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e Microscopic Description: Borcherds Algebra.




Heterotic Strings on T d

P € Tnniie, P? €27

SO(n)\SO(n,n+16)/SO(n + 16)




Heterotic Strings on 7"
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otethat = -2 > p2,

T9 = string coupling

P? = P;—P; € 2Z )

Equality holds when Ppr = ( , this is an attractor point.




Heterotic Strings on T®




BPS Dyons for Heterotic String on 7°

(P,Q) € g2 @ I'g 22,

Zpo= largest eigenvalue of the 4x4 anti-symm. matrix
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Dyonic Black Holes

S=n|PAQ|=m\/Q*P?—(Q- P)?,




Attractor Flow




Walls of Marginal Stability

=> real co-dimension 1 subspace of moduli space.




Walls of Marginal Stability
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Supergravity analysis: bound state is stable when
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Walls of Marginal Stability
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The Walls

MP(R) = {X| X = (‘”“ ‘”12) X =X" zg € R}

To1 T22

IX|2 = (X, X) = —2detX

(o, @) =2 _( 2bd ad+bc
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Walls and Weyl Chambers
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Weyl Group and Chambers

PGL(2,Z) 2 0*(2,1;Z) =~ W x D,
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Discrete Attractor flow




Arithmetic Decay

} , ad—bc=1 , a,c>0

} if ¢>a,bd> b

s -1 -2 -1 -1 0 1 1 2 1 3 2 3 1
1 0 1 1 2 1 3 2 3 1 2 1 1 0
53 S9 -1 -1 0 1 1 2 1 -
0 1 1 2 1 1 0
52
S -1 0 1 1
3 51 0 1 1 0




Arithmetic Decay

B 2bd  ad + be
““\ad+bc  2ac

wer={( 9.5 %))

Apg = Pra™+Qqo —[(P-Q)a|e

Degeneracy should jump by

(~)PDF(P - Q)al d(Pa) d(Qa)




Weyl-Kac-Borcherds Formula

®(Q) = eV [T (1— e(a,Q))%c(laP)

acA+*

3() — (det(CQ + D)) @(9)

Q — (AQ + B)(CQ + D)™




The Counting Formula

e(AP,Q ’Q)

D(P,Q) = | 0“5y (-1

log D(P,Q) ~ m|P A Q)

e -

and has double poles

1 11 1 1

<I>(p, g, 1/) B 472 12 7724(,0) 7724(0) (1 + (9(1/ )) )
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Walls in the Space of Contours

(Imp, Imo, Imv) € R*?

Poles coincide
with walls of
Weyl Chambers
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The Wall Crossing Formula

(P-Q) e el
. e—27ri P-Q)v d(P) = /d
d(P)d(Q) jéc dv———, (P) o 7P (p)

(—1)FD P . Qld(P)d(Q)

when (P-Q)Imv >0

This describes exactly the contribution due to the decay of

1/2 BPS bound states!

(

22

¢)~(7)+(a)




Towards Microscopic Description

€i, fi] = 6ijhi

h,h] =0

h,eil = (h,hi)e; [k, fi] = —(h, i) fi
(ade;)' ™ e; = (adfi)' ™M f; =0 if A =2,i #
lei,ei] = [fi, fil =0 if A;; =0.

No representations are known.
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Towards Microscopic Description

[T ()™ |A)
acAt

One can show that for a dominant weight

M(A) C M(Aw)
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Conclusions

e (Can one obtain representation of Borcherds Algebra?
e Counting i1s more elaborate for non-primitive charges.

e (Can one generalize this to all N=4 theories? Or N=27
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