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Motivation:

* Non-geometric spaces (asymmetric orbifolds)- stringy geometry

[ ]
* Moduli stabilisation and identification

* Asymmetric orbifolds Pheno. features:

% Early realistic models 1, Fixing Geometric Moduli,
Doublet-Triplet Splitting, Untwisted TQMC, Hierarchical
Top-bottom quark mass splitting | |
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Heterotic Orbifolds

* Realise in terms of bosons or fermions via bosonisation.

* Bosonic coordinate fieldsind = 10 — D:

R: 2#(2), , X,

L: I”u(f), XLa:L..AD—HG

I=1,..D,p=2,..,d—1

* Torus periodicites
X~X+21N, N e 72P+16 (2)
* Orbifold action

X ~ e X —onV, (3)
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Heterotic Orbifold Input data

* (Narain) orbifold inputs are these v (twist) and V' (shift) vectors

* In free fermionic models define: basis vectors of boundary conditions
B=A{B(f1), B(fn)} (4)

* Zg restriction: () = 0,1 and v, V entries real

* (GGSO phases/discrete torsion details not needed here)
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Right Bosonisation and action

* Worldsheet SUSY requires invariant supercurrent
Tr =i, 0zt + i 0XE =i, 00" +iy y'w!  (5)
via R bosonisation 0.X" ~ i : y'w' : s.t.
e XK~y 4w (6)

* R orbifold action

w=3Bw)—3B(y), Tr=3i01")-1i8(y). )
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Left bosonisation and action
* L bosonisation, u # v =1,...,32+2D:
eiXLiNfu+ifv (8)

* Bosonise via 8 = (Bogd, Beven)

Boaa | B+ ... B
Beven B2 o 62D+32
L action:
UL = %Beven - %Boddy W= %(ID—HG) - %Bodd . (9)

* = Asingle FF model has many bosonic interpretations!
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Fermionic Symmetries

* Fermion inversion (u): f* — — f.

% Permutation (u; --- up) acts as f¥1 — fuz... — fur — fu
leaving remaining fermions inert.

* Group generated by permutation (uv)

* Effect on bosonic data (use egs. (6,8)) summarised in following
tables
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Fermionic Symmetries Summary Table

Fermionic symmetry Action on twist and shift entries

(2a- 12b-1)(2a 2b) vl <, Ve VP
(2a) vt = =t 2V, V= V¢
(2a-1 2a) vt = —vl, V&= V-
L L L L L
(2a2b) ULa_>vIl_7+VI_a_VI_b7‘/La_>VI_a7

G R A R AR A T

R VA VAN T U4
2a-1 2b-1 v U e Vs Ve Y
L I G B

(2a-1) vl =l =2V, V¢ = =V

Some generate actions (T-dualities) in the bosonic theory; others

seemingly not — “enhanced T-duality” o



Example

* Take a simple 6D FF model with single Z twist

1 = {all periodic} (R sector)

S={ }  (SUSY generator)

b=1{ Lyl | L3 F9120 (7 i)
€= {f%191 (SO(32) generator)

* The twist b has multiple symmetric and asymmetric
interpretations

9/17



Interpreting {1, S, &, b}

* Taking X} ~ fl4+if2 X2 ~ f3 +if? etc, we have

b= %(14|020) (1)

* Permutation: (26)P, p; = 0, 1, map twist v, = 3(0%°) from b
to

= 1(1,0,1,0,0'%), (12)

i.e. two of bosonic coordinates now twisted

10/17



{1, S, &, b}- Fermionic Web

Can generate web with other such permutations w.r.t. b

0000)

-

\
NS
/

10010

0001)

[0110)

[1100) |1010) [0101) [0011)
\ [1001) /
|1110) / \ jo111)
|1101) |1011)
j111n
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(b, £)-twist frequencies

¢ 0O 2 4 6 8 Sum
b
0 1 2 3 2 1 9
2 2 1N 18 12 3 46
4 3 18 32 19 6 78
6 2 12 19 18 7 58
8 1 3 6 7 5 22
Sum 9 46 78 58 22 213

The number of bosonisations grows quickly for models with more
basis vectors/orbifold actions
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Moduli/Thirring Interactions

* The unfixed Narain moduli correspond to operators
mi o 0Xg 0X,, (13)
Depends on bosonisation!

* Full set of Thirring Interactions ]

Mo y'w' U7 (14)

total number of massless untwisted scalars is bosonisation
independent
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Intrinsically Asymmetric Definition

* A fermionic model that is an asymmetric orbifold for all
bosonisations

« 3 D currents, 7', w/ identical twist actions as .J? such that
remaining 16 currents J - inert V (twist) basis vectors.

* Example: purely R twist vector

b= { ’y1,2,374} (15)

cannot be interpreted symmetrically
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Conclusions

* Enhanced T-duality group- generalised T-folds

* Applications to Moduli Stabilisation, in particular
defining intrinsically asymmetric orbifolds

* Connections between symmetric and
asymmetric orbifolds
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