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(in four spacetime dimensions)

where V is the vacuum energy and m is the mass scale of the 
leading tower of states.

In our world, V ⇠ 10�122
<latexit sha1_base64="0MsZvNEQ1zZGMqFgTJjGPLUREY8=">AAACB3icbVC7TsNAEDyHVwiPGChpTkRINES+CAnKCBrKIJGHlJjofFnHp5wfujsjRZY/gG+ghZoO0fIZlPwJl+CCJEw1uzOr3R0vEVxpx/mySmvrG5tb5e3Kzu7eftU+OOyoOJUM2iwWsex5VIHgEbQ11wJ6iQQaegK63uRmpncfQSoeR/d6moAb0nHEfc6oNq2hXe0MFA8xcR6yc9Jo5EO75tSdOfAqIQWpoQKtof09GMUsDSHSTFCl+sRJtJtRqTkTkFcGqYKEsgkdQ9/QiIag3Gx+eI5P/VhiHQCe13+9GQ2Vmoae8YRUB2pZmzX/0/qp9q/cjEdJqiFixmI0PxVYx3j2Px5xCUyLqSGUSW6uxCygkjJtUlrYosw7AYzyismELCewSjqNOnHq5O6i1rwu0imjY3SCzhBBl6iJblELtRFDKXpGL+jVerLerHfr49dasoqZI7QA6/MHlx+YQw==</latexit><latexit sha1_base64="0MsZvNEQ1zZGMqFgTJjGPLUREY8=">AAACB3icbVC7TsNAEDyHVwiPGChpTkRINES+CAnKCBrKIJGHlJjofFnHp5wfujsjRZY/gG+ghZoO0fIZlPwJl+CCJEw1uzOr3R0vEVxpx/mySmvrG5tb5e3Kzu7eftU+OOyoOJUM2iwWsex5VIHgEbQ11wJ6iQQaegK63uRmpncfQSoeR/d6moAb0nHEfc6oNq2hXe0MFA8xcR6yc9Jo5EO75tSdOfAqIQWpoQKtof09GMUsDSHSTFCl+sRJtJtRqTkTkFcGqYKEsgkdQ9/QiIag3Gx+eI5P/VhiHQCe13+9GQ2Vmoae8YRUB2pZmzX/0/qp9q/cjEdJqiFixmI0PxVYx3j2Px5xCUyLqSGUSW6uxCygkjJtUlrYosw7AYzyismELCewSjqNOnHq5O6i1rwu0imjY3SCzhBBl6iJblELtRFDKXpGL+jVerLerHfr49dasoqZI7QA6/MHlx+YQw==</latexit><latexit sha1_base64="0MsZvNEQ1zZGMqFgTJjGPLUREY8=">AAACB3icbVC7TsNAEDyHVwiPGChpTkRINES+CAnKCBrKIJGHlJjofFnHp5wfujsjRZY/gG+ghZoO0fIZlPwJl+CCJEw1uzOr3R0vEVxpx/mySmvrG5tb5e3Kzu7eftU+OOyoOJUM2iwWsex5VIHgEbQ11wJ6iQQaegK63uRmpncfQSoeR/d6moAb0nHEfc6oNq2hXe0MFA8xcR6yc9Jo5EO75tSdOfAqIQWpoQKtof09GMUsDSHSTFCl+sRJtJtRqTkTkFcGqYKEsgkdQ9/QiIag3Gx+eI5P/VhiHQCe13+9GQ2Vmoae8YRUB2pZmzX/0/qp9q/cjEdJqiFixmI0PxVYx3j2Px5xCUyLqSGUSW6uxCygkjJtUlrYosw7AYzyismELCewSjqNOnHq5O6i1rwu0imjY3SCzhBBl6iJblELtRFDKXpGL+jVerLerHfr49dasoqZI7QA6/MHlx+YQw==</latexit><latexit sha1_base64="0MsZvNEQ1zZGMqFgTJjGPLUREY8=">AAACB3icbVC7TsNAEDyHVwiPGChpTkRINES+CAnKCBrKIJGHlJjofFnHp5wfujsjRZY/gG+ghZoO0fIZlPwJl+CCJEw1uzOr3R0vEVxpx/mySmvrG5tb5e3Kzu7eftU+OOyoOJUM2iwWsex5VIHgEbQ11wJ6iQQaegK63uRmpncfQSoeR/d6moAb0nHEfc6oNq2hXe0MFA8xcR6yc9Jo5EO75tSdOfAqIQWpoQKtof09GMUsDSHSTFCl+sRJtJtRqTkTkFcGqYKEsgkdQ9/QiIag3Gx+eI5P/VhiHQCe13+9GQ2Vmoae8YRUB2pZmzX/0/qp9q/cjEdJqiFixmI0PxVYx3j2Px5xCUyLqSGUSW6uxCygkjJtUlrYosw7AYzyismELCewSjqNOnHq5O6i1rwu0imjY3SCzhBBl6iJblELtRFDKXpGL+jVerLerHfr49dasoqZI7QA6/MHlx+YQw==</latexit>

m and V are small (in Planck units) in asymptotic limits.

What if we live
 near an asymptotic limit?



In other words, suppose we live near an infinite distance limit

and the light tower is related to the CC



In other words, suppose we live near an infinite distance limit

and the light tower is related to the CC

What can we say about the nature of the tower?

m . ⇤1/4 ⇠ 2.31meV
<latexit sha1_base64="0uVyFzgTxE8bA2rQ/ly2tFOGa/M=">AAACJXicbVC7TgMxEPSFd3gFKGksIiQKCHeABCWChoIiSCQg5ULkczaJFfvuZO8hotN9BR/BN9BCTYeQqBB/ghNSkISpxjOzWu8EsRQGXffTyU1Nz8zOzS/kF5eWV1YLa+tVEyWaQ4VHMtK3ATMgRQgVFCjhNtbAVCDhJuie9/2be9BGROE19mKoK9YORUtwhlZqFPaUL8EYIxT1L+1Yk92l3v5R5veVg9Kh5+9SH+EBUwXVrFEouiV3ADpJvCEpkiHKjcK334x4oiBELpkxNc+NsZ4yjYJLyPJ+YiBmvMvaULM0ZApMPR2cldHtVqQpdoAO3n+zKVPG9FRgM4phx4x7ffE/r5Zg66SeijBOEEJuI9ZrJZJiRPvt0KbQwFH2LGFcC/tLyjtMM462w5Etxp7TgWaWt5144w1MkupByXNL3tVR8fRs2M482SRbZId45JickgtSJhXCySN5Ji/k1Xly3px35+M3mnOGMxtkBM7XDwQdpL0=</latexit><latexit sha1_base64="0uVyFzgTxE8bA2rQ/ly2tFOGa/M=">AAACJXicbVC7TgMxEPSFd3gFKGksIiQKCHeABCWChoIiSCQg5ULkczaJFfvuZO8hotN9BR/BN9BCTYeQqBB/ghNSkISpxjOzWu8EsRQGXffTyU1Nz8zOzS/kF5eWV1YLa+tVEyWaQ4VHMtK3ATMgRQgVFCjhNtbAVCDhJuie9/2be9BGROE19mKoK9YORUtwhlZqFPaUL8EYIxT1L+1Yk92l3v5R5veVg9Kh5+9SH+EBUwXVrFEouiV3ADpJvCEpkiHKjcK334x4oiBELpkxNc+NsZ4yjYJLyPJ+YiBmvMvaULM0ZApMPR2cldHtVqQpdoAO3n+zKVPG9FRgM4phx4x7ffE/r5Zg66SeijBOEEJuI9ZrJZJiRPvt0KbQwFH2LGFcC/tLyjtMM462w5Etxp7TgWaWt5144w1MkupByXNL3tVR8fRs2M482SRbZId45JickgtSJhXCySN5Ji/k1Xly3px35+M3mnOGMxtkBM7XDwQdpL0=</latexit><latexit sha1_base64="0uVyFzgTxE8bA2rQ/ly2tFOGa/M=">AAACJXicbVC7TgMxEPSFd3gFKGksIiQKCHeABCWChoIiSCQg5ULkczaJFfvuZO8hotN9BR/BN9BCTYeQqBB/ghNSkISpxjOzWu8EsRQGXffTyU1Nz8zOzS/kF5eWV1YLa+tVEyWaQ4VHMtK3ATMgRQgVFCjhNtbAVCDhJuie9/2be9BGROE19mKoK9YORUtwhlZqFPaUL8EYIxT1L+1Yk92l3v5R5veVg9Kh5+9SH+EBUwXVrFEouiV3ADpJvCEpkiHKjcK334x4oiBELpkxNc+NsZ4yjYJLyPJ+YiBmvMvaULM0ZApMPR2cldHtVqQpdoAO3n+zKVPG9FRgM4phx4x7ffE/r5Zg66SeijBOEEJuI9ZrJZJiRPvt0KbQwFH2LGFcC/tLyjtMM462w5Etxp7TgWaWt5144w1MkupByXNL3tVR8fRs2M482SRbZId45JickgtSJhXCySN5Ji/k1Xly3px35+M3mnOGMxtkBM7XDwQdpL0=</latexit><latexit sha1_base64="0uVyFzgTxE8bA2rQ/ly2tFOGa/M=">AAACJXicbVC7TgMxEPSFd3gFKGksIiQKCHeABCWChoIiSCQg5ULkczaJFfvuZO8hotN9BR/BN9BCTYeQqBB/ghNSkISpxjOzWu8EsRQGXffTyU1Nz8zOzS/kF5eWV1YLa+tVEyWaQ4VHMtK3ATMgRQgVFCjhNtbAVCDhJuie9/2be9BGROE19mKoK9YORUtwhlZqFPaUL8EYIxT1L+1Yk92l3v5R5veVg9Kh5+9SH+EBUwXVrFEouiV3ADpJvCEpkiHKjcK334x4oiBELpkxNc+NsZ4yjYJLyPJ+YiBmvMvaULM0ZApMPR2cldHtVqQpdoAO3n+zKVPG9FRgM4phx4x7ffE/r5Zg66SeijBOEEJuI9ZrJZJiRPvt0KbQwFH2LGFcC/tLyjtMM462w5Etxp7TgWaWt5144w1MkupByXNL3tVR8fRs2M482SRbZId45JickgtSJhXCySN5Ji/k1Xly3px35+M3mnOGMxtkBM7XDwQdpL0=</latexit>



In other words, suppose we live near an infinite distance limit

and the light tower is related to the CC

What can we say about the nature of the tower?

m . ⇤1/4 ⇠ 2.31meV
<latexit sha1_base64="0uVyFzgTxE8bA2rQ/ly2tFOGa/M=">AAACJXicbVC7TgMxEPSFd3gFKGksIiQKCHeABCWChoIiSCQg5ULkczaJFfvuZO8hotN9BR/BN9BCTYeQqBB/ghNSkISpxjOzWu8EsRQGXffTyU1Nz8zOzS/kF5eWV1YLa+tVEyWaQ4VHMtK3ATMgRQgVFCjhNtbAVCDhJuie9/2be9BGROE19mKoK9YORUtwhlZqFPaUL8EYIxT1L+1Yk92l3v5R5veVg9Kh5+9SH+EBUwXVrFEouiV3ADpJvCEpkiHKjcK334x4oiBELpkxNc+NsZ4yjYJLyPJ+YiBmvMvaULM0ZApMPR2cldHtVqQpdoAO3n+zKVPG9FRgM4phx4x7ffE/r5Zg66SeijBOEEJuI9ZrJZJiRPvt0KbQwFH2LGFcC/tLyjtMM462w5Etxp7TgWaWt5144w1MkupByXNL3tVR8fRs2M482SRbZId45JickgtSJhXCySN5Ji/k1Xly3px35+M3mnOGMxtkBM7XDwQdpL0=</latexit><latexit sha1_base64="0uVyFzgTxE8bA2rQ/ly2tFOGa/M=">AAACJXicbVC7TgMxEPSFd3gFKGksIiQKCHeABCWChoIiSCQg5ULkczaJFfvuZO8hotN9BR/BN9BCTYeQqBB/ghNSkISpxjOzWu8EsRQGXffTyU1Nz8zOzS/kF5eWV1YLa+tVEyWaQ4VHMtK3ATMgRQgVFCjhNtbAVCDhJuie9/2be9BGROE19mKoK9YORUtwhlZqFPaUL8EYIxT1L+1Yk92l3v5R5veVg9Kh5+9SH+EBUwXVrFEouiV3ADpJvCEpkiHKjcK334x4oiBELpkxNc+NsZ4yjYJLyPJ+YiBmvMvaULM0ZApMPR2cldHtVqQpdoAO3n+zKVPG9FRgM4phx4x7ffE/r5Zg66SeijBOEEJuI9ZrJZJiRPvt0KbQwFH2LGFcC/tLyjtMM462w5Etxp7TgWaWt5144w1MkupByXNL3tVR8fRs2M482SRbZId45JickgtSJhXCySN5Ji/k1Xly3px35+M3mnOGMxtkBM7XDwQdpL0=</latexit><latexit sha1_base64="0uVyFzgTxE8bA2rQ/ly2tFOGa/M=">AAACJXicbVC7TgMxEPSFd3gFKGksIiQKCHeABCWChoIiSCQg5ULkczaJFfvuZO8hotN9BR/BN9BCTYeQqBB/ghNSkISpxjOzWu8EsRQGXffTyU1Nz8zOzS/kF5eWV1YLa+tVEyWaQ4VHMtK3ATMgRQgVFCjhNtbAVCDhJuie9/2be9BGROE19mKoK9YORUtwhlZqFPaUL8EYIxT1L+1Yk92l3v5R5veVg9Kh5+9SH+EBUwXVrFEouiV3ADpJvCEpkiHKjcK334x4oiBELpkxNc+NsZ4yjYJLyPJ+YiBmvMvaULM0ZApMPR2cldHtVqQpdoAO3n+zKVPG9FRgM4phx4x7ffE/r5Zg66SeijBOEEJuI9ZrJZJiRPvt0KbQwFH2LGFcC/tLyjtMM462w5Etxp7TgWaWt5144w1MkupByXNL3tVR8fRs2M482SRbZId45JickgtSJhXCySN5Ji/k1Xly3px35+M3mnOGMxtkBM7XDwQdpL0=</latexit><latexit sha1_base64="0uVyFzgTxE8bA2rQ/ly2tFOGa/M=">AAACJXicbVC7TgMxEPSFd3gFKGksIiQKCHeABCWChoIiSCQg5ULkczaJFfvuZO8hotN9BR/BN9BCTYeQqBB/ghNSkISpxjOzWu8EsRQGXffTyU1Nz8zOzS/kF5eWV1YLa+tVEyWaQ4VHMtK3ATMgRQgVFCjhNtbAVCDhJuie9/2be9BGROE19mKoK9YORUtwhlZqFPaUL8EYIxT1L+1Yk92l3v5R5veVg9Kh5+9SH+EBUwXVrFEouiV3ADpJvCEpkiHKjcK334x4oiBELpkxNc+NsZ4yjYJLyPJ+YiBmvMvaULM0ZApMPR2cldHtVqQpdoAO3n+zKVPG9FRgM4phx4x7ffE/r5Zg66SeijBOEEJuI9ZrJZJiRPvt0KbQwFH2LGFcC/tLyjtMM462w5Etxp7TgWaWt5144w1MkupByXNL3tVR8fRs2M482SRbZId45JickgtSJhXCySN5Ji/k1Xly3px35+M3mnOGMxtkBM7XDwQdpL0=</latexit>

So there must be a tower of light fields at this energy scale.



In other words, suppose we live near an infinite distance limit

and the light tower is related to the CC

What can we say about the nature of the tower?
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<latexit sha1_base64="0uVyFzgTxE8bA2rQ/ly2tFOGa/M=">AAACJXicbVC7TgMxEPSFd3gFKGksIiQKCHeABCWChoIiSCQg5ULkczaJFfvuZO8hotN9BR/BN9BCTYeQqBB/ghNSkISpxjOzWu8EsRQGXffTyU1Nz8zOzS/kF5eWV1YLa+tVEyWaQ4VHMtK3ATMgRQgVFCjhNtbAVCDhJuie9/2be9BGROE19mKoK9YORUtwhlZqFPaUL8EYIxT1L+1Yk92l3v5R5veVg9Kh5+9SH+EBUwXVrFEouiV3ADpJvCEpkiHKjcK334x4oiBELpkxNc+NsZ4yjYJLyPJ+YiBmvMvaULM0ZApMPR2cldHtVqQpdoAO3n+zKVPG9FRgM4phx4x7ffE/r5Zg66SeijBOEEJuI9ZrJZJiRPvt0KbQwFH2LGFcC/tLyjtMM462w5Etxp7TgWaWt5144w1MkupByXNL3tVR8fRs2M482SRbZId45JickgtSJhXCySN5Ji/k1Xly3px35+M3mnOGMxtkBM7XDwQdpL0=</latexit><latexit sha1_base64="0uVyFzgTxE8bA2rQ/ly2tFOGa/M=">AAACJXicbVC7TgMxEPSFd3gFKGksIiQKCHeABCWChoIiSCQg5ULkczaJFfvuZO8hotN9BR/BN9BCTYeQqBB/ghNSkISpxjOzWu8EsRQGXffTyU1Nz8zOzS/kF5eWV1YLa+tVEyWaQ4VHMtK3ATMgRQgVFCjhNtbAVCDhJuie9/2be9BGROE19mKoK9YORUtwhlZqFPaUL8EYIxT1L+1Yk92l3v5R5veVg9Kh5+9SH+EBUwXVrFEouiV3ADpJvCEpkiHKjcK334x4oiBELpkxNc+NsZ4yjYJLyPJ+YiBmvMvaULM0ZApMPR2cldHtVqQpdoAO3n+zKVPG9FRgM4phx4x7ffE/r5Zg66SeijBOEEJuI9ZrJZJiRPvt0KbQwFH2LGFcC/tLyjtMM462w5Etxp7TgWaWt5144w1MkupByXNL3tVR8fRs2M482SRbZId45JickgtSJhXCySN5Ji/k1Xly3px35+M3mnOGMxtkBM7XDwQdpL0=</latexit><latexit sha1_base64="0uVyFzgTxE8bA2rQ/ly2tFOGa/M=">AAACJXicbVC7TgMxEPSFd3gFKGksIiQKCHeABCWChoIiSCQg5ULkczaJFfvuZO8hotN9BR/BN9BCTYeQqBB/ghNSkISpxjOzWu8EsRQGXffTyU1Nz8zOzS/kF5eWV1YLa+tVEyWaQ4VHMtK3ATMgRQgVFCjhNtbAVCDhJuie9/2be9BGROE19mKoK9YORUtwhlZqFPaUL8EYIxT1L+1Yk92l3v5R5veVg9Kh5+9SH+EBUwXVrFEouiV3ADpJvCEpkiHKjcK334x4oiBELpkxNc+NsZ4yjYJLyPJ+YiBmvMvaULM0ZApMPR2cldHtVqQpdoAO3n+zKVPG9FRgM4phx4x7ffE/r5Zg66SeijBOEEJuI9ZrJZJiRPvt0KbQwFH2LGFcC/tLyjtMM462w5Etxp7TgWaWt5144w1MkupByXNL3tVR8fRs2M482SRbZId45JickgtSJhXCySN5Ji/k1Xly3px35+M3mnOGMxtkBM7XDwQdpL0=</latexit><latexit sha1_base64="0uVyFzgTxE8bA2rQ/ly2tFOGa/M=">AAACJXicbVC7TgMxEPSFd3gFKGksIiQKCHeABCWChoIiSCQg5ULkczaJFfvuZO8hotN9BR/BN9BCTYeQqBB/ghNSkISpxjOzWu8EsRQGXffTyU1Nz8zOzS/kF5eWV1YLa+tVEyWaQ4VHMtK3ATMgRQgVFCjhNtbAVCDhJuie9/2be9BGROE19mKoK9YORUtwhlZqFPaUL8EYIxT1L+1Yk92l3v5R5veVg9Kh5+9SH+EBUwXVrFEouiV3ADpJvCEpkiHKjcK334x4oiBELpkxNc+NsZ4yjYJLyPJ+YiBmvMvaULM0ZApMPR2cldHtVqQpdoAO3n+zKVPG9FRgM4phx4x7ffE/r5Zg66SeijBOEEJuI9ZrJZJiRPvt0KbQwFH2LGFcC/tLyjtMM462w5Etxp7TgWaWt5144w1MkupByXNL3tVR8fRs2M482SRbZId45JickgtSJhXCySN5Ji/k1Xly3px35+M3mnOGMxtkBM7XDwQdpL0=</latexit>

So there must be a tower of light fields at this energy scale.

We have not seen such a tower,  so it must couple very weakly 
(if at all) to SM fields.



In other words, suppose we live near an infinite distance limit

and the light tower is related to the CC

What can we say about the nature of the tower?
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So there must be a tower of light fields at this energy scale.

We have not seen such a tower,  so it must couple very weakly 
(if at all) to SM fields.

But Swampland/String Theory also allows us to make a prediction 
about the nature of the tower.
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The Emergent String Conjecture [Lee-Lerche-Weigand ’19] says there 
are only two kinds of decompactification limits:

- Decompactification of n dimensions. 

-Tower is KK modes

-Local EFT breakdown at higher-dim Planck scale:

- Perturbative string limit

-Perturbative string tower

M̂4+n = m
n
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2

2+n
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are only two kinds of decompactification limits:

- Decompactification of n dimensions. 

-Tower is KK modes

-Local EFT breakdown at higher-dim Planck scale:

- Perturbative string limit

-Perturbative string tower

-Local EFT breakdown at the string scale
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are only two kinds of decompactification limits:

- Decompactification of n dimensions. 

-Tower is KK modes

-Local EFT breakdown at higher-dim Planck scale:

- Perturbative string limit

-Perturbative string tower

-Local EFT breakdown at the string scale

-There are also KK modes at same scale, 
decompact. to 10d

(simply because the only string theories we know are 10dim)
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The Emergent String Conjecture [Lee-Lerche-Weigand ’19] says there 
are only two kinds of decompactification limits:

- Decompactification of n dimensions. 

