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Motivation Introduction to Little Higgs Models Results

Motivation

How to constrain a generic model in HEP?

direct searches of resonances

electroweak precision tests

flavour constraints

nowadays: Higgs sector

Higgs sector is the key to understand EW-scale physics (and beyond?)
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Motivation Introduction to Little Higgs Models Results

Quicksand of the Standard Model

a new resonance at 126 GeV has just been discovered, but...
radiative corrections to SM Higgs mass are quadratically divergent

Composite Higgs & Little Higgs Lessons from QCD Skyrmions in little Higgs models The electric charge problem

The hierarchy problem

Radiative corrections to the Higgs mass are quadratically divergent
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Renormalisability ⇒ cancellation by a counter-term
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Still, the cancellation required is highly unnatural.

m2
h » m2

0 ` Λ2
ˆ ploop factorsq “ p126 GeVq2

Big Hierarchy Problem

highly unnatural for Λ " TeV
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Quicksand of the Standard Model

need new physics to prevent fine-tuning!
in particular (for 10% fine-tuning), new physics should appear at

Λtop À 2 TeV, Λgauge À 5 TeV, Λquartic À 10 TeV

but... severe constraints on the low-energy effects of new-physics:

Interestingly, we can turn this problem into a prediction for the LHC. The
argument goes as follows: let us assume that precision electroweak data are
indeed telling us that there are no new particles beyond the Standard Model
(with the exception of possible additional Higgs doublets) with masses at or
below the weak scale. Then physics at the weak scale may be described by
an “effective Standard Model” which has the particle content of the Standard
Model and in which possible new physics is parametrized by higher-dimensional
operators suppressed by the new physics scale Λ >∼ TeV. All renormalizable
couplings are as in the Standard Model. If there are additional Higgs fields then
more complicated Higgs self-couplings as well as Yukawa couplings are possible.
Since no Higgs particles have been discovered so far, the effects of additional
Higgs fields can be parametrized by effective operators for the Standard Model
fields.

The higher-dimensional operators can be categorized by the symmetries
which they break. The relevant symmetries are baryon and lepton number
(B and L), CP and flavor symmetries, and custodial SU(2) symmetry. The
wealth of indirect experimental data can then be translated into bounds on the
scale suppressing the operators [1, 2, 3, 4]. Examples of such operators and the
resulting bounds are summarized in Table 1. The bounds imply that physics at
the TeV scale has to conserve B and L, flavor and CP to a very high accuracy,
and that violations of custodial symmetry and contributions to the S-parameter
should also be small.

broken symmetry operators scale Λ

B, L (QQQL)/Λ2 1013 TeV

flavor (1,2nd family), CP (d̄sd̄s)/Λ2 1000 TeV

flavor (2,3rd family) mb(s̄σµνF µνb)/Λ2 50 TeV

custodial SU(2) (h†Dµh)2/Λ2 5 TeV

none (S-parameter) (D2h†D2h)/Λ2 5 TeV

Table 1: Lower bounds on the scale which suppresses higher-dimensional oper-
ators that violate approximate symmetries of the Standard Model.

The question then becomes if it is possible to add new physics at the TeV
scale to the SM which stabilizes the Higgs mass but does not violate the above
bounds. To understand the requirements on this new physics better we must
look at the source of the Higgs mass instability. The three most dangerous
radiative corrections to the Higgs mass in the Standard Model come from one-
loop diagrams with top quarks, SU(2) gauge bosons, and the Higgs itself running
in the loop (Figure 1).

All other diagrams give smaller contributions because they involve small
coupling constants. Assuming that the Standard Model remains valid up to a
cut-off of order the LHC center-of-mass energy, Λ ∼ 10 TeV, the three diagrams

3

Little Hierarchy Problem

no fine-tuning implies Λ À 1TeV
vs.

no dangerous corrections implies Λ Á 10TeV
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Motivation Introduction to Little Higgs Models Results

Two paradigms for EWSB

hierarchy problem as guideline to answer the following question:

what is the dynamical origin of EWSB?

weakly coupled answer Ñ Supersymmetry

strongly coupled answer Ñ Composite Higgs, Little Higgs...
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Strongly coupled answer

Original idea: pions of low-energy QCD

low-energy QCD

- pions: pNGB of SSB (new d.o.f.)
- eff. theory valid up to E<Λ

QCD

- quarks as d.o.f.
- perturbative th. for E>Λ

E
Λ ∼ 1 GeV:

SSB of QCD-flavour symmetry
SU(2)xSU(2)→SU(2)

Motivation Introduction to Little Higgs Models Results
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Motivation Introduction to Little Higgs Models Results
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Composite/Little Higgs Ansatz

Higgs as pNGB of a new (approximate) global symmetry
which is spontaneously broken at a scale Λ „ 4πf
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Summary

The Little Higgs paradigm:

Higgs as a pNGB of a global SSB at Λ „ 4πf (like pions!)

new fermionic/vector states with masses „ f besides SM-ones

EWSB is triggered naturally (Collective Symmetry Breaking), i.e.
v „ Op100 GeVq for f „ 1 TeV with only logarithmic sensitivity to the
cut-off Λ ñ Big Hierarchy solved!

Λ „ 10 TeV for f „ 1 TeV ñ Little Hierarchy solved!

it is an effective theory valid up to Λ: no UV-completion of the strongly
coupled regime E ą Λ
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Statistical analysis

We considered the three most popular Little Higgs models:

Simplest Little Higgs (SLH) [Schmaltz]

Littlest Higgs (L2H) [Arkani-Hamed et al.]

