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STRING PHENOMENOLOGY

Link between String Theory and Particle Physics

Or: How is Standard Model embedded in String Theory ?

Basic requirements:

• Chiral D = 4 theory

• (MS) Standard Model gauge group (or extensions)

• 3 Fermionic generations

• etc.
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Table 1: The Chiral (Super)fields of the (MS)SM.

(Super)field SU(3) × SU(2) × U(1) Particles

Q (3, 2, 1/6) quarks (u, d) and squarks (ũ, d̃)

Ū (3̄, 1, −2/3) quarks (ū) and squarks ( ˜̄u)

D̄ (3̄, 1, 1/3) quarks (d̄) and squarks ( ˜̄d)

L (1, 2, −1/2) leptons (ν, e) and sleptons (ν̃, ẽ)

Ē (1, 1, 1) electron (ē) and selectron (˜̄e)

H1 (1, 2, −1/2) Higgs (h1) and Higgsinos (H̃1)

(H2) (1, 2, 1/2) Higgs (h2) and Higgsinos (H̃2)

The right charges for the theory to be

ANOMALY FREE



Chirality and Particle Models on D-brane worlds 3'

&

$

%

< 1995

Top-Bottom Scenario

D = 10 HETEROTIC STRING

↓
D = 4

Intensive work: CY, Orbifolds, Gepner’s Models, Free Fermions

↓
(MS) SM+ EXTRA MATTER (Doublets, triplets,. . . )

≥ 1995

Gauge interactions localized on extended Dp-branes
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Brane − Worlds

µ=0,1,2,3

b

a

I=4,...9

Xµ(σ, t), ψµ(σ, t) µ = 0, 1, 2, 3

XI(σ, t), ψI(σ, t) I = 4, 5, 6, 7, 8, 9

XI(0, t) = xa XI(π, t) = xb

STATES:

|Ψ, ab > Λab
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MASS:

α′M2 =
y2

4πα′
+Nosc −

1

2
if

Nosc =
1

2
, y = 0

MASSLESS STATES:

|Ψµ

− 1
2

, ab > Λ0
ab Vectors, |s0, s1, s2, s3 > Λ0

ab Gaugini

|ΨI
− 1

2
, ab > ΛI

ab Scalars, |s0, s1, s2, s3 > ΛI
ab Fermions

si = ± 1
2

[U(N1) N = 4] × [U(N2) N = 4]

NON- CHIRAL
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Chirality and Gauge Group

|Ψµ

− 1
2

, ab > Λ0
ab Vectors, |s0, s1, s2, s3 > Λ0

ab Gaugini

with sst, si = ± 1
2 and

∑

i si = odd







(− 1
2 ,

1
2 ,

1
2 ,

1
2 )

(− 1
2 ,− 1

2 ,− 1
2 ,

1
2 )

Λ0 n× n hermitian

n _
nn

_
n x

λ0 ≡ EP P = (+,−, . . .) charged

λ0 ≡ HI I = 1, . . . , n Cartans

↓

N = 4 Susy U(n)

Some spinors must be projected out
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USUAL SCENARIOS:

Toroidal like internal space

↓
Branes at orbifold singularities Intersecting branes

Also: Branes in non trivial compactifying manifolds i.e Gepner models
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Branes at singularities

D3

i)

X

D3

ii)

CY3

at C3/ZM singularity the orbifold action gM = (θ, γ) ≡ (vi, V )

|Ψ > Λ = |θΨ > γ−1Λγ

Thus, for the gauge sector

|Ψµ

− 1
2

> Λ0 = |Ψµ

− 1
2

〉γ−1Λ0γ

|sst, s1, s2, s3〉Λ0 = e2iπv·s|sst, s1, s2, s3, 〉γΛ0γ−1
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Invariance condition

Λ0 = γΛ0γ−1 ≡ P.V = 0 mod integer

U(n) is broken. Moreover

sivi = 0 mod integer

projects out some fermions.

i.e.
Start with, 5 D- branes on top of each other at C3/Z3 singularity

P = (+,−, 0, 0, 0)

v = (0,
1

3
,
1

3
,
1

3
)

V =
1

3
(111, 0, 0)

P.V = 0 U(5)→U(3) × U(2)

and only

|sst, s1, s2, s3〉 = |1
2
,−1

2
,−1

2
,−1

2
〉

is allowed.

