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String Model Building
The Heterotic String

p Closed string theory
p Synthesis of bosonic string and superstring

p Particle phenomenology widely explored - most promising string

theory?

Ohio, Pennsylvania, Oxford, Liverpool, Munich, Bonn,...

p Many descriptions
p Effective constructions

p Worldsheet constructions
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Orbifolds and Free Fermions
History

p Since Antoniadis-Bachas-Kounnas/Kawai-Lewellen-Tye 87 (FFF)
and Dixon-Harvey-Vafa-Witten 85 (Orbifolds), worldsheet

constructions have been widely explored
p Previous works have discussed a correspondence

p Including Kounnas-Kiritsis 97, Gregori-Kounnas-Rizos 99,

Donagi-Faraggi 04, Donagi-VWendland "08,...
p However, model builder’s dictionary still missing...

p Computational comparison currently inaccessible!



A Hitchhiker’s Guide to Heterotic Vacua
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Orbifolds

The who, what, why

p X Z’;R and Y} describe 10D spacetime and internal 7"*°

> %D%’Z are worldsheet superpartners of bosonic coordinates
p Models described by twists, shifts and discrete torsion
p Symmetric orbifolds classified

The Orbifolder - Nilles, Ramos-Sanchez,Vaudrevange,Wingerter

p Generic points in the moduli space



Free Fermionic Construction

The who...
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Free Fermionic Construction
... what, why

p Fermion boundary condition basis vectors b;

a € Z =span{by,..., by}

p GSO projections {eiﬂ(qu-Fa) — 5.t < lC)X )} SV = 0

p Large classifications conducted
Bernard, Christodoulides, Faraggi, Glasser, Kounnas, Nooij, Rizos, Sonmez

p Fermions may be real or complex

p Special point in moduli space



Worldsheet Correspondence
Fermionisation/Bosonisation

p In 2D, known relationships between real bosons/fermions
Yyt X i (A% ayi
R :C(C)::’L@XR

(P = =€
V2

p Relate boundary conditions of compactified dimensions:

Fermion Boson

(yw) = —{yw)  Xpo Xp+n  “shift

{y, w}i — {y, —W}i X5y - — X4 “twist”’

{y,w} — {—y,w} Xj — — Xk + 7T “roto-translation”

up to lattice vector...



Comparison
The DF/DW Classification

b 7o X Z’Q symmetric orbifolds classified in terms of twists / twists

and shifts / twists, shifts and roto-translations

p Corresponding classification in terms of free fermions -

seemingly absent

p Backgrounds classified for Type II strings in Gregori-Kounnas-

Rizos 99 but heterotic classification missing

p What are the 1identifying features and how do these arise in FFF?



Comparison
NAHE Set = DW(0-1) orbifold?

Fermions that
appear are periodic
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Chiral matter originates in twisted sectors, b,

(RY1, h21) £ (51, 3)
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Comparison
NAHE-+eq,.., = DW(1-1) orbifold

B D {bi,by, b3, e, e4,eq}

Chiral matter originates in twisted sectors, D

(R h2h) =(27,3)



Comparison
NAHE+eqen + T = DW(2-1) orbifold



Conclusions and Outlook

p Correspondence between classes of Zo X Z’Q orbifolds and FFF
p Shifts, twists and roto-translations«— FFF basis vectors verified
p Identity “fixed points™

p Deform away from FFF point for full verification

p FFF pheno models — asymmetric shift orbitolds?

p Classification of asymmetric shift/twist orbifolds?
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