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Deconstructed U(1) on adisk

U(1)Nt! =11 ,U(1); productgaugegroupconnectedy scalar
links ~ (+1, —1):

= _% Zf\io Fi,uz/Fi'LW + Z£1(|DHQOJ|2 T |D,uQi,i—|—1|2)

Gaugebosonmassspectrunfor universalvalues
g9i = g,V =< QO,Z' >, U =< Qi,i-I-l >,
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M;=0 M?2=g**+4¢*u?sin® 2 My = (N +1)g*0°
gaugebosa with massiM y decoupledor N — oo
zeromode~ U (1)giag + KK spectrum~ gun/N (n < N)
raisedby gv

Thedisctheoryspacehave beenconsideredor SUSY breakingand

thedoubkt-tripletsplitting problem.

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

ScalarPotential

V= Ziﬁl[mﬂ@@ﬂ' P+ MP|Qun | + 1Q0,iQii+1Q0 41+
%)‘1|Q0,z’|4 T %/\2|Qi,z’—|—1|4 e h.c.]

= dimensonful quanttiesm, M, 1 € UV deseribetween
1TeV... Mp.

® Interestng case:hierarcly m < u ~ M (links on bourdary
heavry)

Assumem?® < 0, u < 0, M* > 0 — extremumfor

_ " m? p
U = <Q7’72+1> - 2[/\1-|-(N—1)/\4]M2—H2

—m?2 U
v* = (Qos)” = s (L o)
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Few sites N ~ O(10) F. Bauer, M. Lindner, G. Seidl, JHEP 0405 (2004) 026

Choosimm ~ 1 TeVandy ~ M ~ Mp_; ~ 10'° GeV
— u~ (um)~ L.

Ontheboundary: sub-mmlattice spacingsrom massscalesn the
UV desert.
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Inclusion of Fermions

Placingthe SM fermions+ threeSM singlet neutrinosV;, N, and
N5 onthecenter:

field éa es 05 u(cx’d(cx Nl, N2 N3
Ul || +1|-1|-1/3| +1/3| -4 | 5

® usualy Ny, No, N3 ~ —1 undergaugedB — L
R.E. Marshak, R.N. Mohapatra, PLB 91 (1980) 222
= anomaly-free(—4)3 + (—4)> +53 = -4 —4+5= -3

= Dirac neutrinomassterm~ ¢,eH N forbidden— no seesw
for actve neutrinos
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Breakingof U(1)4:., aroundl TeV by SM singet scalarsS residing
In thecenter

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

Decouplirg of Ny, Ny, N3 belov 1 TeV throughrenormalizable
terms~ SN, Ng

Radiatie generatiorof Majorananeutrimo masses- 1072 eV with
TeV-scalephysics. A. Zee, NPB 263 (1986) 99; K.S. Babu, PL B 203 (1988) 132
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L atticized Bulk Neutrino

Placingon eachsite (i) ontheboundary¥; = (vg;, v%;)’ ~ —1
underU (1);.
Wilson actionfor RH bulk neutrina

Swilson = f d'z 27]1\7:1 VRn <Qn,n—|—11/;2(n_|_1) — XnV]C{n) + h.c.
Scalary,, with (x,,) = u elliminatesunwantedfermiondoublrs

Large Dirac neutriro masses- M p;vg;v5,; forbiddenby cyclic
symmetry

BC's (VR(N—I—l)a VR(N—l—l)C) — :I:(I/Rl, V}cﬂ) for (Uﬂ)thSEd RH
neutrino

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

m2 = 4u?sin? "2 (twisted)

m2 = 4u?sin?™2) (untwisted)

In theR: lineartowersof KK excitations with u ~ (um)~* ~ 1071
eV masses.
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Coupling to Active Neutrinos

“Local” connectim of v, in the centerwith v, dueto cyclic
symmetry

SAD — fd4x]\§_o}€a€HQ8,1VRl+ h.c.