-Tower is KK modes

-Local EFT breakdown at higher-dim Planck scale:

- Perturbative string limit

-Perturbative string tower

-Local EFT breakdown at the string scale

-There are also KK modes at same scale, 
decompact. to 10d

(simply because the only string theories we know are 10dim)

Both limits are 
decompactification 

limits!
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Decompactification limits are significantly constrained: 

Astrophysical bounds: 
[Hannestad and Raffelt ’03]

m�1  10�4 µm (n = 2)
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Decompactification limits are significantly constrained: 

Astrophysical bounds: 

Dev. from Newton’s laws (n=1): 
[Lee et al ’21]

[Hannestad and Raffelt ’03]
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m�1  30µm
<latexit sha1_base64="ygKJmasUeHZcfJFpdJWyzPWABcM=">AAACDXicbZC7TsMwGIWdcivlVkBMLBYVEgNUCSDBWMHCWCR6kZpQOe6fxqqdBNtBqqI+A8/ACjMbYuUZGHkT3JKBtpzp+D/H8u/PTzhT2ra/rMLC4tLySnG1tLa+sblV3t5pqjiVFBo05rFs+0QBZxE0NNMc2okEInwOLX9wPc5bjyAVi6M7PUzAE6QfsYBRos2oW94T99mJM3I5POAz2z3Grkix6JYrdtWeCM8bJzcVlKveLX+7vZimAiJNOVGq49iJ9jIiNaMcRiU3VZAQOiB96BgbEQHKyybrj/BhEEusQ8CT899uRoRSQ+GbjiA6VLPZePhf1kl1cOllLEpSDRE1FZMFKcc6xmMKuMckUM2HxhAqmdkS05BIQrVhNfWKMt8JoTcqGSbOLIF50zytOnbVuT2v1K5yOkW0jw7QEXLQBaqhG1RHDURRhp7RC3q1nqw36936+K0WrPzOLpqS9fkD9J6aoA==</latexit><latexit sha1_base64="ygKJmasUeHZcfJFpdJWyzPWABcM=">AAACDXicbZC7TsMwGIWdcivlVkBMLBYVEgNUCSDBWMHCWCR6kZpQOe6fxqqdBNtBqqI+A8/ACjMbYuUZGHkT3JKBtpzp+D/H8u/PTzhT2ra/rMLC4tLySnG1tLa+sblV3t5pqjiVFBo05rFs+0QBZxE0NNMc2okEInwOLX9wPc5bjyAVi6M7PUzAE6QfsYBRos2oW94T99mJM3I5POAz2z3Grkix6JYrdtWeCM8bJzcVlKveLX+7vZimAiJNOVGq49iJ9jIiNaMcRiU3VZAQOiB96BgbEQHKyybrj/BhEEusQ8CT899uRoRSQ+GbjiA6VLPZePhf1kl1cOllLEpSDRE1FZMFKcc6xmMKuMckUM2HxhAqmdkS05BIQrVhNfWKMt8JoTcqGSbOLIF50zytOnbVuT2v1K5yOkW0jw7QEXLQBaqhG1RHDURRhp7RC3q1nqw36936+K0WrPzOLpqS9fkD9J6aoA==</latexit><latexit sha1_base64="ygKJmasUeHZcfJFpdJWyzPWABcM=">AAACDXicbZC7TsMwGIWdcivlVkBMLBYVEgNUCSDBWMHCWCR6kZpQOe6fxqqdBNtBqqI+A8/ACjMbYuUZGHkT3JKBtpzp+D/H8u/PTzhT2ra/rMLC4tLySnG1tLa+sblV3t5pqjiVFBo05rFs+0QBZxE0NNMc2okEInwOLX9wPc5bjyAVi6M7PUzAE6QfsYBRos2oW94T99mJM3I5POAz2z3Grkix6JYrdtWeCM8bJzcVlKveLX+7vZimAiJNOVGq49iJ9jIiNaMcRiU3VZAQOiB96BgbEQHKyybrj/BhEEusQ8CT899uRoRSQ+GbjiA6VLPZePhf1kl1cOllLEpSDRE1FZMFKcc6xmMKuMckUM2HxhAqmdkS05BIQrVhNfWKMt8JoTcqGSbOLIF50zytOnbVuT2v1K5yOkW0jw7QEXLQBaqhG1RHDURRhp7RC3q1nqw36936+K0WrPzOLpqS9fkD9J6aoA==</latexit><latexit sha1_base64="ygKJmasUeHZcfJFpdJWyzPWABcM=">AAACDXicbZC7TsMwGIWdcivlVkBMLBYVEgNUCSDBWMHCWCR6kZpQOe6fxqqdBNtBqqI+A8/ACjMbYuUZGHkT3JKBtpzp+D/H8u/PTzhT2ra/rMLC4tLySnG1tLa+sblV3t5pqjiVFBo05rFs+0QBZxE0NNMc2okEInwOLX9wPc5bjyAVi6M7PUzAE6QfsYBRos2oW94T99mJM3I5POAz2z3Grkix6JYrdtWeCM8bJzcVlKveLX+7vZimAiJNOVGq49iJ9jIiNaMcRiU3VZAQOiB96BgbEQHKyybrj/BhEEusQ8CT899uRoRSQ+GbjiA6VLPZePhf1kl1cOllLEpSDRE1FZMFKcc6xmMKuMckUM2HxhAqmdkS05BIQrVhNfWKMt8JoTcqGSbOLIF50zytOnbVuT2v1K5yOkW0jw7QEXLQBaqhG1RHDURRhp7RC3q1nqw36936+K0WrPzOLpqS9fkD9J6aoA==</latexit>



Decompactification limits are significantly constrained: 

Astrophysical bounds: 

Dev. from Newton’s laws (n=1): 
[Lee et al ’21]

[Hannestad and Raffelt ’03]

m�1  10�4 µm (n = 2)
<latexit sha1_base64="WwBfYXdVC+PHfEIQZ5bHT3ttnEY="></latexit><latexit sha1_base64="WwBfYXdVC+PHfEIQZ5bHT3ttnEY="></latexit><latexit sha1_base64="WwBfYXdVC+PHfEIQZ5bHT3ttnEY="></latexit><latexit sha1_base64="E1OW80mK5chpUMa3hvL0LSVtbhg=">AAAB6HicbZC7TsNAEEXH4RVMgFDTrIiQqCKbBkokGsogkYeUWNF6PY5XWT+0OwZFVn6AlpoO8U+U/AmbkIIk3Oru3CvtzAkLJQ153pdT29nd2z+oH7pHDff45LTZ6Jm81AK7Ile5HoTcoJIZdkmSwkGhkaehwn44vV/k/WfURubZE80KDFI+yWQsBSc76oybLa/tLcW2jb8yLVhp3PweRbkoU8xIKG7M0PcKCiquSQqFc3dUGiy4mPIJDq3NeIomqJZrztllnGtGCbLl+2+34qkxszS0nZRTYjazxfC/bFhSfBtUMitKwkzYis3iUjHK2eJaFkmNgtTMGi60tFsykXDNBVkma78Ye06C0dy1SPxNANumd932vbb/6EEdzuECrsCHG7iDB+hAFwRE8Apvzovz7nz8oqs5K4ZnsCbn8wdw55CX</latexit><latexit sha1_base64="XG7EJBQ6PGHGi+gFOciwZWXRzjk=">AAACF3icbZDNSgMxFIXv1L9aq1a3boJFUNEyUwTdCIIblxVsK3RqyaS3bWgyM00yQhnmHXwIn8Gtrt2JK5e+iWntQq1nEb7ccyC5J4gF18Z1P5zcwuLS8kp+tbBWXN/YLG0VGzpKFMM6i0SkbgOqUfAQ64YbgbexQioDgc1geDnxm/eoNI/CGzOOsS1pP+Q9zqixo07pUN6lx17mCxwRz7V8kvlHxJcJkf4ood3pQfbD8+pBp1R2K+5UZB68GZRhplqn9Ol3I5ZIDA0TVOuW58amnVJlOBOYFfxEY0zZkPaxZTGkEnU7ne6Ukb1epIgZIJnef2ZTKrUey8BmJDUD/debDP/zWonpnbVTHsaJwZDZiPV6iSAmIpNqSJcrZEaMLVCmuP0lYQOqKDO2wF+vaLvOALtZwXbi/W1gHhrViudWvGsX8rADu7APHpzCBVxBDerA4AGe4BlenEfn1Xn7bi/nzGrchl9y3r8ABkug9g==</latexit><latexit sha1_base64="XG7EJBQ6PGHGi+gFOciwZWXRzjk=">AAACF3icbZDNSgMxFIXv1L9aq1a3boJFUNEyUwTdCIIblxVsK3RqyaS3bWgyM00yQhnmHXwIn8Gtrt2JK5e+iWntQq1nEb7ccyC5J4gF18Z1P5zcwuLS8kp+tbBWXN/YLG0VGzpKFMM6i0SkbgOqUfAQ64YbgbexQioDgc1geDnxm/eoNI/CGzOOsS1pP+Q9zqixo07pUN6lx17mCxwRz7V8kvlHxJcJkf4ood3pQfbD8+pBp1R2K+5UZB68GZRhplqn9Ol3I5ZIDA0TVOuW58amnVJlOBOYFfxEY0zZkPaxZTGkEnU7ne6Ukb1epIgZIJnef2ZTKrUey8BmJDUD/debDP/zWonpnbVTHsaJwZDZiPV6iSAmIpNqSJcrZEaMLVCmuP0lYQOqKDO2wF+vaLvOALtZwXbi/W1gHhrViudWvGsX8rADu7APHpzCBVxBDerA4AGe4BlenEfn1Xn7bi/nzGrchl9y3r8ABkug9g==</latexit><latexit sha1_base64="W/V4nF/k9etdmSmpPuFl1bsmqQQ="></latexit><latexit sha1_base64="WwBfYXdVC+PHfEIQZ5bHT3ttnEY="></latexit><latexit sha1_base64="WwBfYXdVC+PHfEIQZ5bHT3ttnEY="></latexit><latexit sha1_base64="WwBfYXdVC+PHfEIQZ5bHT3ttnEY="></latexit><latexit sha1_base64="WwBfYXdVC+PHfEIQZ5bHT3ttnEY="></latexit><latexit sha1_base64="WwBfYXdVC+PHfEIQZ5bHT3ttnEY="></latexit><latexit sha1_base64="WwBfYXdVC+PHfEIQZ5bHT3ttnEY="></latexit>

m�1  44µm (n = 1)
<latexit sha1_base64="ipFtF/yb+AzhHNfylKqUOyUA+nM=">AAACHXicbVDLSgMxFM34rPVVdekmWAoVtMxIQTdC0Y3LCvYBnVoy6W0bmsxMk4xQhn6BH+E3uNW1O3ErLv0T03EWtvUsLif3nEvuPV7ImdK2/WUtLa+srq1nNrKbW9s7u7m9/boKIkmhRgMeyKZHFHDmQ00zzaEZSiDC49DwhtdTvfEAUrHAv9PjENqC9H3WY5Ro0+rkCuI+PnUmLocRLpfdE+yKCAt3FJFuUnDRv3SOO7m8XbIT4EXipCSPUlQ7uW+3G9BIgK8pJ0q1HDvU7ZhIzSiHSdaNFISEDkkfWob6RIBqx8k5E1zoBRLrAeDk/dcbE6HUWHjGI4geqHlt2vxPa0W6d9GOmR9GGnxqLEbrRRzrAE9TwV0mgWo+NoRQycyWmA6IJFSb7GZ+UeacAXQnWZOJM5/AIqmflRy75NyW85WrNJ0MOkRHqIgcdI4q6AZVUQ1R9Iie0Qt6tZ6sN+vd+vi1LlnpzAGagfX5A1mToKA=</latexit><latexit sha1_base64="ipFtF/yb+AzhHNfylKqUOyUA+nM=">AAACHXicbVDLSgMxFM34rPVVdekmWAoVtMxIQTdC0Y3LCvYBnVoy6W0bmsxMk4xQhn6BH+E3uNW1O3ErLv0T03EWtvUsLif3nEvuPV7ImdK2/WUtLa+srq1nNrKbW9s7u7m9/boKIkmhRgMeyKZHFHDmQ00zzaEZSiDC49DwhtdTvfEAUrHAv9PjENqC9H3WY5Ro0+rkCuI+PnUmLocRLpfdE+yKCAt3FJFuUnDRv3SOO7m8XbIT4EXipCSPUlQ7uW+3G9BIgK8pJ0q1HDvU7ZhIzSiHSdaNFISEDkkfWob6RIBqx8k5E1zoBRLrAeDk/dcbE6HUWHjGI4geqHlt2vxPa0W6d9GOmR9GGnxqLEbrRRzrAE9TwV0mgWo+NoRQycyWmA6IJFSb7GZ+UeacAXQnWZOJM5/AIqmflRy75NyW85WrNJ0MOkRHqIgcdI4q6AZVUQ1R9Iie0Qt6tZ6sN+vd+vi1LlnpzAGagfX5A1mToKA=</latexit><latexit sha1_base64="ipFtF/yb+AzhHNfylKqUOyUA+nM=">AAACHXicbVDLSgMxFM34rPVVdekmWAoVtMxIQTdC0Y3LCvYBnVoy6W0bmsxMk4xQhn6BH+E3uNW1O3ErLv0T03EWtvUsLif3nEvuPV7ImdK2/WUtLa+srq1nNrKbW9s7u7m9/boKIkmhRgMeyKZHFHDmQ00zzaEZSiDC49DwhtdTvfEAUrHAv9PjENqC9H3WY5Ro0+rkCuI+PnUmLocRLpfdE+yKCAt3FJFuUnDRv3SOO7m8XbIT4EXipCSPUlQ7uW+3G9BIgK8pJ0q1HDvU7ZhIzSiHSdaNFISEDkkfWob6RIBqx8k5E1zoBRLrAeDk/dcbE6HUWHjGI4geqHlt2vxPa0W6d9GOmR9GGnxqLEbrRRzrAE9TwV0mgWo+NoRQycyWmA6IJFSb7GZ+UeacAXQnWZOJM5/AIqmflRy75NyW85WrNJ0MOkRHqIgcdI4q6AZVUQ1R9Iie0Qt6tZ6sN+vd+vi1LlnpzAGagfX5A1mToKA=</latexit><latexit sha1_base64="ipFtF/yb+AzhHNfylKqUOyUA+nM=">AAACHXicbVDLSgMxFM34rPVVdekmWAoVtMxIQTdC0Y3LCvYBnVoy6W0bmsxMk4xQhn6BH+E3uNW1O3ErLv0T03EWtvUsLif3nEvuPV7ImdK2/WUtLa+srq1nNrKbW9s7u7m9/boKIkmhRgMeyKZHFHDmQ00zzaEZSiDC49DwhtdTvfEAUrHAv9PjENqC9H3WY5Ro0+rkCuI+PnUmLocRLpfdE+yKCAt3FJFuUnDRv3SOO7m8XbIT4EXipCSPUlQ7uW+3G9BIgK8pJ0q1HDvU7ZhIzSiHSdaNFISEDkkfWob6RIBqx8k5E1zoBRLrAeDk/dcbE6HUWHjGI4geqHlt2vxPa0W6d9GOmR9GGnxqLEbrRRzrAE9TwV0mgWo+NoRQycyWmA6IJFSb7GZ+UeacAXQnWZOJM5/AIqmflRy75NyW85WrNJ0MOkRHqIgcdI4q6AZVUQ1R9Iie0Qt6tZ6sN+vd+vi1LlnpzAGagfX5A1mToKA=</latexit>

m�1  30µm
<latexit sha1_base64="ygKJmasUeHZcfJFpdJWyzPWABcM=">AAACDXicbZC7TsMwGIWdcivlVkBMLBYVEgNUCSDBWMHCWCR6kZpQOe6fxqqdBNtBqqI+A8/ACjMbYuUZGHkT3JKBtpzp+D/H8u/PTzhT2ra/rMLC4tLySnG1tLa+sblV3t5pqjiVFBo05rFs+0QBZxE0NNMc2okEInwOLX9wPc5bjyAVi6M7PUzAE6QfsYBRos2oW94T99mJM3I5POAz2z3Grkix6JYrdtWeCM8bJzcVlKveLX+7vZimAiJNOVGq49iJ9jIiNaMcRiU3VZAQOiB96BgbEQHKyybrj/BhEEusQ8CT899uRoRSQ+GbjiA6VLPZePhf1kl1cOllLEpSDRE1FZMFKcc6xmMKuMckUM2HxhAqmdkS05BIQrVhNfWKMt8JoTcqGSbOLIF50zytOnbVuT2v1K5yOkW0jw7QEXLQBaqhG1RHDURRhp7RC3q1nqw36936+K0WrPzOLpqS9fkD9J6aoA==</latexit><latexit sha1_base64="ygKJmasUeHZcfJFpdJWyzPWABcM=">AAACDXicbZC7TsMwGIWdcivlVkBMLBYVEgNUCSDBWMHCWCR6kZpQOe6fxqqdBNtBqqI+A8/ACjMbYuUZGHkT3JKBtpzp+D/H8u/PTzhT2ra/rMLC4tLySnG1tLa+sblV3t5pqjiVFBo05rFs+0QBZxE0NNMc2okEInwOLX9wPc5bjyAVi6M7PUzAE6QfsYBRos2oW94T99mJM3I5POAz2z3Grkix6JYrdtWeCM8bJzcVlKveLX+7vZimAiJNOVGq49iJ9jIiNaMcRiU3VZAQOiB96BgbEQHKyybrj/BhEEusQ8CT899uRoRSQ+GbjiA6VLPZePhf1kl1cOllLEpSDRE1FZMFKcc6xmMKuMckUM2HxhAqmdkS05BIQrVhNfWKMt8JoTcqGSbOLIF50zytOnbVuT2v1K5yOkW0jw7QEXLQBaqhG1RHDURRhp7RC3q1nqw36936+K0WrPzOLpqS9fkD9J6aoA==</latexit><latexit sha1_base64="ygKJmasUeHZcfJFpdJWyzPWABcM=">AAACDXicbZC7TsMwGIWdcivlVkBMLBYVEgNUCSDBWMHCWCR6kZpQOe6fxqqdBNtBqqI+A8/ACjMbYuUZGHkT3JKBtpzp+D/H8u/PTzhT2ra/rMLC4tLySnG1tLa+sblV3t5pqjiVFBo05rFs+0QBZxE0NNMc2okEInwOLX9wPc5bjyAVi6M7PUzAE6QfsYBRos2oW94T99mJM3I5POAz2z3Grkix6JYrdtWeCM8bJzcVlKveLX+7vZimAiJNOVGq49iJ9jIiNaMcRiU3VZAQOiB96BgbEQHKyybrj/BhEEusQ8CT899uRoRSQ+GbjiA6VLPZePhf1kl1cOllLEpSDRE1FZMFKcc6xmMKuMckUM2HxhAqmdkS05BIQrVhNfWKMt8JoTcqGSbOLIF50zytOnbVuT2v1K5yOkW0jw7QEXLQBaqhG1RHDURRhp7RC3q1nqw36936+K0WrPzOLpqS9fkD9J6aoA==</latexit><latexit sha1_base64="ygKJmasUeHZcfJFpdJWyzPWABcM=">AAACDXicbZC7TsMwGIWdcivlVkBMLBYVEgNUCSDBWMHCWCR6kZpQOe6fxqqdBNtBqqI+A8/ACjMbYuUZGHkT3JKBtpzp+D/H8u/PTzhT2ra/rMLC4tLySnG1tLa+sblV3t5pqjiVFBo05rFs+0QBZxE0NNMc2okEInwOLX9wPc5bjyAVi6M7PUzAE6QfsYBRos2oW94T99mJM3I5POAz2z3Grkix6JYrdtWeCM8bJzcVlKveLX+7vZimAiJNOVGq49iJ9jIiNaMcRiU3VZAQOiB96BgbEQHKyybrj/BhEEusQ8CT899uRoRSQ+GbjiA6VLPZePhf1kl1cOllLEpSDRE1FZMFKcc6xmMKuMckUM2HxhAqmdkS05BIQrVhNfWKMt8JoTcqGSbOLIF50zytOnbVuT2v1K5yOkW0jw7QEXLQBaqhG1RHDURRhp7RC3q1nqw36936+K0WrPzOLpqS9fkD9J6aoA==</latexit>

corresponds to m . O(1)⇤1/4
<latexit sha1_base64="wiPTeVtr0lI6939FK8volGwF0Iw=">AAACHXicbVC7TgJBFJ3FF+ILtbSZSEiwwV1DoiXRxsJETARJ2JXMDheYMLO7mZk1IZv9Aj/Cb7DV2s7YGkv/xAG3EPBU595z7sy9x484U9q2v6zc0vLK6lp+vbCxubW9U9zda6kwlhSaNOShbPtEAWcBNDXTHNqRBCJ8Dnf+6GKi3z2AVCwMbvU4Ak+QQcD6jBJtWt1iWbgclFJMYFcQPaSEJ9dpxTlyr8wjPXKfOMe1tFss2VV7CrxInIyUUIZGt/jt9kIaCwg05USpjmNH2kuI1IxySAturCAidEQG0DE0IAKUl0zPSXG5H0qsh4Cn9V9vQoRSY+Ebz2RZNa9Nmv9pnVj3z7yEBVGsIaDGYrR+zLEO8SQV3GMSqOZjQwiVzGyJ6ZBIQrXJbuYXZc4ZQi8tmEyc+QQWSeuk6thV56ZWqp9n6eTRATpEFeSgU1RHl6iBmoiiR/SMXtCr9WS9We/Wx681Z2Uz+2gG1ucPmBih+g==</latexit><latexit sha1_base64="wiPTeVtr0lI6939FK8volGwF0Iw=">AAACHXicbVC7TgJBFJ3FF+ILtbSZSEiwwV1DoiXRxsJETARJ2JXMDheYMLO7mZk1IZv9Aj/Cb7DV2s7YGkv/xAG3EPBU595z7sy9x484U9q2v6zc0vLK6lp+vbCxubW9U9zda6kwlhSaNOShbPtEAWcBNDXTHNqRBCJ8Dnf+6GKi3z2AVCwMbvU4Ak+QQcD6jBJtWt1iWbgclFJMYFcQPaSEJ9dpxTlyr8wjPXKfOMe1tFss2VV7CrxInIyUUIZGt/jt9kIaCwg05USpjmNH2kuI1IxySAturCAidEQG0DE0IAKUl0zPSXG5H0qsh4Cn9V9vQoRSY+Ebz2RZNa9Nmv9pnVj3z7yEBVGsIaDGYrR+zLEO8SQV3GMSqOZjQwiVzGyJ6ZBIQrXJbuYXZc4ZQi8tmEyc+QQWSeuk6thV56ZWqp9n6eTRATpEFeSgU1RHl6iBmoiiR/SMXtCr9WS9We/Wx681Z2Uz+2gG1ucPmBih+g==</latexit><latexit sha1_base64="wiPTeVtr0lI6939FK8volGwF0Iw=">AAACHXicbVC7TgJBFJ3FF+ILtbSZSEiwwV1DoiXRxsJETARJ2JXMDheYMLO7mZk1IZv9Aj/Cb7DV2s7YGkv/xAG3EPBU595z7sy9x484U9q2v6zc0vLK6lp+vbCxubW9U9zda6kwlhSaNOShbPtEAWcBNDXTHNqRBCJ8Dnf+6GKi3z2AVCwMbvU4Ak+QQcD6jBJtWt1iWbgclFJMYFcQPaSEJ9dpxTlyr8wjPXKfOMe1tFss2VV7CrxInIyUUIZGt/jt9kIaCwg05USpjmNH2kuI1IxySAturCAidEQG0DE0IAKUl0zPSXG5H0qsh4Cn9V9vQoRSY+Ebz2RZNa9Nmv9pnVj3z7yEBVGsIaDGYrR+zLEO8SQV3GMSqOZjQwiVzGyJ6ZBIQrXJbuYXZc4ZQi8tmEyc+QQWSeuk6thV56ZWqp9n6eTRATpEFeSgU1RHl6iBmoiiR/SMXtCr9WS9We/Wx681Z2Uz+2gG1ucPmBih+g==</latexit><latexit sha1_base64="wiPTeVtr0lI6939FK8volGwF0Iw=">AAACHXicbVC7TgJBFJ3FF+ILtbSZSEiwwV1DoiXRxsJETARJ2JXMDheYMLO7mZk1IZv9Aj/Cb7DV2s7YGkv/xAG3EPBU595z7sy9x484U9q2v6zc0vLK6lp+vbCxubW9U9zda6kwlhSaNOShbPtEAWcBNDXTHNqRBCJ8Dnf+6GKi3z2AVCwMbvU4Ak+QQcD6jBJtWt1iWbgclFJMYFcQPaSEJ9dpxTlyr8wjPXKfOMe1tFss2VV7CrxInIyUUIZGt/jt9kIaCwg05USpjmNH2kuI1IxySAturCAidEQG0DE0IAKUl0zPSXG5H0qsh4Cn9V9vQoRSY+Ebz2RZNa9Nmv9pnVj3z7yEBVGsIaDGYrR+zLEO8SQV3GMSqOZjQwiVzGyJ6ZBIQrXJbuYXZc4ZQi8tmEyc+QQWSeuk6thV56ZWqp9n6eTRATpEFeSgU1RHl6iBmoiiR/SMXtCr9WS9We/Wx681Z2Uz+2gG1ucPmBih+g==</latexit>

m�1 & O(1) 88µm
<latexit sha1_base64="gHMgc86QXyQ+3pHUCYxKBZZC+hw=">AAACIXicbVDLSgMxFM3UV62vUZdugkVoQcuMCHZZdOPOCvYBnVoy6W0bmswMSUYow3yDH+E3uNW1O3EnrvwTM7ULWz2Ly7n3nJB7jx9xprTjfFi5peWV1bX8emFjc2t7x97da6owlhQaNOShbPtEAWcBNDTTHNqRBCJ8Di1/fJnprXuQioXBrZ5E0BVkGLABo0SbUc8ui7vkxE29oTYegT1B9IgSnlynJbfsHeNq1RRPxFj07KJTcabAf4k7I0U0Q71nf3n9kMYCAk05UarjOpHuJkRqRjmkBS9WEBE6JkPoGBoQAaqbTE9K8dEglFiPAE/7396ECKUmwjeebFm1qGXD/7ROrAfVbsKCKNYQUGMx2iDmWIc4Swb3mQSq+cQQQiUzW2I6IpJQbfKb+0WZc0bQTwsmE3cxgb+keVpxnYp7c1asXczSyaMDdIhKyEXnqIauUB01EEUP6Ak9oxfr0Xq13qz3H2vOmr3ZR3OwPr8B0aWicA==</latexit><latexit sha1_base64="gHMgc86QXyQ+3pHUCYxKBZZC+hw=">AAACIXicbVDLSgMxFM3UV62vUZdugkVoQcuMCHZZdOPOCvYBnVoy6W0bmswMSUYow3yDH+E3uNW1O3EnrvwTM7ULWz2Ly7n3nJB7jx9xprTjfFi5peWV1bX8emFjc2t7x97da6owlhQaNOShbPtEAWcBNDTTHNqRBCJ8Di1/fJnprXuQioXBrZ5E0BVkGLABo0SbUc8ui7vkxE29oTYegT1B9IgSnlynJbfsHeNq1RRPxFj07KJTcabAf4k7I0U0Q71nf3n9kMYCAk05UarjOpHuJkRqRjmkBS9WEBE6JkPoGBoQAaqbTE9K8dEglFiPAE/7396ECKUmwjeebFm1qGXD/7ROrAfVbsKCKNYQUGMx2iDmWIc4Swb3mQSq+cQQQiUzW2I6IpJQbfKb+0WZc0bQTwsmE3cxgb+keVpxnYp7c1asXczSyaMDdIhKyEXnqIauUB01EEUP6Ak9oxfr0Xq13qz3H2vOmr3ZR3OwPr8B0aWicA==</latexit><latexit sha1_base64="gHMgc86QXyQ+3pHUCYxKBZZC+hw=">AAACIXicbVDLSgMxFM3UV62vUZdugkVoQcuMCHZZdOPOCvYBnVoy6W0bmswMSUYow3yDH+E3uNW1O3EnrvwTM7ULWz2Ly7n3nJB7jx9xprTjfFi5peWV1bX8emFjc2t7x97da6owlhQaNOShbPtEAWcBNDTTHNqRBCJ8Di1/fJnprXuQioXBrZ5E0BVkGLABo0SbUc8ui7vkxE29oTYegT1B9IgSnlynJbfsHeNq1RRPxFj07KJTcabAf4k7I0U0Q71nf3n9kMYCAk05UarjOpHuJkRqRjmkBS9WEBE6JkPoGBoQAaqbTE9K8dEglFiPAE/7396ECKUmwjeebFm1qGXD/7ROrAfVbsKCKNYQUGMx2iDmWIc4Swb3mQSq+cQQQiUzW2I6IpJQbfKb+0WZc0bQTwsmE3cxgb+keVpxnYp7c1asXczSyaMDdIhKyEXnqIauUB01EEUP6Ak9oxfr0Xq13qz3H2vOmr3ZR3OwPr8B0aWicA==</latexit><latexit sha1_base64="gHMgc86QXyQ+3pHUCYxKBZZC+hw=">AAACIXicbVDLSgMxFM3UV62vUZdugkVoQcuMCHZZdOPOCvYBnVoy6W0bmswMSUYow3yDH+E3uNW1O3EnrvwTM7ULWz2Ly7n3nJB7jx9xprTjfFi5peWV1bX8emFjc2t7x97da6owlhQaNOShbPtEAWcBNDTTHNqRBCJ8Di1/fJnprXuQioXBrZ5E0BVkGLABo0SbUc8ui7vkxE29oTYegT1B9IgSnlynJbfsHeNq1RRPxFj07KJTcabAf4k7I0U0Q71nf3n9kMYCAk05UarjOpHuJkRqRjmkBS9WEBE6JkPoGBoQAaqbTE9K8dEglFiPAE/7396ECKUmwjeebFm1qGXD/7ROrAfVbsKCKNYQUGMx2iDmWIc4Swb3mQSq+cQQQiUzW2I6IpJQbfKb+0WZc0bQTwsmE3cxgb+keVpxnYp7c1asXczSyaMDdIhKyEXnqIauUB01EEUP6Ak9oxfr0Xq13qz3H2vOmr3ZR3OwPr8B0aWicA==</latexit>



