Low Scale
Flavor Gauge Symmetries
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One of the most obscure aspects of the SM is the
Yukawa sector
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Without Yukawas SM (quark sector) has a flavor
symmetry

SU3)g, @UB)u, @U(3)p,

Qr=(3,1,1)
UR - (173’1)
DR e (17173)
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Without Yukawas SM (quark sector) has a flavor
symmefry
SUB3)g, @U3)u, @U(3)py
Qr = (3,1,1)

Ur=(1,3,1)
Dr = (1,1,3)

Minimal Flavor Violation: Yukawas are the only sources

of flavor violation. Higher dimensional operators must
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Can flavor be an exact symmetry of Nature?
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Can flavor be an exact symmetry of Nature?

Symmetry must be spontaneously broken.

Most simply flavons with Yukawas quantum numbers:

Y. =(3,3,1) Yy
e Yu,d = =
Y, = (3,1,3) My,q
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‘Cmass — Tr|gUAUYu - gQYuAQ|2 + Tr|gDADYd — gQYdAQ|2

M?*~g?<Y?>

Flavor gauge bosons mediate FCNC

Lo b 7ij,A 7uhk,B
_§<MV>Aa,Bb nghk J,Zf’ i 2

s N ha ¥ o _,i o _,L' o
JHA = (gaQpr*Q%, guU gy U, gpD gy D%)
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‘Cmass — Tr|gUAUYu - gQYuAQ|2 + Tr|gDADYd — gQYdAQ|2

M?*~g?<Y?>

Flavor gauge bosons mediate FCNC
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But is y=<¥>/M, really? In a renormalizable theory this
could originate from,

Lyue =QHVURr +V M,V + VY, Ug
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But is y=<¥>/M, really? In a renormalizable theory this
could originate from,

Lyue =QHVURr +V M,V + VY, Ug

However functions of Y can transform as V.

We could imagine an inverted hierarchy,
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Anomalies

Flavor symmetries are anomalous:

SU3)%,

U(l)y x SU(3)3,
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Yukawas:
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Yukawas:
M,
o=, V]
<Y>> M

_ AaMy

Yad =
MY

Inverted hierarchy! g
Flavor physics can lie at the TeV scale.
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Remarks:

* Mu and Md are parameters. Flavor physics will be
accessible if the scale is ~TeV
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Remarks:

* Mu and Md are parameters. Flavor physics will be
accessible if the scale is ~TeV

* Only two flavor violating structures as SM,

Y,=Yy, Y, =Y,V

However NOT MFV.
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Example

We choose models with O(1) couplings. Always consistent
with flavor bounds. Details of the spectrum model
dependent but structure robust.
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Example

We choose models with O(1) couplings. Always consistent
with flavor bounds. Details of the spectrum model
dependent but structure robust.

e SU@3)q, ® UB)ur, ® U(3)py,
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OR

—b:—1,0-10_3, spini : .4,1.8,90 TeV
Ry 2

o= SO0kl =] ere BIEE 05 0 . 50, 1.0.3.0.80 Tal/
Vi = 0.97. SIS ORSORS 0 e
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Effective 4-Fermi operators from flavor gauge boson,

Q1" =Tt gfLWM(J?L )
Q" = Crindr TGrV ' Cr
gﬂj = ﬁ?quBL quQ?R :

Model Bounds

Re (in GeV~?) | Im (in GeV~2) Re (in GeV~?) Im (in GeV~?)
10T 10-20 [—-9.6,9.6] - 10~13 | [-4.4,2.8] - 10715
L1016 . 1021 [—9.6,9.6] - 10713 | [—4.4,2.8] - 10715
L1015 .10~20 [—1.0,1.0] - 10~ ** | [-5.2,2.9] - 107
.10~20 .10~ 23 ST OESl0E 4
g 10_25 ¥ 1.0_28 i 3 = 72 10_14
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Signals

b and t' could be produced at LHC if allowed kinematically
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Signals

b and t' could be produced at LHC if allowed kinematically

* b': Decay in Wt, Zb highly suppressed by small
mixing, branching into Hb O(1)

pp—bb +X 52 +20+X - 6b+ X
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Signals
b and t' could be produced at LHC if allowed kinematically

* b': Decay in Wt, Zb highly suppressed by small
mixing, branching into Hb O(1)

pp—bb +X 52 +20+X - 6b+ X

* 1. Possible larger mixing. Higgs coupling zero if

<Y1>=0. decays forbidden up to mixing effects,

Thursday, October 21, 2010



Signals
b and t' could be produced at LHC if allowed kinematically

* b': Decay in Wt, Zb highly suppressed by small
mixing, branching into Hb O(1)
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Conclusions
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* Flavor physics might not be as far in energy as previously
expected.
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» Simplest construction of flavor gauge symmetries in the
SM realizes the inverted hierarchical structure. This allows

flavor physics to be around the electro-weak scale.
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* Flavor physics might not be as far in energy as previously
expected.

Simplest construction of flavor gauge symmetries in the
SM realizes the inverted hierarchical structure. This allows
flavor physics to be around the electro-weak scale.

flavor gauge bosons, i'L-.w‘s meﬂii/ Ji a heavy -ﬁ.;.p

Detalls moael dependent but sTrucrture robust
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* Flavor physics might not be as far in energy as previously
expected.

Simplest construction of flavor gauge symmetries in the
SM realizes the inverted hierarchical structure. This allows
flavor physics to be around the electro-weak scale.

Interesting phenomenology: new vector like fermions,
flavor gauge bosons, flavons. Possibility of a heavy Higgs.

Detalls moael dependent but structure robust
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