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The flavor puzzle




Quark and Lepton
mass hierarchy
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Masses on a Log-scale
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The SM ftlavor puzzle

Yp ~ diag (2-107° 0.0005 0.02)
6-107° —0.001  0.008 4 0.004:
3

1-10° 0.004 —0.04 + 0.001
1079 +2-1078; 0.0002 0.98

YU%

Why this structure!?

Other dimensionless parameters of the SM:
gS ~I’ g~ 06’ g’ » 03’ >\Higgs~ I, ’9| = 10_9



Log(SM flavor puzzle)

—log |Yp| ~ diag (11 8 4)

12 7 95
—log|Yy|~ | 14 6 3
18 9 0

f Y =e 2, thenthe A don't look crazy




Hierarchies w/o Symmetries

Arkani-Hamed, Schmaltz

SM on thick brane & domain wall = chiral localization
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Hierarchies w/o Symmetries

Arkani-Hamed, Schmaltz

SM on thick brane & domain wall = chiral localization

Log(flavor hierarchy)!
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New sources for FCNCs

Delgado, Pomarol, Quiros 99
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Universal extra dimensions

Cheng, Matchev, Schmaltz

Even with flat wave-functions fo
(and the higgs) remains a conce

- all

Dtua

fermions

problem.

Agashe, Deshpande; Buras, Spranger, W
Calculable contributions are MFV, but...
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4D —= 5D EFT
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4D — 5D EFT
/d‘lmmhw — /d4$/()Rdy)\5 UHU
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-rom flat to warped E
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ds® = dx,dx, — dy’

Randall, Sundrum
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ds® = dx,dx, — dy”

Randall, Sundrum
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Flavor In RS

Grossman, Neubert; Gherghetta, Pomarol; Huber;
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Flavor In RS

Grossman, Neubert; Gherghetta, Pomarol; Huber;
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zero modes like
N flat ED
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Flavor In RS

Grossman, Neubert; Gherghetta, Pomarol; Huber;

IR

zero modes like

F(¢
n flat ED (t?)

heavy
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Why are FCNCs protected!
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Randall, Sundrum

UV Ad S/C FT (popular science realization)
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Two ways of giving mass to fermions...

Bi-linear:




Partial compositeness

fon= Eelem (gelem) i ['comp (g*) =+ £mzx

laS o

Contino,Kramer; Son, Sundrum
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1) Linear coupling of SM fields to composites

£UV ) )\@RwL Contino, Pomarol
2

Strong sector conform
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Partial compositeness

fon= Eelem (gelem) i ['comp (g*) =+ ﬁm’w
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Meanwhile In the Extra-Dimension

Fermion zero mode on the IR brane

Flc) ~ { (TeV/Planck)c_% cuialu/)

Wy c<1/2




Match SM spectrum and Vem

Hierarchical mass eigenvalues (6 conditions)
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RS GIM - partial compositeness

Flavor hierarchy from hierarchy in F

mqg ~ U FdLY*FdR




RS GIM - partial compositeness

Flavor hierarchy from hierarchy in F

mqg ~ U FdLY*FdR

KK gluon FCNCs proportional to
the same small Fi:
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RS vs. Composite Higgs

Georgi, Kaplan

Light Higgs-like scalar arises as a bound state from a
strongly-interacting EVWSB sector

strong

sector

Motivations: SIS

* A composite Higgs solves the
hierarchy problem

* A light Higgs Is preferred by the

electroweak fit
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FCNCs from composite Higgs

Agashe, Contino; Azatov, Toharia, Zhu
Further constraints from compositeness of Higgs
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Further constraints from compositeness of Higgs

yd _ o
QuHdR(H'H) + =5 QuiP Qu(HH) + ...

Y QrHdp
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Toharia, Zhu

W

FCNC

W
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‘Preferred’
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FCNCs assuming anarchy

Csaki, Falkowski, W; Buras et al; Casagrande et al

AF = 2 (strongest constraint from €k )
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AF =1 (strongest constraint from 6//6)
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Spurion analysis

Without the Yukawas SM has
SU@3)g, X SUB)ur X SU(3)4,

olobal flavor symmetry.
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Anarchy

(QL Q%) .| (@kup)
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Align down sector

similar to Nir, Seiberg '93 for MSSM
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Aligning 5D MFV

Frtzpatrick, Randall, Perez; Csaki, Perez, Surujon, AWV,

SU(3)? flavor symmetry broken by Yukawas only
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igning oD MFV

Frtzpatrick, Randall, Perez; Csaki, Perez, Surujon, AWV,

Scan 5D CKM

Keep € = 0.2 fixed.
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Alignment due to shining

Csaki, Perez, Surujon,A.WV.

In the bulk: gauged SU(3)o x SU(3)4 flavor
Flcg) = F(YiaYad'),  F(cq) = F(Yad'Yia)

Flavor broken by vev of Yukawa field Y=g only
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A theory of flavor at the




Flavor gauge boson FCNCs

In Rat
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Csaki, Lee, Perez, AW in preparation

aroni model: dynamical MFV

o* ~ 4 allowed

. e —————————————————ay e ? dAYdN (dAMd
MIQ(K 27T (Mg R')* 4+ 42 (90+y:)?> (Mg R')? + 16 (9g«y:)* (( V) ]) (divpd;)( fyL’ 2



Flavor scalars & gauge bosons

Csaki, Lee, Perez, AW in preparation

9z = \g/_% dl&g(l, 17 _2)
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thanks to Seung Lee for the plot



Conclusion
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—xtra dimensions allow new approaches to the flavor
buzzle.

Warped flavor is a calculable realization of partial

compositeness, a linear mixing with the composite
sector.

RS-GIM suppresses dangerous FCNCs, tension

ooooo

with CPV










