of new resolved physics contributions
to gg ! V V

⇤ to both Higgs and continuum ZZ,WW

production in light of electroweak precision constraints
and finally point out that, enforcing µ ' µ

SM the o↵-
shell measurement provides additional statistical pull to
constrain the Higgs’ CP nature in the presence of higher

+

[Caola, Melnikov 2013]
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Example ‘width-measurement’
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• Assuming global 
coupling rescaling
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• Assuming global 
coupling rescaling

• Assuming valid 
and no flat 
directions
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• Assuming global 
coupling rescaling

• Assuming valid 
and no flat 
directions

• Eg. Higgs portal, 
NP can contribute 
on-shell but not 
off-shell

• Eg. Higgs triplet, 
new scalar below 
measurement 
range cancels on-
shell enhancement

[Englert, MS ’14]

[Logan ’15]
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• Assuming valid 
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NP can contribute 
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off-shell

• Eg. Higgs triplet, 
new scalar below 
measurement 
range cancels on-
shell enhancement
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[Logan ’15]

• Uninteresting
width not a free 
parameter of the 
theory

width derived and 
fully determined
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• Assuming global 
coupling rescaling

• Assuming valid 
and no flat 
directions

• Eg. Higgs portal, 
NP can contribute 
on-shell but not 
off-shell

• Eg. Higgs triplet, 
new scalar below 
measurement 
range cancels on-
shell enhancement

[Englert, MS ’14]

[Logan ’15]

• Uninteresting

Coupling assumptions strong

LEP limits stronger than LHC

[Englert, McCullough, MS ’15]

width not a free 
parameter of the 
theory

width derived and 
fully determined

F = V = cos�

�1

�2

tan�  4

G/H = SU(3)L/SU(2)L

(2, 2)⌦ (2, 2) ' 3� 3� 1� 1
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V � ⌘�|�s|
2
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2
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37

Nanjing               TeV Physics Conference      Michael Spannowsky             22.04.2019                    20

See talk by 
Zhuoni Qian



Limit on invisible branching 
ratio from global Higgs fit

• Extend SM EFT by light degree of freedom, e.g. fermionic DM candidate

⌫4 (193)

u4 (194)

d4 (195)

l4 (196)

BRinv =
�inv

�SM + �inv
(197)

14

Flat reduction of event 
count in all channels

All/many operators need to 
conspire to compensate for 

loss in total rate

Most operators mom. 
dependent. Rate compensated 

by large increase in tail 

• In Kappa framework for Run 1:  
BR < 0.34 at 95% CL  
(assumed kV < 1)
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(197)

BRinv ' 9% (198)

BRinv ' 16% (199)
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Measure modification of self-coupling

• If new physics heavy can parametrise effect using EFT
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• c6 can only be constrained in global fit, after 
over-constraining the system

• Non-resonant loop-induced HH production affected

[Goertz, et al ’14]
[Contino, et al ’12]
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Measurement prospects at future colliders

• Promising predictions at FCC-hh 100 TeV: O(5)% accuracy

[Tian, Fujii 1311.6528]
• e+e- collider WBF most 
sensitive channel for large 
energies > 500 GeV

• Unless 1 TeV ILC 
precision low

• Decay via H->bb

[Azatov, Contino, Panico, Son ’15]

[Papaefstathiou ’15]

[Yao ’15]

[Papaefstathiou, Sakurai ’15]

[Barr, Dolan, Englert, Ferreira, MS ’14]

[Banerjee, Englert, Mangano, Selvaggi, MS ’18]

• For long time to come, HL-LHC is best chance to measure self-
coupling, but is it good enough?
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NO HIGGS OBSERVABLES: ELWP (NNLO)

[Kribs, Maier, Rzehak, MS, Waite ’17][Degrassi, Fedele, Giardino ’17]

SINGLE-HIGGS OBSERVABLES: Higgs couplings (NLO)

DOUBLE-HIGGS OBSERVABLES: Direct production (LO)

production decay

-

Single Higgs production
�hhh enters in NLO corrections to single Higgs production

H

H

t

g

g

g

g

t
H

H

Under the assumption of purely a trilinear Higgs self-coupling modification

�9.4 < 2�
� < 17

[McCullough ’14, Gorbahn, Haisch ’16, Degrassi, Giardino, Maltoni, Pagani ’16, Bizon, Gorbahn, Haisch, Zanderighi ’16]

Global analysis, prospects at HL-LHC [Di Vita, Grojean, Panico, Rimbau, Vantalon ’17 see also Maltoni,
Pagani, Shivaji, Zhao ’17]

