Flavor & New Physics




New Era in 2009+x

We will probe the origin of EVVSB.

Wil we be able to learn about the origin of
flavor in the era of the LHC!
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Flavor and CP In the SM

Experimentalist’s view
+ spectrum, BR, Acr
+ measure masses, mixing angles and phases

Theorist's view
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Charged currents:
measure only LH misalignment




Charged currents:
measure only LH misalignment

Neutral currents:
enhanced flavor symmetry
SU(S)Q i SU(S)uL X SU(S)dL

Yukawas diagonal, no (tree-level) flavor violation




Smallness & hierarchy

Yp ~ (107°,0.0005, 0.026)

10° —0.002 0.007 + 0.0042
Yo~ | 107° 0.007 —0.04 + 0.0008¢

1078 4+10""% 0.0003 0.96

The SM flavor parameters have structure:
smallness & hierarchy.

Why! The SM flavor puzzle.

Compare to: gs~I, g~ 0.6, g~ 0.3, Aniggs~ |



Flavor and CP In the SM

Yukawa matrices Yy & Yp contain everything
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Bounds on generic flavor violation '

UTfit (0707.0636)
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How can we protect e
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A radical cure: MFV

New particles/interactions, but flavor structure ~Vckm

MFV
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Model independent AF=2 MFV Bound |

UTfit (0707.0636)
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10’ 2
10° 2
10° _ corresponds to

_ m = > [eV (tree level)

m = 500 GeV (Xs!-loop)
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New physics 1s MFV, ...

NFiavor Origin of flavor structure decoupled
/\Flavor > > /\NP

NP below Aravoris flavor degenerate




MFV example: SUSY

MSSM with unbroken SUSY is already MFV!

=> MSSM 1s MFV if SUSY is flavor bling

Fxample: Gauge mediation with Mmess << Aflavor
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MEV Technicolor?

Chivukula, Georgl ‘87; Chivukula, Georgl,Randall ‘8/; Randall '93; Georgl ‘94, Skiba '96

Simpler alternative:
AdS/CFT interpretation of RS : 5D GIM mechanism

Cacciapaglia, Csaki, Galloway, Marandella, Terning, AWV, ‘08




Distinguishing MEV & SM 1s hara

D'Ambrosio, Giudice, Isidori, Strumia '02; Buras,Bryman, Isidori, Littenberg ‘05

0~10 % AF=| measurement probes
m = 6 [eV (tree) orm = 600 GeV (|loop)
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Falsitying MFEV Is easy...

..once you have shown that the SM Is dead

Bobeth, Bona, Buras, Ewerth, Pierini, Silvestrini, A.VV.

MFV falsified by violating “sum rules”

Iready in the data?! Lunghi, Soni 08

ready In the datal Lungni, Sonl
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A theory of flavor at th




~ermion masses & Mixings

fermion masses
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(large angle MSW)
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Hierarchies from symmetries

Froggatt, Nielsen /9

Add horizontal U( 1), flavon @ (me ~ A, gr = -1)
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Higgs as flavon

Babu, Nandi '99: Giudice, Lebedev '08

iggs dependent Yukawas”

YU

<awas effective interaction after integrating out

heavy physics. Postulate leading terms are absent

Ly =Y (H) qriur;H® + Y5(H) qride; H
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Higgs as flavon: signals

Giudice, Lebedev '08

o Higgs
g dependent Yukawas
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Hierarchies without symmetries

Arkani-Hamed, Schmaltz: Grossman, Neubert:

Gherghetta, Pomarol
u,d,s,c,br tr F(tR)

Planck
brane
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Masses, mixings and FCNCs

the same sma
(9%)°

2
KK

masses and mixings from
hierarchical overlaps

Mg ~ U FdLY*FdR

KK gluon FCNCs due to
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DUAL PICTURE

Partial compositeness
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RS flavor almost works

Csaki, Falkowski, AW.'08

103 - R

= RS result
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Bound on the KK gluon mass

Csaki, Falkowski, AWV, Casagrande et al,; Buras et. al.

(S - d) ImALR

excluded

mg
® 5000 10000 15000 20000 25000 30000

Some above the bound: any rationale to
ive here! Radiative stability?

= more In M. Neubert's talk



Bound In the composite pGB

Csaki, Falkowski, AWV

(S - d) ImALR

excluded

G
5000 10000 15000 20000 25000 30000

more flavor violation in composite pGB:
Y' = gx/ 2 & fermionic kinetic mixings




Conclusions

Flavor searches are complementary to direct
searches at the LHC.

We have learned that NP must have a highly
non-generic flavor sector.

'
iy ..
8
. ? ol ¢
o I




Low KK scale w/o adding flavor structure

+ live with fine-tuned Yukawas (large radiative
corrections)

or

Agashe, Azatov, Zhu
+ bulk H|ggs model (not apphcable to pGB)

~ pusn Yukawa 1o perturoative Imity = 6 and




Low KK scale by adding flavor structure

Cacciapaglia, Csaki, Galloway, Marandella, Terning, AW

exact GIM structure

flavor symmetry in bulk and IR brane, UV
<netic terms generate flavor, no explanation
for fermion masses (likely the only way for
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