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¢ INTRODUCTION

Flavor puzzlé of SM: no understanding éf.hierarchy of

fermion masses and mixings

-Flavor changing neutral currents (FCNC ) mvolvnng Ist
e K>XK°) -

and 2nd generatlohsAsuppressed due to

Glashow—l||opou|os-Ma|an| (GIM) mechanlsm

‘GIM VIolated by m; in B-meson mixing and €x (lm K K

Solutions to Planck (~ 1018 GeV) - weak (~ TeV)

'h-ierarchy problem of SM:

new particles at weak scale sp0|l GIM mechanlsm
%ﬂ

— flavor problem e.g. generlc SUSY model




OUTLINE AND SUMMARY

e Non-SUSY solution based on warped extra

dimension (Randall-Sundrum model)

Profiles of SM fermions in extra dimension explain
——— S ————

hlerarchy of fermlon masses without hlerarchles in

SREE—

o fundamental (5D) parameters flavor puzzle solved

SeTeETEEEESr SRR

- Wlth 1st and ond generations, GIM mecha»nlsm

preserved due to same profiles: no flavor problem
| -

-- Couplings of feft-handed b (and t1, g) violate GIM dué.

to my (jvust as in SM) — signals at B-factories

~AdS/CFT correspbndence: 4D composite Higgs model

A —————— G T et
solves flavor puzzle + no flavor problem +
——

test at B—_fa ctories



B So]‘ufions -"-i:o‘ P'fanc f< - weak
“hierarchy problem

non —=SUSY
[ Higgs sector) |

[ susY
| weakly coupled




RS |s a (weakly cou{afed) ’tool ta

C.a.icuh.“be ina 4D Strong‘)/ ccu.{:led
Hiags secfcr



RANDALL - suwmum (Rsx) MODEL.

Loc.a.héy n 5”" d\mens\on brevents

“talk"” befween’; efFecfwe UV euwt-off
~ TeV For H|3.gs' mass and new p’wsms'

41) q,ua.ntum 'vci'y) a't' MP]

or
Ew S_ 8 |

Tev/IR
- brane'

mass sca.\e mass scale
~ Mo, e d ueto 5 o TeV
| curvature

(wesul'l's va.hd r Huggsle.ss mode's als?ff'




« BULK FERMIONS

Paramei’er localizes zero modes
(s™M fermiong) :
¢ > (<) 142 —> Zero mode s near
Planck (TeV) brane |

Ana\'c"y (“o S‘tf“'&“f&) in O(‘) 5D
Yubawa : 4D Yukawa h.e,mrch:ca.l

due to wavefunctions neay TeV bran
* C> Y% for light fermions, c<«< ' for
tob (see (afer)

- C > '/2. -
Al 3h‘t fermions

I

[|Higgs

TeV brane

Planck brane
| gauge KK mede



o FLAVOR CHANGING NEUTRAL CURRENT‘
(FeNc)
xchange o'F' ga,u.ge KK modes (localized
near Te\ bmne)

(sgkt"

auge KK mode ‘
' % 9 | ‘?ermmﬂs

/R small (due o
over (o.{a) '

CouP“'\g to th‘ fermions flavor dependeni

but small (same fea.son why
they are light)

? FCNC'’s small (QGerlaL'&’ed wi th
© small -Fernmon Ma.sses) |
built=in GIM mechanism |

m, <« wa__, not M~ m,

FAEX



. Tb{: 1,u._af‘k v('ala‘f’és GIM (asin sml
Heavy 'l'.',_ prefers c< % (near TeV brane)
—> b, near TeV brane |

= shift in coublmg of b 'l:o -Z

Kk dewmposn'bon wufhou’&' Hoagsvev

Hoggs vev- rmxes 2ero and KK
modes o'F W Z | -

V \'“ I_)‘r .

AN

’ \(M""Ko’“w

632- ~. 3k\< (‘)\/‘Og(MpllTev) mz
| 19 (eeP)) mZ
o H|ggs cou{:lma +o 3“"‘"36 KK mode

is enhanced (both near TeV brane
or comﬁcsctes in CFT Pncéure}




e Top and Bottom

N B ZQ—M:E} t(Ye~l),
\ //
~ 7
~ _ -
| > -
Plancktr - ' o

R —

TeV br,

c> 1{2 (A 1) for by, (small coupllng to KK

K
mo esz to be consistent with Z s bb

. c <K 1/2_(9 ,\ ~ 1) for.tL to obtain Y ~ 1

. Tension: same ¢ (<> A) for 7 and by, by SU(2);,

symmetry
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° - : Compromise

—;----’_/_.;

R ——————

c for (¢,b)p ~ 0.3 — 0.4 (a bit‘ near TeV brane) —

couplmg of bL to gauge KK modes ~ G/lO ~ gS A

cannot be Iarger or. smaller “live on the edge” ) —

|y5D ~ 4D+ 5gbZL/gZ ~ 1%[for mKK ~ 3 4 TeV

(S, T OK with custodial |sosp|n)

““ “

e due to my, ¢ for by, smaller (by, nearer TeV brane

mmm

QKK larger) than expected from my (i.e, c>1/2)
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3 classes of signals (related to compromise)

CREEDIREET

RS1 contribution [S]SM in processes dominated by top

————

loop:

() AF =2

(i) AF _17 pehguin
(i) Radiative B decays

~ RS1 contribution cannot compete with SM tree-level and

- QCD pengui'n | ‘ | -
- | little" hiero.rchg

. | Y ¢ problem

PTQ.V\QU'S S‘Eudles ; o~ 10 TeV. KK Masses

due to EW PTEc\saon do:ba ——)Vtsssagnals

"W.H\ cu.sfodsa,f 1sospin, few TeV KK
- -masses allowed (KAetal (2003))