Decompactification limits are significantly constrained: 

Astrophysical bounds: 

Dev. from Newton’s laws (n=1): 
[Lee et al ’21]

[Hannestad and Raffelt ’03]

m�1  10�4 µm (n = 2)
<latexit sha1_base64="WwBfYXdVC+PHfEIQZ5bHT3ttnEY="></latexit><latexit sha1_base64="WwBfYXdVC+PHfEIQZ5bHT3ttnEY="></latexit><latexit sha1_base64="WwBfYXdVC+PHfEIQZ5bHT3ttnEY="></latexit><latexit sha1_base64="E1OW80mK5chpUMa3hvL0LSVtbhg=">AAAB6HicbZC7TsNAEEXH4RVMgFDTrIiQqCKbBkokGsogkYeUWNF6PY5XWT+0OwZFVn6AlpoO8U+U/AmbkIIk3Oru3CvtzAkLJQ153pdT29nd2z+oH7pHDff45LTZ6Jm81AK7Ile5HoTcoJIZdkmSwkGhkaehwn44vV/k/WfURubZE80KDFI+yWQsBSc76oybLa/tLcW2jb8yLVhp3PweRbkoU8xIKG7M0PcKCiquSQqFc3dUGiy4mPIJDq3NeIomqJZrztllnGtGCbLl+2+34qkxszS0nZRTYjazxfC/bFhSfBtUMitKwkzYis3iUjHK2eJaFkmNgtTMGi60tFsykXDNBVkma78Ye06C0dy1SPxNANumd932vbb/6EEdzuECrsCHG7iDB+hAFwRE8Apvzovz7nz8oqs5K4ZnsCbn8wdw55CX</latexit><latexit sha1_base64="XG7EJBQ6PGHGi+gFOciwZWXRzjk=">AAACF3icbZDNSgMxFIXv1L9aq1a3boJFUNEyUwTdCIIblxVsK3RqyaS3bWgyM00yQhnmHXwIn8Gtrt2JK5e+iWntQq1nEb7ccyC5J4gF18Z1P5zcwuLS8kp+tbBWXN/YLG0VGzpKFMM6i0SkbgOqUfAQ64YbgbexQioDgc1geDnxm/eoNI/CGzOOsS1pP+Q9zqixo07pUN6lx17mCxwRz7V8kvlHxJcJkf4ood3pQfbD8+pBp1R2K+5UZB68GZRhplqn9Ol3I5ZIDA0TVOuW58amnVJlOBOYFfxEY0zZkPaxZTGkEnU7ne6Ukb1epIgZIJnef2ZTKrUey8BmJDUD/debDP/zWonpnbVTHsaJwZDZiPV6iSAmIpNqSJcrZEaMLVCmuP0lYQOqKDO2wF+vaLvOALtZwXbi/W1gHhrViudWvGsX8rADu7APHpzCBVxBDerA4AGe4BlenEfn1Xn7bi/nzGrchl9y3r8ABkug9g==</latexit><latexit sha1_base64="XG7EJBQ6PGHGi+gFOciwZWXRzjk=">AAACF3icbZDNSgMxFIXv1L9aq1a3boJFUNEyUwTdCIIblxVsK3RqyaS3bWgyM00yQhnmHXwIn8Gtrt2JK5e+iWntQq1nEb7ccyC5J4gF18Z1P5zcwuLS8kp+tbBWXN/YLG0VGzpKFMM6i0SkbgOqUfAQ64YbgbexQioDgc1geDnxm/eoNI/CGzOOsS1pP+Q9zqixo07pUN6lx17mCxwRz7V8kvlHxJcJkf4ood3pQfbD8+pBp1R2K+5UZB68GZRhplqn9Ol3I5ZIDA0TVOuW58amnVJlOBOYFfxEY0zZkPaxZTGkEnU7ne6Ukb1epIgZIJnef2ZTKrUey8BmJDUD/debDP/zWonpnbVTHsaJwZDZiPV6iSAmIpNqSJcrZEaMLVCmuP0lYQOqKDO2wF+vaLvOALtZwXbi/W1gHhrViudWvGsX8rADu7APHpzCBVxBDerA4AGe4BlenEfn1Xn7bi/nzGrchl9y3r8ABkug9g==</latexit><latexit sha1_base64="W/V4nF/k9etdmSmpPuFl1bsmqQQ="></latexit><latexit sha1_base64="WwBfYXdVC+PHfEIQZ5bHT3ttnEY="></latexit><latexit sha1_base64="WwBfYXdVC+PHfEIQZ5bHT3ttnEY="></latexit><latexit sha1_base64="WwBfYXdVC+PHfEIQZ5bHT3ttnEY="></latexit><latexit sha1_base64="WwBfYXdVC+PHfEIQZ5bHT3ttnEY="></latexit><latexit sha1_base64="WwBfYXdVC+PHfEIQZ5bHT3ttnEY="></latexit><latexit sha1_base64="WwBfYXdVC+PHfEIQZ5bHT3ttnEY="></latexit>

m�1  44µm (n = 1)
<latexit sha1_base64="ipFtF/yb+AzhHNfylKqUOyUA+nM=">AAACHXicbVDLSgMxFM34rPVVdekmWAoVtMxIQTdC0Y3LCvYBnVoy6W0bmsxMk4xQhn6BH+E3uNW1O3ErLv0T03EWtvUsLif3nEvuPV7ImdK2/WUtLa+srq1nNrKbW9s7u7m9/boKIkmhRgMeyKZHFHDmQ00zzaEZSiDC49DwhtdTvfEAUrHAv9PjENqC9H3WY5Ro0+rkCuI+PnUmLocRLpfdE+yKCAt3FJFuUnDRv3SOO7m8XbIT4EXipCSPUlQ7uW+3G9BIgK8pJ0q1HDvU7ZhIzSiHSdaNFISEDkkfWob6RIBqx8k5E1zoBRLrAeDk/dcbE6HUWHjGI4geqHlt2vxPa0W6d9GOmR9GGnxqLEbrRRzrAE9TwV0mgWo+NoRQycyWmA6IJFSb7GZ+UeacAXQnWZOJM5/AIqmflRy75NyW85WrNJ0MOkRHqIgcdI4q6AZVUQ1R9Iie0Qt6tZ6sN+vd+vi1LlnpzAGagfX5A1mToKA=</latexit><latexit sha1_base64="ipFtF/yb+AzhHNfylKqUOyUA+nM=">AAACHXicbVDLSgMxFM34rPVVdekmWAoVtMxIQTdC0Y3LCvYBnVoy6W0bmsxMk4xQhn6BH+E3uNW1O3ErLv0T03EWtvUsLif3nEvuPV7ImdK2/WUtLa+srq1nNrKbW9s7u7m9/boKIkmhRgMeyKZHFHDmQ00zzaEZSiDC49DwhtdTvfEAUrHAv9PjENqC9H3WY5Ro0+rkCuI+PnUmLocRLpfdE+yKCAt3FJFuUnDRv3SOO7m8XbIT4EXipCSPUlQ7uW+3G9BIgK8pJ0q1HDvU7ZhIzSiHSdaNFISEDkkfWob6RIBqx8k5E1zoBRLrAeDk/dcbE6HUWHjGI4geqHlt2vxPa0W6d9GOmR9GGnxqLEbrRRzrAE9TwV0mgWo+NoRQycyWmA6IJFSb7GZ+UeacAXQnWZOJM5/AIqmflRy75NyW85WrNJ0MOkRHqIgcdI4q6AZVUQ1R9Iie0Qt6tZ6sN+vd+vi1LlnpzAGagfX5A1mToKA=</latexit><latexit sha1_base64="ipFtF/yb+AzhHNfylKqUOyUA+nM=">AAACHXicbVDLSgMxFM34rPVVdekmWAoVtMxIQTdC0Y3LCvYBnVoy6W0bmsxMk4xQhn6BH+E3uNW1O3ErLv0T03EWtvUsLif3nEvuPV7ImdK2/WUtLa+srq1nNrKbW9s7u7m9/boKIkmhRgMeyKZHFHDmQ00zzaEZSiDC49DwhtdTvfEAUrHAv9PjENqC9H3WY5Ro0+rkCuI+PnUmLocRLpfdE+yKCAt3FJFuUnDRv3SOO7m8XbIT4EXipCSPUlQ7uW+3G9BIgK8pJ0q1HDvU7ZhIzSiHSdaNFISEDkkfWob6RIBqx8k5E1zoBRLrAeDk/dcbE6HUWHjGI4geqHlt2vxPa0W6d9GOmR9GGnxqLEbrRRzrAE9TwV0mgWo+NoRQycyWmA6IJFSb7GZ+UeacAXQnWZOJM5/AIqmflRy75NyW85WrNJ0MOkRHqIgcdI4q6AZVUQ1R9Iie0Qt6tZ6sN+vd+vi1LlnpzAGagfX5A1mToKA=</latexit><latexit sha1_base64="ipFtF/yb+AzhHNfylKqUOyUA+nM=">AAACHXicbVDLSgMxFM34rPVVdekmWAoVtMxIQTdC0Y3LCvYBnVoy6W0bmsxMk4xQhn6BH+E3uNW1O3ErLv0T03EWtvUsLif3nEvuPV7ImdK2/WUtLa+srq1nNrKbW9s7u7m9/boKIkmhRgMeyKZHFHDmQ00zzaEZSiDC49DwhtdTvfEAUrHAv9PjENqC9H3WY5Ro0+rkCuI+PnUmLocRLpfdE+yKCAt3FJFuUnDRv3SOO7m8XbIT4EXipCSPUlQ7uW+3G9BIgK8pJ0q1HDvU7ZhIzSiHSdaNFISEDkkfWob6RIBqx8k5E1zoBRLrAeDk/dcbE6HUWHjGI4geqHlt2vxPa0W6d9GOmR9GGnxqLEbrRRzrAE9TwV0mgWo+NoRQycyWmA6IJFSb7GZ+UeacAXQnWZOJM5/AIqmflRy75NyW85WrNJ0MOkRHqIgcdI4q6AZVUQ1R9Iie0Qt6tZ6sN+vd+vi1LlnpzAGagfX5A1mToKA=</latexit>

m�1  30µm
<latexit sha1_base64="ygKJmasUeHZcfJFpdJWyzPWABcM=">AAACDXicbZC7TsMwGIWdcivlVkBMLBYVEgNUCSDBWMHCWCR6kZpQOe6fxqqdBNtBqqI+A8/ACjMbYuUZGHkT3JKBtpzp+D/H8u/PTzhT2ra/rMLC4tLySnG1tLa+sblV3t5pqjiVFBo05rFs+0QBZxE0NNMc2okEInwOLX9wPc5bjyAVi6M7PUzAE6QfsYBRos2oW94T99mJM3I5POAz2z3Grkix6JYrdtWeCM8bJzcVlKveLX+7vZimAiJNOVGq49iJ9jIiNaMcRiU3VZAQOiB96BgbEQHKyybrj/BhEEusQ8CT899uRoRSQ+GbjiA6VLPZePhf1kl1cOllLEpSDRE1FZMFKcc6xmMKuMckUM2HxhAqmdkS05BIQrVhNfWKMt8JoTcqGSbOLIF50zytOnbVuT2v1K5yOkW0jw7QEXLQBaqhG1RHDURRhp7RC3q1nqw36936+K0WrPzOLpqS9fkD9J6aoA==</latexit><latexit sha1_base64="ygKJmasUeHZcfJFpdJWyzPWABcM=">AAACDXicbZC7TsMwGIWdcivlVkBMLBYVEgNUCSDBWMHCWCR6kZpQOe6fxqqdBNtBqqI+A8/ACjMbYuUZGHkT3JKBtpzp+D/H8u/PTzhT2ra/rMLC4tLySnG1tLa+sblV3t5pqjiVFBo05rFs+0QBZxE0NNMc2okEInwOLX9wPc5bjyAVi6M7PUzAE6QfsYBRos2oW94T99mJM3I5POAz2z3Grkix6JYrdtWeCM8bJzcVlKveLX+7vZimAiJNOVGq49iJ9jIiNaMcRiU3VZAQOiB96BgbEQHKyybrj/BhEEusQ8CT899uRoRSQ+GbjiA6VLPZePhf1kl1cOllLEpSDRE1FZMFKcc6xmMKuMckUM2HxhAqmdkS05BIQrVhNfWKMt8JoTcqGSbOLIF50zytOnbVuT2v1K5yOkW0jw7QEXLQBaqhG1RHDURRhp7RC3q1nqw36936+K0WrPzOLpqS9fkD9J6aoA==</latexit><latexit sha1_base64="ygKJmasUeHZcfJFpdJWyzPWABcM=">AAACDXicbZC7TsMwGIWdcivlVkBMLBYVEgNUCSDBWMHCWCR6kZpQOe6fxqqdBNtBqqI+A8/ACjMbYuUZGHkT3JKBtpzp+D/H8u/PTzhT2ra/rMLC4tLySnG1tLa+sblV3t5pqjiVFBo05rFs+0QBZxE0NNMc2okEInwOLX9wPc5bjyAVi6M7PUzAE6QfsYBRos2oW94T99mJM3I5POAz2z3Grkix6JYrdtWeCM8bJzcVlKveLX+7vZimAiJNOVGq49iJ9jIiNaMcRiU3VZAQOiB96BgbEQHKyybrj/BhEEusQ8CT899uRoRSQ+GbjiA6VLPZePhf1kl1cOllLEpSDRE1FZMFKcc6xmMKuMckUM2HxhAqmdkS05BIQrVhNfWKMt8JoTcqGSbOLIF50zytOnbVuT2v1K5yOkW0jw7QEXLQBaqhG1RHDURRhp7RC3q1nqw36936+K0WrPzOLpqS9fkD9J6aoA==</latexit><latexit sha1_base64="ygKJmasUeHZcfJFpdJWyzPWABcM=">AAACDXicbZC7TsMwGIWdcivlVkBMLBYVEgNUCSDBWMHCWCR6kZpQOe6fxqqdBNtBqqI+A8/ACjMbYuUZGHkT3JKBtpzp+D/H8u/PTzhT2ra/rMLC4tLySnG1tLa+sblV3t5pqjiVFBo05rFs+0QBZxE0NNMc2okEInwOLX9wPc5bjyAVi6M7PUzAE6QfsYBRos2oW94T99mJM3I5POAz2z3Grkix6JYrdtWeCM8bJzcVlKveLX+7vZimAiJNOVGq49iJ9jIiNaMcRiU3VZAQOiB96BgbEQHKyybrj/BhEEusQ8CT899uRoRSQ+GbjiA6VLPZePhf1kl1cOllLEpSDRE1FZMFKcc6xmMKuMckUM2HxhAqmdkS05BIQrVhNfWKMt8JoTcqGSbOLIF50zytOnbVuT2v1K5yOkW0jw7QEXLQBaqhG1RHDURRhp7RC3q1nqw36936+K0WrPzOLpqS9fkD9J6aoA==</latexit>

corresponds to m . O(1)⇤1/4
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m�1 & O(1) 88µm
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Only n=1 is marginally compatible, due to the O(1) 
factors,  and only for a micrometer-sized extra 

dimension.

(for more detailed argument that O(1)<1 and estimate, see our paper)
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So, if we live in an asymptotic limit, and the vacuum energy is 
controlled by a tower, only possibility is a

single large extra dimension,

the Dark Dimension
(it is dark because we have not seen it yet)

It is similar to Large Extra Dimension models [Arkani-

Hamed,Dimopoulos, Dvali ’98], but a very different scale and motivation

Ordinary LED Dark Dimension 

-Motivated by EW hierarchy

M̂ = Md>4
P ⇠ TeV
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controlled by a tower, only possibility is a

single large extra dimension,

the Dark Dimension
(it is dark because we have not seen it yet)

It is similar to Large Extra Dimension models [Arkani-

Hamed,Dimopoulos, Dvali ’98], but a very different scale and motivation

Ordinary LED Dark Dimension 

-Motivated by EW hierarchy -Motivated by Cosmological Hierarchy

M̂ = Md>4
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controlled by a tower, only possibility is a
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the Dark Dimension
(it is dark because we have not seen it yet)

It is similar to Large Extra Dimension models [Arkani-
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P ⇠ 1010 GeV

<latexit sha1_base64="MHSERUwVj6pRqss+CJKEV8YdrVA="></latexit><latexit sha1_base64="MHSERUwVj6pRqss+CJKEV8YdrVA="></latexit><latexit sha1_base64="MHSERUwVj6pRqss+CJKEV8YdrVA="></latexit><latexit sha1_base64="MHSERUwVj6pRqss+CJKEV8YdrVA="></latexit>



So, if we live in an asymptotic limit, and the vacuum energy is 
controlled by a tower, only possibility is a

single large extra dimension,

the Dark Dimension
(it is dark because we have not seen it yet)

It is similar to Large Extra Dimension models [Arkani-

Hamed,Dimopoulos, Dvali ’98], but a very different scale and motivation

Ordinary LED Dark Dimension 

-Motivated by EW hierarchy -Motivated by Cosmological Hierarchy

M̂ = Md>4
P ⇠ TeV

<latexit sha1_base64="R2pjjLj0zGd0Evv1HrOMD/kNJhM=">AAACFHicbZA7T8MwFIWd8irlVWCEwaJCYkBVgirBAqpgYalUpL6kJkSOe9tYdR6yHaQqysKP4DewwsyGWNkZ+Se4pQNtOdPxPcey7+fFnEllml9Gbml5ZXUtv17Y2Nza3inu7rVklAgKTRrxSHQ8IoGzEJqKKQ6dWAAJPA5tb3gzztsPICSLwoYaxeAEZBCyPqNE6ZFbPLR9otJadllz6/dp76qS2ZIF2D7FDWi5xZJZNifCi8aamhKaqu4Wv+1eRJMAQkU5kbJrmbFyUiIUoxyygp1IiAkdkgF0tQ1JANJJJ1tk+LgfCax8wJPz325KAilHgac7AVG+nM/Gw/+ybqL6F07KwjhREFJd0Vk/4VhFeAwD95gAqvhIG0IF07/E1CeCUKWRzbwi9To+9LKCZmLNE1g0rbOyZZatu0qpej2lk0cH6AidIAudoyq6RXXURBQ9omf0gl6NJ+PNeDc+fqs5Y3pnH83I+PwBB4Gd8A==</latexit><latexit sha1_base64="R2pjjLj0zGd0Evv1HrOMD/kNJhM=">AAACFHicbZA7T8MwFIWd8irlVWCEwaJCYkBVgirBAqpgYalUpL6kJkSOe9tYdR6yHaQqysKP4DewwsyGWNkZ+Se4pQNtOdPxPcey7+fFnEllml9Gbml5ZXUtv17Y2Nza3inu7rVklAgKTRrxSHQ8IoGzEJqKKQ6dWAAJPA5tb3gzztsPICSLwoYaxeAEZBCyPqNE6ZFbPLR9otJadllz6/dp76qS2ZIF2D7FDWi5xZJZNifCi8aamhKaqu4Wv+1eRJMAQkU5kbJrmbFyUiIUoxyygp1IiAkdkgF0tQ1JANJJJ1tk+LgfCax8wJPz325KAilHgac7AVG+nM/Gw/+ybqL6F07KwjhREFJd0Vk/4VhFeAwD95gAqvhIG0IF07/E1CeCUKWRzbwi9To+9LKCZmLNE1g0rbOyZZatu0qpej2lk0cH6AidIAudoyq6RXXURBQ9omf0gl6NJ+PNeDc+fqs5Y3pnH83I+PwBB4Gd8A==</latexit><latexit sha1_base64="R2pjjLj0zGd0Evv1HrOMD/kNJhM=">AAACFHicbZA7T8MwFIWd8irlVWCEwaJCYkBVgirBAqpgYalUpL6kJkSOe9tYdR6yHaQqysKP4DewwsyGWNkZ+Se4pQNtOdPxPcey7+fFnEllml9Gbml5ZXUtv17Y2Nza3inu7rVklAgKTRrxSHQ8IoGzEJqKKQ6dWAAJPA5tb3gzztsPICSLwoYaxeAEZBCyPqNE6ZFbPLR9otJadllz6/dp76qS2ZIF2D7FDWi5xZJZNifCi8aamhKaqu4Wv+1eRJMAQkU5kbJrmbFyUiIUoxyygp1IiAkdkgF0tQ1JANJJJ1tk+LgfCax8wJPz325KAilHgac7AVG+nM/Gw/+ybqL6F07KwjhREFJd0Vk/4VhFeAwD95gAqvhIG0IF07/E1CeCUKWRzbwi9To+9LKCZmLNE1g0rbOyZZatu0qpej2lk0cH6AidIAudoyq6RXXURBQ9omf0gl6NJ+PNeDc+fqs5Y3pnH83I+PwBB4Gd8A==</latexit><latexit sha1_base64="R2pjjLj0zGd0Evv1HrOMD/kNJhM=">AAACFHicbZA7T8MwFIWd8irlVWCEwaJCYkBVgirBAqpgYalUpL6kJkSOe9tYdR6yHaQqysKP4DewwsyGWNkZ+Se4pQNtOdPxPcey7+fFnEllml9Gbml5ZXUtv17Y2Nza3inu7rVklAgKTRrxSHQ8IoGzEJqKKQ6dWAAJPA5tb3gzztsPICSLwoYaxeAEZBCyPqNE6ZFbPLR9otJadllz6/dp76qS2ZIF2D7FDWi5xZJZNifCi8aamhKaqu4Wv+1eRJMAQkU5kbJrmbFyUiIUoxyygp1IiAkdkgF0tQ1JANJJJ1tk+LgfCax8wJPz325KAilHgac7AVG+nM/Gw/+ybqL6F07KwjhREFJd0Vk/4VhFeAwD95gAqvhIG0IF07/E1CeCUKWRzbwi9To+9LKCZmLNE1g0rbOyZZatu0qpej2lk0cH6AidIAudoyq6RXXURBQ9omf0gl6NJ+PNeDc+fqs5Y3pnH83I+PwBB4Gd8A==</latexit> M̂ ⇠ m1/3M2/3
P ⇠ 1010 GeV

<latexit sha1_base64="MHSERUwVj6pRqss+CJKEV8YdrVA="></latexit><latexit sha1_base64="MHSERUwVj6pRqss+CJKEV8YdrVA="></latexit><latexit sha1_base64="MHSERUwVj6pRqss+CJKEV8YdrVA="></latexit><latexit sha1_base64="MHSERUwVj6pRqss+CJKEV8YdrVA="></latexit>

SM potential instability avoided!



