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Strong Electroweak Breaking

Most elegant solution of the hierarchy problem

But...
MW ∼M0e

−8π2/g2
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• Precision electroweak data

• Flavor

May require

yQ̄LuRH → 1
Md−1

Q̄LuRO

• Why not e.g.                       ?    FCNCs...
1

M2
(Q̄LuR)2

32 10. Electroweak model and constraints on new physics

the data currently favor T < 0, thus strengthening the exclusion limits. A more detailed
analysis is required if the extra neutrino (or the extra down-type quark) is close to
its direct mass limit [167]. This can drive S to small or even negative values but at
the expense of too-large contributions to T . These results are in agreement with a fit
to the number of light neutrinos, Nν = 2.986 ± 0.007 (which favors a larger value for
αs(MZ) = 0.1228 ± 0.0021 mainly from R" and ττ ). However, the S parameter fits are
valid even for a very heavy fourth family neutrino.

Figure 10.3: 1 σ constraints (39.35%) on S and T from various inputs. S and T
represent the contributions of new physics only. (Uncertainties from mt are included
in the errors.) The contours assume MH = 117 GeV except for the central and
upper 90% CL contours allowed by all data, which are for MH = 340 GeV and
1000 GeV, respectively. Data sets not involving MW are insensitive to U . Due to
higher order effects, however, U = 0 has to be assumed in all fits. αs is constrained
using the τ lifetime as additional input in all fits. See full-color version on color
pages at end of book.

There is no simple parametrization that is powerful enough to describe the effects
of every type of new physics on every possible observable. The S, T , and U formalism
describes many types of heavy physics which affect only the gauge self-energies, and it
can be applied to all precision observables. However, new physics which couples directly
to ordinary fermions, such as heavy Z′ bosons [152] or mixing with exotic fermions [168]
cannot be fully parametrized in the S, T , and U framework. It is convenient to treat
these types of new physics by parameterizations that are specialized to that particular
class of theories (e.g., extra Z′ bosons), or to consider specific models (which might
contain, e.g., Z ′ bosons and exotic fermions with correlated parameters). Constraints on

June 16, 2004 11:57

NDA

•                 for top massM ∼ TeV



Making it Realistic
• FCNCs

   Just add SUSY!

   SUSY flavor problems solved for MSUSY >∼ 10 TeV

• Strong top dynamics

Requires physics beyond QCD-like technicolor 
at the weak scale

Conformal symmetry!

H
−→

(“Bosonic technicolor” S. Samuel 1990)



Conformal Technicolor

MAL, T. Okui 2004

1
Md−1

Q̄LtRO OK if d ! 1

• QCD-like technicolor:

• “Walking” technicolor:

• Conformal field theory:

d = 3

d = 2

d > 1 Λt ∼ TeV
(

TeV
mt

)1/(d−1)

d < 2 : O†O relevant?

Λt ∼ 6 TeV

Λt ∼ 2 TeV

dim(O†O) != 2d unless

• Weak coupling

• Large N

d→ 1



Conformal Technicolor

N ∼ 2 d ! 1.2 Λt ∼ 104 TeVWant e.g. ⇒

Is this possible?

•           in stringy AdS/CFT constructiond = 6
5

• RS constructions for

  ...but N ! 1

Need non-perturbative calculations to check 
dynamical assumptions

Lattice!

d ≥ 2



Electroweak Symmetry Breaking
E.g.

︸
︷︷
︸ ×K

+ explicit mass term mχ ∼ TeV

Below       expect same universality class as
QCD with 2 massless flavors (minimal technicolor)

mχ

Dynamics at TeV not QCD-like.           ?S < 0

SU(2)CTC × SU(3)C × SU(2)W × U(1)Y
ψL ∼ (2, 1, 2)0
ψR ∼ (2, 1, 1) 1

2

ψ′
R ∼ (2, 1, 1)− 1

2

χL ∼ (2, 1, 1)0
χR ∼ (2, 1, 1)0



Hierarchy Problem?

technically naturalmχ !MPl

Hierarchy problem similar to why mν !MW

E.g. see-saw mechanism:

L ∼ Φχ̄LξR + Φ†χ̄RξL −M ξ̄LξR + h.c.

ξ

〈Φ〉 〈Φ〉

⇒ Leff ∼
〈Φ〉2

M
χ̄LχR



QCD Conformal Window
Banks-Zaks fixed point

b2 > 0 g∗ g

β

for

SUSY QCD: generalizes to strong coupling,
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Conformal for
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Naive generalization: 0 < b1 <
3
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Hunting CFTs on the Lattice
Assume lattice can simulate QCD with
good separation of scales

L−1 ! mq ! Λ! a−1

Look for finite volume effects

O = ψ̄ψ tr(FµνFµν)or

independent of L

mass gap

In both confining and conformal phases, mass gap
determined by mq

M =

〈O〉 ∼ e−ML+



Hunting CFTs on the Lattice
Confinement:

Conformal:

µ! Λ : g2(µ)
16π2

! 1 dim(ψ̄ψ) ! 3

µ! Λ : g(µ) ! g∗ dim(ψ̄ψ) = 3− γ

M = mπ ∼ (Λmq)1/2

Gets strong when mq(µ) ∼ µ

M ∼ Λ
(mq

Λ

)1/(1+γ)

mq(µ) ∼ µ
mq

Λ

(
Λ
µ

)1+γ



Hunting CFTs on the Lattice
Measure γ from scaling L,mq

〈O〉 ∼ e−Lm1/(1+γ)
q

Gives anomalous dimension relevant for top mass

L ∼ 1
Λ2−γ

t

t̄t ψ̄ψ

mt ∼ Λ
(

Λ
Λt

)2−γ

γ > 1 for conformal technicolor

Falsifiable!



Conclusions

• Conformal technicolor is a compelling 
paradigm for LHC physics

• Lattice calculations can falsify simple models

• Motivates further lattice exploration of 
CFTs

Anomalous dimensions
  parameterS

Hadron spectrum




