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The Hierarchy Problem

Think about the Standard Model (SM) as an EFT with a cut-off at M ;:




Solving the Hierarchy Problem

Question: how come we live so close to the line?

Two answers: Some symmetry forces it! (susy)

The cut-off A, is not really M. In fact A << M jand A~1TeV

(Composite Models, Extra Dimensions et al.)

Both new physics @ ~TeV




Solving the Hierarchy Problem

Question: how come we live so close to the line?

The Third Way: (- History! Make o and 3 dynamical (fields in fact)

But the evolution

initial condition




The Relaxion

The minimal model:

H? + eA2H? cos(¢/f)

, 1 5 L
Linear slope for¢ ' 1 m,, Local minimain ¢

Both g and ¢ break shift symmetries
and can be naturally small |

A is the cut-off for the SM
A, is the scale at which the periodic potential is generated



The Relaxion

The minimal model:

V(6 H) = A9~ ;A% (1-22 ) H? + eA2H? cos(6/ 1)




The Relaxion

The minimal model:

V(6. H) = A%go — JA%(1-22) B2 4 eA2H? cos(0/f)




The Relaxion

The minimal model:

go

V(6. H) = A%gg — 1A% (1-22) B2 4 A2 cos(0/£)

(¢) The overall slope is

controlled by g.
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The Relaxion

Do we need to start close to ¢.? NO, if (during an

inflationary epoch).
Limitations: Inflation ®de Sitter space ® Temperature (from Horizon)

Quantum effects may _z
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Symmetries
PNGB #

Effective theory below m_:

)< T ()
f T f

What about ? (non-periodic terms) NS 51A9¢Hz

Makes the field space non-compact

The discrete shift symmetry cannot be broken by local operators



Symmetries

V(m, H) ~ ry(H?) cos (%) + ro(H?) cos (?

But how can we get
the same pNGB to
have two very

different periods
?




- Clockwork Relaxion

Key element: many pNGBs with the same decay constant f:

N—1
Lones = f? Za Ulo"U; —I-(ef Y ulu J+1—|—hc\-|—

§=0 U; = e™7/(V2F) §

)




N-Relaxion

Kaplan-Rattazzi clockwork axion:

In principle, it could be interpreted as an extra dimension at large
N, however, there’s no continuum limit!

Goals:

* Find a model closer to a dimensional deconstruction that: (i) has a
relaxion and (/i) provides a effective scale F much greater than f.

* Generalize to non-abelian symmetries



N-Relaxion
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Quadratic (mass) terms everywhere, diagonalization needed



N-Relaxion

N
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Amplitudes are also controlled by g
Bigger frequencies <> smaller amplitudes

V(n,) gets flat for g<<1




N-Relaxion

Interaction with the Higgs:

C
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New explicit breaking at site N

Most general thing you can do

¥

Generates the linear terms
Generates high frequency
oscillations once v #0

Also generates dangerous barriers by closing the H loop. A possible solution is to
adopt the double scanner of Espinosa et.al (1506.09217)



N-Relaxion

Interaction with the Higgs:
| H |*
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Solving for the classical stopping of the rolling:




N-Relaxion

Interaction with the Higgs:
| H |*

AH
4

C

A
H|'+e—=Tr[@n+®}]| HI*

AZ
Lo = (1 5 ) Lot IDLHI+ | HP

A2

Solving for the classical stopping of the rolling:

Constraints:

“not the inflaton” » H;M, > A?
“classical rolling vs quantum fluctuations” » g"tt > H?/f3




N-Relaxion

Interaction with the Higgs:
| H |*

AH
4
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A2

Solving for the classical stopping of the rolling:

Constraints:
“not the inflaton”

6
gVt > A
“classical rolling vs quantum fluctuations” feM3




N-Relaxion

Interaction with the Higgs:
| H |*

AH
4

C
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Lo = (1 5 ) Lot IDLHI+ | HP

A2

Solving for the classical stopping of the rolling:

Constraints:
“not the inflaton”

6
gVt > A
“classical rolling vs quantum fluctuations” feM3

“suppressing terms like ¢ Cos?2” »




N-Relaxion

Interaction with the Higgs:
| H |*
A2
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q < 10—23/(N—|—1)
f < 10% GeV




Conclusions

* The relaxation models are a . If we come to the
conclusion that they are self-consistent, then the hierarchy problem
ceases to be an argument for :

* We manage to build an with a well defined
continuum limit. Some improvements are needed and/or interesting:

* To build the sector (or another solution to the
high frequency oscillations induced by the Higgs)

* Relaxion models require a low Inflation scale and a very large
number of e-folds. It would be very interesting to find other
sources of friction, e.g. particle production (see Hook, Tavares
1607.01786)

* What about the ? What theory do we get in
AdS.? (In preparation)



Thank You!






“Deconstructing AdS.

e Nuv AT dy? Which is the same as the gauged pNGB to
' quadratic level:
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