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Rational CFTs (RCFTs, following Moore-Seiberg [3] and Kapustin-Orlov [4]) represent the simplest kind of solvable CFTs in
which all correlation functions are expressible as finite sums of holomorphic and anti-holomorphic functions. They are also tied
intricately with the study of BPS partitions in string compactification - RCFTs can be conjecturally interpreted as a heterotic
string dual of attractor points in Type II string compactification. However, when one thinks of CFTs with a specific target space
(abelian variety, or even more generic algebraic varieties like K3 surfaces and CY threefolds), it is an interesting question to ask
if whether rationality of the CFT picks out specific target spaces, and vice-versa - if the target space satisfies certain properties,
is the CFT rational? Such an undertaking was initially considered by G.Moore [1] for the case of elliptic curves who showed
that CFTs with elliptic curve target spaces are rational when the elliptic curve admits complex multiplication (CM) and the
mirror curve is also CM, and both curves have isomorphic CM fields. An equivalent lattice theoretic undertaking was done by
K. Wendland [2] for higher dimensional abelian varieties (T"4, ...) , for ¢ =2 cases by Hosono-Yau-Lian-Oguiso [5]. Gukov-
Vafa [6] conjectured, following [1] that a similar setting also holds for CY-3 folds.

In this talk, based on [A], [B] (w/ Taizan Watari and M. Okada), we revisit the Gukov-Vafa conjecture. In an attempt to
formalize the conjecture, one sees that the Gukov-Vafa conjecture is false even for the case of abelian varieties. The talk will
focus on a formal description of rational CFTs with abelian variety target space and their characterisation.

If time permits, which I am sure it won’t, or if interest exists, which I hope it will, I will go over the generalisation of this to
algebraic varieties including self-mirror CY3, WIP towards non-self mirror CY3, reconstruction of RCFTs from Hodge datum,
as well a view of this problem from L-functions attached to the target space variety.

Note: As a warm up for the actual seminar, I will also give a lightning review session on "complex multiplication for
physicists" for 30 minutes sometime before the start of the actual seminar. We will deal only with the analytic aspects of CM in
this talk so I will only give a review of that.
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For warm up session:

Appendix A in [B] above (This is a topic tailored distillation of [WU2] below)

[WU1] Complex Multiplication by James Milne (Sections 1-3, Section 5 if you want to see the big picture)
[WU2] Abelian Varieties with Complex Multiplication and Modular Functions by Goro Shimura
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