Supersymmetric Standard Model and GUTs
from Orientifolds and G2 Manifolds

e Construction of supersymmetric three-family standard-like
model and GUT models from Type IIA orientifolds with
intersecting D6-branes;
connection to M-theory on singular G2 holonomy space
w/ G. Shiu, and A.M. Uranga,
hep-th/0107143,
hep-th/0107166,
hep-th /0111179.

e Derivation of particle physics properties of the models: gauge
couplings, Yukawa couplings; hidden sector dynamics
w/ P. Langacker and G. Shiu,
hep-ph /0205252 ,
hep-th /0206115 .



Low Energies
String/M Theory i Standard Model
J

Compactifications = D = 4, N' = 1 SUSY string vacua with
chiral fermions-quasi realistic features

Pre-second string revolution focus on:

o Weakly coupled heterotic string:
models based on orbifold-type constructions and study of their
physics implications.
PIXOI‘I et -af.. \95 w/Dixon'86 blown-up orbifold, Ibafiez et al.

86_ g, Nl“!f) :sc -

Queveds

Study ofr three-family standard-like models based on the free-
worldsheet fermionic models: restabilization of vacuum due to
anomalous U(1)-classification of F-flat and D-flat directions
and determination of spectrum, Yukawa couplings, low energy
implications.

w/G. Cleaver, J.-R. Espinosa, L. Everett, P. Langacker and J.
Wang'96-'99
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Model Building from Orientifolds-Brief Overview

Four-dimensional N = 1 chiral models:

® Type Il models on orbifolds (tori moded out by a discrete

subgroup of SU(3)) with the worldsheet parity {2 projection
— ORIENTIFOLDS.

Original constructions based on symmetric Zy X Zas orientifolds
[with branes located at the origin or uniformly distributed]-
models with little realistic features: gauge group too large
and/or unrealistic chiral spectrum: difficulties with obtaining
U(l)hyperchqrgg. SU(3)color, exotics...

Amy(,(mh; Biamch, Prodam w MJ,%,}N
G. Shiu and S.-H Tye I{g
Z. Kakushadze 799
G. Aldazabal, A. Font, L. E. Ib4fiez and G. Violero ‘re
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Development of techniques for generalized constructions:

e Blow-up of orientifold singularities-field theory approach
B. Greene, M. Douglas and D. Morrison
Application to Z3 orientifolds:

w/ L. Everett, P. Langacker and J. Wang '00

e Discrete and continuos Wilson lines: in T-dual picture branes
moved to different locations on orientifold:

Aldanalrd, Fonl, fﬁ%lﬁ% .. w/M. Pliimacher and J. Wang'00
Application to Z3 orientifold: string and effective field theory:
w/ P. Langacker '00

Systematic analysis for Z orientifold-potentially quasi-realistic
features: yields left-right symmetric model, but with only two
families

»w/ A. Uranga and J. Wang 01



e Branes at angles (or in the T-dual picture, branes with flux)

C. Angelantonj, |. Antoniadis, E. Dudas and A. Sagnotti ‘00
R. Blumenhagen, L. Gorlich and B. Kors g/

Chiral fermions at brane intersections. (. Bachay ‘95
M. Berkooz, M. R. Douglas and R. G. Leigh “9¢

Non-supersymmetric four-dimensional models with branes at
angles have been studied extensively recently.

G. Aldazabal, S. Franco, L. E. Ibdfez, R. Rabadan, A. M. Uranga ‘Of
L. E Ibafiez, F. Marchesano and R. Rabadan ‘0|
R. Blumenhagen. L Garlich, B. Kors, D List and T. Ott “00
L]



} The Model Setup |

w/Shiu and Uranga

Type IIA orientifold T /Z, x Zs orientifold

The two generators 8, w of Zy x Z, act as

0 : (311221 33) A 4 (_215_32! 23)

w: (311221‘13) . (315 —Z2, _—23)

where z; are complex coordinates in 7°.  For simplicity,
factorizable 7%= T2x T2 TS

The Type lIA orientifold action QR where 2 is world-sheet parity,
and R -is a reflection symmetry along horizontal axes:

R : (31, 22, 33) - (31552533)
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’ Supersymmetric 3-cycles I

SUSY requires that D6-branes are related to the O6-planes by an

SU(3) rotation: M. Berkooz, M. R. Douglas and R. G. Leigh
03
o1 02
1+ 602+63 =0
where

m.
; = a.rctan(x,-——t-)
i

and xi = (Rz/R,); are the complex structure moduli of T°2.

[Comment: When considering cycles that intersect, they can
recombine into a cycle which is homologically identical to the sum
of the intersecting cycles-configurations related to small instanton

transitions.]



Specitic mooled .

consistame
The explicit expression for tadpole cancellation conditions become:

Z: Nun;nini -1 = 0

Z Nanimiﬁti +8 = 0

D) Namgniml+8 = 0
a

I
=

> Nomiminl + 16

To simplify the SUSY conditions, consider angles of the form
(61, 62, 0). (61,0, f3) and (0, 0y, 63).