SM fields live in a small, but finite-sized region of the dark 
dimension:

l
<latexit sha1_base64="OOI4lBd0PIyMpA0mTY97IXVvv7k=">AAAB93icbVC7TsNAEFyHVwgvAyXNiQiJKrIREpQRNJSJRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4Ir7ThfVmVjc2t7p7pb29s/ODyyj0+6Kskkww5LRCL7PlUoeIwdzbXAfiqRRr7Anj+9n+u9J5SKJ/GjzlP0IjqJecAZ1abVFiO77jScBcg6cUtShxKtkf09HCcsizDWTFClBq6Taq+gUnMmcFYbZgpTyqZ0ggNDYxqh8orFoTNyESSS6BDJov7rLWikVB75xhNRHapVbd78TxtkOrj1Ch6nmcaYGYvRgkwQnZD5v2TMJTItckMok9xcSVhIJWXapLK0RZl3QhzPaiYTdzWBddK9arhOw21f15t3ZTpVOINzuAQXbqAJD9CCDjBAeIYXeLVy6816tz5+rRWrnDmFJVifP2ohk14=</latexit><latexit sha1_base64="OOI4lBd0PIyMpA0mTY97IXVvv7k=">AAAB93icbVC7TsNAEFyHVwgvAyXNiQiJKrIREpQRNJSJRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4Ir7ThfVmVjc2t7p7pb29s/ODyyj0+6Kskkww5LRCL7PlUoeIwdzbXAfiqRRr7Anj+9n+u9J5SKJ/GjzlP0IjqJecAZ1abVFiO77jScBcg6cUtShxKtkf09HCcsizDWTFClBq6Taq+gUnMmcFYbZgpTyqZ0ggNDYxqh8orFoTNyESSS6BDJov7rLWikVB75xhNRHapVbd78TxtkOrj1Ch6nmcaYGYvRgkwQnZD5v2TMJTItckMok9xcSVhIJWXapLK0RZl3QhzPaiYTdzWBddK9arhOw21f15t3ZTpVOINzuAQXbqAJD9CCDjBAeIYXeLVy6816tz5+rRWrnDmFJVifP2ohk14=</latexit><latexit sha1_base64="OOI4lBd0PIyMpA0mTY97IXVvv7k=">AAAB93icbVC7TsNAEFyHVwgvAyXNiQiJKrIREpQRNJSJRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4Ir7ThfVmVjc2t7p7pb29s/ODyyj0+6Kskkww5LRCL7PlUoeIwdzbXAfiqRRr7Anj+9n+u9J5SKJ/GjzlP0IjqJecAZ1abVFiO77jScBcg6cUtShxKtkf09HCcsizDWTFClBq6Taq+gUnMmcFYbZgpTyqZ0ggNDYxqh8orFoTNyESSS6BDJov7rLWikVB75xhNRHapVbd78TxtkOrj1Ch6nmcaYGYvRgkwQnZD5v2TMJTItckMok9xcSVhIJWXapLK0RZl3QhzPaiYTdzWBddK9arhOw21f15t3ZTpVOINzuAQXbqAJD9CCDjBAeIYXeLVy6816tz5+rRWrnDmFJVifP2ohk14=</latexit><latexit sha1_base64="OOI4lBd0PIyMpA0mTY97IXVvv7k=">AAAB93icbVC7TsNAEFyHVwgvAyXNiQiJKrIREpQRNJSJRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4Ir7ThfVmVjc2t7p7pb29s/ODyyj0+6Kskkww5LRCL7PlUoeIwdzbXAfiqRRr7Anj+9n+u9J5SKJ/GjzlP0IjqJecAZ1abVFiO77jScBcg6cUtShxKtkf09HCcsizDWTFClBq6Taq+gUnMmcFYbZgpTyqZ0ggNDYxqh8orFoTNyESSS6BDJov7rLWikVB75xhNRHapVbd78TxtkOrj1Ch6nmcaYGYvRgkwQnZD5v2TMJTItckMok9xcSVhIJWXapLK0RZl3QhzPaiYTdzWBddK9arhOw21f15t3ZTpVOINzuAQXbqAJD9CCDjBAeIYXeLVy6816tz5+rRWrnDmFJVifP2ohk14=</latexit>

lGUT
<latexit sha1_base64="HTMh71FjQ2Y2bBAvhNwcdf69KuE=">AAACBHicbVC7TsNAEDyHVwivACWNRYREFdkICcoICiiDFCeREhOdL+v4lPNDd2tEZLnlG2ihpkO0/Aclf8IluCAJU83uzGp3x0sEV2hZX0ZpZXVtfaO8Wdna3tndq+4ftFWcSgYOi0Usux5VIHgEDnIU0E0k0NAT0PHG11O98wBS8Thq4SQBN6SjiPucUdStezHI+giPmN04rTwfVGtW3ZrBXCZ2QWqkQHNQ/e4PY5aGECETVKmebSXoZlQiZwLySj9VkFA2piPoaRrREJSbza7OzRM/liYGYM7qv96MhkpNQk97QoqBWtSmzf+0Xor+pZvxKEkRIqYtWvNTYWJsTp83h1wCQzHRhDLJ9ZUmC6ikDHVEc1uUfieAYV7RmdiLCSyT9lndtur23XmtcVWkUyZH5JicEptckAa5JU3iEEYkeSYv5NV4Mt6Md+Pj11oyiplDMgfj8wfnfplA</latexit><latexit sha1_base64="HTMh71FjQ2Y2bBAvhNwcdf69KuE=">AAACBHicbVC7TsNAEDyHVwivACWNRYREFdkICcoICiiDFCeREhOdL+v4lPNDd2tEZLnlG2ihpkO0/Aclf8IluCAJU83uzGp3x0sEV2hZX0ZpZXVtfaO8Wdna3tndq+4ftFWcSgYOi0Usux5VIHgEDnIU0E0k0NAT0PHG11O98wBS8Thq4SQBN6SjiPucUdStezHI+giPmN04rTwfVGtW3ZrBXCZ2QWqkQHNQ/e4PY5aGECETVKmebSXoZlQiZwLySj9VkFA2piPoaRrREJSbza7OzRM/liYGYM7qv96MhkpNQk97QoqBWtSmzf+0Xor+pZvxKEkRIqYtWvNTYWJsTp83h1wCQzHRhDLJ9ZUmC6ikDHVEc1uUfieAYV7RmdiLCSyT9lndtur23XmtcVWkUyZH5JicEptckAa5JU3iEEYkeSYv5NV4Mt6Md+Pj11oyiplDMgfj8wfnfplA</latexit><latexit sha1_base64="HTMh71FjQ2Y2bBAvhNwcdf69KuE=">AAACBHicbVC7TsNAEDyHVwivACWNRYREFdkICcoICiiDFCeREhOdL+v4lPNDd2tEZLnlG2ihpkO0/Aclf8IluCAJU83uzGp3x0sEV2hZX0ZpZXVtfaO8Wdna3tndq+4ftFWcSgYOi0Usux5VIHgEDnIU0E0k0NAT0PHG11O98wBS8Thq4SQBN6SjiPucUdStezHI+giPmN04rTwfVGtW3ZrBXCZ2QWqkQHNQ/e4PY5aGECETVKmebSXoZlQiZwLySj9VkFA2piPoaRrREJSbza7OzRM/liYGYM7qv96MhkpNQk97QoqBWtSmzf+0Xor+pZvxKEkRIqYtWvNTYWJsTp83h1wCQzHRhDLJ9ZUmC6ikDHVEc1uUfieAYV7RmdiLCSyT9lndtur23XmtcVWkUyZH5JicEptckAa5JU3iEEYkeSYv5NV4Mt6Md+Pj11oyiplDMgfj8wfnfplA</latexit><latexit sha1_base64="HTMh71FjQ2Y2bBAvhNwcdf69KuE=">AAACBHicbVC7TsNAEDyHVwivACWNRYREFdkICcoICiiDFCeREhOdL+v4lPNDd2tEZLnlG2ihpkO0/Aclf8IluCAJU83uzGp3x0sEV2hZX0ZpZXVtfaO8Wdna3tndq+4ftFWcSgYOi0Usux5VIHgEDnIU0E0k0NAT0PHG11O98wBS8Thq4SQBN6SjiPucUdStezHI+giPmN04rTwfVGtW3ZrBXCZ2QWqkQHNQ/e4PY5aGECETVKmebSXoZlQiZwLySj9VkFA2piPoaRrREJSbza7OzRM/liYGYM7qv96MhkpNQk97QoqBWtSmzf+0Xor+pZvxKEkRIqYtWvNTYWJsTp83h1wCQzHRhDLJ9ZUmC6ikDHVEc1uUfieAYV7RmdiLCSyT9lndtur23XmtcVWkUyZH5JicEptckAa5JU3iEEYkeSYv5NV4Mt6Md+Pj11oyiplDMgfj8wfnfplA</latexit>



SM fields live in a small, but finite-sized region of the dark 
dimension:

l
<latexit sha1_base64="OOI4lBd0PIyMpA0mTY97IXVvv7k=">AAAB93icbVC7TsNAEFyHVwgvAyXNiQiJKrIREpQRNJSJRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4Ir7ThfVmVjc2t7p7pb29s/ODyyj0+6Kskkww5LRCL7PlUoeIwdzbXAfiqRRr7Anj+9n+u9J5SKJ/GjzlP0IjqJecAZ1abVFiO77jScBcg6cUtShxKtkf09HCcsizDWTFClBq6Taq+gUnMmcFYbZgpTyqZ0ggNDYxqh8orFoTNyESSS6BDJov7rLWikVB75xhNRHapVbd78TxtkOrj1Ch6nmcaYGYvRgkwQnZD5v2TMJTItckMok9xcSVhIJWXapLK0RZl3QhzPaiYTdzWBddK9arhOw21f15t3ZTpVOINzuAQXbqAJD9CCDjBAeIYXeLVy6816tz5+rRWrnDmFJVifP2ohk14=</latexit><latexit sha1_base64="OOI4lBd0PIyMpA0mTY97IXVvv7k=">AAAB93icbVC7TsNAEFyHVwgvAyXNiQiJKrIREpQRNJSJRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4Ir7ThfVmVjc2t7p7pb29s/ODyyj0+6Kskkww5LRCL7PlUoeIwdzbXAfiqRRr7Anj+9n+u9J5SKJ/GjzlP0IjqJecAZ1abVFiO77jScBcg6cUtShxKtkf09HCcsizDWTFClBq6Taq+gUnMmcFYbZgpTyqZ0ggNDYxqh8orFoTNyESSS6BDJov7rLWikVB75xhNRHapVbd78TxtkOrj1Ch6nmcaYGYvRgkwQnZD5v2TMJTItckMok9xcSVhIJWXapLK0RZl3QhzPaiYTdzWBddK9arhOw21f15t3ZTpVOINzuAQXbqAJD9CCDjBAeIYXeLVy6816tz5+rRWrnDmFJVifP2ohk14=</latexit><latexit sha1_base64="OOI4lBd0PIyMpA0mTY97IXVvv7k=">AAAB93icbVC7TsNAEFyHVwgvAyXNiQiJKrIREpQRNJSJRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4Ir7ThfVmVjc2t7p7pb29s/ODyyj0+6Kskkww5LRCL7PlUoeIwdzbXAfiqRRr7Anj+9n+u9J5SKJ/GjzlP0IjqJecAZ1abVFiO77jScBcg6cUtShxKtkf09HCcsizDWTFClBq6Taq+gUnMmcFYbZgpTyqZ0ggNDYxqh8orFoTNyESSS6BDJov7rLWikVB75xhNRHapVbd78TxtkOrj1Ch6nmcaYGYvRgkwQnZD5v2TMJTItckMok9xcSVhIJWXapLK0RZl3QhzPaiYTdzWBddK9arhOw21f15t3ZTpVOINzuAQXbqAJD9CCDjBAeIYXeLVy6816tz5+rRWrnDmFJVifP2ohk14=</latexit><latexit sha1_base64="OOI4lBd0PIyMpA0mTY97IXVvv7k=">AAAB93icbVC7TsNAEFyHVwgvAyXNiQiJKrIREpQRNJSJRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4Ir7ThfVmVjc2t7p7pb29s/ODyyj0+6Kskkww5LRCL7PlUoeIwdzbXAfiqRRr7Anj+9n+u9J5SKJ/GjzlP0IjqJecAZ1abVFiO77jScBcg6cUtShxKtkf09HCcsizDWTFClBq6Taq+gUnMmcFYbZgpTyqZ0ggNDYxqh8orFoTNyESSS6BDJov7rLWikVB75xhNRHapVbd78TxtkOrj1Ch6nmcaYGYvRgkwQnZD5v2TMJTItckMok9xcSVhIJWXapLK0RZl3QhzPaiYTdzWBddK9arhOw21f15t3ZTpVOINzuAQXbqAJD9CCDjBAeIYXeLVy6816tz5+rRWrnDmFJVifP2ohk14=</latexit>

lGUT
<latexit sha1_base64="HTMh71FjQ2Y2bBAvhNwcdf69KuE=">AAACBHicbVC7TsNAEDyHVwivACWNRYREFdkICcoICiiDFCeREhOdL+v4lPNDd2tEZLnlG2ihpkO0/Aclf8IluCAJU83uzGp3x0sEV2hZX0ZpZXVtfaO8Wdna3tndq+4ftFWcSgYOi0Usux5VIHgEDnIU0E0k0NAT0PHG11O98wBS8Thq4SQBN6SjiPucUdStezHI+giPmN04rTwfVGtW3ZrBXCZ2QWqkQHNQ/e4PY5aGECETVKmebSXoZlQiZwLySj9VkFA2piPoaRrREJSbza7OzRM/liYGYM7qv96MhkpNQk97QoqBWtSmzf+0Xor+pZvxKEkRIqYtWvNTYWJsTp83h1wCQzHRhDLJ9ZUmC6ikDHVEc1uUfieAYV7RmdiLCSyT9lndtur23XmtcVWkUyZH5JicEptckAa5JU3iEEYkeSYv5NV4Mt6Md+Pj11oyiplDMgfj8wfnfplA</latexit><latexit sha1_base64="HTMh71FjQ2Y2bBAvhNwcdf69KuE=">AAACBHicbVC7TsNAEDyHVwivACWNRYREFdkICcoICiiDFCeREhOdL+v4lPNDd2tEZLnlG2ihpkO0/Aclf8IluCAJU83uzGp3x0sEV2hZX0ZpZXVtfaO8Wdna3tndq+4ftFWcSgYOi0Usux5VIHgEDnIU0E0k0NAT0PHG11O98wBS8Thq4SQBN6SjiPucUdStezHI+giPmN04rTwfVGtW3ZrBXCZ2QWqkQHNQ/e4PY5aGECETVKmebSXoZlQiZwLySj9VkFA2piPoaRrREJSbza7OzRM/liYGYM7qv96MhkpNQk97QoqBWtSmzf+0Xor+pZvxKEkRIqYtWvNTYWJsTp83h1wCQzHRhDLJ9ZUmC6ikDHVEc1uUfieAYV7RmdiLCSyT9lndtur23XmtcVWkUyZH5JicEptckAa5JU3iEEYkeSYv5NV4Mt6Md+Pj11oyiplDMgfj8wfnfplA</latexit><latexit sha1_base64="HTMh71FjQ2Y2bBAvhNwcdf69KuE=">AAACBHicbVC7TsNAEDyHVwivACWNRYREFdkICcoICiiDFCeREhOdL+v4lPNDd2tEZLnlG2ihpkO0/Aclf8IluCAJU83uzGp3x0sEV2hZX0ZpZXVtfaO8Wdna3tndq+4ftFWcSgYOi0Usux5VIHgEDnIU0E0k0NAT0PHG11O98wBS8Thq4SQBN6SjiPucUdStezHI+giPmN04rTwfVGtW3ZrBXCZ2QWqkQHNQ/e4PY5aGECETVKmebSXoZlQiZwLySj9VkFA2piPoaRrREJSbza7OzRM/liYGYM7qv96MhkpNQk97QoqBWtSmzf+0Xor+pZvxKEkRIqYtWvNTYWJsTp83h1wCQzHRhDLJ9ZUmC6ikDHVEc1uUfieAYV7RmdiLCSyT9lndtur23XmtcVWkUyZH5JicEptckAa5JU3iEEYkeSYv5NV4Mt6Md+Pj11oyiplDMgfj8wfnfplA</latexit><latexit sha1_base64="HTMh71FjQ2Y2bBAvhNwcdf69KuE=">AAACBHicbVC7TsNAEDyHVwivACWNRYREFdkICcoICiiDFCeREhOdL+v4lPNDd2tEZLnlG2ihpkO0/Aclf8IluCAJU83uzGp3x0sEV2hZX0ZpZXVtfaO8Wdna3tndq+4ftFWcSgYOi0Usux5VIHgEDnIU0E0k0NAT0PHG11O98wBS8Thq4SQBN6SjiPucUdStezHI+giPmN04rTwfVGtW3ZrBXCZ2QWqkQHNQ/e4PY5aGECETVKmebSXoZlQiZwLySj9VkFA2piPoaRrREJSbza7OzRM/liYGYM7qv96MhkpNQk97QoqBWtSmzf+0Xor+pZvxKEkRIqYtWvNTYWJsTp83h1wCQzHRhDLJ9ZUmC6ikDHVEc1uUfieAYV7RmdiLCSyT9lndtur23XmtcVWkUyZH5JicEptckAa5JU3iEEYkeSYv5NV4Mt6Md+Pj11oyiplDMgfj8wfnfplA</latexit>

We can only potentially see it with SM fields via neutrino 
masses: [Arkani-Hamed, Dimopoulos and Dvali ’98 |Dienes,Dudas,Gherghetta ’99 | Carena, Li, Machado '17]

m⌫ ⇠ y
2hHi2

M̂
<latexit sha1_base64="0qJsz1dJJIloGN1aDA2VJ19yFEw=">AAACJnicbZC9TsMwFIWd8lfKX4GRxaJCYqqSCgnGCpYuSEWiBalpK8e9aazaTmQ7SFWUt+AheAZWmNkQYoM3wQ0dKHCm43uOZd8vSDjTxnXfndLS8srqWnm9srG5tb1T3d3r6jhVFDo05rG6DYgGziR0DDMcbhMFRAQcboLJxSy/uQOlWSyvzTSBviBjyUJGibGjYbUuhr5Mfc0E9kNFaDYdNHxO5JgDbvmqMINGnvkRMfgyH1Zrbt0thP8ab25qaK72sPrpj2KaCpCGcqJ1z3MT08+IMoxyyCt+qiEhdELG0LNWEgG6nxV75fgojBU2EeDi/LObEaH1VAS2I4iJ9O9sNvwv66UmPOtnTCapAUltxWZhyrGJ8QwPHjEF1PCpNYQqZn+JaUQsGGMhLryi7ToRjPKKZeL9JvDXdBt1z617Vye15vmcThkdoEN0jDx0ipqohdqogyi6R4/oCT07D86L8+q8fVdLzvzOPlqQ8/EFsJimSA==</latexit><latexit sha1_base64="0qJsz1dJJIloGN1aDA2VJ19yFEw=">AAACJnicbZC9TsMwFIWd8lfKX4GRxaJCYqqSCgnGCpYuSEWiBalpK8e9aazaTmQ7SFWUt+AheAZWmNkQYoM3wQ0dKHCm43uOZd8vSDjTxnXfndLS8srqWnm9srG5tb1T3d3r6jhVFDo05rG6DYgGziR0DDMcbhMFRAQcboLJxSy/uQOlWSyvzTSBviBjyUJGibGjYbUuhr5Mfc0E9kNFaDYdNHxO5JgDbvmqMINGnvkRMfgyH1Zrbt0thP8ab25qaK72sPrpj2KaCpCGcqJ1z3MT08+IMoxyyCt+qiEhdELG0LNWEgG6nxV75fgojBU2EeDi/LObEaH1VAS2I4iJ9O9sNvwv66UmPOtnTCapAUltxWZhyrGJ8QwPHjEF1PCpNYQqZn+JaUQsGGMhLryi7ToRjPKKZeL9JvDXdBt1z617Vye15vmcThkdoEN0jDx0ipqohdqogyi6R4/oCT07D86L8+q8fVdLzvzOPlqQ8/EFsJimSA==</latexit><latexit sha1_base64="0qJsz1dJJIloGN1aDA2VJ19yFEw=">AAACJnicbZC9TsMwFIWd8lfKX4GRxaJCYqqSCgnGCpYuSEWiBalpK8e9aazaTmQ7SFWUt+AheAZWmNkQYoM3wQ0dKHCm43uOZd8vSDjTxnXfndLS8srqWnm9srG5tb1T3d3r6jhVFDo05rG6DYgGziR0DDMcbhMFRAQcboLJxSy/uQOlWSyvzTSBviBjyUJGibGjYbUuhr5Mfc0E9kNFaDYdNHxO5JgDbvmqMINGnvkRMfgyH1Zrbt0thP8ab25qaK72sPrpj2KaCpCGcqJ1z3MT08+IMoxyyCt+qiEhdELG0LNWEgG6nxV75fgojBU2EeDi/LObEaH1VAS2I4iJ9O9sNvwv66UmPOtnTCapAUltxWZhyrGJ8QwPHjEF1PCpNYQqZn+JaUQsGGMhLryi7ToRjPKKZeL9JvDXdBt1z617Vye15vmcThkdoEN0jDx0ipqohdqogyi6R4/oCT07D86L8+q8fVdLzvzOPlqQ8/EFsJimSA==</latexit><latexit sha1_base64="0qJsz1dJJIloGN1aDA2VJ19yFEw=">AAACJnicbZC9TsMwFIWd8lfKX4GRxaJCYqqSCgnGCpYuSEWiBalpK8e9aazaTmQ7SFWUt+AheAZWmNkQYoM3wQ0dKHCm43uOZd8vSDjTxnXfndLS8srqWnm9srG5tb1T3d3r6jhVFDo05rG6DYgGziR0DDMcbhMFRAQcboLJxSy/uQOlWSyvzTSBviBjyUJGibGjYbUuhr5Mfc0E9kNFaDYdNHxO5JgDbvmqMINGnvkRMfgyH1Zrbt0thP8ab25qaK72sPrpj2KaCpCGcqJ1z3MT08+IMoxyyCt+qiEhdELG0LNWEgG6nxV75fgojBU2EeDi/LObEaH1VAS2I4iJ9O9sNvwv66UmPOtnTCapAUltxWZhyrGJ8QwPHjEF1PCpNYQqZn+JaUQsGGMhLryi7ToRjPKKZeL9JvDXdBt1z617Vye15vmcThkdoEN0jDx0ipqohdqogyi6R4/oCT07D86L8+q8fVdLzvzOPlqQ8/EFsJimSA==</latexit>

(active)



SM fields live in a small, but finite-sized region of the dark 
dimension:

l
<latexit sha1_base64="OOI4lBd0PIyMpA0mTY97IXVvv7k=">AAAB93icbVC7TsNAEFyHVwgvAyXNiQiJKrIREpQRNJSJRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4Ir7ThfVmVjc2t7p7pb29s/ODyyj0+6Kskkww5LRCL7PlUoeIwdzbXAfiqRRr7Anj+9n+u9J5SKJ/GjzlP0IjqJecAZ1abVFiO77jScBcg6cUtShxKtkf09HCcsizDWTFClBq6Taq+gUnMmcFYbZgpTyqZ0ggNDYxqh8orFoTNyESSS6BDJov7rLWikVB75xhNRHapVbd78TxtkOrj1Ch6nmcaYGYvRgkwQnZD5v2TMJTItckMok9xcSVhIJWXapLK0RZl3QhzPaiYTdzWBddK9arhOw21f15t3ZTpVOINzuAQXbqAJD9CCDjBAeIYXeLVy6816tz5+rRWrnDmFJVifP2ohk14=</latexit><latexit sha1_base64="OOI4lBd0PIyMpA0mTY97IXVvv7k=">AAAB93icbVC7TsNAEFyHVwgvAyXNiQiJKrIREpQRNJSJRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4Ir7ThfVmVjc2t7p7pb29s/ODyyj0+6Kskkww5LRCL7PlUoeIwdzbXAfiqRRr7Anj+9n+u9J5SKJ/GjzlP0IjqJecAZ1abVFiO77jScBcg6cUtShxKtkf09HCcsizDWTFClBq6Taq+gUnMmcFYbZgpTyqZ0ggNDYxqh8orFoTNyESSS6BDJov7rLWikVB75xhNRHapVbd78TxtkOrj1Ch6nmcaYGYvRgkwQnZD5v2TMJTItckMok9xcSVhIJWXapLK0RZl3QhzPaiYTdzWBddK9arhOw21f15t3ZTpVOINzuAQXbqAJD9CCDjBAeIYXeLVy6816tz5+rRWrnDmFJVifP2ohk14=</latexit><latexit sha1_base64="OOI4lBd0PIyMpA0mTY97IXVvv7k=">AAAB93icbVC7TsNAEFyHVwgvAyXNiQiJKrIREpQRNJSJRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4Ir7ThfVmVjc2t7p7pb29s/ODyyj0+6Kskkww5LRCL7PlUoeIwdzbXAfiqRRr7Anj+9n+u9J5SKJ/GjzlP0IjqJecAZ1abVFiO77jScBcg6cUtShxKtkf09HCcsizDWTFClBq6Taq+gUnMmcFYbZgpTyqZ0ggNDYxqh8orFoTNyESSS6BDJov7rLWikVB75xhNRHapVbd78TxtkOrj1Ch6nmcaYGYvRgkwQnZD5v2TMJTItckMok9xcSVhIJWXapLK0RZl3QhzPaiYTdzWBddK9arhOw21f15t3ZTpVOINzuAQXbqAJD9CCDjBAeIYXeLVy6816tz5+rRWrnDmFJVifP2ohk14=</latexit><latexit sha1_base64="OOI4lBd0PIyMpA0mTY97IXVvv7k=">AAAB93icbVC7TsNAEFyHVwgvAyXNiQiJKrIREpQRNJSJRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4Ir7ThfVmVjc2t7p7pb29s/ODyyj0+6Kskkww5LRCL7PlUoeIwdzbXAfiqRRr7Anj+9n+u9J5SKJ/GjzlP0IjqJecAZ1abVFiO77jScBcg6cUtShxKtkf09HCcsizDWTFClBq6Taq+gUnMmcFYbZgpTyqZ0ggNDYxqh8orFoTNyESSS6BDJov7rLWikVB75xhNRHapVbd78TxtkOrj1Ch6nmcaYGYvRgkwQnZD5v2TMJTItckMok9xcSVhIJWXapLK0RZl3QhzPaiYTdzWBddK9arhOw21f15t3ZTpVOINzuAQXbqAJD9CCDjBAeIYXeLVy6816tz5+rRWrnDmFJVifP2ohk14=</latexit>

lGUT
<latexit sha1_base64="HTMh71FjQ2Y2bBAvhNwcdf69KuE=">AAACBHicbVC7TsNAEDyHVwivACWNRYREFdkICcoICiiDFCeREhOdL+v4lPNDd2tEZLnlG2ihpkO0/Aclf8IluCAJU83uzGp3x0sEV2hZX0ZpZXVtfaO8Wdna3tndq+4ftFWcSgYOi0Usux5VIHgEDnIU0E0k0NAT0PHG11O98wBS8Thq4SQBN6SjiPucUdStezHI+giPmN04rTwfVGtW3ZrBXCZ2QWqkQHNQ/e4PY5aGECETVKmebSXoZlQiZwLySj9VkFA2piPoaRrREJSbza7OzRM/liYGYM7qv96MhkpNQk97QoqBWtSmzf+0Xor+pZvxKEkRIqYtWvNTYWJsTp83h1wCQzHRhDLJ9ZUmC6ikDHVEc1uUfieAYV7RmdiLCSyT9lndtur23XmtcVWkUyZH5JicEptckAa5JU3iEEYkeSYv5NV4Mt6Md+Pj11oyiplDMgfj8wfnfplA</latexit><latexit sha1_base64="HTMh71FjQ2Y2bBAvhNwcdf69KuE=">AAACBHicbVC7TsNAEDyHVwivACWNRYREFdkICcoICiiDFCeREhOdL+v4lPNDd2tEZLnlG2ihpkO0/Aclf8IluCAJU83uzGp3x0sEV2hZX0ZpZXVtfaO8Wdna3tndq+4ftFWcSgYOi0Usux5VIHgEDnIU0E0k0NAT0PHG11O98wBS8Thq4SQBN6SjiPucUdStezHI+giPmN04rTwfVGtW3ZrBXCZ2QWqkQHNQ/e4PY5aGECETVKmebSXoZlQiZwLySj9VkFA2piPoaRrREJSbza7OzRM/liYGYM7qv96MhkpNQk97QoqBWtSmzf+0Xor+pZvxKEkRIqYtWvNTYWJsTp83h1wCQzHRhDLJ9ZUmC6ikDHVEc1uUfieAYV7RmdiLCSyT9lndtur23XmtcVWkUyZH5JicEptckAa5JU3iEEYkeSYv5NV4Mt6Md+Pj11oyiplDMgfj8wfnfplA</latexit><latexit sha1_base64="HTMh71FjQ2Y2bBAvhNwcdf69KuE=">AAACBHicbVC7TsNAEDyHVwivACWNRYREFdkICcoICiiDFCeREhOdL+v4lPNDd2tEZLnlG2ihpkO0/Aclf8IluCAJU83uzGp3x0sEV2hZX0ZpZXVtfaO8Wdna3tndq+4ftFWcSgYOi0Usux5VIHgEDnIU0E0k0NAT0PHG11O98wBS8Thq4SQBN6SjiPucUdStezHI+giPmN04rTwfVGtW3ZrBXCZ2QWqkQHNQ/e4PY5aGECETVKmebSXoZlQiZwLySj9VkFA2piPoaRrREJSbza7OzRM/liYGYM7qv96MhkpNQk97QoqBWtSmzf+0Xor+pZvxKEkRIqYtWvNTYWJsTp83h1wCQzHRhDLJ9ZUmC6ikDHVEc1uUfieAYV7RmdiLCSyT9lndtur23XmtcVWkUyZH5JicEptckAa5JU3iEEYkeSYv5NV4Mt6Md+Pj11oyiplDMgfj8wfnfplA</latexit><latexit sha1_base64="HTMh71FjQ2Y2bBAvhNwcdf69KuE=">AAACBHicbVC7TsNAEDyHVwivACWNRYREFdkICcoICiiDFCeREhOdL+v4lPNDd2tEZLnlG2ihpkO0/Aclf8IluCAJU83uzGp3x0sEV2hZX0ZpZXVtfaO8Wdna3tndq+4ftFWcSgYOi0Usux5VIHgEDnIU0E0k0NAT0PHG11O98wBS8Thq4SQBN6SjiPucUdStezHI+giPmN04rTwfVGtW3ZrBXCZ2QWqkQHNQ/e4PY5aGECETVKmebSXoZlQiZwLySj9VkFA2piPoaRrREJSbza7OzRM/liYGYM7qv96MhkpNQk97QoqBWtSmzf+0Xor+pZvxKEkRIqYtWvNTYWJsTp83h1wCQzHRhDLJ9ZUmC6ikDHVEc1uUfieAYV7RmdiLCSyT9lndtur23XmtcVWkUyZH5JicEptckAa5JU3iEEYkeSYv5NV4Mt6Md+Pj11oyiplDMgfj8wfnfplA</latexit>

