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Constrocting 3 Tamily models from
the E(B)XE(8) heterotic string

Ovtline
= phenomenology
= orbifold GUTs
* heterotic string
4D Pati-Salam
Discrete non-Abelian flavor sym’s
Mini-landscape search for ANSSAA
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Phenomenoloqy

" gavge covpling unification
= YuKawa vnification
" nevtrinoe masses
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State Y Coler Weak
2XE(C) — (W) | Cspins | W spins
v 0 + + + ++
e 2 + + + ——
ur -+ + + -
de -+ + —+
up s +— 4| +-
db + -+ —+
uy ++ - +—
dy + + - —+
ur + - - ++
up —3 -+ -] ++
uy - — + ++
dr +-—= —--
dp % -+ — - —
d, e
v —1 - — — + —
e - — — —+
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Phenomenology

charge quantization

YuKawa vnification
nevtring masses
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Gavge coupling vnification

\Y/ 3x10*° GeV
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YuKawa vnification
SUB) A1010H,+A4,105H,+A51H,
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Phenomenology

charge quantization
gavge covpling unification
YuKawa vnification
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Phenomenology

charge quantization
gavge covpling unification
YuKawa vnification
nevtring masses

SOU0) SUSY GUT w/ LE. SUSY




Ruark € Lepton masses and mixing
Hierarchical 1, u, H, A ~0(1)

e S (i, )
g, u; H, () Froggatt-Nielsen
I\/IP
flavor symmetry breaking
U() or non-Abelian SU(2), SU(3)
S, =D,, D,, A, A(27), A(54)
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L e Gl
SUSY flavor problem

~ 125 soft SUSY breaKing parameters!
iy FCNC
Solvtion
l. heavy I5* £ 2™ generation scalars

2. degenerate squark € slepton at AN,
3. alignment of fermion/stermions

263 non- Me lan ﬂavm sym.
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Phenomenology ( summary )

SOU0) SUSY GUT w/ LE. SUSY

Discrete non-Abelian flavor symmetry




4D GUT problems
GUT symmetry breaKing

Higgs douvblet — triplet splitting

Orbifold GUTs




Orbitold SUSY GUTs

All this first observed in

heterotic string in 10D



E; xE; heterotic string
Constructing AASSAA /' Caveats

SUSY solution at A
100’s modvli ( geometric € more )
gavge € YuKawa covplings feuns. of modoli
tune to desired valves
moduli stabilization & SUSY breaking 72
save for later
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K'obayashi, SR, Zhang

K obayashi, Nilles, Ploeger, SR & Ratz
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Massless U sector P2=2
<o Vs=¢(2,2,2,0,0,0,0,0), V, =2V,
PV,-rv,eZ, r=(0210,0)
=3(1,-10) twist




Consider P.V,=Z

P= (0,0,0,+1,+1,0,0,0) 45
O e i s o o M /1

mmp E(6) x SUB) V.2=1/8
Similarly 27, 27 e U,, U,
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mm) gavge-YvKawa vnification

7R
%[ dy27227 = gHF{F,
0

JzR

=) D, family symmetry

(=7 +T)

mm)p Higgs for I°S symmetry breaking
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D, family symmetry

geometry space group sel. rule



fFermion mass hierarchy
PS breaking VEVs

O; = (Xo Xi)y ©=1,2

e Fermion mass matrix [simple form]

Ji
(fi f2 fs) RM | f5

3

(02 S?0 + SO) (02 ge + Se) (Ol Oo ¢o + (/50)

( (02 Sc+8:) (02 S5+ 85) (01 02 ¢ + ) )
M =
de &, 1



Orbifolds preserving N=| SUSY



| Orbifold + Twisted Sectors

X =X +IEEs (i :1’"’d) e — R%\ torus

n.e. A lattice

OAN=A 0" =1 TVZ orbifold
N

f = (6’k f )+ A Fixed points, Kt twisted
sector

(1— 0" ) f = (1— 0" )A =A, Conj classes
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fixed points