[No;  (mi mmg )]-broms comfigemi
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i Three-Family Model I

The number of chiral families:

3
Ntamities = Iab + Ly Tab = [ [(ngmy; — min})

i=1

For rectangular tori, Ngymilies is always EVEN.

The number of families can be odd if, say, one of the tori is tilted.

QR [a] = [a]- [b]
QR [b] = - [b]

[b]

[a]

The wrapping numbers (n, m) = (n, —m — n).



It is convenient to define m = m + %n so that m — —m.
L fath ot
o hatf-intege

3
1 ~ 1 ~% 1
Iﬂb - | I(ﬂ'amb = manb)
i=1

now N temities = Lap + I can be ODD.



Budl dimg Bloetes
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Phumomenolog ?W/sa.ﬂ Z.d" 5

GCauge S Fruefu
eyt £ 0)~4a,  SUSY XX X3
R's
.M. U x UQ)eH id dany “ A (gc«j

A A —,

Sector U{B]‘x U{E]'x USp(2) x USp(2) x USp(4)| Q1| Q1| Q2| Qs QEN Qy) | Qs — Q3| Field
A1 By = ;xzxu,ﬁ,l,l,n 0(0(-1{x1|0f 3 | 1 |Hy, Ho[JM
3x2x(1,2,1,1,1) 0| 0|=1{0(f£1f £ |. F1 HU,HD}!:
A C 2x(3,1,1,1,1) -1{o0f(of+10|f}-3 1,-1 | U,D 3
2 % (3,1,1,1,1) ~1fofofo|+1fi -2 -11 | uD |+
2x(1,1,1,1,1) 0|-1{of£1fof 1,0| L-1 | B, wvr @
2x(1,1,1,1,1) 0|-1{ 0|0 |+l 1,0| -1,1 | E, v ﬂ'j
B,C, (3,2,1,1,1) 1{o|-1/o0]|0]| 4 0 QL 2‘:
' (1,2.1,1.1) 0f1(-1{0]0]| -3} 0 L
B\C, bract (1,2,1,1,4) ojo|1|0flof o 0 &
BaC ji‘;zd (3,1,2,1,1) 1{o|ojofof % 0 "fﬂir&u
& (1,1,2,1,1) of1(0|0]O0| -3 0
B\C} 2x(3,2,1,1,1) 1jo|1|o|o| % 0 Q?
2x(1,2,1,1,1) of1|(1fofof -1 0 L
B, B| 2 x (1,1,1,1,1) ojlo|-2(oflo] o 0
2 x(1,3,1,1,1) ojo|2|o0flof o 0

TABLE 1. Chiral Spectrum of thaiﬂpe:n string sector in the three-family model. Notice that we
have not included the aa sector, even though it is generically present in the model. As explained

in the text, the non-chiral pieces in the ab, ab/ and aa’ sectors are generically not present.
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For the Yukawa couplings not to be negligibly small, the area of the
string world-sheet (typically the compactification scale) cannot be
much larger than the string length, so internal dimensions should
be of the order of the string scale.

There are also generically couplings among aa, ab and ba fields,
and among aa fields which are not exponentially suppressed.
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‘ GUT Model I

Consider an SU(5) model.  Chiral multiplets in the 10
representation can come from the intersection of a stack of
branes with its orientifold image.

-1

o
5 ab /

10 a

Therefore, all three angles 6,, 62 and 83 are non-zero.



e Adjoint Higgs fields = splitting the U(5) branes:
U() > U(3) xU(2) x U(1)

e Hypercharge as in conventional GUTs.

An example:
Na (ny, Mg) X (nd, M3) X (n], g)
10+ 6 (1,1) x (1,-1) x (1,1/2)
16 (0,1) x (1,0) x (0,-1)

U(5) x U(3) x USp(16)
3(24 +1,1,1) +3(1,84+1,1) +3(1,1,119 + 1)
4(10,1,1) + (5,1,16) + 4(5,3,1) + (1,3,16) + 4(1,3,1)

= Four chiral families.

e Search for more realistic GUT Models:

Work in progress : M. Cveti¢ and |. Papadimitriou
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‘ Summary I

Status: Orientifold constraction D=4 N=1 supersymmetric
supersymmetric models.

New supersymmetric orientifold models based on Zs X Zo
orientifold with D6-branes intersecting at angles:

— Chiral fermions at brane intersections

— Replication of generations <> number of intersections
— Hierarchical Yukawa couplings

— adjoint Higgs fields-geometric interpretation

Three-family Standard-like and (four-family) GUT models with
some phenomeno|ogical features that are distinct from the
perturbative heterotic string; phenomenological study reveals
a number of flaws:exotics, constrained couplings etc.

Constructions can be interpreted as M theory on G's manifolds:

— Chiral fermions from singularities
- Global consistency conditions (implemented from tadpole
cancellations)