We can only potentially see it with SM fields via neutrino 
masses: [Arkani-Hamed, Dimopoulos and Dvali ’98 |Dienes,Dudas,Gherghetta ’99 | Carena, Li, Machado '17]

m⌫ ⇠ y
2hHi2

M̂
<latexit sha1_base64="0qJsz1dJJIloGN1aDA2VJ19yFEw=">AAACJnicbZC9TsMwFIWd8lfKX4GRxaJCYqqSCgnGCpYuSEWiBalpK8e9aazaTmQ7SFWUt+AheAZWmNkQYoM3wQ0dKHCm43uOZd8vSDjTxnXfndLS8srqWnm9srG5tb1T3d3r6jhVFDo05rG6DYgGziR0DDMcbhMFRAQcboLJxSy/uQOlWSyvzTSBviBjyUJGibGjYbUuhr5Mfc0E9kNFaDYdNHxO5JgDbvmqMINGnvkRMfgyH1Zrbt0thP8ab25qaK72sPrpj2KaCpCGcqJ1z3MT08+IMoxyyCt+qiEhdELG0LNWEgG6nxV75fgojBU2EeDi/LObEaH1VAS2I4iJ9O9sNvwv66UmPOtnTCapAUltxWZhyrGJ8QwPHjEF1PCpNYQqZn+JaUQsGGMhLryi7ToRjPKKZeL9JvDXdBt1z617Vye15vmcThkdoEN0jDx0ipqohdqogyi6R4/oCT07D86L8+q8fVdLzvzOPlqQ8/EFsJimSA==</latexit><latexit sha1_base64="0qJsz1dJJIloGN1aDA2VJ19yFEw=">AAACJnicbZC9TsMwFIWd8lfKX4GRxaJCYqqSCgnGCpYuSEWiBalpK8e9aazaTmQ7SFWUt+AheAZWmNkQYoM3wQ0dKHCm43uOZd8vSDjTxnXfndLS8srqWnm9srG5tb1T3d3r6jhVFDo05rG6DYgGziR0DDMcbhMFRAQcboLJxSy/uQOlWSyvzTSBviBjyUJGibGjYbUuhr5Mfc0E9kNFaDYdNHxO5JgDbvmqMINGnvkRMfgyH1Zrbt0thP8ab25qaK72sPrpj2KaCpCGcqJ1z3MT08+IMoxyyCt+qiEhdELG0LNWEgG6nxV75fgojBU2EeDi/LObEaH1VAS2I4iJ9O9sNvwv66UmPOtnTCapAUltxWZhyrGJ8QwPHjEF1PCpNYQqZn+JaUQsGGMhLryi7ToRjPKKZeL9JvDXdBt1z617Vye15vmcThkdoEN0jDx0ipqohdqogyi6R4/oCT07D86L8+q8fVdLzvzOPlqQ8/EFsJimSA==</latexit><latexit sha1_base64="0qJsz1dJJIloGN1aDA2VJ19yFEw=">AAACJnicbZC9TsMwFIWd8lfKX4GRxaJCYqqSCgnGCpYuSEWiBalpK8e9aazaTmQ7SFWUt+AheAZWmNkQYoM3wQ0dKHCm43uOZd8vSDjTxnXfndLS8srqWnm9srG5tb1T3d3r6jhVFDo05rG6DYgGziR0DDMcbhMFRAQcboLJxSy/uQOlWSyvzTSBviBjyUJGibGjYbUuhr5Mfc0E9kNFaDYdNHxO5JgDbvmqMINGnvkRMfgyH1Zrbt0thP8ab25qaK72sPrpj2KaCpCGcqJ1z3MT08+IMoxyyCt+qiEhdELG0LNWEgG6nxV75fgojBU2EeDi/LObEaH1VAS2I4iJ9O9sNvwv66UmPOtnTCapAUltxWZhyrGJ8QwPHjEF1PCpNYQqZn+JaUQsGGMhLryi7ToRjPKKZeL9JvDXdBt1z617Vye15vmcThkdoEN0jDx0ipqohdqogyi6R4/oCT07D86L8+q8fVdLzvzOPlqQ8/EFsJimSA==</latexit><latexit sha1_base64="0qJsz1dJJIloGN1aDA2VJ19yFEw=">AAACJnicbZC9TsMwFIWd8lfKX4GRxaJCYqqSCgnGCpYuSEWiBalpK8e9aazaTmQ7SFWUt+AheAZWmNkQYoM3wQ0dKHCm43uOZd8vSDjTxnXfndLS8srqWnm9srG5tb1T3d3r6jhVFDo05rG6DYgGziR0DDMcbhMFRAQcboLJxSy/uQOlWSyvzTSBviBjyUJGibGjYbUuhr5Mfc0E9kNFaDYdNHxO5JgDbvmqMINGnvkRMfgyH1Zrbt0thP8ab25qaK72sPrpj2KaCpCGcqJ1z3MT08+IMoxyyCt+qiEhdELG0LNWEgG6nxV75fgojBU2EeDi/LObEaH1VAS2I4iJ9O9sNvwv66UmPOtnTCapAUltxWZhyrGJ8QwPHjEF1PCpNYQqZn+JaUQsGGMhLryi7ToRjPKKZeL9JvDXdBt1z617Vye15vmcThkdoEN0jDx0ipqohdqogyi6R4/oCT07D86L8+q8fVdLzvzOPlqQ8/EFsJimSA==</latexit>

M⌫ ⇠ m ⇠ ⇤1/4
<latexit sha1_base64="q5mDXkdmHkDE3EgjIo48VcbJVwU=">AAACF3icbVC7TsMwFHV4lvAqMDJgUSExlQRVgrGChQGkItGH1ITIcW9bq3YS2Q5SFXXkI/gGVpjZECsjI3+CUzrQljNcHd9zrnzvCRPOlHacL2thcWl5ZbWwZq9vbG5tF3d2GypOJYU6jXksWyFRwFkEdc00h1YigYiQQzMcXOZ68wGkYnF0p4cJ+IL0ItZllGjTCooHtn0TeFGKPcUEFnn1rs14h9xn7kllFBRLTtkZA88Td0JKaIJaUPz2OjFNBUSacqJU23US7WdEakY5jGwvVZAQOiA9aBsaEQHKz8aHjPBRN5ZY9wGP33+9GRFKDUVoPILovprV8uZ/WjvV3XM/Y1GSaoiosRitm3KsY5zngTtMAtV8aAihkpktMe0TSag2qU39osw5feiMbJOJO5vAPGmcll2n7N5WStWLSToFtI8O0TFy0RmqoitUQ3VE0SN6Ri/o1Xqy3qx36+PXumBNZvbQFKzPH60xnsw=</latexit><latexit sha1_base64="q5mDXkdmHkDE3EgjIo48VcbJVwU=">AAACF3icbVC7TsMwFHV4lvAqMDJgUSExlQRVgrGChQGkItGH1ITIcW9bq3YS2Q5SFXXkI/gGVpjZECsjI3+CUzrQljNcHd9zrnzvCRPOlHacL2thcWl5ZbWwZq9vbG5tF3d2GypOJYU6jXksWyFRwFkEdc00h1YigYiQQzMcXOZ68wGkYnF0p4cJ+IL0ItZllGjTCooHtn0TeFGKPcUEFnn1rs14h9xn7kllFBRLTtkZA88Td0JKaIJaUPz2OjFNBUSacqJU23US7WdEakY5jGwvVZAQOiA9aBsaEQHKz8aHjPBRN5ZY9wGP33+9GRFKDUVoPILovprV8uZ/WjvV3XM/Y1GSaoiosRitm3KsY5zngTtMAtV8aAihkpktMe0TSag2qU39osw5feiMbJOJO5vAPGmcll2n7N5WStWLSToFtI8O0TFy0RmqoitUQ3VE0SN6Ri/o1Xqy3qx36+PXumBNZvbQFKzPH60xnsw=</latexit><latexit sha1_base64="q5mDXkdmHkDE3EgjIo48VcbJVwU=">AAACF3icbVC7TsMwFHV4lvAqMDJgUSExlQRVgrGChQGkItGH1ITIcW9bq3YS2Q5SFXXkI/gGVpjZECsjI3+CUzrQljNcHd9zrnzvCRPOlHacL2thcWl5ZbWwZq9vbG5tF3d2GypOJYU6jXksWyFRwFkEdc00h1YigYiQQzMcXOZ68wGkYnF0p4cJ+IL0ItZllGjTCooHtn0TeFGKPcUEFnn1rs14h9xn7kllFBRLTtkZA88Td0JKaIJaUPz2OjFNBUSacqJU23US7WdEakY5jGwvVZAQOiA9aBsaEQHKz8aHjPBRN5ZY9wGP33+9GRFKDUVoPILovprV8uZ/WjvV3XM/Y1GSaoiosRitm3KsY5zngTtMAtV8aAihkpktMe0TSag2qU39osw5feiMbJOJO5vAPGmcll2n7N5WStWLSToFtI8O0TFy0RmqoitUQ3VE0SN6Ri/o1Xqy3qx36+PXumBNZvbQFKzPH60xnsw=</latexit><latexit sha1_base64="q5mDXkdmHkDE3EgjIo48VcbJVwU=">AAACF3icbVC7TsMwFHV4lvAqMDJgUSExlQRVgrGChQGkItGH1ITIcW9bq3YS2Q5SFXXkI/gGVpjZECsjI3+CUzrQljNcHd9zrnzvCRPOlHacL2thcWl5ZbWwZq9vbG5tF3d2GypOJYU6jXksWyFRwFkEdc00h1YigYiQQzMcXOZ68wGkYnF0p4cJ+IL0ItZllGjTCooHtn0TeFGKPcUEFnn1rs14h9xn7kllFBRLTtkZA88Td0JKaIJaUPz2OjFNBUSacqJU23US7WdEakY5jGwvVZAQOiA9aBsaEQHKz8aHjPBRN5ZY9wGP33+9GRFKDUVoPILovprV8uZ/WjvV3XM/Y1GSaoiosRitm3KsY5zngTtMAtV8aAihkpktMe0TSag2qU39osw5feiMbJOJO5vAPGmcll2n7N5WStWLSToFtI8O0TFy0RmqoitUQ3VE0SN6Ri/o1Xqy3qx36+PXumBNZvbQFKzPH60xnsw=</latexit>

(active)

(sterile)



SM fields live in a small, but finite-sized region of the dark 
dimension:

l
<latexit sha1_base64="OOI4lBd0PIyMpA0mTY97IXVvv7k=">AAAB93icbVC7TsNAEFyHVwgvAyXNiQiJKrIREpQRNJSJRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4Ir7ThfVmVjc2t7p7pb29s/ODyyj0+6Kskkww5LRCL7PlUoeIwdzbXAfiqRRr7Anj+9n+u9J5SKJ/GjzlP0IjqJecAZ1abVFiO77jScBcg6cUtShxKtkf09HCcsizDWTFClBq6Taq+gUnMmcFYbZgpTyqZ0ggNDYxqh8orFoTNyESSS6BDJov7rLWikVB75xhNRHapVbd78TxtkOrj1Ch6nmcaYGYvRgkwQnZD5v2TMJTItckMok9xcSVhIJWXapLK0RZl3QhzPaiYTdzWBddK9arhOw21f15t3ZTpVOINzuAQXbqAJD9CCDjBAeIYXeLVy6816tz5+rRWrnDmFJVifP2ohk14=</latexit><latexit sha1_base64="OOI4lBd0PIyMpA0mTY97IXVvv7k=">AAAB93icbVC7TsNAEFyHVwgvAyXNiQiJKrIREpQRNJSJRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4Ir7ThfVmVjc2t7p7pb29s/ODyyj0+6Kskkww5LRCL7PlUoeIwdzbXAfiqRRr7Anj+9n+u9J5SKJ/GjzlP0IjqJecAZ1abVFiO77jScBcg6cUtShxKtkf09HCcsizDWTFClBq6Taq+gUnMmcFYbZgpTyqZ0ggNDYxqh8orFoTNyESSS6BDJov7rLWikVB75xhNRHapVbd78TxtkOrj1Ch6nmcaYGYvRgkwQnZD5v2TMJTItckMok9xcSVhIJWXapLK0RZl3QhzPaiYTdzWBddK9arhOw21f15t3ZTpVOINzuAQXbqAJD9CCDjBAeIYXeLVy6816tz5+rRWrnDmFJVifP2ohk14=</latexit><latexit sha1_base64="OOI4lBd0PIyMpA0mTY97IXVvv7k=">AAAB93icbVC7TsNAEFyHVwgvAyXNiQiJKrIREpQRNJSJRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4Ir7ThfVmVjc2t7p7pb29s/ODyyj0+6Kskkww5LRCL7PlUoeIwdzbXAfiqRRr7Anj+9n+u9J5SKJ/GjzlP0IjqJecAZ1abVFiO77jScBcg6cUtShxKtkf09HCcsizDWTFClBq6Taq+gUnMmcFYbZgpTyqZ0ggNDYxqh8orFoTNyESSS6BDJov7rLWikVB75xhNRHapVbd78TxtkOrj1Ch6nmcaYGYvRgkwQnZD5v2TMJTItckMok9xcSVhIJWXapLK0RZl3QhzPaiYTdzWBddK9arhOw21f15t3ZTpVOINzuAQXbqAJD9CCDjBAeIYXeLVy6816tz5+rRWrnDmFJVifP2ohk14=</latexit><latexit sha1_base64="OOI4lBd0PIyMpA0mTY97IXVvv7k=">AAAB93icbVC7TsNAEFyHVwgvAyXNiQiJKrIREpQRNJSJRB5SYkXnyzo+5fzQ3RnJsvIFtFDTIVo+h5I/4RJckISpZndmtbvjp4Ir7ThfVmVjc2t7p7pb29s/ODyyj0+6Kskkww5LRCL7PlUoeIwdzbXAfiqRRr7Anj+9n+u9J5SKJ/GjzlP0IjqJecAZ1abVFiO77jScBcg6cUtShxKtkf09HCcsizDWTFClBq6Taq+gUnMmcFYbZgpTyqZ0ggNDYxqh8orFoTNyESSS6BDJov7rLWikVB75xhNRHapVbd78TxtkOrj1Ch6nmcaYGYvRgkwQnZD5v2TMJTItckMok9xcSVhIJWXapLK0RZl3QhzPaiYTdzWBddK9arhOw21f15t3ZTpVOINzuAQXbqAJD9CCDjBAeIYXeLVy6816tz5+rRWrnDmFJVifP2ohk14=</latexit>

lGUT
<latexit sha1_base64="HTMh71FjQ2Y2bBAvhNwcdf69KuE=">AAACBHicbVC7TsNAEDyHVwivACWNRYREFdkICcoICiiDFCeREhOdL+v4lPNDd2tEZLnlG2ihpkO0/Aclf8IluCAJU83uzGp3x0sEV2hZX0ZpZXVtfaO8Wdna3tndq+4ftFWcSgYOi0Usux5VIHgEDnIU0E0k0NAT0PHG11O98wBS8Thq4SQBN6SjiPucUdStezHI+giPmN04rTwfVGtW3ZrBXCZ2QWqkQHNQ/e4PY5aGECETVKmebSXoZlQiZwLySj9VkFA2piPoaRrREJSbza7OzRM/liYGYM7qv96MhkpNQk97QoqBWtSmzf+0Xor+pZvxKEkRIqYtWvNTYWJsTp83h1wCQzHRhDLJ9ZUmC6ikDHVEc1uUfieAYV7RmdiLCSyT9lndtur23XmtcVWkUyZH5JicEptckAa5JU3iEEYkeSYv5NV4Mt6Md+Pj11oyiplDMgfj8wfnfplA</latexit><latexit sha1_base64="HTMh71FjQ2Y2bBAvhNwcdf69KuE=">AAACBHicbVC7TsNAEDyHVwivACWNRYREFdkICcoICiiDFCeREhOdL+v4lPNDd2tEZLnlG2ihpkO0/Aclf8IluCAJU83uzGp3x0sEV2hZX0ZpZXVtfaO8Wdna3tndq+4ftFWcSgYOi0Usux5VIHgEDnIU0E0k0NAT0PHG11O98wBS8Thq4SQBN6SjiPucUdStezHI+giPmN04rTwfVGtW3ZrBXCZ2QWqkQHNQ/e4PY5aGECETVKmebSXoZlQiZwLySj9VkFA2piPoaRrREJSbza7OzRM/liYGYM7qv96MhkpNQk97QoqBWtSmzf+0Xor+pZvxKEkRIqYtWvNTYWJsTp83h1wCQzHRhDLJ9ZUmC6ikDHVEc1uUfieAYV7RmdiLCSyT9lndtur23XmtcVWkUyZH5JicEptckAa5JU3iEEYkeSYv5NV4Mt6Md+Pj11oyiplDMgfj8wfnfplA</latexit><latexit sha1_base64="HTMh71FjQ2Y2bBAvhNwcdf69KuE=">AAACBHicbVC7TsNAEDyHVwivACWNRYREFdkICcoICiiDFCeREhOdL+v4lPNDd2tEZLnlG2ihpkO0/Aclf8IluCAJU83uzGp3x0sEV2hZX0ZpZXVtfaO8Wdna3tndq+4ftFWcSgYOi0Usux5VIHgEDnIU0E0k0NAT0PHG11O98wBS8Thq4SQBN6SjiPucUdStezHI+giPmN04rTwfVGtW3ZrBXCZ2QWqkQHNQ/e4PY5aGECETVKmebSXoZlQiZwLySj9VkFA2piPoaRrREJSbza7OzRM/liYGYM7qv96MhkpNQk97QoqBWtSmzf+0Xor+pZvxKEkRIqYtWvNTYWJsTp83h1wCQzHRhDLJ9ZUmC6ikDHVEc1uUfieAYV7RmdiLCSyT9lndtur23XmtcVWkUyZH5JicEptckAa5JU3iEEYkeSYv5NV4Mt6Md+Pj11oyiplDMgfj8wfnfplA</latexit><latexit sha1_base64="HTMh71FjQ2Y2bBAvhNwcdf69KuE=">AAACBHicbVC7TsNAEDyHVwivACWNRYREFdkICcoICiiDFCeREhOdL+v4lPNDd2tEZLnlG2ihpkO0/Aclf8IluCAJU83uzGp3x0sEV2hZX0ZpZXVtfaO8Wdna3tndq+4ftFWcSgYOi0Usux5VIHgEDnIU0E0k0NAT0PHG11O98wBS8Thq4SQBN6SjiPucUdStezHI+giPmN04rTwfVGtW3ZrBXCZ2QWqkQHNQ/e4PY5aGECETVKmebSXoZlQiZwLySj9VkFA2piPoaRrREJSbza7OzRM/liYGYM7qv96MhkpNQk97QoqBWtSmzf+0Xor+pZvxKEkRIqYtWvNTYWJsTp83h1wCQzHRhDLJ9ZUmC6ikDHVEc1uUfieAYV7RmdiLCSyT9lndtur23XmtcVWkUyZH5JicEptckAa5JU3iEEYkeSYv5NV4Mt6Md+Pj11oyiplDMgfj8wfnfplA</latexit>

