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* Here we'll look at T4 compactifications (and in particular S')
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-the simplest one in d = 1

[O(16) X O(16) X SU(2)] (R =1, A = 0): positive cosmological constant
at one loop

* Many other extremal points: all positive c.c.?

* Local minima, maxima or saddle points?
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* Tachyons!

- a region of moduli space has tachyons if there are states in [y

Pi=1+pz; 0<pp<]1 m*=—2(1 —pz)

m? >0
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* Untwisted + twisted massless states pr=0=>n= <R2+%A2> w+n-A€EZ

generic A

generic R

rational A

generic R

rational A

rational R?

U1 x U(DS x U(1), x U(1)y

no spinors (twisted or untwisted), no massless scalars

G, x UM x G, x U, x U(l), x Ul)y Gy, G, € SO(16) ADE

maybe { pos. chirality spinors in (spinor,1) of some factor of G, G,
negative chirality spinors in (fund, spinor)

no massless scalars

G x U(1)}77% X SU2)g G, X G, C G, ADE

more positive chirality spinors
maybe more negative chirality spinors

massless scalars

may be: tachyons in all situations
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* Allows to get fundamental region //‘\\

* Every non-Abelian group of rank k: delete 19-k nodes Z

Surface (of codimension k) in mod space: satisfy the k eqs of remaining nodes

* What about case!??
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* Not the whole story
- Not symmetric between the two Dy see Fraiman and Collazuol’s talk

- It does not encode the 6 decompactification limits to the 6 non-SUSY heterotic theories
- Add an extra tachyonic node joining to 1 and 7’ and also to t. Diagram becomes non-planar

- Not needed for all practical purposes &
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* Massless states give (a priori) largest contribution (if no tachyons)
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L N, | N, | N. | No | Ao

SO(16) x SO(16) x SU(2) 226 | 256 | 256 | 0 | 341.6
SO(16) x SO(12) x SU(3) x SU(2) | 180 | 192 [ 192 | 0 | 251.8
SO(16) x SO(10) x SU(5) 172 | 128 | 160 | 0 | 155.4
S0(10) x SO(10) x SU(8) 136 | 0 | 170 | 0 | 65.6
SO(16) x SO(18) 256 | 128 | 288 | 256 | 168.7
SO(16) x SO(10) x SO(8) 176 | 208 | 128 | 256 | 168.7
SO(12) x SO(12) x SU(4) x SU(2)? | 136 | 128 | 168 | 256 | 168.7
Ee¢ x SU(12) 204 | 0 | 0 |408 | —243.7
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SO(16) x SO(12) x SU(3) x SU(2) | 180 | 192 [ 192 | 0 | 251.8
SO(16) x SO(10) x SU(5) 172 | 128 | 160 | 0 | 155.4
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L Ny | Ns | Ne | No | Am—o A

SO(16) x SO(16) x SU(2) 226 | 256 | 256 | 0 | 341.6 | 431.4
SO(16) x SO(12) x SU(3) x SU(2) | 180 | 192 | 192 | 0 | 251.8 | 383.5
SO(16) x SO(10) x SU(5) 172 | 128 | 160 | 0 | 155.4 | 359.2
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SO(16) x SO(10) x SO(8) 176 | 208 | 128 | 256 | 168.7 | 305.0
SO(12) x SO(12) x SU(4) x SU(2)? | 136 | 128 | 168 | 256 | 168.7 | 305.0
Ee¢ x SU(12) 204 | 0 | 0 |408 | —243.7 | 180.4

* Light states can correct this quite significantly
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ALL positive!
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* Bernardo Fraiman will show beautiful plots of the cosmological constant
for 2d slices in mod space



Cosmological constant at points of tachyon-free maximal enhancement

massless scalars that get tachyonic when
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S0O(10) x SO(10) x SU(8) 303.8 | 0 -19517 local maximum
SO(16) x SO(18) 305.0 | 256
SO(16) x SO(10) x SO(8) 305.0 | 256 ,
knife edge Ginsparg-Vafa
SO(12) x SO(12) x SU(4) x SU(2)? | 305.0 | 256 knife edge:
Eg x SU(12) 180.4 | 408 Capitol Peak near Aspen

ALL positive!

* What happens at the vicinity?

* Bernardo Fraiman will show beautiful plots of the cosmological constant
for 2d slices in mod space
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Summary

* Toroidal compactification of the non-susy heterotic theories give a rich landscape

* Phenomena of gauge symmetry enhancement in S': encoded in Extended
Dynkin diagram

e
O
O
O
O

O

+ other tachyon node »

* |07 maximal enhancements (delete 4 nodes from diagram on the left)

O
O
O
O
O

* Only 8 tachyon-free
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Summary

* Cosmological constant extremized at points of maximal enhancement (but not only)
see Fraiman’s talk

* 8 tachyon-free points of maximal enhancement have positive cosmological constant

saddle points S0O(16) x SO(12

) (16)
) (12)
) (10)

local maximum  SO(10) x SO(10) x SU(8
) (18)
knife edges ) (10)
) (12)

* No local minimum! (contrary to previous claims for SO(16) x SO(16) x SU(2))

but in agreement with Yuichi Koga’s results 22

* Does this story change in T compactifications?

To be continued...

Ihank you!
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