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Walking RG flows

— Two well-known physical examples
— Weak 1st order phase transitions (CM)
— Walking technicolor (BSM)

* We propose that, it 1s the same RG phenomena, which, in some

cases, can be described with the help of complex CFTs



Walking RG flows for BSM

— WTC 1s a way to get around some of the constraints on composite

Higgs models.

— Consider a strongly coupled sector which has approximate scale
invariance in some range of energies Ajp < FF < Ayy ,and

assume Higgs 1s a part of this sector.
— Then, in this range of energies, Higgs operator has some 2\ H

— We couple it to the rest of the Standard Model:
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Walking RG flows for BSM
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— H gets a vev at the scale A;p = Egw,

— S0 Yukawas are given by ( Arp > Ap—1
Yi — Yi

Apvy

— There are two contradicting requirements:
- ye~1—=Ayy ~Arg
— FCNC should be suppressed i pi gk !
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Walking RG flows for phenomenology
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— Way out 1s to have A ~ 1
— But this leads to another potential problem: in unitary CFTs,
so we are back to fine-tuning problem due to a relevant singlet

operator.

Viable regions for Conformal Technicolor models
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Slow RG flows

Two ways of producing slow RG flows

/

"Mild Tuning” “Walking”

(Deformed CFT) (Vicinity of a CFT merger)



Mild Tuning

— Conformal Technicolor (Luty-Okui *04)

SStrong — CFTUV = CA?]_VAO

1
— Scale invariance is brokenat Ajp = Apyci—=2

— ¢ < 1 (symmetry)
— A ~ 4 (“Mild” tuning)

— A = 4 Asymptotic freedom is a particular case of Mild tuning



Walking (Ex: Contormal window)

— Consider QCD with Nt flavors:
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—What happens at the ends of the conformal window?



Walking (Conformal window)

— What happens at the ends of the conformal window?

— A fixed point cannot just disappear
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- We can discuss more exotic scenarios later



Walking (Ex: Contormal window)
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— Consider a “toy model”

Br = (Ny — Nj) = \°

—For N¢ >N ;'E there are two fixed points, but what happens for
Ny S Ny - for which walking has been observed on the lattice?



Walking (Toy model)
Br=(Ny—Nj;)— X N;SN;

— There are no real CFTs, but there are two complex solutions!

A = z'\/N;: — Ny

— Note that (the real) RG flow 1s walking and there 1s an

exponentially large hierarchy of scales:
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— Walking occurs 1n the vicinity of a generic CFT merger point




Walking RG flows
Br=(Nj— Ni)— A2 A==\ /N; = N;

— Our main point 1s that these complex CFTs are still very useful to
describe the real unitary RG flow, as long as imaginary parts are

small.

— We can do Conformal Perturbation theory around C or C
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Walking RG flows
Br=(Ny—N7)— A2 A==i\/Nj - N,

— Our main point 1s that these complex CFTs are still very useful to
describe the real unitary RG flow, as long as imaginary parts are

small.

— We can do Conformal Perturbation theory around C or C
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CPT around a complex CFT

— Imagine a complex CFT with an operator of dimension

A =d+ie+ O(e)

— Deform CFT with this operator: 5;
d PR
SCFT+g/d 990, . —
— Then . N
B(g) = ieg + m1Coooyg
beta-function 1s real for g = 4" + v = ;_ZECO oo + v
o

and has the form
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CPT around a complex CFT
g T~

Biu* +v) = —Ae® — Bv?

Bxr = (Ny— N7) = X\°
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— The “Toy model” describes a
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with the same symmetries, hence walking

behavior 1s generic 1n this case (no need to turn on the operator).



A calculable example: Potts model (in 2D)

— Generalization of Ising model in which spin field can take Q values
{Sz — _6 Z 5SZ Sj

— For Q<4 there are two CFTs (critical and tricritical) that merge at

Q=4 - » conformal window.

— For Q>4 there 1s no critical point, but a very weak 1st order phase

transition:
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A calculable example: Potts model (in 2D)

— We analytically continue CFT data to Q>4 to get a complex CFT:

Q-1
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A calculable example: Potts model (in 2D)
— We analytically continue CFT data to Q>4 to get a complex CFT

— There is a close to marginal operator: &’
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— CPT with 1imaginary coupling:
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A calculable example: Potts model (in 2D)
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A calculable example: Potts model (in 2D)
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Other CM examples: Deconfined criticality
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Conclusions:

Walking occurs in the vicinity of a merger of CFts
Complex CFTs can control real, unitary RG flows

CPT 1s under control (ff A =d + ie )

This knowledge can (and should) be used to study models
of Walking Technicolor

In particular, bootstrap constraints get partially alleviated

Applications in Condensed Matter systems with weak 1st

order phase transitions.

What about the light dilaton?




light dilaton?

(pseudo-) Goldstone boson of spontaneously broken conformal

symmetry.

Was conjectured to be present in WTC models and used in

various ways for Hierarchy problem.
Walking = small explicit breaking of conformal symmetry
Not a sufficient condition to have a light dilaton

Instead, one needs a moduli space 1n a CFT for spontaneous

breaking of scale invariance.
Marginal operator £ moduli space

Potts model doesn’t have a dilaton in the walking regime.



Alternatives for the end of the conformal window
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Alternatives for the end of the conformal window
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