The Status of Flavor in
Randall-Sundrum Models
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~ermion masses & Mixings

fermion masses

dre se pe

Vl —@H .Vz .V3




The SM ftlavor puzzle

YD — (md7 me, mb>/’U

Y = VgKM(mu,mc,mt)/v

Yp ~ (107°,0.0005, 0.026)

107° —0.002 0.007 + 0.0047
Yo~ | 107° 0.007 —0.04 + 0.0008¢

1078 +10""% 0.0003 0.96

The SM quark flavor parameters have structure:
small & hierarchical. Why!

Compare to: gs~1, g~ 0.6, g~ 0.3, AHiggs ~ |



Bounds on generic flavor violation '

UTfit (0707.0636)
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Origin of tlavor

Dominating idea for a long time:

Hierarchies from symmetries (= Graham Ross)




Geometrical sequestering

Arkani-Hamed, Schmaltz

5D bulk

\ ight heavy |§ Higss
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New sources for FCNCs

flat 5D bulk




New sources for FCNCs




Potential problems

Flat extra dimensions:
Delgado, Pomarol, Quiros '99

o KK exchange induces unsuppressed FCNCs
= Mk~ |/R > 5000 TeV
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ds® = dx,dr, — dy”

Randall, Sundrum
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ds® = dx,dr, — dy”

Randall, Sundrum
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Flavor in RS
Gherghetta, Pomarol

UV R
zero modes like
N flat ED

ight heavy
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Flavor In RS

Gherghetta, Pomarol
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Flavor In RS

Gherghetta, Pomarol
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zero modes like
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Anarchy & [ ocation, Location,
L ocation

/ero mode wave function on IR brane
F(c) ~ (TeV/Planck)<!2 ¢ ~ O(I)

Yus Yd ~ O(l):anarchic

Hierarchical mass spectrum for Fi <« F2« F3
=il isas :Qi i (VY) AR FQi e (VY)




Hierarchical mixing angles

Huber; Agashe, Perez, Soni

Ugmg) U% = diag (mg, ms, mp)

CKM matrix VéJKM ~ (Uz”d)ij ~ Fg,/Fq,

with i < |
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Fo, Fu, Fa + 13x3 Will lead to FCNCs

c-dependent fermion KK-gauge
coupling (same F; as in Yukawa)

in CFT picture
mass ~ compositeness ~ F(c)
mixing with CFT excitation




4D CF1 explanation

Contino, Pomarol

Quasl conformal sector between TeV ... My

Linear coupling of SM fields to composites
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Masses, mixings and FCNCs

Masses and mixings from hierarchical
overlaps

mqg ~ U FdLY*FdR
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Integrating out the KK gluon

Fffective 4 fermi operators generated

R . N g = = e !
o= {gg}f’ 9t (@ Vudta) (@ V") — 939E ((Q?qf%a) (4r 0re) — 5(07 q1s) (41 Tha)

i ] _k o 1B j i k3 j
= C'(Me)@PVudhs) (@ 7 dp) + CHMe) (@5 d5,) (@ ahs) + C°(Ma)(@5dhp) (T aks)




3 TeV KK gluon mass

Parameter Limit on Ap (TeV) Suppression in RS (TeV)

ﬁ"_T".'-" _ﬁ-'i.'

ReC3 1.0 - 103 ~1/(V6|ViaVis|f2) = 23 - 10°
ReC% 12103 ~ r(vYy)/(V2mgms) = 22 - 10°
ReC’5 10 - 10° ~ r(vYy)/(v/6mgmy) = 38 - 10°
_mcl 15 - 103 ~1/(V6|ViaVis|f2) = 23 - 10°
:mC4 160 - 10° ~ r(vYy)/(v/2mgms) = 22 - 10°
:mC’% 140 - 10° ~ r(vYy)/(v/6mgms) = 38 - 10°
Gl l0Ei03 ~ 7 /(V6|Vus Ve | f2,) = 25 - 103
O 3.5-10° ~ r(vY, )/(\/2 Myme) = 12 - 10°
Cehl 148 r(o)/(/Bmumg =210°
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RS flavor almost works

Csaki, Falkowski, AW.'08

108 — SR ¢k : (5.dr)(SRrdL)

= RS result
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RS flavor almost works

Csaki, Falkowski, AW.'08

108 — SR ¢k : (5.dr)(SRrdL)

= RS result
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KK gluon mass bound in RS

Csaki, Falkowski, A.WV.; Buras et. al.

