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Introduction

Motivation

In heterotic string theory (2, 0) models play a prominent role.

They are supersymmetric and they are in a sense “minimal” since
supersymmetry requires (at least) (2, 0) superconformal symmetry.
Banks et al ’88

They naturally allow for SO(10) unification, which is well motivated
by the standard model data.

Some of the most realistic heterotic string models including orbifolds
and free fermionic models are of this type.
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Introduction

Heterotic string: notation and conventions

A general state in a heterotic model is of the form:

ΦL ⊗ ΦR

where
ΦL = (wL)(hL,QL), ΦR = (w)(h,Q)(p).

wL is an SO(2) weight (o, v , s, c)

w is an SO(10) weight (o, v , s, c)

p an E8 weight.

The appearance of the SO(10) and E8 weights is because of the bosonic
string map.
Englert et al ’86, Schellekens ’87, Gepner ’88, Lerche et al ’89
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The concepts

Defining the terms in the title
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The concepts

Spectral flow as a map between (2,0) models

By definition a CFT is said to have N = 2 world-sheet supersymmetry if it
includes four fields:

T (z) ,G±(z) , J(z),

that satisfy the algebra:

[Lm, Ln] = (m − n)Lm+n +
c

12
(m3 −m)δm+n,0 ,[

Lm,G
±
n±a

]
= (

m

2
− n ∓ a)G±

m+n±a ,

[Lm, Jn] = −nJm+n ,
...

where G±(e2πiz) = −e∓2πiaG±(z).
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The concepts

Motivation from spinor-vector duality

(2, 0) models appear after the right N = 2 superconformal symmetry
of (2,2) models breaks.

N = 2 SCS on the bosonic side is equivalent to E6 gauge symnmetry.

When E6 is broken down to SO(10) the representations decompose as:

27 = 16 + 10 + 1

27 = 16 + 10 + 1

If the breaking is implemented through a Z2 or Z2 × Z2 orbifold we
naturally end up with two models: One with massless spinors and one
with massless vectors and singlets. (Spinor-vector duality)
Faraggi et al ’07, Angelantonj et al ’10, Faraggi et al ’11

This agrees with our intuition from anomaly cancellation, but can we
generalize this result? (Ans: Not with any known string construction.)
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The concepts

Spectral flow as a map between (2,0) models
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The concepts

Spectral flow as a map between (2,0) models

The N = 2 algebra is invariant under the following transformation which is
known as the spectral flow:

Lηn = Ln + ηJn +
c

6
η2δn,0 ,

G η±
n±a = G η±

n±(a+η) ,

Jηn = Jn +
c

3
ηδn,0.

This implies the existence of a spectral flow operator Uη that acts on
states in the following way:

Uη|h,Q〉 = |hη,Qη〉 =
∣∣h − ηQ +

η2c

6
,Q − cη

3

〉
.

Schwimmer and Seiberg ’87

Panos Athanasopoulos (UoL) Spectral flow as a map between (2,0) models String Pheno 2014 9 / 19



The concepts

Spectral flow as a map between (2,0) models

Every supersymmetric theory has an operator that relates bosons to
fermions. On the bosonic sector of the heterotic string this operator
relates vectorial and spinorial representations of SO(10):

Supersymmetric string Bosonic string

Spacetime bosons

Spacetime fermions

Vectorial reps of SO(10)

Spinorial reps of SO(10)

SUSY operator spectral flow operator
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Simple currents

Defining the tools
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Simple currents

Simple currents Schellekens and Yankielowicz ’89, ’90

The simple current method provides a way to construct new modular
invariants from a given one.

This generic CFT construction generalizes both the orbifold and the free
fermionic construction.
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Simple currents

Definition of simple currents

Def: For a unitary RCFT, with highest weight representations [φi ] and
fusion algebra

[φi ]× [φj ] =
∑
k

Nk
ij [φk ], Nk

ij ∈ N0,

a highest weight representation β is called a simple current if its fusion
with any other highest weight takes the form

[β]× [φi ] = [φβ(i)].

It is customary in many constructions to use additive notation for the
states:

β + φi = φβ(i)

and we adopt this from now on.
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Simple currents

Simple current modular invariants

For any model with a given partition function:

Z [τ, τ̄ ] =
∑
i ,j

χi (τ)Mijχj(τ̄),

we can construct a new one with

Z [τ, τ̄ ] =
∑

χi (τ)MikMkj(β)χj(τ̄),

where

Mkj(β) =
1

N

NJ∑
n=1

δ(Φk ,Φj + nβ)δZ(Qβ(Φk) +
n

2
Qβ(β))

is called a simple current modular invariant. In the new model, some states
have been projected out and some new states have appeared as well.
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The family of models

Describing the idea
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The family of models

The basic idea

M
(2,2)

M0

(2,0)

M1

(2,0)

...

Mm

(2,0)

β

β + β0

β + mβ0

The (2,2) model M is naturally associated with an entire family of (2,0)
models. We studied how the models within each family are related.

Panos Athanasopoulos (UoL) Spectral flow as a map between (2,0) models String Pheno 2014 16 / 19



The family of models

Some useful results

It can be proven that:

The untwisted sector of all the models (w.r.t. to the simple current
defining the model) is the same.

The models will in general have a different number of twisted sectors
and are therefore not identical.

Massless states in the n−th twisted sector of the m−th model satisfy:

Qβ(ΦL) +
n

2
Qβ(β) + mnQβ0(β) ∈ Z,

n
(
h(β) +

1

2
Qβ(β)

)
∈ Z.
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The family of models

Back where it all started from

Whenever the spectral flow operator is of order 2, we only get two (2,0)
models in a family. This is particularly common in many free-fermionic
models. This suggests a connection with the spinor-vector duality...

A direct check shows that indeed the previous construction reproduces the
spinor-vector duality whenever the spectral flow operator is of order 2.
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Concluding remarks

Summary and outlook

1 The space of (2, 0) models is of great interest because of the
requirement of spacetime SUSY and the acommodation of SO(10)
unification.

2 The spinor-vector duality is a very interesting feature of some classes
of free fermionic models.

3 Generalizing the idea to arbitrary CFTs we discovered that it is the
spectral flow operator that in reality induces a whole family of
models.

4 We hope that the viewpoint we propose will prove useful in the long
term goal of classifying completely all the (2, 0) models.

Thank you very much!
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