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Randall-Sundrum Model

Randall-Sundrum (PRL83, 3370 ) can explain the hierarchy
between EW and Mjanck

EW ~ ke k<™ kr. ~ 11.7

k: 5D curvature ~ Mpjanck, re: radius of extra dimension.

@ Two branes are localizes at ¢ = 0(UV) and ¢ = 7(IR). The
elementary Higgs H on the IR brane.

@ The hierarchy among fermions is due to the special profile of
bulk fermion, without fine tuning in Yukawa couplings.

All physical quantities in terms of Planck unit
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Fermion Masses in RS

@ 5D action for fermions ( EZ': the veilbien.)
/ d*xdopV' G [E;‘\TWQDA\U —ck sgn(gs)ﬁnu}

@ Desired chirality for zero mode set by orbifold parity.

@ The coefficients ¢, g control the zero modes peak at either
UV or IR

@ SM chiral zero modes localized near UV brane = small
overlap after SSB. No need to fine tune Yukawa's. Fermion
masses are naturally small. (except 3rd generation quarks)

e The task is find configuration(s) {c}, c?, ¢}, ck, c3,c3} that
fits all the known fermion masses and the CKM/PMNS
matrices. (See PRD78,096003, PRD79,056007,
PRD80,113013 )
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to LH/RH
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zero-mode fermions is proportional to the wavefunction
overlapping and can be determined by their profiles.
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gé{f, the coupling of the 1st KK gluon

the Bulk Wave Function Profiles
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Nambu-Jona-Lasinio term

@ Tree-level exchange of G;(<1;2 leads to 4-Fermi interactions
between zero mode fermions

S8 (Qufr) (FrQuL) + O(1/Ne)
MKK

o Besides H, the condensate ¢ = g; < Qt > /M2, =
composite Higgs doublet below Mk, where g; = 1/géttg§tt.

e ® and SM Higgs have the same SU(2); x U(1)y quantum
numbers. = p is OK at tree level!

o At Mkk, ® is a static auxiliary field.
1
L = |D,H? — miH™H — EAO(HTH)2
A QutrH + g QLtr® — M2, ®Td + h.c.

mg, Ao are the usual parameters in the Higgs potential.
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Bubble diagram

@ At scales u < Mgy, quantum fluctuations generate a kinetic
term for ® as well as kinetic and mass term mixings between
¢ and H.

@ Fermion bubble contribution to scalar (a) 2-point functions
and (b) 4-point functions. The dashed lines can be either ¢
or H fields.

(a) (b)
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Effective 2HDM

@ The transformations
. A o 1 .

H:H,Cl):——H—i— 0]
8t gt\ﬁ

will cast the kinetic terms into canonical diagonal form.
@ The resulting Lagrangian of the scalars is delightfully simple:

L2 |DHP + Dy — V(A, )
with the loop factors € ~ 0(0.1), A ~ O(0.3)Mkg, and
A A Ao~ 1 ~
V(H,®) = AHTH+§)\0(H H) 2, BdTH L (¢T¢) +C(HTd+TH)

where

2 1 /M2 A\ M2
A:mg+>\;Ml2(K’B:< K A2>7C:_ t2KK
8t € gt g€
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Electroweak Symmetry breaking of 2HDM

o Define tan 3 = vy /v4 and minimizing the potential yields:

A
A(ge, A\t, mo) v + C(gt, )\t)v¢ + ?O|VH\2VH =0
2
B(gt)vy + C(gt; Ae)vm + g\v¢|2v¢ =0

We require that v + v2 = (246GeV)?.

@ Above the cutoff, Mk, the 4-Fermi condensate
approximation is no longer valid.

@ There are 14 free parameters in the general 2HDM with sever
FCNC problems.
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Spectrum of Physical Scalars

@ Scalar mass matrix:

A+2vZ C AoV si 0
Mi:ME\:( g H B+‘/§5>’M§:M:2t+< 0V05|nﬁ 4m%>

e For H*, A%, the mixing angles is (3, and (at tree level)

2\ )

Mo =My = —————M
A0 H* gg\/ESInZﬁ KK

° Trl\/lg = /\/I,%,i + kyv? and det Mg = kgl\/lzli v2, k1o ~ O(1).
Therefore Mo ~ O(TeV), while My ~ O(v)

@ Since the second term in Mg is much smaller than the first
one, one expects Myo ~ My+, mixing angle a ~ [ and

Mﬁo ~ )\ov2 sin4ﬂ + 2¢ mf.
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SM like Higgs mass (Numerical)

450F
400F
350f
300}
250}
200f
150f 7

100f

my, (GeV)

The mass of the lighter Higgs boson v.s. Ag. The black line is for
Mgk = 1.5 TeV and the red line is for Mk = 4 TeV. The shaded
regions are the LEP and Tevatron exclusions for the Higgs mass.
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SM like Higgs and the Top quark mass

@ Also, the RO is very SM like. For example, the K0 70 70
coupling is cos(5 — «)
@ With the redefined scalar fields,

.~ .~ 1 — =x
Ly = MQrtrH + gt Qtr® + h.c. — %QLtRCD + h.c.

@ Top quark gets its mass from coupling to ®, which after
symmetry breaking gives

v cos 3

Nt

@ tan 3 is determined by top mass!! cos 3 ~ /€, or tan 8 ~ 3.0.

mg =
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Allowed region in the {\:, g} parameter space that satisfies m;
and 2nd Mini. Cond. Mgy lies between 1.5 to 4 TeV and m; from
169.7 to 172.9 GeV.
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location, location, location
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The solution for bulk mass parameters cf and c,3? with two
representative 5D Yukawa couplings. The KK mass is varied from
1.5 TeV to 4.0 TeV. The shaded areas are excluded by the

Z — byby.
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{ Ao, mo}

mg (TeV)

Allowed region in the {\g, mg} parameter space that satisfies 1st
Mini. Cond. The ( blue, red, yellow) correspond to

Mgk = {1.5,2.5,3.5} TeV. The lines (solid, dotted, dash)
correspond to g = {2,3,4}.
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Flavor Changing Neutral Current

o In terms of A, ®, the Yukawa sector is

Vomé o V2MY <
- 2 QuidigH — ——2 QiLujrH
vsing vsing

Ly =

1 — /% <
—i—ngLtR (d) cos 3 — Hsin 6) + h.c.

@ FCNC comes solely from the last term (no VEV, physical H*
or AO). Since a ~ 3, mainly Hy in the combination.

o Light quark FCNCs are suppressed by (1) Mgk, if through Hp,
H*, and A® (2) small sin(3 — ), if through h°

o The h® Yukawa coupling is —v/2(M;;/v)(sin o/ sin 3), very
close to the SM.
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Conclusions

RS model provides an interesting framework to address both
the gauge hierarchy and flavor problems.

Light(heavy) fermion results from the UV(IR) peaking profiles.
KK gauge boson peaks near IR.

(]

factor ~ (3 —5) enhancement for the SU(3). coupling
between the first KK gluon, tg, and Q3.

@ A composite Higgs could emerge from the Q3tg condensation
below Mkg.

@ The 2HDM is very predictive: tan 8 ~ 3, close to the
decoupled limit, no(suppressed) FCNC in down(up) sector.
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