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Phenomenology

gavge coupling vnification
YuKawa vnification
nevtrino masses
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Phenomenology

" charge quantization

= YuKawa vnification
" pnevtrino masses
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Gavge couvpling vnification

M, =~3x10° GeV
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charge quantization
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nevtrino masses
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Phenomenoclogy

charge quantization
gavge coupling vnification
YuKawa vnification
nevtring masses




Phenomenoclogy

charge quantization
gavge coupling vnification
YuKawa vnification

nevtring masses AN ~ (O] -D AN,

See-Saw

SO0) SUSY GUT w/ LE. SUSY




4D GUT problems

GUT symmetry breaking

Higgs douvblet - triplet splitting

Solvtion ?

Orbifold GUTs
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P £ P parity affect boundary conditions
at Tixed points




All this first observed in
heterotic string in [OD




hepw th/ 0611095, hepa«- th/ 0611203




E;x E; heterotic string
Construocting ASSAA /' Caveats

SUSY solvtion at AN
[00’s modvli { geometric &€ more )

gavge & YuKawa covplings fens. of moduli
tune to desired valves
modoli stabilization € SUSY breaking 7
save Tor later
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L. embedded in E,x E; gavge lattice
as shift V_: consistent with mod. inv. !
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T, twisted sector

GQ SU3
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string scale




Mini-Landscape search

hep-th/06[1095

Lebedev, Nilles, SR, Ramos-Sanchez,
Ratz, Vaudrevange £ Wingerter




NSSAN Spectra in heterotic
orbitolds

Cearch Tor §

Buchmuller, Hamaquchi, Lebedev € Ratz
Z - orbifold

LooKed Tor and Tound
SAN gauge group in 4D with
3 Tamilies and vector-like exotics
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Wini-Landscape search Z_-W orbifold

V. breaks to SO0} (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, « U (5) « SO(10)

Select models with 3 net (3,2)

Select models with non-anom. U, (Y)c U (5)

Select models with 3 SAA families +
__Higgses + vector-like exotics

© NG NS W S



Mini-Landscape search

LNRRRVW

criterion 1750(10),1 | 17/80(10),2 || 1/E6,1 | 1/Es,2

(4) inequivalent models with 2 Wilson lines 22,000 7,800 680 1,700

(5) SM gauge group C SU(5) C 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-1I orbifolds based on the shifts

VSO(lO),l VSO(lO),Z VE6,1 VEG,Q

with two Wilson lines.




Wini-Landscape search

LNRRRVW

93 AMSSAA-liKe models or
probability ~ /300

“Fertile patch” in heterotic landscape !



Road to the MA\SSM w/ R-parity
LNRRRVW 0708.269I (hep-th)

Check R parity

Check for D = 0 directions

ChecK all exotics get large mass

ChecK light Higgs

ChecK charged fermion masses

ChecK nevtrino masses

Check dimension 5 B £ L violating ops.
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R parity

R=€“ Y (B-1)(3)=1(3) = a=21

Forbid Dim 2 £ 3 operators o+2L
o =13

‘f:i%

family Reflection symmetry
Aatter parity
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Generalized matter parity Z,
Allow right-handed nevtrino masses

—_Nn

vy S = a(2+nf)=2Z
& a=2/f+#22 = f=2/(2Z+1)

Mentify “suvitable” B-L

=  standard for SA particles

= vector-like on exotics

" maximal no. SAA singlets w/

tf =0, 2, 23, 2/5,4/5,2/7,4/7, ...
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| Resvlts

criterion

I!!!!l!!l\
(6) spectrum = 3 generations + vector-like 128
(7) heavy top 72
(8) exotics decouple at order 8 (arbitrary vevs) || 56
—

90 218
37 109
32 88
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Consider one “Benchmark” fodel

& = SUBXSUDx (SUMDXSUD IV

.

2.
3.
4
5

Spectrum

U term

YuKawa covplings
Nevtrino masses
Dim. 5 ops.
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V,=%(2 -3 -3 0 0 0 0 0)(--)
Wo=2%(% % % % % % % %)()

s Orbitold GOT - SU(©)
m {ocal GUT - <000) x SO

SU (6) Orbifold GU
SUs brane
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Spectrum

UJ
O

)

\ e \V, L <) v

— B N \Y,V) v
‘ 2 ‘(3,1;1,1)(_1/3’2/3) Ui ‘ ‘ 2 ‘(3,1;1,1)(1/3’_2/3) Vi ‘

Table 1: Spectrum. The quantum numbers under SU (3) x SU (2) x [SU (4) x
SU(2)'] are shown, hypercharge and B-L charge appear as subscript.
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8)"(ad) u-m,

YuKawa covplings

Nt}‘?‘ reahs*hc A yEf

- A < R
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Dimension 5 operators —
svppressed ~ <S>

BUT generated again when integrating ovt
0 states - problem 22

Nevtrino masses via See-Saw

YES !
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Proton decay

v' I families at local GUT fixed points
==p Dimension & ops. Tixed by [/ A\ 2

v Dimension 5 ops. unsuppressed -
Unless find symmetry

V' R-parity forbids
Dimension 3£ 4 B £ L violation
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Conclusions

Important to test string theory

We find MSSM in “fertile patch”
of E(BIXE(B) heterotic string

Almost realistic “Benchmark” models 1!
w/ Caveat
SUSY breaking and lifting flat directions 22

—> Orbifold § Local GUT
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