Littlest Higgs with T-parity (LHT) [Low et al.]

and realized a χ2 analysis on their parameter spaces, taking into account the
whole set of 7+8 TeV Higgs searches by ATLAS and CMS, and by fitting 21
different EW Precision Observables:

χ2
“

ÿ

i

pOi ´Oexp
i q

2

σ2
i

where Oi depends on the free parameters of the model considered.
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Data used: Higgs sector

the Higgs results are expressed in terms of a signal strength modifier

µi “

ř

p ε
p
i σp

ř

p ε
p
i σ

SM
p

¨
BR phÑ XiXiq

BR phÑ XiXiqSM

we included in our χ2 analysis the best-fit values of µi reported by the
Collaborations for all the different 7+8 TeV channels i:
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Data used: EWPD

every extension of SM has to satisfy at least the
precision constraints of the electroweak sector:

low-energy observables

e.g. ν-scattering, parity violation observables...

Z-pole observables

e.g. mZ , ΓZ , Z-pole asymmetries...
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LH Smoking guns

Where do the LH corrections to the SM quantities come from?

new decay channels of the Higgs, e.g. hÑ AHAH in LHT

modified Higgs couplings with SM fermions and vector bosons

e.g. 2
m2
W

v
yW hW`W´, yW “

#

1 SM

1`O
`

v2{f2
˘

LH

interaction terms of Higgs with new fermions/vector bosons

e.g.
mT

v
yT h T̄ T mT „ f, yT „ O

`

v2{f2
˘

modified neutral- and charged-currents

e.g.
g

cW

ÿ

f

f̄γµ
´

pgSML ` δgLqPL ` pg
SM
R ` δgRqPR

¯

f Zµ
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LHT results

**

1% 5% 10%

95% CL

99% CL

0.0 0.2 0.4 0.6 0.8 1.0

0.5

1.0

1.5

2.0

2.5

3.0

vSM � f

R

χ
2
min{d.o.f. “ 1.06

χ
2
SM{d.o.f. “ 0.97

free parameters: f SSB scale, R ratio of
Yukawa couplings in top sector

f99%min “ 487.0 GeV, translates into lower
bounds on new states’ masses, e.g.

mW 1 Á 323.5 GeV
mT Á 743.1 GeV

beyond the current limits from direct searches

min. required fine tuning: „ 10%, defined as

∆ “
|δµ2|

µ2obs

results mainly driven by EWPD (see next slide)
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Higgs data vs. EWPD

**
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no EWPD
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EWPD only
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3.0

vSM � f

R
the shape of the combined result is driven by the EW constraints (much smaller
uncertainties)
Higgs data only: for v{f Á 0.6 decay hÑ AHAH open and dominant
Higgs data only: subdominant dependence on R w.r.t. f is a consequence of the
Collective Symmetry Breaking mechanism
EWPD only: in the central region around R „ 1.5 there is a cancellation among
the different contributions to the T-parameter (best fit: T “ 0.05˘ 0.12)
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Conclusions

Little Higgs models are an appealing solution to the hierarchy problem,
alternative to weakly coupled solutions like SUSY

most of the parameter space of three popular Little Higgs models is still
compatible at „ 99% CL with the early results of the 7+8 TeV Higgs
searches

electroweak precision data represent still the most severe constraints

fine-tuning as a guideline to understand the naturalness of a model: Little
Higgs models require a minimum level of „ 10% of fine tuning

new data on the Higgs sector with increasing luminosity will reduce the
uncertainties and thus give more precise information
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SLH results

**

1%

5%
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95% CL

99% CL
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vSM � f

t Β

χ
2
min{d.o.f. “ 1.02

χ
2
SM{d.o.f. “ 0.97

free parameters: f SSB scale, tβ ratio of vevs
of scalar fields φ1,2

f99%min “ 2.72 TeV, translates into lower
bounds on new states’ masses, e.g.

mW 1 Á 1.23 TeV
mT Á 2.68 TeV

beyond the current limits from direct searches

min. required fine tuning: „ 1%, defined as

∆ “
|δµ2|

µ2obs

results mainly driven by EWPD
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L2H results

**
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c

χ
2
min{d.o.f. “ 0.99

χ
2
SM{d.o.f. “ 0.97

free parameters: f SSB scale, c mixing angle
in gauge sector

f99%min “ 3.12 TeV, translates into lower
bounds on new states’ masses, e.g.

mW 1 Á 2.07 TeV
mT Á 4.38 TeV

beyond the current limits from direct searches

min. required fine tuning: „ 0.1%, defined as

∆ “
|δµ2|

µ2obs

results mainly driven by EWPD
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Partial decay widths in LH

1-loop decays

ΓphÑ ggqLH „
α2
sm

3
h

32π3v2

ˇ

ˇ

ˇ

ÿ

f,col

´
1

2
F 1

2
pxf q yf

ˇ

ˇ

ˇ

2

ΓphÑ γγqLH „
α2m2

h

256π3v2

ˇ

ˇ

ˇ

ÿ

f,ch

4

2
F 1

2
pxf q yf `

ÿ

v,ch

F1pxvq yv `
ÿ

s,ch

F0pxsq ys

ˇ

ˇ

ˇ

2

where xi “
4m2

i

m2
h
, Fipxiq are loop functions, yi the modified Yuk. couplings

ñ narrow-width approximation:
σLH
σSM

pgg Ñ hq “
ΓphÑ ggqLH
ΓphÑ ggqSM

tree-level decays

ΓphÑ V V qLH „ ΓphÑ V V qSM

ˆ

ghV V
gSMhV V

˙2

ΓphÑ ff̄qLH „ ΓphÑ ff̄qSM

ˆ

ghff
gSMhff

˙2

where ghV V “
m2

V
v
yV and ghff “

mf

v
yf
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