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Deconstructed
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.� � 4 .5 � / . 0 . � 6 / . 3 .87 9;: .=< 5� . � � �> � � � / . 0 . .
gaugeboson with mass � decouplesfor

> ? @

zeromode � � �� �BACED F + KK spectrum � / 3G H> � G > �

raisedby / 0

Thedisctheoryspacehave beenconsideredfor SUSYbreakingand

thedoublet-tripletsplitting problem.

E. Witten, hep-ph/0201018; N. Arkani-Hamed, A.G. Cohen, H. Georgi, JHEP 0207 (2002) 020

TomasHällgren- Partikeldagarna2005– p.4/??



Large Lattice Spacings

ScalarPotential
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dimensionful quantities K , , M V UV desertbetween

1 TeV.. . W X.
interesting case:hierarchy K M Y (links on boundary

heavy)
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Few sites

> Y k �� 4 �

F. Bauer, M. Lindner, G. Seidl, JHEP 0405 (2004) 026

Choosing K Y � TeV and M Y Y l d m Y � 4 
n
GeV? 3 Y � M K � d 


.

On theboundary: sub-mmlatticespacingsfrom massscalesin the

UV desert.
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Inclusion of Fermions

PlacingtheSM fermions+ threeSM singlet neutrinos
> 
 , > . and> o on thecenter:

field

prq s tq uq 3 tq ,

v tq > 
 , > . > o

� �� � � +1 -1 -1/3 +1/3 -4 5

usually

> 
 , > ., > o � � � undergauged

w � x

R.E. Marshak, R.N. Mohapatra, PLB 91 (1980) 222

anomaly-free:

� � 6 � o � � � 6 � o � y o � � 6 � 6 � y � � z

Dirac neutrinomassterm � pq { |> } forbidden ? no seesaw

for active neutrinos
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Breakingof

� �� �A CED F around1 TeV by SM singlet scalars
~

residing

in thecenter.

O.C. Anoka, K.S. Babu, I. Gogoladze, NPB 687 (2004) 3

Decoupling of

> 
 , > ., > o below 1 TeV throughrenormalizable

terms � ~> q > }

Radiative generationof Majorananeutrino masses � � 4�d .

eV with

TeV-scalephysics. A. Zee, NPB 263 (1986) 99; K.S. Babu, PLB 203 (1988) 132
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Latticized Bulk Neutrino

Placingon eachsite(i) on theboundary

� 
 Z �L��� 
� �� t� 
� � � � �

under

� �� � 
.
Wilson actionfor RH bulk neutrino:

���C ����� � v $�� �5 � 
 ��� 5 + 5, 5	 
 � t� c 5	 
 f � � 5� t� 5 �

h.c.

Scalar � 5 with

[ � 5 \ Z 3 elliminatesunwantedfermiondoublers

LargeDiracneutrino masses � W X ��� 
� t� 
forbiddenby cyclic

symmetry

BC’s

�L��� c �	 
 f� ��� c �	 
 f�� � � � �L��� 
� � t� 
 � for (un)twistedRH

neutrino

C.T. Hill, A.K. Leibovich, PRD 66 (2002) 016006
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Neutrinomassspectrum

K . 5 � 6 3 .7 9: .< c� d 
 � . f� (twisted)

K . 5 � 6 3 .7 9: .< c� d 
 f� (untwisted)

In theIR: lineartowersof KK excitations with 3 Y � M K � d 
 Y � 4 d 


eV masses.

TomasHällgren- Partikeldagarna2005– p.10/??



Coupling to Active Neutrinos

“Local” connection of � q in thecenterwith �� 
 dueto cyclic

symmetry� $ �C � � � v $ � ���i�� p q { | +N �-, 
 ��� 
 � h.c.

