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Heterotic string on S1

Moduli:         and 

Spectrum: 

Narain Lattice 
even and self dual

Charges:

Invariant under T duality
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Symmetry enhancements
We can equivalently read the algebra through the commutators of the zero 
modes of the holomorphic currents (e.g. ).

STATE CURRENT

The zero modes are defined as

They satisfy the commutation relations

VERTEX OPERATOR                                      
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The enhancement is at for any finite Wilson line.

roots

The imaginary root is shared between the two copies  
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• The algebra of the zero modes is

• In the case of finite Wilson line redefine
The currents obey the same algebra.
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• Asymptotically conserved holomorphic currents (zero Wilson line)

• The algebra of the zero modes is

• In the theory the computation is the same, with different roots

for and finite

The E9 E9 /~ algebra

central extension 
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• In the Heterotic toroidal compactification they agree:

• Look at the sector :

• The WGC and RFC predict an infinite number of massless states at
.
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Conclusions

• We showed the presence of affine enhancements
at the boundary of 9d Heterotic moduli space.

• Only the 10d algebras have an affine counterpart.

• Link with the SDC, WGC and RFC: infinitely many
massless vectors are expected from Swampland
constraints.

• Work in progress [VC, Grana, Herraez, Parra de Freitas, to appear] :
this extends to lower dimensional Heterotic
theory (and F theory dual). [Lee, Lerche, Weigand, ’21]



Thank you!



Extended Dynkin Diagram
It contains information on all the possible enhancements and on the point of 
moduli space where they appear.

• Delete nodes to get the
Dynkin Diagram of .

• To get the moduli, verify the equalities
of the nodes that remain.



• Asymptotically conserved holomorphic currents (zero Wilson line)

with                                                                                                                         .

• The algebra of the zero modes is

• For finite Wilson line

they obey the same algebra. 

central extension 

The E9 E9 /~ algebra


