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Field theory vs. String orbifolds

3 Family Orbifold GUT on M, x S,/(Z,XZ,”)

Heterotic string compactified on [T,]3/Z,
+ Wilson lines

onsider SO(10) examp




5D orbifold field theory
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o ¥— —y space reversal

T y— y+ 2x R translation

P — T is also a Zg action.

& [wo conjugacy classes of fixed points
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» Fundamental domain [0, =17

y = 0 — fixed point of 7,
y = w il — fixed point of P/



» A general 5D field ¢ (@, ) transforms as
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d{x, y) — oz, —y) = Polz, y)
¢lz, y) = oz, y+ 27 R) = T¢(z, y)

P, T realize P, 7. (I — Wilson line.}

Equivalently, ¢ is characterized by orbifold parities P, P

& ¢ has a Kaluza-Klein mode expansion
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Depending on the orbifold parities P, P/, the wave function
Y (y) and KK state masses are
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5D SO(10) orbifold GUT

» SO(10) “bulk"

Vector multiplet V' {45) 4 3{45)
Hyper multiplet & {10) + H°(10)

States P P States P P
V{5, 1,1 |+ + >(15,1,1) | — -
V(l:ﬂzl) T T E(lz 3:1) o o
V(1,1,8) |+ + $(1,1,8) | - —
V(6,2,2) |+ - %(6,2,2) | — +
H(6,1,1) | + - H(6,1,1) | — =+
H(1,2,2) |+ + H(1,2,2) | - —

@ P = +: complete multiplet of SO{10)
— y = 0-50(10) “brane”

P! = 4 complete multiplet of SU(4)x SU(2); x SU(2) g
— y = wil — PS "brane”

» Salve the doublet-triplet splitting problem.



SO(10) Orbifold GUT on M, x $,/(ZxZ;”)
SOl() brane (SU4 X SUQL X SUQR) brane
I Gauge — V, X C 45 T

2(16) _
6(10 + 10)
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V, ¥ € SO(10)
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V e PS, f3¢e16|U]

o E 3(h + C) € 6(10 + 10)

f5+ (x° +X°) € 3(16 + 16)
AN AN

SO(107=> SO(10F=> SU(4)xSU(2),xSU(2)~

f=(421), f=(412), h=(122)
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Strings & EXxotics
No chiral exotics !!

L Massive &
[(4,11)+ (4,10)]+ (1, 2,1) + (1,1, 2) Decouple !
+1,2,51,2)+(L12,1,2)

e ——— = e s




Strings
& Discrete N.A. family symmetries

SOy

SOlO SU4>< SUQLX SUQR







D, family symmetry

geometry space group



Fermion mass hierarchy
PS breaking VEVs

Oi = (Xo Xi)y ©=1,2

e Fermion mass matrix [simple form]

Ji
(f1 f2 f3) h M 5
VE

(02 go + SO) (02 S'e + Se) (Ol O3 ¢0 -+ €bo)

( (02 Sc+8:) (02 S0+ 85) (01 02 ¢ + ) )
M =
¢ &, 1
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Flavor Violation

Non-abelian family symmetry

Fermion hierarchy «— scalar flavor
VIOl

Suppresses flavor violation
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Orbifolds preserving N=1 SUSY



Orbifold + Twisted Sectors

n.e_, (i:l,..,d) e :R%\ torus

ne. A lattice

A=A 0N =1 TVZ orbifold
\

secto
Con|. classes




T2/Z, orbifold




Stringy Selection Rules

Eg. . Yukawa couplings of n states
In first twisted sector

(en > j 1 (1-6)A)

() n=3z, () Y m=0 (mod 3)
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Flavor Symmetry Breaking

f:ﬂ doublet
A




T2/Z, orbifold
(D4 X Dy )IZ; 4 - plet
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T2/Z, orbifold ( 6- twisted sector )

11(6,0)), |(6.e.))] (D4x2,)IZ,

0,e
doublet (0.)

(6,0)
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T°/Z, orbifold ( 6% — twisted sector )

{(92,0)>, (6’2,e1+e2)>, (6’2,e1)>, (92,e2)>}

B (D, x Dy )IZ,

4-plet
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T2/Z, orbifold ( 6+6° — twisted sectors )
(Dyx Z4)IZ,

{(6’2,0)>i («92,e1+e2)>, (92,e1)>ir (92,e2)>}

{‘(‘90» ‘(‘9’91»}

4- singlets
+ doublet




T?/Z, orbifold ( SU(3) lattice )
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T?/Z, orbifold ( SU(3) lattice )
T: 71572
— ¥ A,
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T?/Z, orbifold ( SU(3) lattice )

> S, % (Z,XZ,XxZ,)
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Table of Orbifold Symmetries

32

orbifold flavor symmetry twisted sector string fundamental states
St/ 74 Dy = Sy X (Zo X 7o) untwisted sector 1
f-twisted sector 2
T?2/7y | (Dy x Dy)/ 7y = (So x Sy) X 7 untwisted sector 1
f-twisted sector 4
T2/75 A(54) = S3 X (73 X 73) untwisted sector 1
f-twisted sector 3
6%-twisted sector 3
T? /74 untwisted sector 1
(Dy X Z4)] 7o f-twisted sector 2
(Dy X Dy) /75 6*-twisted sector 4

or (Dy X Zy) /7 0 + 6%-twisted sectors or 14, +1p, +1p,+ 14,
T?/Z¢ trivial
T*/Zs untwisted sector 1
(Dy X Zg) /7o f-twisted sector 2
combined Gz-tw?sted sector 14, +1p, +1p, + 14,

f°-twisted sector 2

6*-twisted sector 4x(1g, +1p, +1p, +14,)

T/ 71 trivial

T/ 7, untwisted sector 1
Sy % (Z7)° O*-twisted sector 7
7

0" k_twisted sector




Conclusions

= non-Abelian flavor symmetries
spont. breakingy fermion mass h
suppress flavor violating processes

Orbifolds=» discrete n-A. flavor. sy
point group selection rules
geometry

GOAL: Find realistic models using
these tools.




