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September 21, 2022. Maxwell’s equations in a vacuum satisfy
dF =0, d*F =0,

where F' is a 2-form—sometimes called the electromagnetic field
strength—in Minkowski space-time R3!. In the presence of electric
charge one of these equations is modified to d*F' = jg and, by Gauss's
law, the electric flux through a 2-sphere is Qg = sz *xF'. However,
non-zero magnetic flux through a closed surface has never been ob-
served in nature, and this creates an intriguing asymmetry between
electric and magnetic fields. The possibility of electromagnetic duality
led physicists to consider the hypothetical magnetic monopole equa-
tion dF = jjr with net magnetic charge Qu = [5. F.

There is a string theory analog of these equations [I] involving a 3-
form field strength H, which in a vacuum satisfies the equations

dH =0, d"H=0.

In this setup, extra dimensions are introduced by considering the pro-
duct R®!x X . Starting from principles of supersymmetry and a warped
product ansatz [2], physicists reduce their equations from the product
to the internal space X, deducing that X is a compact complex three-
dimensional manifold with hermitian metric w, holomorphic volume
form Q, and H takes the form H = (8 — 8)w. Kahler Calabi-Yau
threefolds (X,w, Q) are those with H = 0.

We now apply these ideas to Calabi-Yau conifold transitions. A co-
nifold transition is a mechanism for passing from one Calabi-Yau
threefold to another by degenerating 2-cycles and introducing new
3-cycles—see the front of the postcard for the local model. This pro-

cedure alters Betti numbers, and allows travel in
the parameter space of Calabi-Yau threefolds. By
degenerating 2-cycles, it may happen that the re-
sulting manifold has zero second Betti number, and
thus cannot admit a Kahler metric. An initial Kahler
Calabi-Yau threefold can then become a non-Kahler
complex manifold through this process.

A conifold transition exchanges holomorphic 2-cycles C; with special
Lagrangian 3-spheres L; [4], all with respect to the non-Kaihler geo-
metry (X,w) from [3] solving dw® = 0. The corresponding 3-form
field H satisfies d*H = 0, but dH # 0, and the emerging special Lag-
rangian 3-spheres have non-zero enclosed charge Qs = f5’3 H. Thus
the non-K&hler geometry (X, w) used to study conifold transitions can
be interpreted as a geometry with magnetic flux.
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