(Naturally) Light Dilaton

Alex Pomarol UAB & IFAE (Barcelona)

+ Short overview
+ Conformal transitions (in view of lattice results)
+ Phenomenological consequences
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Pseudo-Goldstone

= Dilat
from scale SSB ! E-.l on

Under scale transformations:

d(x) — ek P(ekx) P — ebdy,
A potential is allowed:

fd*xV(®) = fd*x AP*

SSB: (®)= const*0 only if A=0 (tuning!) Fubini 76
As the cosmological problem: Why V(®)=0?

. . Important
Light dilaton <> Small vacuum energy for phase transitions
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e Strongly-coupled theories (composite dilaton):

QCD-like theories: Difficult to keep Ba« | at the Aqcp

‘> heavy dilaton
Only option:

==P Holography (extra-dimensional models)
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5D theory of a light radion/dilaton

@ see e.g. B. Bellazzini et al (arXiv:1305.3919)
F. Coradeschi et at (arXiv:1306.4601)
Megias, Pujolas (arXiv:1401.4998)




Recent inside from Lattice
on light dilatons
in the QCD conformal transition
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Conformal breaking in AdSs due to the mass going below the BF bound
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Conformal breaking in AdSs due to the mass going below the BF bound
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Always possible to stabilize the brane by the 4D tachyon:

2z n=| g¢round
Veln2E ~nr o n=1.2, ... { ground state
n=2,3,... Efimov states

— — (the model has a discrete scale invariance)



Some pheno implications

(for strongly-coupled TeV sector with light dilatons)
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Could this lighter scalar be the Higgs? Resurrecting Technicolor?

® Mass? Not light enough

For Mvector reso. > 3 Tev)
we need a reduction, in squared masses, of < 0.002
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Implications in
the cosmological history
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Tunneling rate:
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Additional supercooling epoch
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Additional supercooling epoch

Vew

AT

g ¢

Additional QCD phase transition

Implications? Impact on axion abundance
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If supercooling:

Additional QCD
phase transition
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If supercooling:

Ordinary QCD
phase transition
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Right axion DM abundances for larger F;:
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Cosmic strings and domain walls

Vew

-------------
R A Ll LT TN
e,
Ny
n
1]
L ]
1
'
~
.
L 4
.
*

¢ ‘*
_ strings reenter!
\

String stretched 8

beyond the horizon domain walls
cannot annihilate them



Conclusions

® Light dilatons not easy but possible

® Could emerge from a conformal to non-conformal transition
as seen by Lattice (but not parametrically light)

e |Important to search for them at the LHC

® |mpact in the cosmological history:

High-energy physics can affect low-energy physics

e Changes in the axion relic abundance m F, larger can be possible!