N = 1 Susy SU(3) × SU(2) × U(1)2

CHIRAL!
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D3-branes at a IR6/ZN singularity

g ∈ ZN















1
N (a0, a1, a2, a3) on spinors

1
N (0, b1, b2, b3) on NS

γθ,3 ≡ V3 on Chan − Paton

a0 + a1 + a2 + a3 = 0 mod N , b1 = a1 + a2, b2 = a0 + a2,

b3 = a0 + a1

γθ,3 ≡ V3 =
1

N
(0n0 , 1n1 , . . . , (N − 1)nN−1)

Invariance condition ρ3·V3 =







−aα

N modZ on spinors

br

N modZ on bosons

33 massless spectrum

Vectors
∏N−1

i=0 U(ni)

Scalars
∑3

r=1

∑N−1
i=0 (ni, ni−br

)

Fermions
∑4

α=1

∑N−1
i=0 (ni, ni+aα

)

37+73 massless spectrum

Fermions
∑N−1

i=0 [ (ni, ui+ 1
2 b3) + (ui, ni+ 1

2 b3) ]

Scalars
∑N−1

i=0 [ (ni, ui− 1
2 (b1+b2)) + (ui, ni− 1

2 (b1+b2)) ]

D7-branes are generically required in order to achieve cancellation of RR

charges.
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STANDARD MODEL at a IR
6/Z3

singularity

g ∈ Z3







aα = vα = 1
3 (0, 1, 1,−2)

γθ,3 ≡ V3 = 1
3 (0, 0, 0; 1, 1; 2)

33 Gauge Group

SU(3) × SU(2) × U(1)Y × U1)2

33+ 37 matter

3(3, 2
1

6
) + 3(3̄, 1,

−2

3
) + 3(3̄, 1,

1

3
) + 3(1, 2,

−1

2
) + 3(3̄, 1, 1)

+6(1, 2,
1

2
) + 3[(3̄, 1,−1

3
) + (3, 1,

1

3
)]

with

Y = −
(

1

3
Q3 +

1

2
Q2 + Q1

)

S.M +Extra Matter
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uR

U(3)c

g

u

R
E

w

H

b

LQ

R

D3

U(1)U(2)L

d

dL, H

D7

Figure 1: Six D3-branes (with worldvolume spanning Minkowski space) are lo-

cated on a Z3. Open strings starting and ending on the same sets of D3-branes

give rise to gauge bosons; those starting in one set and ending on different sets

originate the left-handed quarks, right-handed U-quarks and one set of Higgs

fields. Leptons, and right-handed D-quarks correspond to open strings starting

on some D3-branes and ending on the D7-branes (with world-volume filling the

whole figure).
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IS IT POSSIBLE TO OBTAIN

JUST THE STANDARD MODEL ?
Recall

U(n) × U(m)

(n, m̄)

Hence, if we managed to have

3(3, 2̄)(1,−1) Left Quarks (a0 = a1 = a2 6= a3)

↓
9(1, 2) = 3(1, 2) + 6(1, 2)

6 EXTRA DOUBLETS always required by TADPOLE (ANOMALY)

CANCELLATION

WAY OUT 3 = 2 + 1

2(3, 2̄)(1,−1) + (3, 2)(1,1)

NEED (n, m̄)(1,−1) AND (n,m)(1,1)

ORIENTIFOLDS
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ORIENTIFOLDS
Divide by L-R symmetry in Type IIB

The open string end points transform as (a, b) → (b, a). An unoriented

string theory is generated if strings related by Ω are identified.

Closed sector:

|α >L |β >R≡ Ω(|α >L |β >R) = |β >L |α >R

Open sector: |ab > (a, b) → (b, a) → Unoriented strings.

=

0                  DDΩ

D-branes and their Ω images, with respect to a fixed Orientifold plane,

must be included.

Λ = −γΩΛTγ−1
Ω

→ Λ = ±ΛT

Symmetric, antisymmetric, (n,m) representations SO(n), Sp(m)

groups.
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JUST THE STANDARD MODEL at an orbifold-orientifold

singularity?