Int

L

— Dirac masstermbetweeny, andlowestlying KK-neutrino
Mp, = Y, (H)v/(VNM;) ~ 1072 eV
Comparedo 5D ADD scenatrio:

SV = fd%\}/]‘(}i*éaeH(x)uR(x,y =0)
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— 4D Dirac-typecouping to zeromode~ Y. "/, e Hvyr M, | Mp;

similar suppressin of couplingsfor coarsdatticizations

VN ~ O(1 — 10)

volumefactor(5D) vs. lattice spacingv—! comparedo Planck
length M+ (4D)
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Unwanted operators

o

Sd1m5 | fd433 Zn 1 My QO nQO n—l—lVRnVR(n 1) +h.c.

— smallDiracmasses- 1072 eV betweernvg, andvg,, ,, for
Mf ~ 107 GeV
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Switchedoff in spider webtheoryspace:
SM onsite(1) RH neutriro onoutercircle
links with masses- 10?2 GeV and~ 10 TeV

unwanteddimensim 6 operatorsuppessedy ~ 1072 TeV

(Qiiv1) ~ (um)~*
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Mixing with KK modes

Neutrinomassandmixing terms(oneactive neutrinov)

LY = m,vv + vV Nmprvg, + uwwgy(Tvs, — Viy)+

Uzn 1 VRn(VR( +1) — V) th.C.

wherem, ~ 1072 eV, vV NmD = M; ' (H)(Qo.1) ~ 10~ eV and
u ~ (pm) ™

m LY — (2N + 1)? massmatrix M with “heavy” KK modes:
u < my,, VNmp
= diagorization M M™ — VT M MTV* in perturbatio theory

= using smallexpansionparametet = v Nmp/u < 1
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T = —1 N evenmixing anglesfrom 1strow:

Vii = (1, 6A1, Ce e GAN/Q, ebq, ..., GBN/Q) where
_ my
n . n—1/2)=w
uV/8N[sin2 (B=1/2)™ N/ ) —2
Bn _ sin—(n_]l\,ﬂ)7T

\/W[sin2 —(n_]lv/2)7r — %]
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Neutrino Oscillations

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

PL B 466 (1999) 115

Flavor eigenstate

) = % (v + e N5 Anlin) + € SN Balun))
From|{v/|v;)|* = 1: normalizationconstai

K2=1+eY % (A2 + B?)

Transitian survival probabilty: Py = P(vy — vg) = |(vs|vs(E)) ]2

Time evolved state

Le i em ) (| >—|—GZN/2A e |1, ) —|—€ZN/2B ' |v
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with phasesandmass-squareéigervalues

¢ o (NmQD—I—m,%—m%)t
n —

e and m? = 4u? gin? (R=L/2)m

N

T = —1 andN even

2
Prp = 5 [14+ 2302 (A2 4 B2)ein
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Neutrinotransitionsurvival probability P¢ ; for m, = 0. Upperleft panel: T=-1 andN oddfor
N=55(dashesandN=55 (dots).Upperright panel: T=-1 andN evenfor N=4 (dashesandN=44
(dots).Lower left panel: T=1 andN oddfor N=5 (dashesandN=55 (dots).Lower right panel:T=1
andN evenfor N=4 (dashesandN=44 (dots) TomasHallgren- Partikeldagarna2005— p.19/
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Neutrinotransitionsurvival probability Pr ; for m, # 0. Upperleft panel: T=-1andN oddfor N=5
(dashespndN=55 (dots).Upperright panel: T=-1 andN evenfor N=4 (dashesandN=44 (dots).

Lower left panel:T=1 andN oddfor N=5 (dashesandN=55 (dots).Lowerright panel: T=1 andN
evenfor N=4 (dashesandN=44 (dots). TomasHallgren- Partikeldagarn&005— p.20/
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Amplification of Py ¢, comparingthe continuummodel(solid) with N=55andT=1 (dots)
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Probingdeconstration with neutrno oscillations

Model for sub-mmlattice spacing from UV desertbetween
TeV andPlanckscale

Possble subleadig correctiondo standardhree-neutrio
oscillations

Testin (future) v, or v, precisiondisappearencepxeriments
like KamLAND, Borexino, Double-CHOOZ,...

BBN constraing canbe avoidedby primordiallepton
asymmernyor low reheatingemperatur

Referace: T. Hallgren, T. Ohlssa, G. Seidl, JHEP0502 (2995)
049,hep-ph/@11312
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