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• It is remarkable how the hypothesis , the desert, 
very simply explains many structural aspects of particle 
physics

• This encourages us to try and understand how can   be 
plausibly made hierarchically separated from 

ΛUV ≫ 1TeV
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… to our great frustration we find we cannot !
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In order to write the detailed mapping of parameters we need of course 
the full UV theory

However in order to estimate roughly what to expect based on symmetry 
considerations it is enough to consider the effects of quantum fluctutation 
within the EFT
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Galileo would surely have gasped had he found c = 10�20

very much like the frequency of pendulum



But why didn’t people worry about the electron mass?



But why didn’t people worry about the electron mass?

….well, actually at a certain point they did
 

naive classical picture of electron E ⇠ e2
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The reason for this cancellation is chiral symmetry
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Fermion mass is only multiplicatively renormalized
no additive, possibly large, contribution



And what about the photon?

Shouldn’t we worry for the origin of his vanishing mass?



And what about the photon?

Shouldn’t we worry for the origin of his vanishing mass?

No!
as long as 2 ≠ 3



BSM and the Hierarchy Paradox
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Can this ideal be realized ?
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New SM ≡ BSM
 options2

• no elementary 
scalars: Composite 
Higgs

• elementary scalars with 
symmetry protecting their 
mass: Supersymmetry
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A more dramatic 3rd option:

Quantum
Gravity

Low scale QG with large extra dimensions
Arkani-Hamed, Dimopoulos, Dvali 1998
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• Simplicity seems harder to realize

• However the separation of fields via their localization on 
‘branes’ in the large extra directions can seed Simplicity

• Indeed the only realistic construction of Composite Higgs 
models rely on extra dimensions through the holographic 
bulk/boundary correspondence
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The scalar mass is controlled by the same chiral symmetry that 
controls the fermion mass

•    can be naturally m2
φ

•  that does not yet explain how   got to be              ,   but 
 sets the stage for an explanation
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Lot of stuff             …which we do not observe

Supersymmetry must be ‘spontaneously’ broken
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 Matter Parity PM
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Scalar masses and flavor

• In general no correlation with  and no GIM mechanism

• Unacceptably large 1-loop contributions to FCNC, edms, etc

• The solution to this problem requires the implementation of 
clever and somewhat ad hoc model building mechanisms:
Simplicity bought by Cleverness

VCKM

Ex: Gauge Mediated Supersymmetry Breaking

Ex: Approximate Flavor Symmetries
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• These clever mechanisms in their extreme incarnation allowed 
flavor constraints to be met with sparticles around the weak scale, 
fully compatibly with Naturalness

• However LHC data indicate Nature’s preference to be simple and 
her reluctance to be clever

• Notice that cleverness could be significantly spared at the price of 
some tuning by having the sparticles in the TeV range

• The exploration of the energy and precision frontiers provides 
complementary constraints on Naturalness and Simplicity

10 − 100
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Higgs Compositeness

‘Higgs’ Sector Higgsless SM

gauge

proto-Yukawa

resonances
TeV

mH

resonances
mρ

mπ

QCD

best option: 
H is a pseudoGoldstone simplest option:  H = SO(5)/SO(4)



Proto Yukawas: two options
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charged fermion masses come from    like unwanted FCNCℒd>4

OH = T̄ T
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Ex.: in technicolor models

1

⇤0d2
UV

f̄fOH +
1

⇤0d2
UV

(f̄f)(f̄f)
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seen not seen



✦ linear yiA f̄i A
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  represent a much ‘bigger’ set of sources than just the SM Yukawas: no 
  magic guaranteed

Alas!

yiA
ℒ4



It seems there is no free lunch

✦   beautifully accounts for the observed structural 
simplicity of particle physics, but is un-natural

✦ All natural extensions of the SM need to be retrofitted 
with some ad hoc mechanism in order to reproduce the 
simplicity of observations

ΛUV ≫ mH

This is the Hierarchy Paradox



⇤NP

TeV

High Scale SM: 
super simple & super un-natural

TeV Scale New Physics: 
not simple & almost natural

See also talk by R. Sundrum  HEFT 2016

1012 TeV
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Middle Options?
just simpler and not yet  

super un-natural
102 TeV
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104 TeV
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better Flavor and 
perfect EW

perfect Flavor and  CP



Energy

Precision

natural
EWSB

less clever: simpler
Flavor structure

⇤NP

Leff =
yijk`
⇤2

NP

q̄iqj q̄kq` + mi
yij
⇤2

NP

q̄i�µ⌫qjF
µ⌫ + . . .

Complementarity of Energy and Precision

yij
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Flavor structure

⇤NP

Leff =
yijk`
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NP

q̄iqj q̄kq` + mi
yij
⇤2

NP

q̄i�µ⌫qjF
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Complementarity of Energy and Precision

natural &
simple

not natural
but simple

not simple
but natural
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And if it were just a big tuning?

< H > 6= 0

< H >= 0

SM lives on critical line

c2

c1

toy phase-diagram

m2
H

=
X

a

Cia M
2
a
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M2
a ⇠ ⇤2

UV
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m2
H

> 0
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m2
H

< 0
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The Lanscape and Anthropic Selection

• the fundamental theory possesses a huge landscape of vacua each 
corresponding to a different choice of parameters 

IDEA
• quantum fluctuations in the early universe dynamics populated all 

vacua...each in a different patch of the universe (the Multiverse)

Why are we sitting 
 on the critical line?

Because that apparently maximizes complexity:
the existence of  richly structured nuclear

and atomic physics


