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Motivations

® Moduli Stabilization:
H~COS = Wy #£0=>Vy ~ —3|W,|?

“Contribution to the
Superpotential and Effective Scalar Potential”

® Phenomenology of MSSM from
Heterotic Supergravity.
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H=dB+aZ,(w3L—w3y) W3y:tr(A/\F—%A/\A/\A)

...at the Background Level of the gauge field (dB = 0)

Wilson Lines, FF0 ———) WO:/H/\Q:/wWLAQ

wwi (fractional and defined up to integers)
[Gukoyv, Kachru et. al. 2003]

WO ™~ CS(A7 Q) "~

[3-Cycle Poincaré dual to the holomorphic three form]

=P Non vanishing H?? Evading CY condition or SUSY??

[Frey, Lippert]

== Possible: 4D EFT with Loop Corrections, AdS,SUSY,CY
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We want to compute the Chern-Simons term for some
explicit models..

OS(A,Q) =0, V(@ € Hg(CYg); = H =0

...CS means Chern-Simons in my talk, not Complex structure
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Strategy:

Describe 3-cycles in Complete Intersection CY'’s, using
involutions and Special Lagrangian Submanifolds

Intersection theory of SLAG’s, can they span the third
homology class!?

What happens on the SLAGs when we mod out the CY
by abelian discrete symmetries!?

Topology and Chern-Simons integral.
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CICY3 (complete intersection) C CP™ x ... x CP"™

® Explicit Polynomial Calabi Yau!

® Freely Acting Discrete symmetries,
Smooth, non simply-connected CY;

® Nice Model Building.

[ Anderson, Grey, Lukas et. al.]

= Anti-Holomorphic Involution: o(z;) = Z;, o(J) = —J, 0() = Q

A-T
= SLAG:Fixed Points: Fix(c) = Q (A-Type)

Polynomial SLAG:  © (0(52)1)51;5 (:Zi)}{zg;(Re(%))
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* HOW Many Submanlfold? [Blumenhagen et. al. 2002]

[Palti, 2009]

o(z) = (w;z;) Symmetries: P(w;z;) = P(z;)

SLAGs Listed: Discrete Rotations and Permutations

=) Can they Span H*(CY)?

Intersection Matrix: Filling Euler Number Intersec. Locus:
<wi‘w7’;> —> Common Solutions of
P(Re(w;z;)) =0, P(Re(w;z;)) =0

Rank(Int. Mat.) = 2?(C'Y") SLAGs Span Homology
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, | How Discrete Symmetries
=®» CY/ Zj (free Action) ——» act on SLAGs!?

[ S

Free-Action
In these SLAGs SLAGS Trivial-Action
we can have non-trivial
Chern-Simons invariant

=P SLAG Topology???

...Model dependent, let’s see some explicit example..
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=2 First Example: (Fermat) Quintic 2§ 4+ 25 + 25 + 25 + 22 = 0 c CP*
(2 1) [Blumenhagen et. al. 2002]
h ? p— ]_O]_ [Brunner et.al. 1999]

[Palti, 2009]

Rotational SLAGs: 625 SLAGs! RP° =2 S° /7,
(W1, wa,ws, wy,ws) = (C1, ¢ ¢t ¢l ¢ls); ¢ = e 1, € (0, ..., 4)

Point and Surface Intersections: X = 1

1

We can cover the Basis... Rank((w;|w/)) =204 =h>, I,J =1,...,625

=» Modded Out Quintic: Z5s X Z5  (Free Action)

g1 : (21, 22, 23, 24, 25) — (25,21, 22,23,24) (Cyclic Permutation)

g2 : (21,20, 23, 24, 25) = (Cz1, (P29, (23, (%24, 25)  (Rotation)
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Intersection Matrix Ranlc |2

=» Modded Out Quintic: Z5 x(Z5 )
Free Action: Trivial Action:
(Here WL might give Chern Simons flux) (Here WL have vanishing Chern Simons)

. > Topology SLAG: Sg/ZlO

2
Wilson Lines: U, = (@ #/p)  Cmiks/p)y o €5 = Z];—p (Witten Formula)

U, = 13 @ diag(a, a, %), @ diag(a, o, ?)r :>‘SU(3) x SU(2)L, x SU
_ o(2mik/5) | " T

E———— == e ——— =]

84

Chern-Simons Invariant: ¢5(4, Q) = gl& mod Z

The vanishing of H depends on the Z/5Z sector
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P =t (G + ¢+ ¢ —3a1¢() +3cta(1¢2(3 =0
Py =ty (1} +n3 +m3 — 3bmnanz) + 3ctymmens = 0

® Modding out:

O W o=
W O =

{t1,t2}
{Cla <27 CB}
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=2 Split Bicubic: L1 ()
Py =t (¢ + G + ¢ —3ai¢als) +3cta(1¢2(3 =0 ) 3 0 {Cl’ CQ’ CB}
Py = ta (0} +n3 + n3 — 3bmnanz) + 3cty mmans =0 /10 3 i {7717 T2, 773}

® Modding out: ?* \ h(1»2) — 3 Nice model Building!

® Defining Slags byolomorphic Involutions:

Standard Involution (A-type) + New One (C): 0="=(¢ +¢ +¢3) +3ct1 (163
oc: G—omy, MG, ity ta—oh C RP! x CP?
® W/e listed SLAGs: Symmetries of the Polynomial; [Partouche, Pioline]

® |ntersection matrix limit to a singularity in complex structure,
namely c=a=b=0.
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=2 Split Bicubic: L L {2}
Pr=1t1 (G + ¢+ —3a¢(e(s) +3cta (162l =0 ' 3 0 | {C1,€2,¢3}
Py =ty (] 4+ 3 + 13 — 3bmunanz) + 3ctymmanz =0 /10 3 i {77177727773}

® Modding out: ?* \ h(1»2) — 3 Nice model Building!

® Defining Slags byolomorphic Involutions:

Standard Involution (A-type) + New One (C): 0="=(¢ +¢ +¢3) +3ct1 (163
oc: G—omy, MG, ity ta—oh C RP! x CP?
® W/e listed SLAGs: Symmetries of the Polynomial; [Partouche, Pioline]

® |ntersection matrix limit to a singularity in complex structure,
namely c=a=b=0.

Rank = 8 = 42 in this limit we can cover the Basis again...
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Split Bicubic:
— > P

Topology and Chern-Simons Integral?

T = Zg X Zg
Some Slags are topologically 3-tori: » CS(A,Q) =0
(C-type) 4@

SLAGs from A-type involution are “real slices” of the CY 3fold

v

Local Seifert-fibration, namely a over a 2dim
[Auckly, Kirk, Klassen, Nishi]

We can compute the Chern-Simons invariants! C'S(A,Q) =0

...in the singular limit H =0= Wy =20



Conclusions

® Discrete Wilson Lines can Project on 3-
Cycles and give non-trivial Chern-Simons

Flux

® |t affects the Superpotential Moduli
Stabilizaton SUSY breaking, towards
realistic CY compactification.

® Are Wilson Lines consistent with the |0-
dimensional picture!?



Thank You!