Burdman (2003): few TeV KK masses
shift in wublma of b, to E not
incorporated
hievarchies in 5D Yukawa ollowed



Flavor violation due to non-universal couplings

to gauge KK modes
o KK gluon
- X
KK gluon coupling to weak eigenstate b > coupling to

SL, dL

]

= -ﬂavok—violating coupling to KK gluon after
rotating to mass eigenstate basis ( +rom -30.1&33 basis)

7 unitary
' rotation D,_

~ VcKM |
(d‘&e- to anarchic f\gﬁ)



qd— B, mixing

(- Js *
("a)mixing

| gluo»n KK exchange ~ SM box diagram for | -
| mix~3-4TeV| |

SM_ RSl
Leop- 1 | | Tree
g/mw ~v KK masses: ~ 47V |
2 ' -
% gKK ~ 9SM =~
(no GIM) '(c for (t,b)r, ~ 0.3 —0.4)

e Due to Iarge Mgl for bL smaller (gKK Iarger) than

expected from my

i SM, no GIM suppression (due to my ~ mW) in

b — s,d and imaginary part of s — d_(u_n»llke_ in

'_I:Z‘i/ part of s — d)
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Coincidence problem

% via. (1-3) x (2- 3) rmxmg

KK gluon contrlbutlon to €K~ S|\/| (as i Bd _ Bd) -.

e New phases in € and'\Bd — By mixing (from dj,

mass mixing) — fit to data possible:

(_&_71) weakly constrained by tree-level + unitarity
qumres (p,n) different than in SM fit J |

R

No unnaturally small 5D Yukawa's or CP violating
phaSes required to fit data |

= good p 7 fit to data in SM is an accident

- From 35D

Not severe as of now: O(1) uncertainties in RSl

) e

contributions + O(20%) uncertainties in hadronic

matrix elements for €K and Ade By

o KK masses R 3—4TeV suppress RSl contrlbutlons —

flne tunmg/llttle hlerarchy problem

ez e

|ate from SM expectation
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\ KK gluon contribution to B, — B, mixing ~ SM

Smoking gun signals . | Vs
| O(I) effect in | o conrsfrainaﬁli,

@ Amp_ measurable at Run |l of Tevatron

e O(1) Ehﬁfsin .BS'— B, (due to new phases in»DL)_ >
_Q_(_Qmi\xing—induced,ftime—dependentE_P_ |
asymmetry in Bs 5 J/ o |
(ala By — J/$K, in SM)

| 'ingS_lyl_, CP'asymmevtry small due to phase in B; — B;
mixing ~ O (A2)
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.coup[ing of (mostly funda-mental) s to gauge KK mode |
- (via “7 — p" mixing) ~ g o |
A (b— s5s) x (2 —3) mixing X gs/mKK ><
| il\icontributionfrom QCD penguin
~ (2 — 3) mixing g*/ (167°) gS X m2/miy, |
={gluon K-K exchahge rv‘@x SM QCD pengui;\-l o

(also, dilution in RG scaling from ~ TeV to mb)

m—
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AF=] ’o couplingmc b; to physical Z different from that of
ﬁ SI, dL by ~ 1%

AT

= flavor-wolatlng coupling to Z:

d 3auge
, [ -
921 +32( 0 |- Yrvvan
| % /3! gauge
mass S. | rThk -
| mmmﬁi ’\/\N\w
b _
bLZsL cqyplmg‘:v 5gZ (which is ~ gz
| - x(2—3) mixing - (3)

(b—}sff) (2 — 3) mixing X g%/m% X}1%

| SM electroweak penguin / |
(2 3) mixing 92/ (167T ]IgZ/mZ -

| ("Se& also ‘Bardman, NOMMV‘@)
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Smoking gun signal: : theory ~ 15%,

experiment ~ 30%

L ]

Not just effect on BR

” E - ]

RS1 effect in . l'yl/y5l (coupllng of Z to L is aX|a|)

not in ...lvy,l: nf_effect in y penguin (vector-like.

coupling)

= [*]"-spectrum, forward-Egckward asymmetry

affected |
direct CP vuola,'hon R81 effect does
not have Strong phase

b — sSs: contrlbutlon of SM QCD pengum larger by

~ g / g% — ~ 20% effect

SUSY Solu‘hov\s to flavor Frofz em
| 'EYP*“-"Y Su.#,bress s‘gnqis
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Radiative decays: loop diagrams with Higgs and KK

L )

fermions (couplings of KK fermions to Higgs

g oS \"1‘3353

enhanced)

g/mw ryé) S KK»masses' ~ 4Ty |
ﬂzzL KK coupling N"ég,p ~ 4 | |
» my é-;—
(o GIM) | (required for my) |
Vis ~0.04  (DR)py~1
anarchic Yo 3™ ~ (Dr), <DR>ﬂ -
7 50MeV L »

(RSl cntrlbutlon to bg — (s, d)Lfy smaller)
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Smoking gun signal

. O(1) mixing induced CP violation in
B — K*y, B, — ¢y (b— 3)
B = py, Bsf)K*y (b — d) /k‘SM

(interference betweeh bR — (8, d)r7y and |

.RSfl — bL — (s, d)m/ amplltudes) _ -
(BABAR heb-ex/04-05082 : 0. 25 + 0. ?)

B '-0['(‘ms»md) /mb] InEM.du_e to smaller by, — (s, d)ry.
EDM’s from 'simﬂar‘ | !oop d_l'_o.gra.m
Nauve(\/ 2.0 x ex‘r\: hmc -

In detm@ ! no Flcwov' dmgonal e-F'Fec't'
——> EDM's su,pgwesaecv by maxmg

. NQ RSl CP Pre%“f:(e‘m l, |
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