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When | accepted Shamit's kind invitation to spealk,
| was hoping that our project would lead to a result
of relevance to the Moonshine by the time of the
conference.

Unfortunately, we have not gotten there yet

— as usual, our project has made unexpected turns,
but | hope that the results | will present today would
still be of interest to you and that they would
eventually become relevant to the Moonshine, too.
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Tohru Eguchi and Anne Taormina,

w Unitary Representations of N=4 Superconformal Algebra

Phys. Lett. B196 (1987) 75.

w Character Formulas for the N=4 Superconformal Algebra
Phys. Lett. B200 (1988) 315.
w On the Unitary Representations of N=2 and N=4 Superconformal

Algebras, Phys. Lett. B210 (1988) 125.
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Freeman Dyson at the Ramanujan Centenary Conference in 1987:

The mock theta-functions give us tantalizing hints of a grand
synthesis still to be discovered. ... My dream is that | will live

to see the day when our young physicists, struggling to bring

the predictions of superstring theory into correspondence with
the facts of nature, will be led to enlarge their analytic machinery
to include mock theta-functions...

Volume 210, number 1.2 PHYSICS LETTERS B I8 August 1988
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Tohru Eguchi, Anne Taormina, Sung-Kil Yang + H.O.,,

w Extended Superconformal Algebras and String Compactifications
Nucle. Phys. B315 (1989) 193.
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eq. (3.3) may also be derived directly from (3.1); we note that the boundary
condition of d’(A) is invariant under the transformations S and T? (T: 7= 7+ 1)
and thus ®(A4) is a modular form invariant under I, the level-2 principal congru-
ence subgroup. This fact uniquely determines ®(A) up to an overall constant
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My PhD thesis, Int. J. Mod. Phys. A4 (1989) 4303:

F(r) = Y (Nn1 — 2Nno)q" =90q + 462¢* + 1540¢° + 4554¢* + 115924°
h

+ 27830¢° + 61686¢" + 131100¢% + - - -

If ¢* in F(r) had a negative coefficient for some value of h, the corresponding
N, would be non-vanishing. If this were the case, there should be a holomorphic
field of dimension h, and the symmetry of the system could not be just the
N = 4 symmetry but always larger than that. I have computed the expansion
coefficients of F(r) to the order of ¢°° and found that they are all positive and
exponentially increasing. One can also examine the asymptotic behaviour of
F(r) as r — 0, i.e. ¢ — 1. Using the modular transformation property of the

d-functions and the Mordell’s formula'®® for hs(7),
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My PhD thesis, Int. J. Mod. Phys. A4 (1989) 4303:

F(r) = 3 (Nay —2Nao)q" =90q + 462¢* + 1540¢° + 4554¢* + 115924
h

+ 27830¢° + 616869  + 131100¢® + - - -

F(=1/7) = 3 _(Nay — 2Nno) - 3"

A (24)
— 2y =irgVf - 12 +....

This observation seems to imply that the g-expansion coefficients of F(7) are all
positive and the symmetry of the generic non-linear o-model is just the NV = 4

superconformal symmetry, though I have no rigorous proof for it.
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It took us 22 years to divide these coefficients by 2.

F(r) = Y (Nn1 — 2Nno)q" =90q + 462¢* + 1540¢° + 45544* + 115924°
h

+ 27830¢° + 616869  + 131100¢® + - - -

Tohru Eguchi, Yuji Tachikawa + H.O.,

v Notes on the K3 Surface and the Mathieu Group M24
Experimental Mathematics 20 (2011) 91.
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Conformal Bootstrap




To understand these 1/4 BPS states beyond their degeneracies,
it would be interesting to study their operator product expansions.

F(r) = 3 (N1 — 2Nao)g" =90q + 462¢” + 1540¢° + 4554¢* + 11592¢°
h
+ 27830¢° + 61686q" + 131100¢® + - - -

= Conformal Bootstrap

Currently, we are trying to construct N=4 conformal blocks
for 4-point functions on the 2-sphere.

In meanwhile, we found that there are things we can do
without full conformal blocks.
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F(r) =) (N1 — 2Nnp)g" = 90q + 462¢° + 1540¢° + 4554¢* + 11592¢°
h

+ 278304¢° + 61686¢" + 131100¢® + - - -
Future Directions:

w Apply conformal bootstrap to 1/4 BPS states in K3 sigma-model
using scaling blocks.
w Construct N=4 superconformal blocks and refine conformal

bootstrap analysis.

w Study solvable examples such as orbifolds and Gepner models.

w Understand operator product expansions of 1/4 BPS states

and learn more about M24 structure.
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