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The Conformal Window

SU(Nc) gauge theory with Nf fundamental quarks
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If critical y = 1.... Nf/Nc~4

Appelquist, Terning, Sannino,...



Holography

We treat RG scale as a direction of space-time....

Conformal theories eg
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on which field theory lives
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Reproduced in AdS metric when
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So u can represent an energy scale...



Holography
Now solve the Klein Gordon equation in AdS....
C and C’ are objects

in the gauge theory...
they have dimension

S ~ / d*z du /—g(g™N oroond + M2 ¢?)

Consider spatially homogenous solutions where ¢ = ¢(u)

A and 4-A S ~ / Az du u? (U2 0,00ud + M2¢?)
They have the same E-L equation:
symmetry properties
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has solution

We associate them
with gauge invariant
Jand O
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A(A —4)= M-

bulk is weakly coupled when N=4 SYM is

t _ AdS/CFT has taught us that AMAZINGLY the
strongly coupled...
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Brutally Simple Model of the CW

We model the qg condensate by a scalar in AdS

We’ve described a
dimension 3 operator...

S~ / d*z du /—g(g MNGrrpon g + M ¢ )

But in the IR A should
change...

o [p:ﬁ% (L) >+ pAm?(p, L) LQ]

Breitenlohmer-Freedman Bound

A scalar in AdS is stable until m2 <-4
ie A <2



Brutally Simplified Model

2 . dlnm,
EG b= T = p— =
dp

With the
perturbative result
for two loop running
of qg dimension the
transition occurs at

Nf/Nc =4




Example of Numerics

Let’s work with

= 1..... BF bound violated

A
A= 1... at scale A

a determines slope at A

We numerically solve for L(p) by shooting from an IR boundary
condition.... L' (p) = 0 seems sensible...

L(0) is the IR
quark mass...




Meson Masses

We can now include the x-dependent term in the action...
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L is again cutting off the IR here...

We can find L embeddings
and then the mesonic qq
scalar states...




B KT t ra n S it i O n arXiv:0905.4752[hep-th]; arXiv:1002.3159 [hep-th]

A transition due to a violation of the BF bound in the
deep IR is of holographic BKT type...

The Schroedinger equation for the
mesonic fluctuations at m2=-4
has an infinite number of unstable
modes...

(Miransky scaling)



Walking Dynamics

Just above the CW regime theories have an enhanced UV
guark condensate

Walking

* |s the sigma particle light — a techni-dilaton?
* Do these make good inflation theories?



Techni-dilaton

Let’s work with

A= 1... BF bound violated
A = 1..... atscale A

a determines slope at A

We can now find embeddings
and then the mesonic qqg
scalar states...




Small relative to what? We compare the meson masses to
the quark mass L(0)
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As « falls to zero so do the meson masses... preparing to become a
conformal spectrum at a@=0...

The lightest state becomes anomalously light — a techni-dilaton (?)...

One could imagine tuning m_higgs < 10 m_techni-quark this way...
seems quite easy...



arXiv:1009.5678 [hep-th]; arXiv:1208.3060 [hep-ph]

Inflation

Walking

FIG. 3: The quark condensate (gg) against A in the model of
(7) and ¢ in (11) in each case for fixed vacuum energy AV'.




The roll from false
vacuum to true...

The meson masses of the
unstable vacuum.. There is a
single inflaton... whose mass
falls to zero as one
approaches the transition...

You can also time the roll in an explicit time dependent
computation and show it increases in length as one
approaches the CW transition...

If you're willing to fine tune to the transition you can get an
arbitrarily flat potential/ long roll time...



Conclusions

The CW and exit can be sensibly modelled by a single
scalar for qq in AdS with dynamics input via a radially
dependent mass term

Holography predicts the conformal window becomes
unstable when y=1

Holography predicts the transition is of BKT nature

If the gradient of y falls to zero at and around y=1 then
a techni-dilaton is observed

Tuning to the exit point gives a very flat effective
potential for q suitable for naive slow roll inflation



Jarvinen & Kiritsis Holographic Model

arXiv:1112.1261 [hep-ph]

. Sd SUpergraVIty ds® = e di —{;.{4

A scalar to represent running coupling

V(A, A) —impose preferred IR and UV
behaviour

Nf/Nc ~ 4

¢ scalar to represent qqg condensate

V(@, A, A) — to determine if gq condenses



