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Introduction
[ 1]

Orbifold GUT theories

@ Extra dimensional theories
@ Parities under Orbifolding are used to make particles heavy

@ Multiple parities can be used

Figure: The fundamental domain is shown in bold. It lies between the
two fixed points at 0 and 7R
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Introduction
oce

An Orbifold GUT theory

An SO(10) model

Asaka, Buchmiiller, Covi. Gauge unification in six-dimensions.
hep-ph /0108021
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Introduction
°

A, family symmetries

@ A, can reproduce the TBM mixing
°

2/3 1/v/3 0
U=|-1/vV6 1/V/3 —1/V2
-1/vV6 1/v/3 1/V2

@ Often additional symmetries are used e.g. U(1) and Zy
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The A4 group

The A4 group

*]
*]
*]
*]
*]
*]

Subgroup of SO(3)

Group of even permutations of 4 objects

Can be generated by two permutations S and T
S :(1234) = (4321) and T : (1234) = (2314)
S2=T3=(ST)*=1

Contains 3 singlets and a triplet, 1,1’,1”,3
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The Orbifold

@ Defining z = x5 + ixg
@ The torus is generated by
z—z+1
zZ—>zZ+y v = e’%
@ The orbifolding is defined by
zZ— —Zz
@ We are left with a tetrahedron in the 2 extra dimensions
@ The Tetrahedron can be generated by
1
S: -
z—z+ 5
T:z—wz w= 72
@ These two transformations permute the fixed points

S: (21722723724) - (24723722721)

T: (21722723724) - (22723721724)-
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The Orbifold

The Orbifold

W 1+y

Z. p4 X
o 4 1 1 5

@ Altarelli, Feruglio and Lin. Tri-bimaximal Neutrino Mixing
from Orbifolding:hep-ph/0610165
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The Model
o

The Model

©

Based on SU(5) N =1 in 6d
U(1) family symmetry

©

©

A, comes from the symmetry of the extra dimensions left over
from compactification

Matter fields are brane fields confined to fixed points
Assign the 10-plets T;53 to 17,1/,1 of A4

RH neutrinos and 5-plets are 3-plets of A4

6,0" break the U(1) symmetry

The Ay is broken by triplets ¢ 7 and s and a singlet £

¢ © ¢ ¢ ¢
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The Model
°

Compactification

@ We can expand our fields on the compact dimensions using

*]
(D(X’X5)X6) =

1 nx

- - d(min) : 6

27v/RiRasinf ; (X)exp{’ < b~ g stin9>}
@ We get a Kaluza-Klein states of mass

m 2 n 2 2mn cos 0

M(m n) smG (?1) + (Fg) - R1R2
o We are left with a A/ =2 SU(5) theory in 4d from the N =1

6d theory
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The Model
°

Getting rid of the unwanted SUSY

@ We have a vector multiplet (V),, A1) and a chiral multiplet
(Vs,6,\2)
@ We assign parities under the first orbifolding
(X57X6) - (_X57 _Xﬁ)
°
PV, (x, —x5,—Xg)P71 = + V. (x, x5, X6)
PVso(x, x5, —x6)P~! = —Vs6(x,x5,%)
@ Choosing P = | we get
°
— i —_ k] — ) T
V,LS, m,—n) __i_vlgmn) — +V£mn) ’
— i k] ) T
vz = gt
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The Model
.

Gauge Breaking

@ We also need to break the SU(5) gauge theory to the
standard model

@ We use another orbifolding so our orbifold is now
T2/(Zz X le)

@ We require that

Psm Vyu(x, —x5 + TR1 /2, —x6)Popy = +Viu((x, x5 + TR1/2, x6)

0
+1 0 0 0 ©
0o +1 0 0 ©
Psy=]10 0 -1 0 O
0O 0 0 -1 0
o 0o o0 0 -1

@ Gauge bosons belonging to the standard model have positive
parity



The Model
°

Doublet-Triplet splitting

@ We can choose a positive parity for the Higgs under both
orbifoldings

°
PsmH(x, —xs + mR1/2, —x5) = H(x, x5 + T™R1/2, xg)

@ This results in a light doublet and the coloured triplet
becomes heavy
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Adding Matter

°
" 292"

wp = M TsTs+ e ToTs 4 oo
930" 6 3p3"
o2 HsT1 T35+ A3/2 HsT1 Ty + —— AI3/2
070" 94 41! 7!
AL7/2 HsTaTy + 5775 AL7/2 Hs Ty Ty + AL7/2

HsT>T>
Hs T1 7>
HsT1 Ty

2 4

1 0 0
Wdown = pf'%(FwT)"ﬁJr it (For) T2 + relts (Fer)'Th

06" 00"
6 Hs(Fer) T+ 5 Hs(For)' T
030" 202!

+ A—H‘(F<PT) Tt =5 Hs(For)'Ta

yP -
Yz Hs(NF) + (a6 + %E)(NN) + x5 (05 NI)
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Adding Matter

: __1
@ We get a suppression factor s = N7
°
<SDT> = (VT,0,0), @ = (V57 Vs, VS)’ @ =u
A A

@ we assume t ~ t” &~ s ~ O(\) with A = 0.22
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Adding Matter
°

Mass matrices

]
A8 N6 )\
my= [ A° A* A2 | A0
DRI I
]
) S
mg= |\ N\ ... VT)\VS
Mo
]
st3 st st st PRI
me = st st” stvgz VD TN vT)\vc(
1 e 1
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Adding Matter

@00

Neutrinos
]
3a+b b b
m,=——- b 2ab+4b? poab-32 | S°(v0)?
= ot =
3a(a+ b) b Pbo3s  2abil A
b—a b—a
[*]
a= 2x5U b= 2XpVs
(D)2 (yP)?
[*]
UT m,U = diag(my, mo, m3)
]

2/3 1/V/3 0
U=1|-1/vV6 1/vV/3 —1/V2
-1/v/6 1/v/3 1/V2
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Adding Matter
00

Summary

)

Start with a 6d theory with full 6d spacetime symmetry

(4]

Orbifold extra dimensions to leave an As symmetry and 4d
spacetime symmetry

A SU(5) theory on the Orbifold making use of the A4 as a
family symmetry

(]

(4]

Orbifolding solves the Doublet-triplet splitting problem

(]

Produces tri-bimaximal neutrino mixing

(]

Still need to incorporate a Georgi-Jarlskog mechanism
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Adding Matter
ooe
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