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[Strominger 86, Becker et al 2003, Ivanov 2009, ..].

B Complicated expressions to deal with, e.g. Bianchi Identity:
/

dH = —2i00w = %(tr F? —tr R?).

Need a nicer description to deal with moduli [Anderson et al 10,
Anderson et al 14, de la Ossa EES 14, Garcia-Fernandez et al 15].
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Conclusions

Note: Also D-term conditions giving rise to (poly-)stability conditions
on bundles [Anderson et al 09]. Similarly, X is conformally
balanced.

Ilgnore D-terms and conformally balanced condition for this talk, and
assume stable bundles.
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45,0 =0 = 6,0 € H*V(X) « Ay € HOV(TX) |
Also get

52(F /\ Q) =0 < Ag A Fagdzg = 50&2 ;
where AQ ~ H(O’l) (TX), Qg € Q(O’l)(End(V)).

Similarly

52(R/\ Q) =0 & Ag A Ragdzg == 8/432 :
where ky € QO (End(V)).

Note: Deformations 0,V = k5 non-physical. Can be thought of as
infinitesimal field redefinitions preserving Strominger system [de la
Ossa EES 14].
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0, defines an Atiyah algebroid [Atiyah 57]
00— End(V)PENd(TX) = Qy —>TX — 0.

TM; = H"Y(Q))
= HOYV(Ed(V)) & HOY(End(TX)) @ ker(F+R) .
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We also have the terms

/ do(H + idw) A 61€2 + / (H 4 idw) A 020182 € d1oW |sw =0
X

X

Algebra: = arrive at the following conditions

572(0’2) =0
/

2A5 A ia[awb]gdzba — %(tr ag N —trko A R)

02) | 7 (1.1
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02) | 7 (1,1

= 872( ) ¢ 872( )|
Technicality: Assume HOD(X) = 0 = 07" is D-exact.
It follows that = (A, o, k) € H"Y(Q,) is in the kernel of

H o HOY(Q)) —» HO(T*X).
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The map H defines the holomorphic double extension

0—=>T"X — 9y — 9y —0,

with corresponding holomorphic structure
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0—=T"'X — 9y —> 91 =0,

with corresponding holomorphic structure
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0y = 01 +H , Heterotic Bianchi Indentity < 0y =0.

Note: Q5 as a holomorphic bundle is self-dual.

Infinitesimal moduli [Anderson et al 14, de la Ossa EES 14]
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0—=T"'X — 9y —> 91 =0,
with corresponding holomorphic structure

=2

0y = 01 +H , Heterotic Bianchi Indentity < 0y =0.

Note: Q5 as a holomorphic bundle is self-dual.

Infinitesimal moduli [Anderson et al 14, de la Ossa EES 14]
TMy=H"Y(Q,) = HOV(T*X) @ ker(H) .

Get same kernel structure.
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Conclusions:

Heterotic string is a nice playground for phenomenology, but the
moduli problem is hard.

From the heterotic superpotential, we derived the massless
moduli space, and saw that it agrees with the 10d computation
of [Anderson et al 14, de la Ossa EES 14] for the infinitesimal
moduli space of solutions to the Strominger system.

We note that the heterotic anomaly condition may lead to lifting
extra moduli, even in Calabi-Yau compactifications.
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obstructions corresponding to Yukawa couplings.

Need Kahler potential to investigate the 4d theory outside of
Minkowski vacua. Holomorphic structures usually come with
natural Kahler metric (Weil-Peterson metric, etc). Clue for what
Kahler metric is?

What about non-perturbative effects? E.g. NS5-branes correct
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