��� �� 

¡¢ £ ¡¤¦¥!§   £

? Dirac masstermbetween� q andlowestlying KK-neutrino

� � � ¨q [ | \ 0 H � > © � Y � 4 d o

eV

Comparedto 5D ADD scenario:

�n �C � � � v $ � � ª�«i­¬ p q { | �� � ��� �� � ® � 4 �
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? 4D Dirac-typecoupling to zeromode � ¨ �q p q { |� �� N H W X

similar suppression of couplingsfor coarselatticizations> � k �� � � 4 �

volumefactor(5D) vs. latticespacing 0 d 

comparedto Planck

length

d 
© (4D)
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Unwanted operators

¯°± ¯ ²° ³± ´ µ ¶

·¸º¹!» ± ¼ · ¸¹ » ± ´ µ ¼

�AC ½n � v $ � �5 � 
 ��¾i�� +N �, 5 + �-, 5	 
 ��� 5� t� c 5d 
 f+h.c.

? smallDiracmasses � � 4 d .
eV between�� 5 and� t� c 5	 
 f for© Y � 4 
 ¿

GeV
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Switchedoff in spiderwebtheoryspace:

SM on site(1) RH neutrino on outercircle

links with masses � � 4 
 .

GeVand � � 4 .
TeV

unwanteddimension 6 operatorssuppressedby � � 4d .

TeV[ + À 
, 
	 
 \ � � M K � d 
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Mixing with KK modes

Neutrinomassandmixing terms(oneactive neutrino� )

#( ] � K ( � � � > K � � ��� 
 � 3��� � �Ì � t� 
 � � t� � � �

3 �ed 
5 � 
 ��� 5 �� t� c 5	 
 f � � t� 5 �+h.c.

whereK ( Y � 4 d .

eV,

> K * � d 
© [ | \ [ + �-, 
 \ Y � 4 d .

eV and3 Y � M K � d 

#( ] ? �Í > � � � .

massmatrix with “heavy” KK modes:3 K ( ,

> K �
diagonlization

Î ? I � Î IN

in perturbation theory

using smallexpansionparameter { Z > K � H 3 �
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Ì � � � >

evenmixing anglesfrom 1strow:

I 
 
 � �� � { Ï 
� R R R� { Ï � � .� { w 
� R R R� { w � � . � whereÏ 5 � ]EÐj «Ñ � _!Ò 
 5 ^ Ó ¾Ô a Õ ^ ÖØ× Ù d Úg

w 5 � Ò 
 5 Ó ¾ Ô a Õ ^ ÖØ× Ù« . � _�C � ^ Ó ¾ Ô a Õ ^ ÖØ× Ù d Úg h

TomasHällgren- Partikeldagarna2005– p.16/??



Neutrino Oscillations
G.R. Dvali, A.Y. Smirnov, NPB 563 (1999) 63; R.N. Mohapatra, S. Nandi, A. Perez-Lorenzana,

PLB 466 (1999) 115

Flavor eigenstate

) � © \ � 
Û ) � \ � { � � .5 � 
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 w 5) � 5 \

From

) [L� © ) � © \ ) . � � : normalizationconstant

Ý . � � � { . � � .5 � 
 � Ï . 5 � w . 5 �
Transition survival probability:

Þ © © Z Þ �L� © ? � © � Z ) [L� © ) � © �àß � \ ) .
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with phasesandmass-squaredeigenvalues

è 5 � c � ] ^ ª 	 ] ^Ð d ] ^¾ fé. ê ë: ì K . 5 � 6 3 .87 9;: . c 5d 
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Summary and Outlook

Probingdeconstruction with neutrino oscillations

Model for sub-mmlatticespacings from UV desertbetween

TeV andPlanckscale

Possible subleading correctionsto standardthree-neutrino

oscillations

Testin (future)

��ñð or � ð precisiondisappearenceepxeriments

like KamLAND, Borexino, Double-CHOOZ,...

BBN constraints canbeavoidedby primordial lepton

asymmeryor low reheatingtemperatur

Reference:T. Hällgren,T. Ohlsson, G. Seidl,JHEP0502 (2995)

049,hep-ph/0411312
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