P33 = (±1,±1, 0, . . . , 0)

V3 =
1

N
(0n0 , 1n1 , . . . , (N − 1)nN−1)

ρ3 · V3 =
−aα

N
modZ

3 = 2 + 1 → aα =
1

N
(a, a, b, c = −2a− b)

since

(3, 2̄) ≡ (1, 0, 0;−1, 0; . . . ) (3, 2) ≡ (1, 0, 0; 1, 0; . . . )

↓
V3 =

1

N
(−a+ b

2
,−a+ b

2
,−a+ b

2
;
a− b

2
,
a− b

2
, d1, . . . )

33 sector

SU(3) × SU(2) × U(1)Y × U1)2

2(3, 2̄,
1

6
) + (3, 2,

1

6
) + . . .

with

Y = −1

6
Q3 + 0Q2 + . . .
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SUSY

b = −2a aα =
1

N
(a, a,−2a, 0) = v → 2(3, 2̄,

1

6
)

↓
NON-SUSY

Also

a 6= −b,−c− a mod N to avoid (3̄, 2)

a− b

2
+ di 6= −aα mod N to avoid (1, 2̄)

Summary:

JUST THE STANDARD MODEL at an orbifold-orientifold

singularity requires

NON-SUSY

N ≥ 11

N = 12 (incomplete ) cristalographic example
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Intersecting branes

Chiral fermions appear at intersections.

∏K
a=1 U(Na)

∑

a<b Iab (Na, N b)

Iab = [Πa] · [Πb] =
∏

i

(ni
am

i
b −mi

an
i
b)

counts the number of times that branes in stack a intersect branes in

stack b. This number is not necessarily one (or zero) if branes wrap

around cycles on compact dimensions.
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Computation of string modes and quantization proceeds as in previous

cases. The difference arises in the boundary conditions.

Number of families ≡ the number of times that cycles intersect in the

compact manifold.

(1,3)
(1,−1)

Figure 2: Two stacks of branes intersect on a T 2 torus. First stack wraps

once on each torus cycle (one with negative orientation), denoted by

(na,ma) = (1,−1) while the second one wraps once on e1, ver-

tical direction and three times on horizontal direction e2, denoted by

(nb,mb) = (1, 3). Intersection number is thus I12 = 4
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Explicit D-brane example

Wrapping numbers

stacks T 2
1 T 2

2 T 2
3

N1 = 3 (1,0) (1,-1) (1,-1)

N2 = 2 (2,1) (1,2) (1,0)

N3 = 1 (2,1) (-1,-2) (1,0)

N4 = 1 (1,0) (1,-1) (-2,2)

N5 = 1 (1,0) (1,-1) (-1,1)

N6 = 1 (2,1) (-1,-2) (1,0)

I12 = 3 = I56 = I25

I13 = I16 = I35 = −3

I24 = I46 = 6 = −I34

SU(3) × SU(2) × U(1)Y (×U(1)′s)

chiral fermion spectrum

3(3, 2, 1/6)(1,−1,0,0,0,0) + 3(3̄, 1,−2/3)(−1,0,1,0,0,0) +

3(3̄, 1, 1/3)(−1,0,0,0,0,1)

+3(1, 2, 1/2)(0,1,0,0,−1,0) + 3(1, 2,−1/2)(0,1,0,−1,0,0,0) +

3(1, 1, 1)(0,0,0,1,0,0,−1) + 3(1, 1,−1)(0,0,−1,0,1,0) +

3(1, 1, 0)(0,0,0,0,1,−1) + 3(1, 1, 0)(0,0,−1,1,0,0,0)

Y = −(
Q1

3
+

Q2

2
+ Q5 + Q6)

where Qa is the U(1) generator in U(Na).
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JUST THE STANDARD MODEL at Intersecting branes.

ORIENTIFOLDS in order to have 3 = 2 + 1

Orientifold consistency

D6: (n,m) ↔ ΩRDa6 :(n,−m)

The dashed line represent the direction where the O6-plane lives

Strings propagate between branes and their images.

The spectrum contains invariant combinations under ΩR.



Chirality and Particle Models on D-brane worlds 21'

&

$

%

• Da −Da: ↔ΩRDa − ΩRDa sector.

This sector contains, as in the toroidal case, d=4 N = 4 super

Yang-Mills. When one brane is its own orientifold image SO(N)

and USp(N) groups can appear

• Da −Db ↔ ΩRDb − ΩRDa sector. (Na, N̄b)

Iab = (n1
am

1
b −m1

an
1
b)(n

2
am

2
b −m2

an
2
b)(n

3
am

3
b −m3

an
3
b)

• Da − ΩRDb:↔Db − ΩRDa chiral fermions in the (Na, Nb)

Iab∗ = −(n1
am

1
b +m1

an
1
b)(n

2
am

2
b +m2

an
2
b)(n

3
am

3
b +m3

an
3
b) .

