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What the SM Higgs boson is

massless excitations
(NG bosons)

radial excitations 
(massive)

V (Φ)

Higgs boson:

Excitation of the condensate with tuned 
couplings which maintains the theory 
perturbative up to very high energies
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More than 1 (elementary) 
Higgs (ex: SUSY):
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NG bosons of G/H transforms non-linearly under G

They transform linearly under H form representations of H
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The case of the EW symmetry

- naively:
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NG bosons of G/H transforms non-linearly under G

They transform linearly under H form representations of H

The case of the EW symmetry

- naively:

- actually: form a triplet 
of a custodial SU(2)
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NG bosons of G/H transforms non-linearly under G

They transform linearly under H form representations of H

Theory stays perturbative 
to high energies if: 

is restored  

(i.e. linearly realized) at

the Higgs boson must form a doublet of



linearly realized at high energies ?SU(2)L×U(1)Y
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Can we call h125 the “SM Higgs” ? 

Question can be rephrased as follows:

Is h125 part of a weak doublet which makes              

Is the EWSB dynamics weak or strong ?
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Two ways to test:

1. Measure Higgs couplings precisely and verify 
that they agree with SM prediction



A(V V → V V ) ∝ E2

A(V V → hh) ∝ E2

A(tt̄ → hh/V V ) ∝ Emt

A(tV → tV ) ∝ Emt
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Two ways to test:

1. Measure Higgs couplings precisely and verify 
that they agree with SM prediction

2. Directly access scattering amplitudes which grow with the energy

sensitive to new states (resonances) involved 
in unitarization
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Two ways to test:

1. Measure Higgs couplings precisely and verify 
that they agree with SM prediction

2. Directly access scattering amplitudes which grow with the energy

sensitive to new states (resonances) involved 
in unitarization

requires a model-independent parametrization 
of Higgs phenomenology (Effective Lagrangian)
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Higgs Effective Lagrangian

Start with building blocks of the                         theory w/o Higgs bosonSU(2)L×U(1)Y

expansion parameter

NG bosons (chiral expansion)

Gauge fields

Fermions
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Higgs Effective Lagrangian

Start with building blocks of the                         theory w/o Higgs bosonSU(2)L×U(1)Y

expansion parameter

NG bosons (chiral expansion)

Gauge fields

Fermions

Approximate symmetries:

1. Lepton and Baryon numbers  (imposed)

2. Custodial symmetry  (set global coset)

3. Flavor ?
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Higgs Effective Lagrangian

Operators built as series in 
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Higgs Effective Lagrangian

Operators built as series in 
MFV hypothesis
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Example of possible (arbitrary) assumption: Partial UV completion (PUVC)

at          coupling strength of the 
Higgs is of the same order as that 
of the NG bosons 

RC, Marzocca, Pappadopulo, Rattazzi  JHEP 10 (2011) 081 

E=Λ

http://dx.doi.org/10.1007/JHEP10(2011)081
http://dx.doi.org/10.1007/JHEP10(2011)081
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Example of possible (arbitrary) assumption: Partial UV completion (PUVC)
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no relation between terms with    
Higgs bosons and terms with n>0

n=0
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In general: 

Example:

modifies      spectrum in Higgs 
associated production
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Figure 3. Differential pp crossection normalized to the SM value: R(q̂2) = [σSM(pp → Zh]−1 ×
×dσEFT(pp → Zh)/dq̂2. Top Left: pp cross section for the same ci used in Fig. 1 (

√
s = 8TeV)

using Eq. (5.4) . Top Middle: Varying the parameter c2 over values 0.01 (dashed), 0.05 (dot-
dashed) and 0.2 (dotted) using Eq. (5.4). The parameters c1, c3 are fixed to 1, 0 in this case. Top
Right: Varying the parameter c3 over values 0.01 (dashed), 0.05 (dot-dashed) and 0.2 (dotted) using
Eq. (5.4). The parameters c1, c2 are fixed to 1, 0 in this case. Middle row: Same as the top row
except the un-truncated expression for Eq. (2.6) is used. Bottom Left: EFT parameters leading
to a suppressed leading-order couplings of h to the Z: ci = (0.5, 1, 0.01) for the dashed curve and
ci = (0.5, 0.01, 1) for the dotted curve. Bottom middle and right plot: Same parameter choices as
in the corresponding plots in the top row, for

√
s = 13TeV.

these spectra would offer the opportunity to significantly constrain anomalous interactions
of a 0+ state in the general EFT.
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Example:

Isidori, Trott JHEP 02 (2014) 082

constrained by LEP
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How to live near the SM:

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

2. There is a gap between the NP scale and mh
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Processes with 0, 1, 2, ... Higgses now related

Q: What is already constrained by experiments w/o Higgs ?
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Conclusions

 Model-independent parametrization (and perspective) needed to test 
nature of Higgs boson

 Higgs data seem to indicate: 
   i)  Higgs boson is part of a doublet (                    linearly realized)
   ii) gap between EW scale and cutoff

 Dimension-6 analysis of Higgs physics:
   only 2 un-probed directions to New Physics
   many directions closed by past experiments 

SU(2)L×U(1)Y


