The flavor of the
holographic pGB




based on papers with:

C. Csaki and A. Falkowski (pGB flavor, U(1)’s);




Hierarchies without symmetries

Arkani-Hamed, Schmaltz; Grossman, Neubert;
Gherghetta, Pomarol
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Gherghetta, Pomarol; Huber; Agashe, Perez, Soni

Wavefunction overlap generates hierarchies
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F = wave function @ IR brane :
F ~ (TeV/Planck)2¢-! ¢ > /2, ¢ = bulk mass
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Csaki, Falkowski, AW

RS has a flavor problem

LR chiral contributions to CPV in K-K mixing
generically require mxx > |1 TeV *
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_‘\But there is also f‘ ne-tunlng |n EWSB



RS and little hierarchy problem

Precision electroweak data suggests
o light Higgs (mn < 200 GeV)
o (S,T,U,...) new contributions A > 5TeV




RS and little hierarchy problem

Precision electroweak data suggests
o light Higgs (mn < 200 GeV)
o (S,T,U,...) new contributions A > 5TeV

Large UV sensitive contribution to Higgs mass.
Top loops e.g. induce
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Solution: pGB Higgs models

Simple model with Agashe, Contino, Pomarol 05
o custodial symmetry
o As zero mode € SO(5)/SO(4) = Higgs

o small corrections to S,T,U, Zbb
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Solution: pGB Higgs models
. . Agashe, Contino, P | 05
S|mp|e model Wlth gashe, Contino, Fomaro

o custodial symmetry

o As zero mode € SO(5)/SO(4) = Higgs

Dual to pGB composite

Higgs (Georgi, Kaplan '83)

Planck EACLS TeV
brane SO(3)xU(1)x brane

SU(2)xU(1)y SO(4)xU(1)x



Calculable radiative EWSB

As = Higgs : Non-local Coleman-VVeinberg
induces potential and <As>+0




<H>/ (new physics scale)

cu3 : bulk mass of top




Realistic EWSB only for
correlated parameter set
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Fermion Masses in Gauge-Higgs
models

As = Higgs being a gauge field couples only to
fields in the same multiplet.
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Mass terms from gauge interactions

Csaki, Falkowski, AW
Some freedom to embed fermion content

Example here: 4 (spinor) of SO(5)

) = chiral zero modes
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Effective mass terms pGB model




Effective 4 fermi operators

Integrating out the
KK gluon
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Four fermi operators
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Low KK scale w/o adding flavor structure

+ live with fine-tuned Yukawas (large radiative

corrections) Blanke, Buras, Dulling, Gori, AW; Casagrande,
Goertz, Haisch, Neubert, Pfoh

or
Agashe, Azatov, Zhu

+ bulk nggs model (not appllcable to pGB)
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Low KK scale by adding flavor structure

Csaki, Falkowski, AW
+ Propose U(1)4 x U(l)q for quark representation

with custodial protection of Zbb of pGB
Key ingredient: two rep.s for (qu, qd) for QL




Low KK scale by adding flavor structure

Csaki, Falkowski, AW

+ Propose U(l)d4 x U(l)q for quark representation
with custodial protection of Zbb of pGB
Key ingredient: two rep.s for (qu, qd¢) for QL

BC on UV:
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Low KK scale by adding flavor structure |l

Csaki, Falkowski, AW
+ Propose U(l)d4 x U(l)q for quark representation

with custodial protection of Zbb of pGB
Key ingredient: two rep.s for (qu, qd¢) for QL
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Low KK scale by adding flavor structure |

Csaki, Falkowski, AW
+ Propose U(l)d4 x U(1)q for quark representation
with custodial protection of Zbb of pGB

Key ingredient: two rep.s for (qu, qd) for QL

All flavor violation in up-sector; constraint
from D-D bar mixing: Mk > | TeV
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Conclusions

® RS GIM suppresses most of the dangerous
FCNCs

® Contributions to &k with LR chirality
typically too large

T vabd S o L
Gaptae »S Rl X Y " '-f-" X ~4_:h' e AT i RS e S
% KA E I L 28 % o - o s el S g i % 4
> T e e ;",,:.'3 ----- A R SN

" i 5 u L v I A S . 4 1 ¥ KK N 3, e e.-. X A \»'.b Y es Cases ’ ¢
RN TR S R NS TRt R Uy, SV @D | @ BN A B L el T A R AT s B ¢ L R R SR S N i A SRR s LA N Ml S el e Ak et i 8 i g R S RN T e
s s S ettt -”-»»'7'"?‘ ~ -‘B&ﬁ’! W {-\' b A Sy ".Y IR AN Tt et e "’ R et A e UL o ?‘ SORIY g rre LRI A ALY by 2 o 5 X i
A5 b B Dl T Al £ Ko LRl It e Tl it e Al Y,f-? EALEE S M S L SR T i Y E‘f- GETENTRES 14 St £ NCR AR R i LA RO P T S R b
ofd A } e X 4 el v e S 4 A RO N N R 2 M S’ A &7 . ; ix o L v il St b Wy | o i i X




Low KK scale by adding flavor structure
Cacciapaglia, Csaki, Galloway, Marandella, Terning, AW
+ exact GIM structure
flavor symmetry in bulk and IR brane, UV
kinetic terms generate flavor, no explanation
for fermion masses (likely the only way for
Higgsless)
Santiago
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