• Da − ΩRDa: ↔Da − ΩRDa invariant. Fermions in the

antisymmetric ,symmetric representations.
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JUST THE STANDARD MODEL example.

Iab = 1 ; Iab∗ = 2

Iac = −3 ; Iac∗ = −3

Ibd = 0 ; Ibd∗ = −3

Icd = −3 ; Icd∗ = 3 (1)

all other intersections vanishing.

Intersection Matter fields Qa Qb Qc Qd Y

(ab) QL (3, 2) 1 -1 0 0 1/6

(ab*) qL 2(3, 2) 1 1 0 0 1/6

(ac) UR 3(3̄, 1) -1 0 1 0 -2/3

(ac*) DR 3(3̄, 1) -1 0 -1 0 1/3

(bd*) L 3(1, 2) 0 -1 0 -1 -1/2

(cd) ER 3(1, 1) 0 0 -1 1 1

(cd*) NR 3(1, 1) 0 0 1 1 0

Table 2: Standard model spectrum and U(1) charges

Qa is 3B, B being the baryon number Qd is nothing but (minus)lepton

number etc.

QY =
1

6
Qa − 1

2
Qc +

1

2
Qd
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D-branes on Non-toroidal manifolds

Branes wrapping cycles and intersecting on generic Calaby-Yau.

First step: Exactly solvable CFT → i.e. Gepner Models.

ZT (τ, τ̄) =
∑

a,b

χa(τ)N abχ̄b(τ̄)

χa(τ) = TrHaq
L0−

c
24 , with q = e2iπτ

a ≡ (li,mi, si) in Gepner,s models.

• Modular invariant (S, T )

• c = 15

• L-R symmetric N ab = N ba

↓
Project onto Left-Right symmetric states 1

2 (1 + Ω)

ZΩ(τ, τ̄) =
1

2
ZT (τ, τ̄) + ZK(τ − τ̄).

e2iπτL0e−2iπτ̄L̄0 → e2iπ2itKL0

with τ − τ̄ = 2itK and thus

ZK(2itK) =
1

2

∑

a

Kaχa(2itK) Klein − Bottle

where |Ka| = N aa
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The Klein bottle amplitude in the transverse channel is obtained by

performing an S modular transformation such that

Z̃K(il) =
1

2

∑

a

O2
aχa(il) = 〈C|e2πlHclosed |C〉

with l = 1
2tK

and

O2
a = 2DKbSba

|C〉 =
∑

a

Oa|a〉〉 Crosscup state

〈〈b|e2πlHclosed ||a〉〉 = δa,bχa(il)

when l → ∞

Z̃K(il) →
∑

a

O2
a

1

ma
2

Tadpole-like divergencies ≡ unbalanced RR-charge

↓
Open strings, ending on D-branes must be added
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Z̃C(il) = 1
2

∑

a(Dα
anα)2χa(l) =, nαnβ〈α|e2πlHclosed |β〉=

|α〉 =
∑

a

Dα
a |a〉〉 Boundary state

+ + ΩΩΩ

Z̃K(il) + Z̃M (il) + Z̃C(il) →
∑

a

(Dα
anα)2 + 2OaD

α
anα +O2

a)
1

ma
2

=
∑

a

(Oa +Dα
anα)2

1

ma
2

Tadpole cancellation

↓
Oa +Dα

anα = 0
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Partition functions in direct channel → spectrum

(Dα
anα)2 = CαβbnαnβSba

Oa(Djanj) = 2
D
2 MjbnjPba

By q expanding cylinder + Möbius strip amplitudes,

1

2
[(Cjkanjnk) ± (Mjanj)]q

m2
a

multiplicities of open string fields of mass ma. i.e. for vector multiplet

1

2
(n2

j − nj)q
0 → SO(nj)

GEPNER’S : Diagonal invariants + Phase moddings

↓
CHIRAL SPECTRUM
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Gepner models:

Internal sector :
∏r

i=1(N = 2)ki
minimal models.

r
∑

j=1

cint
kj

= 9 , c =
3k

k + 2
, k = 1, 2, ...

