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THE SM AS AN EFFECTIVE THEORY
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GIM MECHANISM(S)
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o FCNCs need to be suppressed beyond loop level in order to be compatible
with a TeVish New physics scale



GIM MECHANISM(S) - MSSM
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GIM MECHANISM(S) - MSSM
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e additional structure in §;;
o Agusyis pushed way above the TeV scale



COMPOSITE HIGGS MODELS

Elementary Composite



COMPOSITE HIGGS MODELS

Technicolor, ETC, CTC: [.... Holdom "80s, Luty, Okui *06]
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COMPOSITE HIGGS MODELS

Technicolor, ETC, CTC: [.... Holdom "80s, Luty, Okui *06]

/\uv)\d
Ay, Q,u,d H

L=2La + MQHu + N\gQH*d — V( )

Top Yukawa coupling: A2 — QL <>ty

comp



COMPOSITE HIGGS MODELS

Total Compositeness (RS1) [Randall, Sundrum ‘98]
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COMPOSITE HIGGS MODELS

TOta| COmpOSIteneSS (RS1) [Randall, Sundrum ’98]

H, P
BQ) Bu: Bd

L= L:comp

Dijet Searches: Acomp > 7 — 8 TeV [ATLAS '12]



COMPOSITE HIGGS MODELS

Partial Compositeness (RS1) [Kaplan '91]

Moy Pody HQ, W
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COMPOSITE HIGGS MODELS

Partial Compositeness: Mass generation
L3 Lo+ 11gq,Br — AcompBB + B, (A\HB%,) .
Rotating to the mass eigenbasis
()= (e ) () =
leads to
L5 -mXxx+ (EL sin @y, + X, cos ch) AH (Y sinpr + X{ cos¢r) -
Couplings to vector mesons read

L> ngpB — gpsingozL EL pr + 9p Singo%@R psz,



COMPOSITE HIGGS MODELS
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GIM MECHANISM(S)
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GIM MECHANISM(S)
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= Acomp ~ 47 Myy ~ 1TeV




BENCHMARKS

What parameters describe (the flavor sector of) a composite Higgs
model?

Parameters

e Compositeness scale Acomp

¢ 9 Quark mixing angles
PQ1yPR2: PQRss Pdy Psy) Pby Pus Pey Pt

e 2 Yukawa matrices Y,,, Yy
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BENCHMARKS

What parameters describe (the flavor sector of) a composite Higgs
model?

Parameters

e Compositeness scale Acomp

8 are fixed by the six quark
masses and two of the
Wolfenstein parameters

¢ 9 Quark mixing angles -~
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FLAVOR PHYSICS IN THE RS MODEL

Large mixing angles suggest large effects in observables which are sensitive to
couplings of third generation quarks.
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FLAVOR PHYSICS IN THE RS MODEL

The RS-GIM mechanism is extremely effective, apart from one observable,

e
e = = Im (KO HETRY)
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FLAVOR PHYSICS IN THE RS MODEL

The RS-GIM mechanism is extremely effective, apart from one observable,
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FLAVOR PHYSICS IN THE RS MODEL

The RS-GIM mechanism is extremely effective, apart from one observable,

e
e = = Im (KO HETRY)
ﬁ(AmK)exp
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FLAVOR PHYSICS IN THE RS MODEL
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BENCHMARKS—QUARK SECTOR

e Anarchy: Mixing angles reproduce flavor hierarchies,

ino® = sino® o@1) o) o)
Ry, T Yu,dw<0<1> o(1) o<1>>, Acomp > 8TeV

Singo?j’d:singoii o(1) o) o@)

« Right-handed Compositeness: U(3)? symmetry in the composite sector,

sinpP ~ VM singl ~ 1, Y, ~ 1, Acomp ~ 1TeV

sin cpgd ~ YoM Singp‘ijj ~ 1, Yo~ 1

o U(2)3 symmetry in the composite sector,
sin cpg ~ diag(a, a,b), Y,.q ~ diag(a,a,b), Acomp ~ 1 TeV

sin®d ~ (AYed 0
Pij 0" 1



FLAVOR PHYSICS IN THE RS MODEL

Expected Correlations
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FLAVOR PHYSICS IN THE RS MODEL

Unexpected Correlations
S1: Anarchic Models
S2: Aligned down quark mixing angles
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BENCHMARKS—LEPTON SECTOR

Additional Question: How to get anarchical PMNS matrix?

e Anarchy: Mixing angles reproduce charged lepton masses,

sin <piLj = sin ok sin @5 = sin ¥, Y ~ O(1)
Majorana: AlI/JVV LLHH [Vecchi '12 , Randall, Gilad '09]
Dirac: Yy LHI/R [Sundrum, Agashe '08]

o Global Flavor Symmetries:

sin <piLj =1+ f(Y, Y], YEY];‘)a sin 905”’ =1+ f(Ygﬂ’VYE’,,)
Ye = O(1), Y, verysmall

e A4 symmetric models:

Sinapfj =1, singj;=1
Ye~Y, ~O(1)

A4: No tree-lvl FCNCs! [Csaki et al. *08]



FLAVOR PHYSICS IN THE RS MODEL
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CONCLUSION

e RS/Composite Higgs is a model of flavor physics

e |t cuts of the Higgs quadratic divergencies in the Higgs sector at some scale

e The intensity frontier has the capability to find out whether it also “solves” the
hierarchy problem
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RS MODELS

UV brane/ IR brane/
Elementary Composite

SU3)e x SU2)L x U(1)y SUB)e x U(1)em




RS MODELS

— Fl(eqy > 0)
UV brane/ IR brane/
Elementary Composite
— F(cg, > —1/2)
F(eq, < —1/2)
—(3+0)
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RS MODELS

UV brane/
Elementary

IR brane/
Composite




RS MODELS

The same parameters, which generate the masses of the light quarks suppress
contributions to FCNCs: RS-GIM.

F(ch)
v (5D) h
mg ~ — F(c Y F(e
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RS MODELS

Composite Higgs

(Large N) CFT with a confining
phase below A

Amount of Compositeness:
sin g

Global symmetry in the strongly
coupled sector

Composite  vector  mesons
(baryons)

Warped Geometry (RS)

Anti de Sitter space with an IR brane
at1/A

Localization in the ED: F'(¢,)
Gauge symmetry in the bulk

Gauge boson (quark) KK Modes



RS MODELS

There are different composite Higgs models:

f \ Models in which only the Higgs is a
/ H composite.

f

!/ N F Models in which the Higgs is a com-

posite and the fermions are partially
composite.

f AT F

F

Models in which the Higgs and the
fermions are completely composite.
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