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Some Questions

¥Why IS the Weak Interaction Maximally
parity violating?

¥ Why is the standard model Chiral?

¥ Like gravity the weak force interacts
universally with all fermions




A Lesson on Chiral Gauge Theory
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But Parity Violating If couplings are not
the same.

Maximal Parity violation if right handed
gauge Peld Iis missing.




Beta Decay
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The Lesson

Parity violation can emerge from a
Chiral and Parity Symmetric
Mother Theory.

But what could it be....




General Relativity and BF
Theory

Consider the Following Action
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Homework:
Using Yur = el ap
e edede%dete

Show that
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Is equivalent to Einstein-Hilbert with a
Cosmological Constant




|sogravity
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¥ldea: View Gravity as a gauge theory wit
connection valued In

SO(3,1;C) = S

(2,C), # SL(2,C)q

¥ This is realizec

by the fact that the

Complex Ashtekar-Sen variable is Chiral




Mechanism

¥ Treat one SL(2,C) as the connection for
gravity (Jacobson, Smolin O84)

¥The other SL(2,C) connection as the we:
Interaction

¥I\/IotherTheory IS parity invariant

¥ Q: Is there a parity violating sector
(solutions) and what are they?




Mother Theory

Mother Theory:
Extended Plebanski

Krasnov, Smolin
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¥ The Theory is Parity Symmetric, which w
shown to be a Bi-Metric Theory with a
ghost (instability)

¥We found a new Parity violating sector th
IS stable and has a self-consistent
perturbative expansion.




Rewrite Action with
Spinorial Indices

Left Connection
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Equations of Motion
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Symmetric Solution

¥ Speziale showed that this theory is a b
metric theory with 8 DOF:
two spin-2 Pelds, one ghost scalar
(8=2+5+1)

Can be obtained by expanding B in g

Bag = B,(Aoé + gszB :

Bag' = B,&()!)B! + gsz!B!

And solving EOM order by
ordering




Parity Breaking Soluti

This phase instead has one graviton
and triplet of SU(2) gauge Pelds

¥ When coupling constant g is small.

¥ The Right Handed Field Strength is
dominated by the Cosmological Constan

#o°=$

Do we get a self
consistent solution?
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The Action |l
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We arrive at the leading order action
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Leptonic Coupling

Spin index  Isospin index
sue) N/ su@
n o ab




Matter Coupling

H
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Variation w.r.t Lagrange Multiplier
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Matter Coupling Il

By Symmetry Right Handed Fermions:
Sgirac — " BA!B! l #:-A! (D! )B + $A!B!C! ! B(A!B! | #C!)

Unlike the unprimed-Leptons
| (AB 1 #C) =0
The primed fermions obey

F(AB' | 1C) = g Which has no s_imple
general solution




Reality Conditions

Initially we regard all Pelds as complex (for the lorentzian case), and then specify reality conditions
which are to be imposed on the solutions of the equations of motion.

Step 1

We differentiate the right and left two forms as

BA'B' — BLi I|AB BAB — BRi I iAB

Step |

We then use these to debPne the left and right Urbantke metrics
gab B Ri B Rkn ik #)def

gab B Li B Lk uljk #bdef

In either case the correct reality conditions are
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In the symmetric case this tells us that both left and right handed metrics are real, whereas
in the asymmetric solution we learn that gf is real and the Yang-Mills connection !} is

real and hence in SU(2).

These can be implemented by adding these reality conditions to the action so they
become equations of motion which arise by varying new Lagrange multipliers " EPR ;
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But the new term vanishes because the equation of motion for BA®' yields
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New Prediction

Left handed spinor transforms like
a weak doublet scalar, what entity carries this quantu
number?

Right handed spinor transforms like a weak singlet spir
particle, what is this?

These two particles transform into each other under pa




New Interactions
Dark Hypercharge
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Novel Features

¥ the two U(1) factors have the same Yang-Mills coupling constant as the SU(2), fac-
tor, so there is coupling constant unibcation;

¥ however they will couple differently to matter as

¥ there is a universal four point coupling of vector potentials of the form (F ! F)?
which has a universal coupling




Conclusion

¥ Chirality and Parity Violation in EW Theory arises from its
other gravitational OhandO

¥ Quantum Numbers of Higgs and Sterile neutrino arise
naturally.

¥ We expect new predictions for upcoming LHC (or existin
LHC experiments)

¥ The Cosmological constant plays an important role in pa
violation.

¥ What are the cosmological consequences of this modibe
gravity theory?

¥ What is the indentity of the Auxillary pelds? (S.A, E. Livin
Marciano)