Primary fields: |(l, q, s) >≡ |∆l,q,s, Ql,q,s >

∆l,q,s =
l(l+ 2) − q2

4(k + 2)
+
s2

8
mod 1

Ql,q,s = − q

k + 2
+
s

2
mod 2.

↓
χ(l,q,s)(τ, z) = TrH(l,q,s)

(

e2πiτ(L0−
c
24 )e2πizJ0

)

A c = 12 supersymmetric theory requires

Qtot = Qν +
r
∑

j=1

Qlj ,qj ,sj
∈ 2Z + 1
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3
5

D
c = 9

5

Each term is encoded in a 5 component vector (one for each theory)~γ

taking values 0 or 1.

Only non vanishing coefficients in Z̃K are

O~0 = 245
1
8κ

15
2 ; O~1 = 245

1
8κ−

15
2

where ~0 ≡ (0, 0, 0, 0, 0) and ~1 ≡ (1, 1, 1, 1, 1) and

κ ≡ 1
2 (1 +

√
5).

Consistency determines D~γ and M~γ for cylinder and MS amplitude

D2
~γ =

5
1
4

κ5/2

(

∑

~δ

κ(~γ−~δ)2(−1)~γ.~δn
~δ

)2

κ(~γ)2

and

M̃~γ = D̃~γÕ~γ = −
∑

~δ

4
√

5(−1)(~γ)2κ(~γ−~δ)2(−1)~γ.~δκ
5
2−2(~γ)2n~δ.

Tadpole cancellation equations are thus

D~0 + O~0 = 0

D~1 + O~1 = 0
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which read,

N0 +N2 +N3 + 2N4 + 3N5 = 12

N1 +N2 + 2N3 + 3N4 + 5N5 = 20

where Ni =
∑

~γ / |~γ|=i

n~γ (e.g., N4 = n(1,1,1,1,0)).

For instance, with

N0 = n(0,0,0,0,0) N1 = n(1,0,0,0,0) N2 = n(1,1,0,0,0)

Massless spectrum is found

Internal mult. irrep.

(0, 0)5 1 SO(N0) × SO(N1) × SO(N2)

(2, 2)(3, 3)(0, 0)3 4 (1, , 1) + (1, 1, ) + (N0, N1, 1)

(3, 3)(2, 2)(0, 0)3 1 (1, 1, ) + (1, N1, N2)

(0, 0)(2, 2)(0, 0)2(3, 3) 3 (1, 1, ) + (1, N1, N2)

(1, 1)2(0, 0)2(3, 3) 3 (1, 1, ) + (N0, 1, N2) + (1, N1, N2)

with

N0 = 12 − N ; N1 = 20 − N ; N2 = N

Non-chiral
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Phase moddings

Phase symmetry group G = ⊗aZMa
,

θΦl,q,sθ
−1 = e−2iπγ q

m Φl,q,s

with γ ∈ Z in each block. The full phase transformation can be encoded

into an r dimensional

~Γa = (γ1
a, γ2

a, . . . , γr
a)

Moddings by such symmetries can be easily implemented by replacing

χ~l,~q(τ) → χΓ
~l,~q

(τ)

χΓ
~l,~q

(τ) =
1

M

∑

x,y

χΓ
~l,~q

(τ, x, y)

where the character in sector (x, y) is

χΓ
~l,~q

(τ, x, y) = e−2iπx
γi
m

(qi+γiy)χ~l,~q+2~γy(τ)

→
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Modular invariant:

ZT (τ, τ̄) =
∑

~α;~̄α

N~α;~̄αχ
Γ
~α(τ, 0)χΓ̄ ∗

~̄α (τ̄ , 0)

In particular Γ̄ = 0

ZT =
∑

α

(

∑

y

δ

(

Γ

m
(q + Γy)

)

χα+2Γy

)

χ∗
α

Klein Bottle amplitude is found by keeping identical right and left states.