We can only potentially see it with SM fields via neutrino 
masses: [Arkani-Hamed, Dimopoulos and Dvali ’98 |Dienes,Dudas,Gherghetta ’99 | Carena, Li, Machado '17]
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<latexit sha1_base64="0qJsz1dJJIloGN1aDA2VJ19yFEw=">AAACJnicbZC9TsMwFIWd8lfKX4GRxaJCYqqSCgnGCpYuSEWiBalpK8e9aazaTmQ7SFWUt+AheAZWmNkQYoM3wQ0dKHCm43uOZd8vSDjTxnXfndLS8srqWnm9srG5tb1T3d3r6jhVFDo05rG6DYgGziR0DDMcbhMFRAQcboLJxSy/uQOlWSyvzTSBviBjyUJGibGjYbUuhr5Mfc0E9kNFaDYdNHxO5JgDbvmqMINGnvkRMfgyH1Zrbt0thP8ab25qaK72sPrpj2KaCpCGcqJ1z3MT08+IMoxyyCt+qiEhdELG0LNWEgG6nxV75fgojBU2EeDi/LObEaH1VAS2I4iJ9O9sNvwv66UmPOtnTCapAUltxWZhyrGJ8QwPHjEF1PCpNYQqZn+JaUQsGGMhLryi7ToRjPKKZeL9JvDXdBt1z617Vye15vmcThkdoEN0jDx0ipqohdqogyi6R4/oCT07D86L8+q8fVdLzvzOPlqQ8/EFsJimSA==</latexit><latexit sha1_base64="0qJsz1dJJIloGN1aDA2VJ19yFEw=">AAACJnicbZC9TsMwFIWd8lfKX4GRxaJCYqqSCgnGCpYuSEWiBalpK8e9aazaTmQ7SFWUt+AheAZWmNkQYoM3wQ0dKHCm43uOZd8vSDjTxnXfndLS8srqWnm9srG5tb1T3d3r6jhVFDo05rG6DYgGziR0DDMcbhMFRAQcboLJxSy/uQOlWSyvzTSBviBjyUJGibGjYbUuhr5Mfc0E9kNFaDYdNHxO5JgDbvmqMINGnvkRMfgyH1Zrbt0thP8ab25qaK72sPrpj2KaCpCGcqJ1z3MT08+IMoxyyCt+qiEhdELG0LNWEgG6nxV75fgojBU2EeDi/LObEaH1VAS2I4iJ9O9sNvwv66UmPOtnTCapAUltxWZhyrGJ8QwPHjEF1PCpNYQqZn+JaUQsGGMhLryi7ToRjPKKZeL9JvDXdBt1z617Vye15vmcThkdoEN0jDx0ipqohdqogyi6R4/oCT07D86L8+q8fVdLzvzOPlqQ8/EFsJimSA==</latexit><latexit sha1_base64="0qJsz1dJJIloGN1aDA2VJ19yFEw=">AAACJnicbZC9TsMwFIWd8lfKX4GRxaJCYqqSCgnGCpYuSEWiBalpK8e9aazaTmQ7SFWUt+AheAZWmNkQYoM3wQ0dKHCm43uOZd8vSDjTxnXfndLS8srqWnm9srG5tb1T3d3r6jhVFDo05rG6DYgGziR0DDMcbhMFRAQcboLJxSy/uQOlWSyvzTSBviBjyUJGibGjYbUuhr5Mfc0E9kNFaDYdNHxO5JgDbvmqMINGnvkRMfgyH1Zrbt0thP8ab25qaK72sPrpj2KaCpCGcqJ1z3MT08+IMoxyyCt+qiEhdELG0LNWEgG6nxV75fgojBU2EeDi/LObEaH1VAS2I4iJ9O9sNvwv66UmPOtnTCapAUltxWZhyrGJ8QwPHjEF1PCpNYQqZn+JaUQsGGMhLryi7ToRjPKKZeL9JvDXdBt1z617Vye15vmcThkdoEN0jDx0ipqohdqogyi6R4/oCT07D86L8+q8fVdLzvzOPlqQ8/EFsJimSA==</latexit><latexit sha1_base64="0qJsz1dJJIloGN1aDA2VJ19yFEw=">AAACJnicbZC9TsMwFIWd8lfKX4GRxaJCYqqSCgnGCpYuSEWiBalpK8e9aazaTmQ7SFWUt+AheAZWmNkQYoM3wQ0dKHCm43uOZd8vSDjTxnXfndLS8srqWnm9srG5tb1T3d3r6jhVFDo05rG6DYgGziR0DDMcbhMFRAQcboLJxSy/uQOlWSyvzTSBviBjyUJGibGjYbUuhr5Mfc0E9kNFaDYdNHxO5JgDbvmqMINGnvkRMfgyH1Zrbt0thP8ab25qaK72sPrpj2KaCpCGcqJ1z3MT08+IMoxyyCt+qiEhdELG0LNWEgG6nxV75fgojBU2EeDi/LObEaH1VAS2I4iJ9O9sNvwv66UmPOtnTCapAUltxWZhyrGJ8QwPHjEF1PCpNYQqZn+JaUQsGGMhLryi7ToRjPKKZeL9JvDXdBt1z617Vye15vmcThkdoEN0jDx0ipqohdqogyi6R4/oCT07D86L8+q8fVdLzvzOPlqQ8/EFsJimSA==</latexit>
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<latexit sha1_base64="q5mDXkdmHkDE3EgjIo48VcbJVwU=">AAACF3icbVC7TsMwFHV4lvAqMDJgUSExlQRVgrGChQGkItGH1ITIcW9bq3YS2Q5SFXXkI/gGVpjZECsjI3+CUzrQljNcHd9zrnzvCRPOlHacL2thcWl5ZbWwZq9vbG5tF3d2GypOJYU6jXksWyFRwFkEdc00h1YigYiQQzMcXOZ68wGkYnF0p4cJ+IL0ItZllGjTCooHtn0TeFGKPcUEFnn1rs14h9xn7kllFBRLTtkZA88Td0JKaIJaUPz2OjFNBUSacqJU23US7WdEakY5jGwvVZAQOiA9aBsaEQHKz8aHjPBRN5ZY9wGP33+9GRFKDUVoPILovprV8uZ/WjvV3XM/Y1GSaoiosRitm3KsY5zngTtMAtV8aAihkpktMe0TSag2qU39osw5feiMbJOJO5vAPGmcll2n7N5WStWLSToFtI8O0TFy0RmqoitUQ3VE0SN6Ri/o1Xqy3qx36+PXumBNZvbQFKzPH60xnsw=</latexit><latexit sha1_base64="q5mDXkdmHkDE3EgjIo48VcbJVwU=">AAACF3icbVC7TsMwFHV4lvAqMDJgUSExlQRVgrGChQGkItGH1ITIcW9bq3YS2Q5SFXXkI/gGVpjZECsjI3+CUzrQljNcHd9zrnzvCRPOlHacL2thcWl5ZbWwZq9vbG5tF3d2GypOJYU6jXksWyFRwFkEdc00h1YigYiQQzMcXOZ68wGkYnF0p4cJ+IL0ItZllGjTCooHtn0TeFGKPcUEFnn1rs14h9xn7kllFBRLTtkZA88Td0JKaIJaUPz2OjFNBUSacqJU23US7WdEakY5jGwvVZAQOiA9aBsaEQHKz8aHjPBRN5ZY9wGP33+9GRFKDUVoPILovprV8uZ/WjvV3XM/Y1GSaoiosRitm3KsY5zngTtMAtV8aAihkpktMe0TSag2qU39osw5feiMbJOJO5vAPGmcll2n7N5WStWLSToFtI8O0TFy0RmqoitUQ3VE0SN6Ri/o1Xqy3qx36+PXumBNZvbQFKzPH60xnsw=</latexit><latexit sha1_base64="q5mDXkdmHkDE3EgjIo48VcbJVwU=">AAACF3icbVC7TsMwFHV4lvAqMDJgUSExlQRVgrGChQGkItGH1ITIcW9bq3YS2Q5SFXXkI/gGVpjZECsjI3+CUzrQljNcHd9zrnzvCRPOlHacL2thcWl5ZbWwZq9vbG5tF3d2GypOJYU6jXksWyFRwFkEdc00h1YigYiQQzMcXOZ68wGkYnF0p4cJ+IL0ItZllGjTCooHtn0TeFGKPcUEFnn1rs14h9xn7kllFBRLTtkZA88Td0JKaIJaUPz2OjFNBUSacqJU23US7WdEakY5jGwvVZAQOiA9aBsaEQHKz8aHjPBRN5ZY9wGP33+9GRFKDUVoPILovprV8uZ/WjvV3XM/Y1GSaoiosRitm3KsY5zngTtMAtV8aAihkpktMe0TSag2qU39osw5feiMbJOJO5vAPGmcll2n7N5WStWLSToFtI8O0TFy0RmqoitUQ3VE0SN6Ri/o1Xqy3qx36+PXumBNZvbQFKzPH60xnsw=</latexit><latexit sha1_base64="q5mDXkdmHkDE3EgjIo48VcbJVwU=">AAACF3icbVC7TsMwFHV4lvAqMDJgUSExlQRVgrGChQGkItGH1ITIcW9bq3YS2Q5SFXXkI/gGVpjZECsjI3+CUzrQljNcHd9zrnzvCRPOlHacL2thcWl5ZbWwZq9vbG5tF3d2GypOJYU6jXksWyFRwFkEdc00h1YigYiQQzMcXOZ68wGkYnF0p4cJ+IL0ItZllGjTCooHtn0TeFGKPcUEFnn1rs14h9xn7kllFBRLTtkZA88Td0JKaIJaUPz2OjFNBUSacqJU23US7WdEakY5jGwvVZAQOiA9aBsaEQHKz8aHjPBRN5ZY9wGP33+9GRFKDUVoPILovprV8uZ/WjvV3XM/Y1GSaoiosRitm3KsY5zngTtMAtV8aAihkpktMe0TSag2qU39osw5feiMbJOJO5vAPGmcll2n7N5WStWLSToFtI8O0TFy0RmqoitUQ3VE0SN6Ri/o1Xqy3qx36+PXumBNZvbQFKzPH60xnsw=</latexit>

(active)

(sterile)

M⌫ ⇠ m⌫
<latexit sha1_base64="3beaHY0/Su8JzhEMc/oF8wibQog=">AAACB3icbZC7TsMwFIadcivl0gAji0WFxFQlCAnGChYWpCLRi9REkeOetFbtJLIdpCrqA/AMrDCzIVYeg5E3wSkZaMuZPp//t845f5hyprTjfFmVtfWNza3qdm1nd2+/bh8cdlWSSQodmvBE9kOigLMYOpppDv1UAhEhh144uSn03iNIxZL4QU9T8AUZxSxilGjTCuz6XeDFmaeYwKKgwG44TWdeeBXcEhqorHZgf3vDhGYCYk05UWrgOqn2cyI1oxxmNS9TkBI6ISMYGIyJAOXn88Vn+DRKJNZjwPP3X29OhFJTERqPIHqslrWi+Z82yHR05ecsTjMNMTUWo0UZxzrBxf14yCRQzacGCJXMbInpmEhCtUlpYYoy54xhOKuZTNzlBFahe950naZ7f9FoXZfpVNExOkFnyEWXqIVuURt1EEUZekYv6NV6st6sd+vj11qxyj9HaKGszx9tJplq</latexit><latexit sha1_base64="3beaHY0/Su8JzhEMc/oF8wibQog=">AAACB3icbZC7TsMwFIadcivl0gAji0WFxFQlCAnGChYWpCLRi9REkeOetFbtJLIdpCrqA/AMrDCzIVYeg5E3wSkZaMuZPp//t845f5hyprTjfFmVtfWNza3qdm1nd2+/bh8cdlWSSQodmvBE9kOigLMYOpppDv1UAhEhh144uSn03iNIxZL4QU9T8AUZxSxilGjTCuz6XeDFmaeYwKKgwG44TWdeeBXcEhqorHZgf3vDhGYCYk05UWrgOqn2cyI1oxxmNS9TkBI6ISMYGIyJAOXn88Vn+DRKJNZjwPP3X29OhFJTERqPIHqslrWi+Z82yHR05ecsTjMNMTUWo0UZxzrBxf14yCRQzacGCJXMbInpmEhCtUlpYYoy54xhOKuZTNzlBFahe950naZ7f9FoXZfpVNExOkFnyEWXqIVuURt1EEUZekYv6NV6st6sd+vj11qxyj9HaKGszx9tJplq</latexit><latexit sha1_base64="3beaHY0/Su8JzhEMc/oF8wibQog=">AAACB3icbZC7TsMwFIadcivl0gAji0WFxFQlCAnGChYWpCLRi9REkeOetFbtJLIdpCrqA/AMrDCzIVYeg5E3wSkZaMuZPp//t845f5hyprTjfFmVtfWNza3qdm1nd2+/bh8cdlWSSQodmvBE9kOigLMYOpppDv1UAhEhh144uSn03iNIxZL4QU9T8AUZxSxilGjTCuz6XeDFmaeYwKKgwG44TWdeeBXcEhqorHZgf3vDhGYCYk05UWrgOqn2cyI1oxxmNS9TkBI6ISMYGIyJAOXn88Vn+DRKJNZjwPP3X29OhFJTERqPIHqslrWi+Z82yHR05ecsTjMNMTUWo0UZxzrBxf14yCRQzacGCJXMbInpmEhCtUlpYYoy54xhOKuZTNzlBFahe950naZ7f9FoXZfpVNExOkFnyEWXqIVuURt1EEUZekYv6NV6st6sd+vj11qxyj9HaKGszx9tJplq</latexit><latexit sha1_base64="3beaHY0/Su8JzhEMc/oF8wibQog=">AAACB3icbZC7TsMwFIadcivl0gAji0WFxFQlCAnGChYWpCLRi9REkeOetFbtJLIdpCrqA/AMrDCzIVYeg5E3wSkZaMuZPp//t845f5hyprTjfFmVtfWNza3qdm1nd2+/bh8cdlWSSQodmvBE9kOigLMYOpppDv1UAhEhh144uSn03iNIxZL4QU9T8AUZxSxilGjTCuz6XeDFmaeYwKKgwG44TWdeeBXcEhqorHZgf3vDhGYCYk05UWrgOqn2cyI1oxxmNS9TkBI6ISMYGIyJAOXn88Vn+DRKJNZjwPP3X29OhFJTERqPIHqslrWi+Z82yHR05ecsTjMNMTUWo0UZxzrBxf14yCRQzacGCJXMbInpmEhCtUlpYYoy54xhOKuZTNzlBFahe950naZ7f9FoXZfpVNExOkFnyEWXqIVuURt1EEUZekYv6NV6st6sd+vj11qxyj9HaKGszx9tJplq</latexit>
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There are many angles to explore in this scenario:

Nature of DM. Black holes? Tower? (See Dieter’s talk)

Neutrino tower predictions (see Eduardo Gonzalo’s parallel 
talk)

Signatures in Ultra-High-Energy Cosmic rays [Anchordoqui ’22]

Connection to the H0 tension?

On top of the most obvious, verifiable experimental 
prediction:  A large dark extra dimension of 

micrometer size, and a fundamental quantum gravity 
scale of 10^10 GeV.
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Hector devised a fascinating bottom-up algorithm, 
extrapolating from known examples, that predicted the 

existence of these string theories, without giving any clue about 
their stringy embedding.

This talk is about the stringy 
embedding of the theories Hector 

found. For an introduction to his 
techniques, see his parallel talk on 

Thursday.

Hector is a PhD student w. Mariana Graña & applying for 
postdocs this fall!
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But since C0 is periodic, 
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But since C0 is periodic, 



The new theories we found involve turning on discrete 
parameters that are often ignored in string model building.

Consider for instance type I as an O9 orientifold of IIB. 
The RR axion is mapped as 

C0 ! �C0
<latexit sha1_base64="tvJm8VfjHDmcwGN4QaKRVZA93G0=">AAACCnicbVC7TsNAEDzzDOFlQklzIkKiIbIREpQRaSiDRB5SYlnnyzo+5eyz7s5AZOUP+AZaqOkQLT9ByZ9wCS5IwlSzO7Pa3QlSzpR2nC9rZXVtfWOztFXe3tnd27cPKm0lMkmhRQUXshsQBZwl0NJMc+imEkgccOgEo8ZU79yDVEwkd3qcgheTYcJCRok2Ld+uNHynL9kw0kRK8XBmSt+uOjVnBrxM3IJUUYGmb3/3B4JmMSSacqJUz3VS7eVEakY5TMr9TEFK6IgMoWdoQmJQXj67fYJPQiGxjgDP6r/enMRKjePAeGKiI7WoTZv/ab1Mh1dezpI005BQYzFamHGsBZ5GgAdMAtV8bAihkpkrMY2IJFSboOa2KPNOBINJ2WTiLiawTNrnNdepubcX1fp1kU4JHaFjdIpcdInq6AY1UQtR9Iie0Qt6tZ6sN+vd+vi1rljFzCGag/X5AxN/mkM=</latexit><latexit sha1_base64="tvJm8VfjHDmcwGN4QaKRVZA93G0=">AAACCnicbVC7TsNAEDzzDOFlQklzIkKiIbIREpQRaSiDRB5SYlnnyzo+5eyz7s5AZOUP+AZaqOkQLT9ByZ9wCS5IwlSzO7Pa3QlSzpR2nC9rZXVtfWOztFXe3tnd27cPKm0lMkmhRQUXshsQBZwl0NJMc+imEkgccOgEo8ZU79yDVEwkd3qcgheTYcJCRok2Ld+uNHynL9kw0kRK8XBmSt+uOjVnBrxM3IJUUYGmb3/3B4JmMSSacqJUz3VS7eVEakY5TMr9TEFK6IgMoWdoQmJQXj67fYJPQiGxjgDP6r/enMRKjePAeGKiI7WoTZv/ab1Mh1dezpI005BQYzFamHGsBZ5GgAdMAtV8bAihkpkrMY2IJFSboOa2KPNOBINJ2WTiLiawTNrnNdepubcX1fp1kU4JHaFjdIpcdInq6AY1UQtR9Iie0Qt6tZ6sN+vd+vi1rljFzCGag/X5AxN/mkM=</latexit><latexit sha1_base64="tvJm8VfjHDmcwGN4QaKRVZA93G0=">AAACCnicbVC7TsNAEDzzDOFlQklzIkKiIbIREpQRaSiDRB5SYlnnyzo+5eyz7s5AZOUP+AZaqOkQLT9ByZ9wCS5IwlSzO7Pa3QlSzpR2nC9rZXVtfWOztFXe3tnd27cPKm0lMkmhRQUXshsQBZwl0NJMc+imEkgccOgEo8ZU79yDVEwkd3qcgheTYcJCRok2Ld+uNHynL9kw0kRK8XBmSt+uOjVnBrxM3IJUUYGmb3/3B4JmMSSacqJUz3VS7eVEakY5TMr9TEFK6IgMoWdoQmJQXj67fYJPQiGxjgDP6r/enMRKjePAeGKiI7WoTZv/ab1Mh1dezpI005BQYzFamHGsBZ5GgAdMAtV8bAihkpkrMY2IJFSboOa2KPNOBINJ2WTiLiawTNrnNdepubcX1fp1kU4JHaFjdIpcdInq6AY1UQtR9Iie0Qt6tZ6sN+vd+vi1rljFzCGag/X5AxN/mkM=</latexit><latexit sha1_base64="tvJm8VfjHDmcwGN4QaKRVZA93G0=">AAACCnicbVC7TsNAEDzzDOFlQklzIkKiIbIREpQRaSiDRB5SYlnnyzo+5eyz7s5AZOUP+AZaqOkQLT9ByZ9wCS5IwlSzO7Pa3QlSzpR2nC9rZXVtfWOztFXe3tnd27cPKm0lMkmhRQUXshsQBZwl0NJMc+imEkgccOgEo8ZU79yDVEwkd3qcgheTYcJCRok2Ld+uNHynL9kw0kRK8XBmSt+uOjVnBrxM3IJUUYGmb3/3B4JmMSSacqJUz3VS7eVEakY5TMr9TEFK6IgMoWdoQmJQXj67fYJPQiGxjgDP6r/enMRKjePAeGKiI7WoTZv/ab1Mh1dezpI005BQYzFamHGsBZ5GgAdMAtV8bAihkpkrMY2IJFSboOa2KPNOBINJ2WTiLiawTNrnNdepubcX1fp1kU4JHaFjdIpcdInq6AY1UQtR9Iie0Qt6tZ6sN+vd+vi1rljFzCGag/X5AxN/mkM=</latexit>

under the orientifold. So we usually set it to zero.

C0 ⇠ C0 + 1
<latexit sha1_base64="g/7Ec66OTqtA+FQ7GNEFyxwItsA=">AAACA3icbVA9TwJBEJ3DL8Qv1NJmIzExMSF3xkRLIo0lJgImcCF7yxy3Yffu3N0zIYTS32CrtZ2x9YdY+k9c8AoBXzNv5r3NzrwgFVwb1/1yCiura+sbxc3S1vbO7l55/6Clk0wxbLJEJOo+oBoFj7FpuBF4nyqkMhDYDob1qd5+RKV5Et+ZUYq+pIOYh5xRY0d+ved2NZfE1jOvV664VXcGsky8nFQgR6NX/u72E5ZJjA0TVOuO56bGH1NlOBM4KXUzjSllQzrAjqUxlaj98WzpCTkJE0VMhGTW//WOqdR6JAPrkdREelGbDv/TOpkJr/wxj9PMYMysxWphJohJyPR20ucKmREjSyhT3G5JWEQVZcYmNPeLtudE2J+UbCbeYgLLpHVe9dyqd3tRqV3n6RThCI7hFDy4hBrcQAOawOABnuEFXp0n5815dz5+rQUnf3MIc3A+fwCEO5cv</latexit><latexit sha1_base64="g/7Ec66OTqtA+FQ7GNEFyxwItsA=">AAACA3icbVA9TwJBEJ3DL8Qv1NJmIzExMSF3xkRLIo0lJgImcCF7yxy3Yffu3N0zIYTS32CrtZ2x9YdY+k9c8AoBXzNv5r3NzrwgFVwb1/1yCiura+sbxc3S1vbO7l55/6Clk0wxbLJEJOo+oBoFj7FpuBF4nyqkMhDYDob1qd5+RKV5Et+ZUYq+pIOYh5xRY0d+ved2NZfE1jOvV664VXcGsky8nFQgR6NX/u72E5ZJjA0TVOuO56bGH1NlOBM4KXUzjSllQzrAjqUxlaj98WzpCTkJE0VMhGTW//WOqdR6JAPrkdREelGbDv/TOpkJr/wxj9PMYMysxWphJohJyPR20ucKmREjSyhT3G5JWEQVZcYmNPeLtudE2J+UbCbeYgLLpHVe9dyqd3tRqV3n6RThCI7hFDy4hBrcQAOawOABnuEFXp0n5815dz5+rQUnf3MIc3A+fwCEO5cv</latexit><latexit sha1_base64="g/7Ec66OTqtA+FQ7GNEFyxwItsA=">AAACA3icbVA9TwJBEJ3DL8Qv1NJmIzExMSF3xkRLIo0lJgImcCF7yxy3Yffu3N0zIYTS32CrtZ2x9YdY+k9c8AoBXzNv5r3NzrwgFVwb1/1yCiura+sbxc3S1vbO7l55/6Clk0wxbLJEJOo+oBoFj7FpuBF4nyqkMhDYDob1qd5+RKV5Et+ZUYq+pIOYh5xRY0d+ved2NZfE1jOvV664VXcGsky8nFQgR6NX/u72E5ZJjA0TVOuO56bGH1NlOBM4KXUzjSllQzrAjqUxlaj98WzpCTkJE0VMhGTW//WOqdR6JAPrkdREelGbDv/TOpkJr/wxj9PMYMysxWphJohJyPR20ucKmREjSyhT3G5JWEQVZcYmNPeLtudE2J+UbCbeYgLLpHVe9dyqd3tRqV3n6RThCI7hFDy4hBrcQAOawOABnuEFXp0n5815dz5+rQUnf3MIc3A+fwCEO5cv</latexit><latexit sha1_base64="g/7Ec66OTqtA+FQ7GNEFyxwItsA=">AAACA3icbVA9TwJBEJ3DL8Qv1NJmIzExMSF3xkRLIo0lJgImcCF7yxy3Yffu3N0zIYTS32CrtZ2x9YdY+k9c8AoBXzNv5r3NzrwgFVwb1/1yCiura+sbxc3S1vbO7l55/6Clk0wxbLJEJOo+oBoFj7FpuBF4nyqkMhDYDob1qd5+RKV5Et+ZUYq+pIOYh5xRY0d+ved2NZfE1jOvV664VXcGsky8nFQgR6NX/u72E5ZJjA0TVOuO56bGH1NlOBM4KXUzjSllQzrAjqUxlaj98WzpCTkJE0VMhGTW//WOqdR6JAPrkdREelGbDv/TOpkJr/wxj9PMYMysxWphJohJyPR20ucKmREjSyhT3G5JWEQVZcYmNPeLtudE2J+UbCbeYgLLpHVe9dyqd3tRqV3n6RThCI7hFDy4hBrcQAOawOABnuEFXp0n5815dz5+rQUnf3MIc3A+fwCEO5cv</latexit>

C0 ⇠ 1

2
<latexit sha1_base64="erx5kj8xLAvzuLw/uenJQ1nkLf8=">AAACB3icbVC7TsMwFHV4lvJogJHFokJiqpIKCcaKLoxFog+piSLHvWms2klkO0hV1A/gG1hhZkOsfAYjf4JbMtCWMx3fc6x7zwkzzpR2nC9rY3Nre2e3slfdPzg8qtnHJz2V5pJCl6Y8lYOQKOAsga5mmsMgk0BEyKEfTtpzvf8IUrE0edDTDHxBxgmLGCXajAK71g4cTzGBvUgS6jYDu+40nAXwOnFLUkclOoH97Y1SmgtINOVEqaHrZNoviNSMcphVvVxBRuiEjGFoaEIEKL9YHD7DF1EqsY4BL95/vQURSk1FaDyC6FitavPhf9ow19GNX7AkyzUk1FiMFuUc6xTP8+MRk0A1nxpCqGTmSkxjYrJr09LSFmXixDCaVU0n7moD66TXbLhOw72/qrduy3Yq6Aydo0vkomvUQneog7qIohw9oxf0aj1Zb9a79fFr3bDKP6doCdbnDyxfmKE=</latexit><latexit sha1_base64="erx5kj8xLAvzuLw/uenJQ1nkLf8=">AAACB3icbVC7TsMwFHV4lvJogJHFokJiqpIKCcaKLoxFog+piSLHvWms2klkO0hV1A/gG1hhZkOsfAYjf4JbMtCWMx3fc6x7zwkzzpR2nC9rY3Nre2e3slfdPzg8qtnHJz2V5pJCl6Y8lYOQKOAsga5mmsMgk0BEyKEfTtpzvf8IUrE0edDTDHxBxgmLGCXajAK71g4cTzGBvUgS6jYDu+40nAXwOnFLUkclOoH97Y1SmgtINOVEqaHrZNoviNSMcphVvVxBRuiEjGFoaEIEKL9YHD7DF1EqsY4BL95/vQURSk1FaDyC6FitavPhf9ow19GNX7AkyzUk1FiMFuUc6xTP8+MRk0A1nxpCqGTmSkxjYrJr09LSFmXixDCaVU0n7moD66TXbLhOw72/qrduy3Yq6Aydo0vkomvUQneog7qIohw9oxf0aj1Zb9a79fFr3bDKP6doCdbnDyxfmKE=</latexit><latexit sha1_base64="erx5kj8xLAvzuLw/uenJQ1nkLf8=">AAACB3icbVC7TsMwFHV4lvJogJHFokJiqpIKCcaKLoxFog+piSLHvWms2klkO0hV1A/gG1hhZkOsfAYjf4JbMtCWMx3fc6x7zwkzzpR2nC9rY3Nre2e3slfdPzg8qtnHJz2V5pJCl6Y8lYOQKOAsga5mmsMgk0BEyKEfTtpzvf8IUrE0edDTDHxBxgmLGCXajAK71g4cTzGBvUgS6jYDu+40nAXwOnFLUkclOoH97Y1SmgtINOVEqaHrZNoviNSMcphVvVxBRuiEjGFoaEIEKL9YHD7DF1EqsY4BL95/vQURSk1FaDyC6FitavPhf9ow19GNX7AkyzUk1FiMFuUc6xTP8+MRk0A1nxpCqGTmSkxjYrJr09LSFmXixDCaVU0n7moD66TXbLhOw72/qrduy3Yq6Aydo0vkomvUQneog7qIohw9oxf0aj1Zb9a79fFr3bDKP6doCdbnDyxfmKE=</latexit><latexit sha1_base64="erx5kj8xLAvzuLw/uenJQ1nkLf8=">AAACB3icbVC7TsMwFHV4lvJogJHFokJiqpIKCcaKLoxFog+piSLHvWms2klkO0hV1A/gG1hhZkOsfAYjf4JbMtCWMx3fc6x7zwkzzpR2nC9rY3Nre2e3slfdPzg8qtnHJz2V5pJCl6Y8lYOQKOAsga5mmsMgk0BEyKEfTtpzvf8IUrE0edDTDHxBxgmLGCXajAK71g4cTzGBvUgS6jYDu+40nAXwOnFLUkclOoH97Y1SmgtINOVEqaHrZNoviNSMcphVvVxBRuiEjGFoaEIEKL9YHD7DF1EqsY4BL95/vQURSk1FaDyC6FitavPhf9ow19GNX7AkyzUk1FiMFuUc6xTP8+MRk0A1nxpCqGTmSkxjYrJr09LSFmXixDCaVU0n7moD66TXbLhOw72/qrduy3Yq6Aydo0vkomvUQneog7qIohw9oxf0aj1Zb9a79fFr3bDKP6doCdbnDyxfmKE=</latexit>

But since C0 is periodic, 

we can also set



The new theories we found involve turning on discrete 
parameters that are often ignored in string model building.

