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Introduction

� Hierarchy problem in Standard Model (SM)� ��� � � �� �
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� Large Extra Dimensions (ADD) + Bulk >@?�

“Solves” hierarchy problem�

Small neutrino masses natural� What are the constraints and collider signatures?� Can we probe > mass scheme, absolute mass?
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Large Extra Dimensions (LED)
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LED + Bulk d B

[Dienes, Dudas, Gherghetta]
[Davoudiasl, Langacker, Perelstein]
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Kaluza-Klein (KK) 4D theory

� KK expansion
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Neutrino mass matrix
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Experimental constraints

�

LED constraints�

Table-top gravity experiments�
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Bulk ef constraints�

Supernova:

£ � �

(literature)�® oscillation� ¿ ¿ Õ ¿ ¿ unitarity
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Neutrino Oscillation
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Neutrino mass schemes
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Oscillation data does not fix the mass scheme
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We will not address LSND data
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Oscillation constraints

� Lower bound on

�? (eV)

Normal Inverted Degenerate (� % �

eV)

CHOOZ Atm CHOOZ Atm CHOOZ Atm£ � �

0.03 0.15 0.5 0.13 10.6 4.1£ � 7

0.32 1.5 5.3 1.3 100 41.7£ � � 72 4 � �� 9 82 Ð � �� 9 �2 7 � �� · 42 $ � �� 9 ��  8 � �� ·

�

Cut-off dependence (from

Ä ¼   çêé §¼   � )�

No dependence for
£ � ��

Logarithmic dependence for

£ � 7�
Linear dependence for

£ � �

Constraints and collider signatures of bulk right-handed neutrinos – p.10



(Perturbative) Unitarity constraints
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(Perturbative) Unitarity constraints
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Collider signatures

� ef couples only to em and
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Signal cross section

�

Monte Carlo for Tevatron and LHC
(cross section very small for
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Higgs decay branching ratio

10-1 100 101 102
0

0.2

0.4

0.6

0.8

1
mh=115 GeV
mh=150 GeV

102 103 104 100 110 120 130 140 150 160

10-2

10-1

100

δ=3, 1/R=103 eV
δ=2, 1/R=1 eVδ = 2 δ = 3

bb

bb

Invisible Invisible

Invisible

bb

Invisible

bb

bb

1
R

-

(eV) mh
(GeV)

Br Br

�

For 1/R small, invisible decay dominates
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h production and
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h production and
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LHC Discovery potential

�

Significance

LNM � ¸OM � P � ¦RQ §S T U¬PVW Q X U ¬L � � 4Y ! #$ ¶ � �� � $ �� � � Z[� ´

102 103 104

100

101

102

103

Si
gn

if
ic

an
ce

Normal
Inverted
Degenerate

102 103 104

1/R (eV)

100

101

102

103

Si
gn

if
ic

an
ce

100   fb-1

1000 fb-1

5σ

5σ

l
++ E/T

π++ E/T

(

£ � �

)
Constraints and collider signatures of bulk right-handed neutrinos – p.18



Probing neutrino masses

�

Normal, Inverted or Degenerate? What is the absolute mass scale?�
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Conclusions

�

Bulk ef explains the smallness of e mass�

Oscillation constraints can be strong, esp. for
[p r

�

Unitarity constraints also quite strong�

LHC can probe bulk ef physics in
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