Thus y = 0 mod m/2. In particular, for odd m, only y = 0 states

are allowed leading to

ZK =
∑

α

δ

(

Γq

m

)

χα(2it)
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Open sector

Embed θ as an action on gauge degrees of freedom

θ̂|Φk; i, j〉λji = γii′ |θ̂Φk; i′, j′〉γj′jλji

= e2πiδk(γ−1λγ)j′i′ |Φk; i′, j′〉

Therefore, invariance requires

e2πiδkγ−1λkγ = λk

δk = −Γ.q

m

ZM Chan-Paton twist in terms of Cartan generators as γ = e2πiV H

where V is a “shift” eigenvalues vector of the generic form

V =
1

M
(0N0 , 1N1 , . . . , (M − 1)NM−1)

(ensuring γM = 1) and

ρkV = δk

where ρk is the weight vector associated to the corresponding λk

representation.
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Tadpoles

Z̃C(il) =
1

M

M−1
∑

x=0

∑

αβ

(Dβ
αtrγα,x)2χβ+2Γx(il)

↓
1

M

M−1
∑

x=0

∑

α

{(Oα +Dα
β trγβ,x)2χβ+2Γx(il)}

Just replace

nα → trγα,x

Thus, zero charge condition for RR massless fields is easily found by

requiring

Dα
a trγa,x +Oα = 0

for characters χα+2Γx containing massless RR states.
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Example: 3
5

D

Start with (N = 0)

SO(12) ⊗ SO(20)

4[(1, ) + (12, 20)]

the multiplicity comes from possible permutations in

(2, 2)(3, 3)(0, 0)3 + ((2, 2)(0, 0)(3, 3)(0, 0)2 +

(2, 2)(0, 0)2(3, 3)(0, 0) + (2, 2)(0, 0)3(3, 3)

V =
1

5
(0n0 , 1n1 , 2n2 ; 0m0 , 1m1 , 2m2)

with

1

2
N0 = n0 + n1 + n2 = 6

1

2
N1 = m0 +m1 +m2 = 10

i.e.

ρ(Adj,1) = (±1,±1, 0, . . . , 0; 0 . . . , 0)

ρ(1, ) = (0, . . . , 0;±(1, 1, 0, . . . , 0)) + (0, . . . , 0;±2, . . . , 0)

ρ(12,20) = (±1, 0, . . . , 0;±1, 0, . . . , 0)
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N0 → trγ0,x = 2n0 + 2n1cos
2

5
πx+ n2cos

4

5
πx

N1 → trγ1,x = 2m0 + 2m1cos
2

5
πx+ 2m2cos

4

5
πx

Tadpole cancellation equations thus read

(Dα
a trγa,x +Oα)2χβ+2Γx(il) = 0

for all x twisted states such that ~α+ Γx contains a RR massless state.

For the example at hand such states are:

44 + 20
√

5 = ±(2trγ0,0 + trγ1,0 +
√

5trγ1,0)

8 = ±(11trγ0,0 + 5
√

5trγ0,0 − 7trγ1,0 − 3
√

5n1)

12 + 4
√

5 = ±(4trγ0,2 + 2
√

5trγ0,2 + 7trγ1,2 + 3
√

5trγ1,2)

12 + 4
√

5 = ±(4trγ0,2 + 2
√

5trγ0,2 − 3trγ1,2 −
√

5trγ1,2)

16 + 8
√

5 = ±(3trγ0,4 +
√

5trγ0,4 + 4trγ1,4 + 2
√

5trγ1,4)

16 + 8
√

5 = ±(3trγ0,4 +
√

5trγ0,4 − trγ1,4 −
√

5trγ1,4)
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Solutions,

n0 = 2 n1 = 4 n2 = 0

m0 = 2 m1 = 4 m2 = 4

↓
SO(4) × U(4) × SO(4) × U(4) × U(4)

with

CHIRAL matter content

(1, 1; 4, 4, 1) + (1, 1; 1, 4̄, 4) + (1, 1; 1, 1, 1̄0) + (1, 4̄; 1, 1, 4) +

(1, 4; 1, 4̄, 1) + (4, 1; 1, 4, 1) + 2[1, 1; 1, 10, 1) + (1, 1; 1, 4̄, 4̄)]

+2[(1, 1; 4, 1, 4) + (1, 4̄; 1, 4̄, 1) + (4, 1; 1, 1, 4) + (1, 4; 4, 1, 1)]
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SUMMARY AND OUTLOOK

• Chiral D = 4 theory

• (MS) Standard Model gauge group (or extensions)

• 3 Fermionic generations

• etc.

Obtainable in:






Branes at orbifold singularities

Intersecting branes (on generic manifolds)







MUCH MORE HAS BEEN DONE : Yukawa couplings, stability, moduli

stabilization,...

MUCH MORE TO BE DONE
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