0.1 < 1�
� < 2.3

Electroweak precision tests
�hhh enters at 2-loop order

�14.0 < 2�
� < 17.4

[Degrassi, Fedele, Giardino ’17, Kribs, Maier, Rzehak, Spannowsky, Waite ’17]

Motivation

Ramona Gröber – Maxi-sizing the trilinear Higgs self-coupling 14/12/2017 5/16

OTHER APPROACHES TO DETERMINE �hhh

[Degrassi, Giardino, Maltoni, Pagani ’16]

[Bizon, Gorbahn, Haisch, Zanderighi ’16] [Maltoni, Pagani, Shivaji, Zhao ’17]

combination of different production and 
decay modes

c̄g ⇠
m2

W

16⇡2

y2t
⇤2

(208)

LS = (Dµ�)
† Dµ�� µ2�†�� �(�†�)2 (209)

(� > 0, µ2 < 0) (210)

Dµ� = [@µ + igWµ + ig0y�B
µ]� (211)

LF = yEijL̄L,i�Ej + yUijQ̄L,i�Uj + yDij Q̄L,i�Dj + c.c (212)

JB,F [m
2�2] =

Z 1

0
dx x2 log

h
1⌥ e�

p
x2+�2m2

i
(213)

h�i = �fv (214)

h�i = �tv (215)

T ⇤ (216)

V (r) = �
g2(�̄)

Z(�̄)

e
� m(�̄)p

Z(�̄)
r

4⇡r
M (217)

�0.8 < 2�
� < 8.5 (218)

15

Di-Higgs production with various 
subsequent decay channels. 
Assumed CS accuracy 50%

[Di Vita, Grojean, Panico, Riembau, Vantalon ’17]
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Can Higgs-selfcoupling be bounded by theoretical considerations?
• Vacuum stability

V
(6)(H) = �µ2

|H|
2 + � |H|

4 +
c6

v2 |H|
6 ,

large field instability small field instability

�! it turns out that we cannot connect the possible instabilities of such a deformed
potential to a bound on the trilinear Higgs self-coupling

Bounding the trilinear Higgs self-coupling by theoretical arguments
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VACUUM STABILITY

large field instability (lfi) small field instability (sfi)

cannot connect vac. instabilities to 
bound on c6 within EFT

• Perturbativity

require loop corrections to be  smaller than 
tree-level vertexto �hhh we obtain

��hhh(
p
s,mh) = �

1

16⇡2
�
3
hhh

C0(m
2
h
,m

2
h
, s;mh,mh,mh) , (34)

where C0 is a scalar Passarino-Veltman function (defined according to the conventions of
Ref. [51]) and

p
s denotes the o↵-shell momentum of a Higgs boson line. Since we only took

into account the loop correction where the �hhh coupling occurs, there are no divergent contri-
butions, and we neglected scheme-dependent finite terms. It should be understood that what
we aim at is not a proper calculation of the quantum corrections to �hhh, but rather a simple
estimate of the validity of perturbation theory. The reason why an estimate based solely on
the contribution in Eq. (34) is reasonable is the following: i) in the large �hhh limit, where the
perturbativity bound is relevant, pure SM contributions are subleading and ii) even though by
gauge invariance one should worry about simultaneous �hhhh corrections, these are divergent
and hence scheme dependent. Then, the estimate in Eq. (34) would be inaccurate only if the
finite contribution (in a given renormalization scheme) due to �hhhh were to cancel the one
stemming from �hhh to a large extent and over the full kinematical range. This however is very
unlikely, given that the corrections have a very di↵erent kinematical dependence.

The perturbativity bound, denoted by �
⇤
hhh

, is shown in Fig. 4 as a function of
p
s. Note

that above threshold,
p
s > 2mh, C0 develops an imaginary part and hence we have separately

considered both the real and imaginary contribution to the bound. Since one should require
that perturbativity must hold for any value of

p
s, the bound is maximized close to threshold

and reads ���hhh/�
SM
hhh

�� . 6 , (35)

which is consistent with the (conceptually di↵erent) constraint obtained in Eq. (29).

Figure 4: Perturbativity bound �hhh < �
⇤
hhh

from the loop-corrected trilinear vertex as a
function of

p
s. Full and dashed curves denote respectively the real (|Re (��hhh)/�hhh| < 1)

and imaginary (|Im (��hhh)/�hhh| < 1) contributions to the bound due to the vertex correction
in Eq. (34).
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Normalizing the latter with respect to the SM value implies

���hhhh/�
SM
hhhh

�� . 68 , (36)

which again is consistent with Eq. (29).
In the end, given the impossibility of setting genuine model-independent bounds on �hhh

beyond perturbativity, we focus in the next section on UV complete scenarios when investigating
the question of the maximal value of the triple Higgs coupling. We focus for simplicity on weakly
coupled models, as they retain a higher degree of predictivity and we have full control of the
theory.