(S - d) ImALR
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KK gluon mass bound in RS

Csaki, Falkowski, A.WV.; Buras et. al.

(S - d) ImALR

O 0 fe%e ©

mg
® 5000 10000 15000 20000 25000 30000

Some are ok: any rationale to live here!?
Radiative stabilrty?
Bound depends on bulk QCD coupling gsx and Y=



Bounds with caveats

Main problem is CPV LR contribution to €K - (SLdr)(SrRAL)

CRS N gg* L 2mgm; CpGB 93* 1 8mgms l_l_mQ
O MEY2 22 Mg g2 2 me

Csaki, Falkowski, A.W.

o Reduce bulk QCD coupling gs+ by loop level matching x %
~and assume vamshmg U\/ boundary |<|net|c terms , |
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How can we evade the RS




Main message

Total anarchy does not seem to work
o Finetuned scales! Raise the scale to Mg ~ 20-30 TeV
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Spurion analysis

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

global flavor Ssymmetry. alternative picture: Davidson, Isidori, Uhlig
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Align down sector

similar to Nir, Seiberg 93 for MSSM
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Aligning 5D MEFV

Frtzpatrick, Randall, Perez; Csaki, Grossman, Perez, Surujon, AW, In progress

co~YY  + eV, Y ey~YYy e ~Y]Y,
for e — 0 no FCNCs in the down sector:

Fffective suppression,
scan over 5D CKM

keeping € = 0.2 fixed.

|C4(r)/C4arsl
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Alignment due to shining

Csaki, Grossman, Perez, Surujon, AV, In progress

In the bulk: gauged SU(3)o x SU(3)4 flavor
symmetry.

F(co) = F(YaqYaa'), F(cq) = F(Yed Yad)

Rattazzi, Zafaroni
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Alternative: horizontal U(1)’s

Csaki, Falkowski, AW,

Alignment due to horizontal flavor symmetries
v, VY. Y. Y4
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Predictions of U( 1) solution

Gauged flavor symmetries : flavor bosons at the
LHC?

Large (but controlled) flavor violation in the up-
sector 3'2 miXiﬂg general discussion: Blum, Grossman, Nir; Perez
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Conclusions

RS provides an interesting theory of flavor,
dual to partial compositeness.

RS-GIM suppresses dangerous FCNCs, tension
SRS ae i 0;’.»’.- s * \ * : 3 4 * i “" ,' I. A ; -i ";V" e s _A, ,,, Sl







Remark on lepton flavor

Higgs In the bulk
= H = H(z)




Remark on lepton flavor

Y4D ,19 N/ de5D zg( ) _(ML —I_MR Jy+Mu(y=a)

—(ML + MR, )a

(Mp,+MEg_ >MH)/ \(ML +Mr, <Mpp)
; Z]

CL

Neutrino wave function picks up UV taill of Higgs
Agashe, Sundrum, Okui

Exponential suppression of overall mass scale
but O(l) vV mixing angles.
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Y4D ,19 N/ de5D zg( ) _(ML —I_MR Jy+Mu(y=a)

(ML, +Mpg >MH)/ \(ML +Mp,; <Mp)
N YO,ij e—MHa ] << - Ya,ij 6—(ML,L‘|‘MRJ)CL

Neutrino wave function picks up UV taill of Higgs
Agashe, Sundrum, Okui

Exponential suppression of overall mass scale
but O(l) vV mixing angles.



Mass terms from gauge interactions

Possible fermion embedding: 4 of SO(5)

) = chiral zero modes
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Holographic pGB Higgs model

Agashe, Contino, Pomarol
Simple model with

o As zero mode € SO(5)/SO(4) = Higgs

o UV Insensitive, dynamical EWSB
O S

Dual to pGB composite

Higgs (Georgi, Kaplan '83)

. - -

leV
brane

Planck
brane

SU)xU( 1y SOA#)XU( 1)



Bound for pGB I—hggs

Csaki, Falkowski, AWV

(S - d) ImALR

excluded

G
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FCNC constraint more severe in composite pGB!
Why?Y* = g=/ 2 & fermionic kinetic mixings
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