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® Our universe may be supersymmetric and
higher dimensional at some fundamental
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® | ow energy physics in the measurable
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® |n this talk, | am going to focus on the case
when Mecomp << Msusy SO that we may see

extra dimensions before observing SUSY

~ particles.
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g
e Pamela & Fermi

e ¢V scale DM, which mainly annihilates/decays
into leptons (24, 4y, 4e ...y, can explain
Pamela & Fermi ‘anomalies’ (with alargish BF maybe due

to local dense clumps or other physical properties of DM,.
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Today’s focus

KK DM (By, hi, ni, Gy...
|n UED and S lit- UED,.
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Contents

® A brief review of UED model building
o KK-parity

® An extension of UED, split-UED, very very
e |f ske ch of henomenolo Mo
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Let’s suppose we are living
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A simple model extra
dimension
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A simple model extra
dimension
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A simple model extra
dimension
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“Orbifold”
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“Orbifold”
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Fermion on orbifold
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Fermion on orbifold

- (P) —— (P/)

,  5D Lorentz symmetry dictates:
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Fermion on orbifold

5D Lorentz symmetry dictates:
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Fermion on orbifold

5 U(P) — U(P)

5D Lorentz symmetry dictates:
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Fermion on interval

periodic
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Fermion on interval

periodic
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Fermion on interval

periodic
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Fermion on interval

periodic

Pl
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Fermion on interval

periodic
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Fermion on interval

periodic
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UED

Appelquist, Cheng, Dobrescu, 200

Model spacetime: 1/ x 5! /7,
gauge symmetry: G = SU(3). x SU2)w x U(1)y
matter fields (5D): ‘I’(ﬂf“,y) =(Q,U% D%, L, E°)

G Orbifold projection
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KK-parity

® /) reflection about the middle point of extra
dimension.

® A remnant symmetry of 5D translational
mvanance WhICh is broken b end pomts (or fxed
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Indeed, KK-parity can be defined
oh any symmetric space.

pull back
f—l

symmetric space f flat space
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Examples
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Examples

Two Vuvuzelas glued together, FIFA2010




Examples

Two throats warped space

Agashe, Falkowski, Low, Servant (2008)




Examples

Flat UED

n=0, 2:even

n=1|:0dd

Pu=(-1)"




Interaction allowed/forbidden
by KK-parity

even
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The lightest KK-odd parEE;c:Le cannok cieao\v«

- If it is neutral, it can be a DM candidate.
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The lightest KK-odd par&ide cannok d@.&&j«.
1f ik is neukbral, it can be a DM candidate.
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UED :-)

UED is found attractive because

® The lightest KK odd particle (LKP, often the |5* KK

partner of U(l)y gauge boson) is a perfect DM
candidate.

Minimal UED has 2 new parameters (R, \), which allows
for easy scanning of parameters space.
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UED :-(

. 2473 2472
Troubles with UED p Aﬂ 247#: 240
N g3 gz
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® Hierarchy problem not addressed. Indeed worse
M

than the
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Let’s extend UED so that
UED becomes more
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Two Extensions of UED

without introducing additional field contents

® Brane localized terms (Dim=5, 6) Carena, Tait, Wagner (2002)
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Bulk Mass

® Mgauge=0 : gauge symmetry.
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Quiz) KK-parity forbids 5D fermion mass.
Yes or No?
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Quiz) KK-parity forbids 5D fermion mass.
Yes or No?

and
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*allows KK-odd mass

KK“F&rE‘Ev{ forbids KK-even mass

because Dirac Bilinear is odd under the reflection
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(0, £m)fpp), =0
with “even mass’’ with “odd mass”
m(-y)=m(y) m(-y)=-m(y)
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Odd mass on orbifold

Georgi, Grant, Hailu (2001)

— M5 (y)
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Split UED

AS = —/d% ol (y) Yy

® With the odd bulk mass, chiral zero mode remains
massless but the profile of zero mode is

exponentially localized. fg))L =
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Domain wall fermion

[-00,+ 00]

® A ‘trapped fermion’ exists in the presence of
domain wall in infinite extra dimension. It is
chiral (=massless).
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Domain wall fermion

[-L,+L]

® A ‘trapped fermion’ still exists in the presence
of domain wall in finite extra dimension. It is
chiral (=massless).
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Domain wall fermion
[-L,+L] + BC-i

(i) Dirichlet BC for growing mode.=> Domain wall fermion is physical zero mode
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Domain wall fermion
[-L,+L] + BC-ii

(ii) Dirichlet BC for Domain wall mode.=> Growing mode is physical zero mode
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Domain wall fermion
[-L,+L] + BC-ii

(ii) Dirichlet BC for Domain wall mode.=> Growing mode is physical zero mode
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sign(mu)

Zero mode
chirality

location

ultralight KK
mode

mu=>0

RH

middle
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mu<0

end points




Full KK spectra
-run with bulk mass-




Full KK spectra
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Full KK spectra
-run with bulk mass-

™ Large O-|
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Full KK spectra
-run with bulk mass-
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Flavor hierarchy in
split-UED + Localized Higgs

Csaki, Hubisz, Heinonen, SCP, Shu (arxiv:1007.0025)

e |[f Higgs is flat, we don’t worry about flavor problem.
[Doing nothing and safe]

® However, we may be more ambitious and wish to
address Yukawa hierarchy problem as fermions are
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Higgs sector

Csaki, Hubisz, Heinonen, SCP, Shu (arxiv:1007.0025)

fermions Higgs

\
Our model

S = [ el DaHP — iy HP? - 80y + DV-. () — by -

Vi(H) = V_r(H) = \(|H|* —v*)*
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Flavor constraint

® Flavor changing gluon exchange is allowed
after EVWSB.

® Flavor bound is severe as we can expect (No

RS-GIM like mechanism works in original

) Y
Y
L 4 4 -y w) = L p J g
’ Pt s DR A L Ry m'r® Wy B | N e A ) [ i e ) T R ! Yo W, 1, &4 Sk Uy -
: o P S IR T e 4 vy | A AN G S DR T : g St Ml o 2 L "3 oy
o h Sl Lt g o B NI ASNT R L Y B T S e A ek Sy

=

t ’ vl
r
= ',~ N Y- v
e DR e b Ve

v \ ’
0
R WL NN SN

20108 H14H M H



Not the

end of the RS-G I M

StoO r)/’ Arkani-Hamed,Schmaltz
, Grossman, Neubert
R Gherghetta, Pomarol
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RS to UED

Interpret UED as an effective description of
RS with two throats

*The remaining warping is minimal and
it is clear that this model will describe
exactly the same physics as the
complete warped XD, encapsulating RS-
GIM mechanism.

oKK-parity is conserved and flavor
hierarchy understood.

*[t is possible to reduce a warped
geometry to an approximately flat XD
by integrating out a large slice of the
warped XD.
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Allowed range

eLarge BLKT allows rather low KK-scale (~ 5 TeV) :-)
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Summary & Discussion

20108 H14H M H

KK-parity does not require flat geometry. KK-parity does allow
5D fermion mass.

Split-UED allows 5D masses in a way of keeping KK-parity.
Phenomenology becomes richer.

Flavor hierarchy may be due to the non-flat profiles but theory

is stringently constrained lack of RS-GIM like mechanism.
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