3 UV complete models

If the new degrees of freedom are very light, they can a↵ect the Higgs-pair production process
in di↵erent ways (like e.g. resonant production [53–60] or by scalar/fermionic contributions to
the gluon fusion loop [61–63]) and the dominant e↵ect does not need to be associated with the
�hhh coupling deviation. Hence, we focus on the case where the new physics is above the EW
scale, but not necessarily yet in the EFT regime where the e↵ects are expected to decouple
rapidly. The latter language is nonetheless useful in order to classify the representations which
are potentially more prone to induce a large e↵ect: at tree level there are basically three class
of diagrams (cf. Fig. 5) which can generate |H|

6 by integrating out a heavy new scalar degree
of freedom.6 Here, we concentrate on trilinear Higgs self-coupling modifications generated by

Figure 5: Tree-level generation of the |H|
6 operator (external lines, black) obtained by inte-

grating out new scalar degrees of freedom (internal propagators, red).

|H|
6, since they uniquely modify the Higgs self-couplings. Also the operator @µ(H†

H)@µ(H†
H)

gives a contribution to the shift in the trilinear Higgs self-coupling, but it modifies all other
Higgs couplings as well.

6Note that it is also possible to exchange a massive vector at tree level, e.g. in presence of the trilinear
coupling gV H

†
DµH V

µ, where V
µ has gauge quantum numbers (1, 1, 0) or (1, 3, 0) (see e.g. [64, 65]). After

integrating V
µ out and applying the equations of motion one obtains an |H|

6 operator with Wilson coe�cient
proportional to �g

2
V /M

2
V . On the other hand, massive vectors (either in their gauge extended of strongly coupled

version) require a UV completion, thus going beyond our simplifying assumption of a one-particle extension of
the SM.
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for quartic:

Introducing new c6 contribution 
results in two possible 
instabilities for potential

(lfi) requires resummation of 
large field contributions

(sfi) requires too small cut-
off scale for EFT approach
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PERTURBATIVITY

4-vertex contribution and s + t + u channel dominate in different kinematical
regimes
�! a bound on �hhh and �hhhh can be set seperately
���hhh/�

SM
hhh

�� . 6.5 and
���hhhh/�

SM
hhhh

�� . 65 .

another criterium: [Di Luzio, Kamenik, Nardecchia ’16]

requirement that loop-corrected vertex < tree-level vertex
we find
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SM
hhh

�� . 6
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�� . 1 leads to
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���hhhh/�

SM
hhhh

�� . 68
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Largest shift in trilinear self-coupling

[Di Luzio, 
Groeber, MS ’17]

Tree-level 
enhanced 
models

strongly-coupled regime weakly-coupled regime

In which model we expect the largest shifts in the trilinear Higgs self-couplings?
If there is a tree-level contribution to L6 = c6

⇤2 |H|
6.

L = HH� or L = HHH�
�

H

H

�
H

H
HH

All such scalar extensions can be classified.

� O

(1, 1, 0) �HH†

(1, 3, 0) �HH†

(1, 3, 1) �H†H†

(1, 2, 1
2 ) �HH†H†

(1, 4, 1
2 ) �HH†H†

(1, 4, 3
2 ) �H†H†H†

How much can the trilinear Higgs self-coupling be in these models, taking into account
indirect constraints?
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WHICH MODELS?
from tree-level contributions

Such scalar extensions 
can be classified by
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Color code: ew vacuum is stable, metastable, unstable
Exclusion from mW (�r ) from [Lopez-Val, Robens ’14]

Higgs coupling measurement, see [ATLAS, arXiv:1509.00672]
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TRILINEAR HIGGS SELF-COUPLING IN SINGLET EXTENSION

• Higgs signal strength

• Perturbativity
• Vacuum stability

• Electroweak precision
stable, meta, unstable
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See talk by 
Jianghao Yu



Summary

➡ always trade-off between generality and precision (model 
dependence)

Optimising data analysis/interpretation is primary goal at LHC

➡ EFT fits provide well-defined framework to extract information 
on UV physics from Higgs boson measurements

➡ Existing data and analysis strategies not sensitive enough to 
set strong constraints on Higgs width or Higgs selfcoupling

When sensitive, Higgs might cure us from Big Mac Blues
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