Consider for instance type I as an O9 orientifold of IIB. 
The RR axion is mapped as 

C0 ! �C0
<latexit sha1_base64="tvJm8VfjHDmcwGN4QaKRVZA93G0=">AAACCnicbVC7TsNAEDzzDOFlQklzIkKiIbIREpQRaSiDRB5SYlnnyzo+5eyz7s5AZOUP+AZaqOkQLT9ByZ9wCS5IwlSzO7Pa3QlSzpR2nC9rZXVtfWOztFXe3tnd27cPKm0lMkmhRQUXshsQBZwl0NJMc+imEkgccOgEo8ZU79yDVEwkd3qcgheTYcJCRok2Ld+uNHynL9kw0kRK8XBmSt+uOjVnBrxM3IJUUYGmb3/3B4JmMSSacqJUz3VS7eVEakY5TMr9TEFK6IgMoWdoQmJQXj67fYJPQiGxjgDP6r/enMRKjePAeGKiI7WoTZv/ab1Mh1dezpI005BQYzFamHGsBZ5GgAdMAtV8bAihkpkrMY2IJFSboOa2KPNOBINJ2WTiLiawTNrnNdepubcX1fp1kU4JHaFjdIpcdInq6AY1UQtR9Iie0Qt6tZ6sN+vd+vi1rljFzCGag/X5AxN/mkM=</latexit><latexit sha1_base64="tvJm8VfjHDmcwGN4QaKRVZA93G0=">AAACCnicbVC7TsNAEDzzDOFlQklzIkKiIbIREpQRaSiDRB5SYlnnyzo+5eyz7s5AZOUP+AZaqOkQLT9ByZ9wCS5IwlSzO7Pa3QlSzpR2nC9rZXVtfWOztFXe3tnd27cPKm0lMkmhRQUXshsQBZwl0NJMc+imEkgccOgEo8ZU79yDVEwkd3qcgheTYcJCRok2Ld+uNHynL9kw0kRK8XBmSt+uOjVnBrxM3IJUUYGmb3/3B4JmMSSacqJUz3VS7eVEakY5TMr9TEFK6IgMoWdoQmJQXj67fYJPQiGxjgDP6r/enMRKjePAeGKiI7WoTZv/ab1Mh1dezpI005BQYzFamHGsBZ5GgAdMAtV8bAihkpkrMY2IJFSboOa2KPNOBINJ2WTiLiawTNrnNdepubcX1fp1kU4JHaFjdIpcdInq6AY1UQtR9Iie0Qt6tZ6sN+vd+vi1rljFzCGag/X5AxN/mkM=</latexit><latexit sha1_base64="tvJm8VfjHDmcwGN4QaKRVZA93G0=">AAACCnicbVC7TsNAEDzzDOFlQklzIkKiIbIREpQRaSiDRB5SYlnnyzo+5eyz7s5AZOUP+AZaqOkQLT9ByZ9wCS5IwlSzO7Pa3QlSzpR2nC9rZXVtfWOztFXe3tnd27cPKm0lMkmhRQUXshsQBZwl0NJMc+imEkgccOgEo8ZU79yDVEwkd3qcgheTYcJCRok2Ld+uNHynL9kw0kRK8XBmSt+uOjVnBrxM3IJUUYGmb3/3B4JmMSSacqJUz3VS7eVEakY5TMr9TEFK6IgMoWdoQmJQXj67fYJPQiGxjgDP6r/enMRKjePAeGKiI7WoTZv/ab1Mh1dezpI005BQYzFamHGsBZ5GgAdMAtV8bAihkpkrMY2IJFSboOa2KPNOBINJ2WTiLiawTNrnNdepubcX1fp1kU4JHaFjdIpcdInq6AY1UQtR9Iie0Qt6tZ6sN+vd+vi1rljFzCGag/X5AxN/mkM=</latexit><latexit sha1_base64="tvJm8VfjHDmcwGN4QaKRVZA93G0=">AAACCnicbVC7TsNAEDzzDOFlQklzIkKiIbIREpQRaSiDRB5SYlnnyzo+5eyz7s5AZOUP+AZaqOkQLT9ByZ9wCS5IwlSzO7Pa3QlSzpR2nC9rZXVtfWOztFXe3tnd27cPKm0lMkmhRQUXshsQBZwl0NJMc+imEkgccOgEo8ZU79yDVEwkd3qcgheTYcJCRok2Ld+uNHynL9kw0kRK8XBmSt+uOjVnBrxM3IJUUYGmb3/3B4JmMSSacqJUz3VS7eVEakY5TMr9TEFK6IgMoWdoQmJQXj67fYJPQiGxjgDP6r/enMRKjePAeGKiI7WoTZv/ab1Mh1dezpI005BQYzFamHGsBZ5GgAdMAtV8bAihkpkrMY2IJFSboOa2KPNOBINJ2WTiLiawTNrnNdepubcX1fp1kU4JHaFjdIpcdInq6AY1UQtR9Iie0Qt6tZ6sN+vd+vi1rljFzCGag/X5AxN/mkM=</latexit>

under the orientifold. So we usually set it to zero.

C0 ⇠ C0 + 1
<latexit sha1_base64="g/7Ec66OTqtA+FQ7GNEFyxwItsA=">AAACA3icbVA9TwJBEJ3DL8Qv1NJmIzExMSF3xkRLIo0lJgImcCF7yxy3Yffu3N0zIYTS32CrtZ2x9YdY+k9c8AoBXzNv5r3NzrwgFVwb1/1yCiura+sbxc3S1vbO7l55/6Clk0wxbLJEJOo+oBoFj7FpuBF4nyqkMhDYDob1qd5+RKV5Et+ZUYq+pIOYh5xRY0d+ved2NZfE1jOvV664VXcGsky8nFQgR6NX/u72E5ZJjA0TVOuO56bGH1NlOBM4KXUzjSllQzrAjqUxlaj98WzpCTkJE0VMhGTW//WOqdR6JAPrkdREelGbDv/TOpkJr/wxj9PMYMysxWphJohJyPR20ucKmREjSyhT3G5JWEQVZcYmNPeLtudE2J+UbCbeYgLLpHVe9dyqd3tRqV3n6RThCI7hFDy4hBrcQAOawOABnuEFXp0n5815dz5+rQUnf3MIc3A+fwCEO5cv</latexit><latexit sha1_base64="g/7Ec66OTqtA+FQ7GNEFyxwItsA=">AAACA3icbVA9TwJBEJ3DL8Qv1NJmIzExMSF3xkRLIo0lJgImcCF7yxy3Yffu3N0zIYTS32CrtZ2x9YdY+k9c8AoBXzNv5r3NzrwgFVwb1/1yCiura+sbxc3S1vbO7l55/6Clk0wxbLJEJOo+oBoFj7FpuBF4nyqkMhDYDob1qd5+RKV5Et+ZUYq+pIOYh5xRY0d+ved2NZfE1jOvV664VXcGsky8nFQgR6NX/u72E5ZJjA0TVOuO56bGH1NlOBM4KXUzjSllQzrAjqUxlaj98WzpCTkJE0VMhGTW//WOqdR6JAPrkdREelGbDv/TOpkJr/wxj9PMYMysxWphJohJyPR20ucKmREjSyhT3G5JWEQVZcYmNPeLtudE2J+UbCbeYgLLpHVe9dyqd3tRqV3n6RThCI7hFDy4hBrcQAOawOABnuEFXp0n5815dz5+rQUnf3MIc3A+fwCEO5cv</latexit><latexit sha1_base64="g/7Ec66OTqtA+FQ7GNEFyxwItsA=">AAACA3icbVA9TwJBEJ3DL8Qv1NJmIzExMSF3xkRLIo0lJgImcCF7yxy3Yffu3N0zIYTS32CrtZ2x9YdY+k9c8AoBXzNv5r3NzrwgFVwb1/1yCiura+sbxc3S1vbO7l55/6Clk0wxbLJEJOo+oBoFj7FpuBF4nyqkMhDYDob1qd5+RKV5Et+ZUYq+pIOYh5xRY0d+ved2NZfE1jOvV664VXcGsky8nFQgR6NX/u72E5ZJjA0TVOuO56bGH1NlOBM4KXUzjSllQzrAjqUxlaj98WzpCTkJE0VMhGTW//WOqdR6JAPrkdREelGbDv/TOpkJr/wxj9PMYMysxWphJohJyPR20ucKmREjSyhT3G5JWEQVZcYmNPeLtudE2J+UbCbeYgLLpHVe9dyqd3tRqV3n6RThCI7hFDy4hBrcQAOawOABnuEFXp0n5815dz5+rQUnf3MIc3A+fwCEO5cv</latexit><latexit sha1_base64="g/7Ec66OTqtA+FQ7GNEFyxwItsA=">AAACA3icbVA9TwJBEJ3DL8Qv1NJmIzExMSF3xkRLIo0lJgImcCF7yxy3Yffu3N0zIYTS32CrtZ2x9YdY+k9c8AoBXzNv5r3NzrwgFVwb1/1yCiura+sbxc3S1vbO7l55/6Clk0wxbLJEJOo+oBoFj7FpuBF4nyqkMhDYDob1qd5+RKV5Et+ZUYq+pIOYh5xRY0d+ved2NZfE1jOvV664VXcGsky8nFQgR6NX/u72E5ZJjA0TVOuO56bGH1NlOBM4KXUzjSllQzrAjqUxlaj98WzpCTkJE0VMhGTW//WOqdR6JAPrkdREelGbDv/TOpkJr/wxj9PMYMysxWphJohJyPR20ucKmREjSyhT3G5JWEQVZcYmNPeLtudE2J+UbCbeYgLLpHVe9dyqd3tRqV3n6RThCI7hFDy4hBrcQAOawOABnuEFXp0n5815dz5+rQUnf3MIc3A+fwCEO5cv</latexit>

C0 ⇠ 1

2
<latexit sha1_base64="erx5kj8xLAvzuLw/uenJQ1nkLf8=">AAACB3icbVC7TsMwFHV4lvJogJHFokJiqpIKCcaKLoxFog+piSLHvWms2klkO0hV1A/gG1hhZkOsfAYjf4JbMtCWMx3fc6x7zwkzzpR2nC9rY3Nre2e3slfdPzg8qtnHJz2V5pJCl6Y8lYOQKOAsga5mmsMgk0BEyKEfTtpzvf8IUrE0edDTDHxBxgmLGCXajAK71g4cTzGBvUgS6jYDu+40nAXwOnFLUkclOoH97Y1SmgtINOVEqaHrZNoviNSMcphVvVxBRuiEjGFoaEIEKL9YHD7DF1EqsY4BL95/vQURSk1FaDyC6FitavPhf9ow19GNX7AkyzUk1FiMFuUc6xTP8+MRk0A1nxpCqGTmSkxjYrJr09LSFmXixDCaVU0n7moD66TXbLhOw72/qrduy3Yq6Aydo0vkomvUQneog7qIohw9oxf0aj1Zb9a79fFr3bDKP6doCdbnDyxfmKE=</latexit><latexit sha1_base64="erx5kj8xLAvzuLw/uenJQ1nkLf8=">AAACB3icbVC7TsMwFHV4lvJogJHFokJiqpIKCcaKLoxFog+piSLHvWms2klkO0hV1A/gG1hhZkOsfAYjf4JbMtCWMx3fc6x7zwkzzpR2nC9rY3Nre2e3slfdPzg8qtnHJz2V5pJCl6Y8lYOQKOAsga5mmsMgk0BEyKEfTtpzvf8IUrE0edDTDHxBxgmLGCXajAK71g4cTzGBvUgS6jYDu+40nAXwOnFLUkclOoH97Y1SmgtINOVEqaHrZNoviNSMcphVvVxBRuiEjGFoaEIEKL9YHD7DF1EqsY4BL95/vQURSk1FaDyC6FitavPhf9ow19GNX7AkyzUk1FiMFuUc6xTP8+MRk0A1nxpCqGTmSkxjYrJr09LSFmXixDCaVU0n7moD66TXbLhOw72/qrduy3Yq6Aydo0vkomvUQneog7qIohw9oxf0aj1Zb9a79fFr3bDKP6doCdbnDyxfmKE=</latexit><latexit sha1_base64="erx5kj8xLAvzuLw/uenJQ1nkLf8=">AAACB3icbVC7TsMwFHV4lvJogJHFokJiqpIKCcaKLoxFog+piSLHvWms2klkO0hV1A/gG1hhZkOsfAYjf4JbMtCWMx3fc6x7zwkzzpR2nC9rY3Nre2e3slfdPzg8qtnHJz2V5pJCl6Y8lYOQKOAsga5mmsMgk0BEyKEfTtpzvf8IUrE0edDTDHxBxgmLGCXajAK71g4cTzGBvUgS6jYDu+40nAXwOnFLUkclOoH97Y1SmgtINOVEqaHrZNoviNSMcphVvVxBRuiEjGFoaEIEKL9YHD7DF1EqsY4BL95/vQURSk1FaDyC6FitavPhf9ow19GNX7AkyzUk1FiMFuUc6xTP8+MRk0A1nxpCqGTmSkxjYrJr09LSFmXixDCaVU0n7moD66TXbLhOw72/qrduy3Yq6Aydo0vkomvUQneog7qIohw9oxf0aj1Zb9a79fFr3bDKP6doCdbnDyxfmKE=</latexit><latexit sha1_base64="erx5kj8xLAvzuLw/uenJQ1nkLf8=">AAACB3icbVC7TsMwFHV4lvJogJHFokJiqpIKCcaKLoxFog+piSLHvWms2klkO0hV1A/gG1hhZkOsfAYjf4JbMtCWMx3fc6x7zwkzzpR2nC9rY3Nre2e3slfdPzg8qtnHJz2V5pJCl6Y8lYOQKOAsga5mmsMgk0BEyKEfTtpzvf8IUrE0edDTDHxBxgmLGCXajAK71g4cTzGBvUgS6jYDu+40nAXwOnFLUkclOoH97Y1SmgtINOVEqaHrZNoviNSMcphVvVxBRuiEjGFoaEIEKL9YHD7DF1EqsY4BL95/vQURSk1FaDyC6FitavPhf9ow19GNX7AkyzUk1FiMFuUc6xTP8+MRk0A1nxpCqGTmSkxjYrJr09LSFmXixDCaVU0n7moD66TXbLhOw72/qrduy3Yq6Aydo0vkomvUQneog7qIohw9oxf0aj1Zb9a79fFr3bDKP6doCdbnDyxfmKE=</latexit>

But since C0 is periodic, 

we can also set since �1

2
=

1

2
+ 1.

<latexit sha1_base64="OP17vYgWhzzmJEl+6LTO513W+F0=">AAACC3icbVDLSgMxFM34rPU12qWbYBEEcZgUQTdC0Y3LCvYB7VAy6Z1OaOZBkhHK0E/wG9zq2p249SNc+iemdRa29WzuufeckHuPnwqutOt+WSura+sbm6Wt8vbO7t6+fXDYUkkmGTRZIhLZ8akCwWNoaq4FdFIJNPIFtP3R7VRvP4JUPIkf9DgFL6LDmAecUW1Gfbty3gskZaR2XdQz4vTtquu4M+BlQgpSRQUaffu7N0hYFkGsmaBKdYmbai+nUnMmYFLuZQpSykZ0CF1DYxqB8vLZ8hN8EiQS6xDwrP/rzWmk1DjyjSeiOlSL2nT4n9bNdHDl5TxOMw0xMxajBZnAOsHTDPCAS2BajA2hTHKzJWYhNedrk9TcL8qcE8JgUjaZkMUElkmr5hDXIfcX1fpNkU4JHaFjdIoIukR1dIcaqIkYGqNn9IJerSfrzXq3Pn6tK1bxpoLmYH3+APbHmYE=</latexit><latexit sha1_base64="OP17vYgWhzzmJEl+6LTO513W+F0=">AAACC3icbVDLSgMxFM34rPU12qWbYBEEcZgUQTdC0Y3LCvYB7VAy6Z1OaOZBkhHK0E/wG9zq2p249SNc+iemdRa29WzuufeckHuPnwqutOt+WSura+sbm6Wt8vbO7t6+fXDYUkkmGTRZIhLZ8akCwWNoaq4FdFIJNPIFtP3R7VRvP4JUPIkf9DgFL6LDmAecUW1Gfbty3gskZaR2XdQz4vTtquu4M+BlQgpSRQUaffu7N0hYFkGsmaBKdYmbai+nUnMmYFLuZQpSykZ0CF1DYxqB8vLZ8hN8EiQS6xDwrP/rzWmk1DjyjSeiOlSL2nT4n9bNdHDl5TxOMw0xMxajBZnAOsHTDPCAS2BajA2hTHKzJWYhNedrk9TcL8qcE8JgUjaZkMUElkmr5hDXIfcX1fpNkU4JHaFjdIoIukR1dIcaqIkYGqNn9IJerSfrzXq3Pn6tK1bxpoLmYH3+APbHmYE=</latexit><latexit sha1_base64="OP17vYgWhzzmJEl+6LTO513W+F0=">AAACC3icbVDLSgMxFM34rPU12qWbYBEEcZgUQTdC0Y3LCvYB7VAy6Z1OaOZBkhHK0E/wG9zq2p249SNc+iemdRa29WzuufeckHuPnwqutOt+WSura+sbm6Wt8vbO7t6+fXDYUkkmGTRZIhLZ8akCwWNoaq4FdFIJNPIFtP3R7VRvP4JUPIkf9DgFL6LDmAecUW1Gfbty3gskZaR2XdQz4vTtquu4M+BlQgpSRQUaffu7N0hYFkGsmaBKdYmbai+nUnMmYFLuZQpSykZ0CF1DYxqB8vLZ8hN8EiQS6xDwrP/rzWmk1DjyjSeiOlSL2nT4n9bNdHDl5TxOMw0xMxajBZnAOsHTDPCAS2BajA2hTHKzJWYhNedrk9TcL8qcE8JgUjaZkMUElkmr5hDXIfcX1fpNkU4JHaFjdIoIukR1dIcaqIkYGqNn9IJerSfrzXq3Pn6tK1bxpoLmYH3+APbHmYE=</latexit><latexit sha1_base64="OP17vYgWhzzmJEl+6LTO513W+F0=">AAACC3icbVDLSgMxFM34rPU12qWbYBEEcZgUQTdC0Y3LCvYB7VAy6Z1OaOZBkhHK0E/wG9zq2p249SNc+iemdRa29WzuufeckHuPnwqutOt+WSura+sbm6Wt8vbO7t6+fXDYUkkmGTRZIhLZ8akCwWNoaq4FdFIJNPIFtP3R7VRvP4JUPIkf9DgFL6LDmAecUW1Gfbty3gskZaR2XdQz4vTtquu4M+BlQgpSRQUaffu7N0hYFkGsmaBKdYmbai+nUnMmYFLuZQpSykZ0CF1DYxqB8vLZ8hN8EiQS6xDwrP/rzWmk1DjyjSeiOlSL2nT4n9bNdHDl5TxOMw0xMxajBZnAOsHTDPCAS2BajA2hTHKzJWYhNedrk9TcL8qcE8JgUjaZkMUElkmr5hDXIfcX1fpNkU4JHaFjdIoIukR1dIcaqIkYGqNn9IJerSfrzXq3Pn6tK1bxpoLmYH3+APbHmYE=</latexit>



The new theories we found involve turning on discrete 
parameters that are often ignored in string model building.

Consider for instance type I as an O9 orientifold of IIB. 
The RR axion is mapped as 

C0 ! �C0
<latexit sha1_base64="tvJm8VfjHDmcwGN4QaKRVZA93G0=">AAACCnicbVC7TsNAEDzzDOFlQklzIkKiIbIREpQRaSiDRB5SYlnnyzo+5eyz7s5AZOUP+AZaqOkQLT9ByZ9wCS5IwlSzO7Pa3QlSzpR2nC9rZXVtfWOztFXe3tnd27cPKm0lMkmhRQUXshsQBZwl0NJMc+imEkgccOgEo8ZU79yDVEwkd3qcgheTYcJCRok2Ld+uNHynL9kw0kRK8XBmSt+uOjVnBrxM3IJUUYGmb3/3B4JmMSSacqJUz3VS7eVEakY5TMr9TEFK6IgMoWdoQmJQXj67fYJPQiGxjgDP6r/enMRKjePAeGKiI7WoTZv/ab1Mh1dezpI005BQYzFamHGsBZ5GgAdMAtV8bAihkpkrMY2IJFSboOa2KPNOBINJ2WTiLiawTNrnNdepubcX1fp1kU4JHaFjdIpcdInq6AY1UQtR9Iie0Qt6tZ6sN+vd+vi1rljFzCGag/X5AxN/mkM=</latexit><latexit sha1_base64="tvJm8VfjHDmcwGN4QaKRVZA93G0=">AAACCnicbVC7TsNAEDzzDOFlQklzIkKiIbIREpQRaSiDRB5SYlnnyzo+5eyz7s5AZOUP+AZaqOkQLT9ByZ9wCS5IwlSzO7Pa3QlSzpR2nC9rZXVtfWOztFXe3tnd27cPKm0lMkmhRQUXshsQBZwl0NJMc+imEkgccOgEo8ZU79yDVEwkd3qcgheTYcJCRok2Ld+uNHynL9kw0kRK8XBmSt+uOjVnBrxM3IJUUYGmb3/3B4JmMSSacqJUz3VS7eVEakY5TMr9TEFK6IgMoWdoQmJQXj67fYJPQiGxjgDP6r/enMRKjePAeGKiI7WoTZv/ab1Mh1dezpI005BQYzFamHGsBZ5GgAdMAtV8bAihkpkrMY2IJFSboOa2KPNOBINJ2WTiLiawTNrnNdepubcX1fp1kU4JHaFjdIpcdInq6AY1UQtR9Iie0Qt6tZ6sN+vd+vi1rljFzCGag/X5AxN/mkM=</latexit><latexit sha1_base64="tvJm8VfjHDmcwGN4QaKRVZA93G0=">AAACCnicbVC7TsNAEDzzDOFlQklzIkKiIbIREpQRaSiDRB5SYlnnyzo+5eyz7s5AZOUP+AZaqOkQLT9ByZ9wCS5IwlSzO7Pa3QlSzpR2nC9rZXVtfWOztFXe3tnd27cPKm0lMkmhRQUXshsQBZwl0NJMc+imEkgccOgEo8ZU79yDVEwkd3qcgheTYcJCRok2Ld+uNHynL9kw0kRK8XBmSt+uOjVnBrxM3IJUUYGmb3/3B4JmMSSacqJUz3VS7eVEakY5TMr9TEFK6IgMoWdoQmJQXj67fYJPQiGxjgDP6r/enMRKjePAeGKiI7WoTZv/ab1Mh1dezpI005BQYzFamHGsBZ5GgAdMAtV8bAihkpkrMY2IJFSboOa2KPNOBINJ2WTiLiawTNrnNdepubcX1fp1kU4JHaFjdIpcdInq6AY1UQtR9Iie0Qt6tZ6sN+vd+vi1rljFzCGag/X5AxN/mkM=</latexit><latexit sha1_base64="tvJm8VfjHDmcwGN4QaKRVZA93G0=">AAACCnicbVC7TsNAEDzzDOFlQklzIkKiIbIREpQRaSiDRB5SYlnnyzo+5eyz7s5AZOUP+AZaqOkQLT9ByZ9wCS5IwlSzO7Pa3QlSzpR2nC9rZXVtfWOztFXe3tnd27cPKm0lMkmhRQUXshsQBZwl0NJMc+imEkgccOgEo8ZU79yDVEwkd3qcgheTYcJCRok2Ld+uNHynL9kw0kRK8XBmSt+uOjVnBrxM3IJUUYGmb3/3B4JmMSSacqJUz3VS7eVEakY5TMr9TEFK6IgMoWdoQmJQXj67fYJPQiGxjgDP6r/enMRKjePAeGKiI7WoTZv/ab1Mh1dezpI005BQYzFamHGsBZ5GgAdMAtV8bAihkpkrMY2IJFSboOa2KPNOBINJ2WTiLiawTNrnNdepubcX1fp1kU4JHaFjdIpcdInq6AY1UQtR9Iie0Qt6tZ6sN+vd+vi1rljFzCGag/X5AxN/mkM=</latexit>

under the orientifold. So we usually set it to zero.