( (6, m &)
m, =0,1,2
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' Stringy Selection Rules

Eq. : YuKkawa couvplings of n states
in First twisted sector

N

[1(6. me, )= (9” Zm j (L, (1-6)A)

() n=3z, (I Zml(i):O(modB)
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l flavor Symmetry Breaking

(0.0))) 0" A(54) > D, = 5, UZ,
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D
[(6.2¢,)) i
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T%2/Z, orbifold
(b,xD,YZ, 4 - plet




| TZ/ Z, mbtfald C 0- ‘i‘wusi‘ed sector)

1(6.0)), |(6.,))} (D,xZ,Z,
(0,¢,)

dovblet




T2/Z, orbifold (0’ — twisted sector)

{(62,0)>, (6’2,e1+e2)>, (92,e1)>, (92,e2)>}

(D,xD,)Z,

4-plet
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T2/Z, orhifold (0402 — twisted sectors)
(D,xZ,YZ,

(92,0)>i

|

(Hz,el+e2)>,

(6’2,e1)>ir (92,e2)>}
[(6.0)). [(¢.2.)

4- singlets
+ dovblet
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T2/Z, orbifold SV lattice )
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T2/7, obifold ( SU lattice )
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12/Z, orbifold ( SUB lattice )

Sy S, (Z,xZ,xZ,)




Search Tor ANSSAA Spectra in heterotic

orbifolds

Buchmoller, Hamaguchi, Lebedev £ Ratz
Z -1 orbifold
LooKed Tor and Tound SAA gavge
grovp in 4D with 3 Tamilies and
vector-like exotics

LNRRRVW ~ Ahini-Landscape search
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fM\ini-Landscape search Z_ -l orbifold

V. breaks to SOU0) (or E(6))

2 families (16 (or 27) ) in T, twisted sect.

Generate 2 Wilson lines W, , W,

Mentify ‘inequivalent’ models

Select models with G, < SU(5) = SO(10)

Select models with 3 net (3,2

Celect models with non-anom. U, (Y)cSU(5)

Select models with 3 SAA Families +
__Higgses + vector-like exotics
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Mini-Landscape search

LNRRRVW preliminary

criterion VSO(lO),l VSO(lO),2 VE6,1 VE6,2

(4) inequivalent models with 2 Wilson lines 22,142 7,843 675 1,694

(5) SM gauge group C SU(5) € SO(10) (C Eg) || 3563 1163 27 63

(6) 3 net (3,2) 1170 492 3 32

(7) non—anomalous U(1)y C SU(5) 528 234 3 22

(8) spectrum = 3 generations + vector-like 128 90 3 2
Table 1: Statistics of Zg-II orbifolds based on the shifts

VSO(lO),l, VSO(lO),Z ‘/Eﬁ,l7 1/ Es,2

with two Wilson lines.



Wini-Landscape search

LNRRRVW preliminary

Probability ~ /400

for MSSAN-like models

Very ‘fertile’ patch in heterotic landscape
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fFuture work

ChecK for D = £ = 0 directions

ChecK all exotics get mass

Check fermion masses

Check R,,;, conservation

ChecK nevtrino masses

SUSY breaking and lifting Flat directions !
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Conclusions

. <S0U0) SUSY GUT w/LE. SUSY
2. E(8)x E(8) heterotic string
‘Fertile’ patch of Landscape
3. find more ‘Tertile’ patches
Eq. Z,xZ, search (RVW in progress)




Conclusions
What's new ? Why 3 fTamilies?
Previously :
Z, moltiples of 3 fixed points
problems :
NO GUTs (wrong Y + chiral exotics )
Z,xZ, 3 twisted sectors +
SoUo) GUT (0K
Le=2,x2Z, 3 = 2+]1
localized SOU0) GUT + fam. sym.

e o —