C0 ⇠ C0 + 1
<latexit sha1_base64="g/7Ec66OTqtA+FQ7GNEFyxwItsA=">AAACA3icbVA9TwJBEJ3DL8Qv1NJmIzExMSF3xkRLIo0lJgImcCF7yxy3Yffu3N0zIYTS32CrtZ2x9YdY+k9c8AoBXzNv5r3NzrwgFVwb1/1yCiura+sbxc3S1vbO7l55/6Clk0wxbLJEJOo+oBoFj7FpuBF4nyqkMhDYDob1qd5+RKV5Et+ZUYq+pIOYh5xRY0d+ved2NZfE1jOvV664VXcGsky8nFQgR6NX/u72E5ZJjA0TVOuO56bGH1NlOBM4KXUzjSllQzrAjqUxlaj98WzpCTkJE0VMhGTW//WOqdR6JAPrkdREelGbDv/TOpkJr/wxj9PMYMysxWphJohJyPR20ucKmREjSyhT3G5JWEQVZcYmNPeLtudE2J+UbCbeYgLLpHVe9dyqd3tRqV3n6RThCI7hFDy4hBrcQAOawOABnuEFXp0n5815dz5+rQUnf3MIc3A+fwCEO5cv</latexit><latexit sha1_base64="g/7Ec66OTqtA+FQ7GNEFyxwItsA=">AAACA3icbVA9TwJBEJ3DL8Qv1NJmIzExMSF3xkRLIo0lJgImcCF7yxy3Yffu3N0zIYTS32CrtZ2x9YdY+k9c8AoBXzNv5r3NzrwgFVwb1/1yCiura+sbxc3S1vbO7l55/6Clk0wxbLJEJOo+oBoFj7FpuBF4nyqkMhDYDob1qd5+RKV5Et+ZUYq+pIOYh5xRY0d+ved2NZfE1jOvV664VXcGsky8nFQgR6NX/u72E5ZJjA0TVOuO56bGH1NlOBM4KXUzjSllQzrAjqUxlaj98WzpCTkJE0VMhGTW//WOqdR6JAPrkdREelGbDv/TOpkJr/wxj9PMYMysxWphJohJyPR20ucKmREjSyhT3G5JWEQVZcYmNPeLtudE2J+UbCbeYgLLpHVe9dyqd3tRqV3n6RThCI7hFDy4hBrcQAOawOABnuEFXp0n5815dz5+rQUnf3MIc3A+fwCEO5cv</latexit><latexit sha1_base64="g/7Ec66OTqtA+FQ7GNEFyxwItsA=">AAACA3icbVA9TwJBEJ3DL8Qv1NJmIzExMSF3xkRLIo0lJgImcCF7yxy3Yffu3N0zIYTS32CrtZ2x9YdY+k9c8AoBXzNv5r3NzrwgFVwb1/1yCiura+sbxc3S1vbO7l55/6Clk0wxbLJEJOo+oBoFj7FpuBF4nyqkMhDYDob1qd5+RKV5Et+ZUYq+pIOYh5xRY0d+ved2NZfE1jOvV664VXcGsky8nFQgR6NX/u72E5ZJjA0TVOuO56bGH1NlOBM4KXUzjSllQzrAjqUxlaj98WzpCTkJE0VMhGTW//WOqdR6JAPrkdREelGbDv/TOpkJr/wxj9PMYMysxWphJohJyPR20ucKmREjSyhT3G5JWEQVZcYmNPeLtudE2J+UbCbeYgLLpHVe9dyqd3tRqV3n6RThCI7hFDy4hBrcQAOawOABnuEFXp0n5815dz5+rQUnf3MIc3A+fwCEO5cv</latexit><latexit sha1_base64="g/7Ec66OTqtA+FQ7GNEFyxwItsA=">AAACA3icbVA9TwJBEJ3DL8Qv1NJmIzExMSF3xkRLIo0lJgImcCF7yxy3Yffu3N0zIYTS32CrtZ2x9YdY+k9c8AoBXzNv5r3NzrwgFVwb1/1yCiura+sbxc3S1vbO7l55/6Clk0wxbLJEJOo+oBoFj7FpuBF4nyqkMhDYDob1qd5+RKV5Et+ZUYq+pIOYh5xRY0d+ved2NZfE1jOvV664VXcGsky8nFQgR6NX/u72E5ZJjA0TVOuO56bGH1NlOBM4KXUzjSllQzrAjqUxlaj98WzpCTkJE0VMhGTW//WOqdR6JAPrkdREelGbDv/TOpkJr/wxj9PMYMysxWphJohJyPR20ucKmREjSyhT3G5JWEQVZcYmNPeLtudE2J+UbCbeYgLLpHVe9dyqd3tRqV3n6RThCI7hFDy4hBrcQAOawOABnuEFXp0n5815dz5+rQUnf3MIc3A+fwCEO5cv</latexit>

C0 ⇠ 1

2
<latexit sha1_base64="erx5kj8xLAvzuLw/uenJQ1nkLf8=">AAACB3icbVC7TsMwFHV4lvJogJHFokJiqpIKCcaKLoxFog+piSLHvWms2klkO0hV1A/gG1hhZkOsfAYjf4JbMtCWMx3fc6x7zwkzzpR2nC9rY3Nre2e3slfdPzg8qtnHJz2V5pJCl6Y8lYOQKOAsga5mmsMgk0BEyKEfTtpzvf8IUrE0edDTDHxBxgmLGCXajAK71g4cTzGBvUgS6jYDu+40nAXwOnFLUkclOoH97Y1SmgtINOVEqaHrZNoviNSMcphVvVxBRuiEjGFoaEIEKL9YHD7DF1EqsY4BL95/vQURSk1FaDyC6FitavPhf9ow19GNX7AkyzUk1FiMFuUc6xTP8+MRk0A1nxpCqGTmSkxjYrJr09LSFmXixDCaVU0n7moD66TXbLhOw72/qrduy3Yq6Aydo0vkomvUQneog7qIohw9oxf0aj1Zb9a79fFr3bDKP6doCdbnDyxfmKE=</latexit><latexit sha1_base64="erx5kj8xLAvzuLw/uenJQ1nkLf8=">AAACB3icbVC7TsMwFHV4lvJogJHFokJiqpIKCcaKLoxFog+piSLHvWms2klkO0hV1A/gG1hhZkOsfAYjf4JbMtCWMx3fc6x7zwkzzpR2nC9rY3Nre2e3slfdPzg8qtnHJz2V5pJCl6Y8lYOQKOAsga5mmsMgk0BEyKEfTtpzvf8IUrE0edDTDHxBxgmLGCXajAK71g4cTzGBvUgS6jYDu+40nAXwOnFLUkclOoH97Y1SmgtINOVEqaHrZNoviNSMcphVvVxBRuiEjGFoaEIEKL9YHD7DF1EqsY4BL95/vQURSk1FaDyC6FitavPhf9ow19GNX7AkyzUk1FiMFuUc6xTP8+MRk0A1nxpCqGTmSkxjYrJr09LSFmXixDCaVU0n7moD66TXbLhOw72/qrduy3Yq6Aydo0vkomvUQneog7qIohw9oxf0aj1Zb9a79fFr3bDKP6doCdbnDyxfmKE=</latexit><latexit sha1_base64="erx5kj8xLAvzuLw/uenJQ1nkLf8=">AAACB3icbVC7TsMwFHV4lvJogJHFokJiqpIKCcaKLoxFog+piSLHvWms2klkO0hV1A/gG1hhZkOsfAYjf4JbMtCWMx3fc6x7zwkzzpR2nC9rY3Nre2e3slfdPzg8qtnHJz2V5pJCl6Y8lYOQKOAsga5mmsMgk0BEyKEfTtpzvf8IUrE0edDTDHxBxgmLGCXajAK71g4cTzGBvUgS6jYDu+40nAXwOnFLUkclOoH97Y1SmgtINOVEqaHrZNoviNSMcphVvVxBRuiEjGFoaEIEKL9YHD7DF1EqsY4BL95/vQURSk1FaDyC6FitavPhf9ow19GNX7AkyzUk1FiMFuUc6xTP8+MRk0A1nxpCqGTmSkxjYrJr09LSFmXixDCaVU0n7moD66TXbLhOw72/qrduy3Yq6Aydo0vkomvUQneog7qIohw9oxf0aj1Zb9a79fFr3bDKP6doCdbnDyxfmKE=</latexit><latexit sha1_base64="erx5kj8xLAvzuLw/uenJQ1nkLf8=">AAACB3icbVC7TsMwFHV4lvJogJHFokJiqpIKCcaKLoxFog+piSLHvWms2klkO0hV1A/gG1hhZkOsfAYjf4JbMtCWMx3fc6x7zwkzzpR2nC9rY3Nre2e3slfdPzg8qtnHJz2V5pJCl6Y8lYOQKOAsga5mmsMgk0BEyKEfTtpzvf8IUrE0edDTDHxBxgmLGCXajAK71g4cTzGBvUgS6jYDu+40nAXwOnFLUkclOoH97Y1SmgtINOVEqaHrZNoviNSMcphVvVxBRuiEjGFoaEIEKL9YHD7DF1EqsY4BL95/vQURSk1FaDyC6FitavPhf9ow19GNX7AkyzUk1FiMFuUc6xTP8+MRk0A1nxpCqGTmSkxjYrJr09LSFmXixDCaVU0n7moD66TXbLhOw72/qrduy3Yq6Aydo0vkomvUQneog7qIohw9oxf0aj1Zb9a79fFr3bDKP6doCdbnDyxfmKE=</latexit>

But since C0 is periodic, 

we can also set

This is called the Sethi string [Sethi ’13],  and the above is an 
example of a discrete theta angle.
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1

2
+ 1.

<latexit sha1_base64="OP17vYgWhzzmJEl+6LTO513W+F0=">AAACC3icbVDLSgMxFM34rPU12qWbYBEEcZgUQTdC0Y3LCvYB7VAy6Z1OaOZBkhHK0E/wG9zq2p249SNc+iemdRa29WzuufeckHuPnwqutOt+WSura+sbm6Wt8vbO7t6+fXDYUkkmGTRZIhLZ8akCwWNoaq4FdFIJNPIFtP3R7VRvP4JUPIkf9DgFL6LDmAecUW1Gfbty3gskZaR2XdQz4vTtquu4M+BlQgpSRQUaffu7N0hYFkGsmaBKdYmbai+nUnMmYFLuZQpSykZ0CF1DYxqB8vLZ8hN8EiQS6xDwrP/rzWmk1DjyjSeiOlSL2nT4n9bNdHDl5TxOMw0xMxajBZnAOsHTDPCAS2BajA2hTHKzJWYhNedrk9TcL8qcE8JgUjaZkMUElkmr5hDXIfcX1fpNkU4JHaFjdIoIukR1dIcaqIkYGqNn9IJerSfrzXq3Pn6tK1bxpoLmYH3+APbHmYE=</latexit><latexit sha1_base64="OP17vYgWhzzmJEl+6LTO513W+F0=">AAACC3icbVDLSgMxFM34rPU12qWbYBEEcZgUQTdC0Y3LCvYB7VAy6Z1OaOZBkhHK0E/wG9zq2p249SNc+iemdRa29WzuufeckHuPnwqutOt+WSura+sbm6Wt8vbO7t6+fXDYUkkmGTRZIhLZ8akCwWNoaq4FdFIJNPIFtP3R7VRvP4JUPIkf9DgFL6LDmAecUW1Gfbty3gskZaR2XdQz4vTtquu4M+BlQgpSRQUaffu7N0hYFkGsmaBKdYmbai+nUnMmYFLuZQpSykZ0CF1DYxqB8vLZ8hN8EiQS6xDwrP/rzWmk1DjyjSeiOlSL2nT4n9bNdHDl5TxOMw0xMxajBZnAOsHTDPCAS2BajA2hTHKzJWYhNedrk9TcL8qcE8JgUjaZkMUElkmr5hDXIfcX1fpNkU4JHaFjdIoIukR1dIcaqIkYGqNn9IJerSfrzXq3Pn6tK1bxpoLmYH3+APbHmYE=</latexit><latexit sha1_base64="OP17vYgWhzzmJEl+6LTO513W+F0=">AAACC3icbVDLSgMxFM34rPU12qWbYBEEcZgUQTdC0Y3LCvYB7VAy6Z1OaOZBkhHK0E/wG9zq2p249SNc+iemdRa29WzuufeckHuPnwqutOt+WSura+sbm6Wt8vbO7t6+fXDYUkkmGTRZIhLZ8akCwWNoaq4FdFIJNPIFtP3R7VRvP4JUPIkf9DgFL6LDmAecUW1Gfbty3gskZaR2XdQz4vTtquu4M+BlQgpSRQUaffu7N0hYFkGsmaBKdYmbai+nUnMmYFLuZQpSykZ0CF1DYxqB8vLZ8hN8EiQS6xDwrP/rzWmk1DjyjSeiOlSL2nT4n9bNdHDl5TxOMw0xMxajBZnAOsHTDPCAS2BajA2hTHKzJWYhNedrk9TcL8qcE8JgUjaZkMUElkmr5hDXIfcX1fpNkU4JHaFjdIoIukR1dIcaqIkYGqNn9IJerSfrzXq3Pn6tK1bxpoLmYH3+APbHmYE=</latexit><latexit sha1_base64="OP17vYgWhzzmJEl+6LTO513W+F0=">AAACC3icbVDLSgMxFM34rPU12qWbYBEEcZgUQTdC0Y3LCvYB7VAy6Z1OaOZBkhHK0E/wG9zq2p249SNc+iemdRa29WzuufeckHuPnwqutOt+WSura+sbm6Wt8vbO7t6+fXDYUkkmGTRZIhLZ8akCwWNoaq4FdFIJNPIFtP3R7VRvP4JUPIkf9DgFL6LDmAecUW1Gfbty3gskZaR2XdQz4vTtquu4M+BlQgpSRQUaffu7N0hYFkGsmaBKdYmbai+nUnMmYFLuZQpSykZ0CF1DYxqB8vLZ8hN8EiQS6xDwrP/rzWmk1DjyjSeiOlSL2nT4n9bNdHDl5TxOMw0xMxajBZnAOsHTDPCAS2BajA2hTHKzJWYhNedrk9TcL8qcE8JgUjaZkMUElkmr5hDXIfcX1fpNkU4JHaFjdIoIukR1dIcaqIkYGqNn9IJerSfrzXq3Pn6tK1bxpoLmYH3+APbHmYE=</latexit>



The Sethi string has remained puzzling, since it seemed OK, 
but it led to all sorts of pathologies under dualities. 



The Sethi string has remained puzzling, since it seemed OK, 
but it led to all sorts of pathologies under dualities. 

We understood what happens with it:  There is a certain 
O(32) gauge transformation [Witten ’98] that shifts C0. So the 

Sethi string is completely equivalent to ordinary type I.



The Sethi string has remained puzzling, since it seemed OK, 
but it led to all sorts of pathologies under dualities. 

We understood what happens with it:  There is a certain 
O(32) gauge transformation [Witten ’98] that shifts C0. So the 

Sethi string is completely equivalent to ordinary type I.

However, we also found that, in some cases, the Sethi idea 
can work, and produce a new string theory. 



The Sethi string has remained puzzling, since it seemed OK, 
but it led to all sorts of pathologies under dualities. 

We understood what happens with it:  There is a certain 
O(32) gauge transformation [Witten ’98] that shifts C0. So the 

Sethi string is completely equivalent to ordinary type I.

However, we also found that, in some cases, the Sethi idea 
can work, and produce a new string theory. 

Consider IIB on a circle with a Wilson line for (�1)FL
<latexit sha1_base64="HF/z20U82gyijlwupcq2HVtw7zQ=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESGFgshGSFBGICEKiiCRh0hMdL6s41POZ+vujBRZbvgGWqjpEC1/QsmfcAkuSMJUszuz2t3xYs6Utu0va2FxaXlltbBWXN/Y3Nou7ew2VZRICg0a8Ui2PaKAMwENzTSHdiyBhB6Hlje8HOutR5CKReJOj2JwQzIQzGeUaNO6rxw7Rw/pVe8m65XKdtWeAM8TJydllKPeK313+xFNQhCacqJUx7Fj7aZEakY5ZMVuoiAmdEgG0DFUkBCUm04uzvChH0msA8CT+q83JaFSo9AznpDoQM1q4+Z/WifR/rmbMhEnGgQ1FqP5Ccc6wuPHcZ9JoJqPDCFUMnMlpgGRhGoTz9QWZd4JoJ8VTSbObALzpHlSdeyqc3tarl3k6RTQPjpAFeSgM1RD16iOGogigZ7RC3q1nqw36936+LUuWPnMHpqC9fkDwTiWQg==</latexit><latexit sha1_base64="HF/z20U82gyijlwupcq2HVtw7zQ=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESGFgshGSFBGICEKiiCRh0hMdL6s41POZ+vujBRZbvgGWqjpEC1/QsmfcAkuSMJUszuz2t3xYs6Utu0va2FxaXlltbBWXN/Y3Nou7ew2VZRICg0a8Ui2PaKAMwENzTSHdiyBhB6Hlje8HOutR5CKReJOj2JwQzIQzGeUaNO6rxw7Rw/pVe8m65XKdtWeAM8TJydllKPeK313+xFNQhCacqJUx7Fj7aZEakY5ZMVuoiAmdEgG0DFUkBCUm04uzvChH0msA8CT+q83JaFSo9AznpDoQM1q4+Z/WifR/rmbMhEnGgQ1FqP5Ccc6wuPHcZ9JoJqPDCFUMnMlpgGRhGoTz9QWZd4JoJ8VTSbObALzpHlSdeyqc3tarl3k6RTQPjpAFeSgM1RD16iOGogigZ7RC3q1nqw36936+LUuWPnMHpqC9fkDwTiWQg==</latexit><latexit sha1_base64="HF/z20U82gyijlwupcq2HVtw7zQ=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESGFgshGSFBGICEKiiCRh0hMdL6s41POZ+vujBRZbvgGWqjpEC1/QsmfcAkuSMJUszuz2t3xYs6Utu0va2FxaXlltbBWXN/Y3Nou7ew2VZRICg0a8Ui2PaKAMwENzTSHdiyBhB6Hlje8HOutR5CKReJOj2JwQzIQzGeUaNO6rxw7Rw/pVe8m65XKdtWeAM8TJydllKPeK313+xFNQhCacqJUx7Fj7aZEakY5ZMVuoiAmdEgG0DFUkBCUm04uzvChH0msA8CT+q83JaFSo9AznpDoQM1q4+Z/WifR/rmbMhEnGgQ1FqP5Ccc6wuPHcZ9JoJqPDCFUMnMlpgGRhGoTz9QWZd4JoJ8VTSbObALzpHlSdeyqc3tarl3k6RTQPjpAFeSgM1RD16iOGogigZ7RC3q1nqw36936+LUuWPnMHpqC9fkDwTiWQg==</latexit><latexit sha1_base64="HF/z20U82gyijlwupcq2HVtw7zQ=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESGFgshGSFBGICEKiiCRh0hMdL6s41POZ+vujBRZbvgGWqjpEC1/QsmfcAkuSMJUszuz2t3xYs6Utu0va2FxaXlltbBWXN/Y3Nou7ew2VZRICg0a8Ui2PaKAMwENzTSHdiyBhB6Hlje8HOutR5CKReJOj2JwQzIQzGeUaNO6rxw7Rw/pVe8m65XKdtWeAM8TJydllKPeK313+xFNQhCacqJUx7Fj7aZEakY5ZMVuoiAmdEgG0DFUkBCUm04uzvChH0msA8CT+q83JaFSo9AznpDoQM1q4+Z/WifR/rmbMhEnGgQ1FqP5Ccc6wuPHcZ9JoJqPDCFUMnMlpgGRhGoTz9QWZd4JoJ8VTSbObALzpHlSdeyqc3tarl3k6RTQPjpAFeSgM1RD16iOGogigZ7RC3q1nqw36936+LUuWPnMHpqC9fkDwTiWQg==</latexit>



The Sethi string has remained puzzling, since it seemed OK, 
but it led to all sorts of pathologies under dualities. 

We understood what happens with it:  There is a certain 
O(32) gauge transformation [Witten ’98] that shifts C0. So the 

Sethi string is completely equivalent to ordinary type I.

However, we also found that, in some cases, the Sethi idea 
can work, and produce a new string theory. 

Consider IIB on a circle with a Wilson line for (�1)FL
<latexit sha1_base64="HF/z20U82gyijlwupcq2HVtw7zQ=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESGFgshGSFBGICEKiiCRh0hMdL6s41POZ+vujBRZbvgGWqjpEC1/QsmfcAkuSMJUszuz2t3xYs6Utu0va2FxaXlltbBWXN/Y3Nou7ew2VZRICg0a8Ui2PaKAMwENzTSHdiyBhB6Hlje8HOutR5CKReJOj2JwQzIQzGeUaNO6rxw7Rw/pVe8m65XKdtWeAM8TJydllKPeK313+xFNQhCacqJUx7Fj7aZEakY5ZMVuoiAmdEgG0DFUkBCUm04uzvChH0msA8CT+q83JaFSo9AznpDoQM1q4+Z/WifR/rmbMhEnGgQ1FqP5Ccc6wuPHcZ9JoJqPDCFUMnMlpgGRhGoTz9QWZd4JoJ8VTSbObALzpHlSdeyqc3tarl3k6RTQPjpAFeSgM1RD16iOGogigZ7RC3q1nqw36936+LUuWPnMHpqC9fkDwTiWQg==</latexit><latexit sha1_base64="HF/z20U82gyijlwupcq2HVtw7zQ=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESGFgshGSFBGICEKiiCRh0hMdL6s41POZ+vujBRZbvgGWqjpEC1/QsmfcAkuSMJUszuz2t3xYs6Utu0va2FxaXlltbBWXN/Y3Nou7ew2VZRICg0a8Ui2PaKAMwENzTSHdiyBhB6Hlje8HOutR5CKReJOj2JwQzIQzGeUaNO6rxw7Rw/pVe8m65XKdtWeAM8TJydllKPeK313+xFNQhCacqJUx7Fj7aZEakY5ZMVuoiAmdEgG0DFUkBCUm04uzvChH0msA8CT+q83JaFSo9AznpDoQM1q4+Z/WifR/rmbMhEnGgQ1FqP5Ccc6wuPHcZ9JoJqPDCFUMnMlpgGRhGoTz9QWZd4JoJ8VTSbObALzpHlSdeyqc3tarl3k6RTQPjpAFeSgM1RD16iOGogigZ7RC3q1nqw36936+LUuWPnMHpqC9fkDwTiWQg==</latexit><latexit sha1_base64="HF/z20U82gyijlwupcq2HVtw7zQ=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESGFgshGSFBGICEKiiCRh0hMdL6s41POZ+vujBRZbvgGWqjpEC1/QsmfcAkuSMJUszuz2t3xYs6Utu0va2FxaXlltbBWXN/Y3Nou7ew2VZRICg0a8Ui2PaKAMwENzTSHdiyBhB6Hlje8HOutR5CKReJOj2JwQzIQzGeUaNO6rxw7Rw/pVe8m65XKdtWeAM8TJydllKPeK313+xFNQhCacqJUx7Fj7aZEakY5ZMVuoiAmdEgG0DFUkBCUm04uzvChH0msA8CT+q83JaFSo9AznpDoQM1q4+Z/WifR/rmbMhEnGgQ1FqP5Ccc6wuPHcZ9JoJqPDCFUMnMlpgGRhGoTz9QWZd4JoJ8VTSbObALzpHlSdeyqc3tarl3k6RTQPjpAFeSgM1RD16iOGogigZ7RC3q1nqw36936+LUuWPnMHpqC9fkDwTiWQg==</latexit><latexit sha1_base64="HF/z20U82gyijlwupcq2HVtw7zQ=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESGFgshGSFBGICEKiiCRh0hMdL6s41POZ+vujBRZbvgGWqjpEC1/QsmfcAkuSMJUszuz2t3xYs6Utu0va2FxaXlltbBWXN/Y3Nou7ew2VZRICg0a8Ui2PaKAMwENzTSHdiyBhB6Hlje8HOutR5CKReJOj2JwQzIQzGeUaNO6rxw7Rw/pVe8m65XKdtWeAM8TJydllKPeK313+xFNQhCacqJUx7Fj7aZEakY5ZMVuoiAmdEgG0DFUkBCUm04uzvChH0msA8CT+q83JaFSo9AznpDoQM1q4+Z/WifR/rmbMhEnGgQ1FqP5Ccc6wuPHcZ9JoJqPDCFUMnMlpgGRhGoTz9QWZd4JoJ8VTSbObALzpHlSdeyqc3tarl3k6RTQPjpAFeSgM1RD16iOGogigZ7RC3q1nqw36936+LUuWPnMHpqC9fkDwTiWQg==</latexit>

This is a 9d SUSY theory, with 1 vector multiplet (rank 1).



The Sethi string has remained puzzling, since it seemed OK, 
but it led to all sorts of pathologies under dualities. 

We understood what happens with it:  There is a certain 
O(32) gauge transformation [Witten ’98] that shifts C0. So the 

Sethi string is completely equivalent to ordinary type I.

However, we also found that, in some cases, the Sethi idea 
can work, and produce a new string theory. 

Consider IIB on a circle with a Wilson line for (�1)FL
<latexit sha1_base64="HF/z20U82gyijlwupcq2HVtw7zQ=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESGFgshGSFBGICEKiiCRh0hMdL6s41POZ+vujBRZbvgGWqjpEC1/QsmfcAkuSMJUszuz2t3xYs6Utu0va2FxaXlltbBWXN/Y3Nou7ew2VZRICg0a8Ui2PaKAMwENzTSHdiyBhB6Hlje8HOutR5CKReJOj2JwQzIQzGeUaNO6rxw7Rw/pVe8m65XKdtWeAM8TJydllKPeK313+xFNQhCacqJUx7Fj7aZEakY5ZMVuoiAmdEgG0DFUkBCUm04uzvChH0msA8CT+q83JaFSo9AznpDoQM1q4+Z/WifR/rmbMhEnGgQ1FqP5Ccc6wuPHcZ9JoJqPDCFUMnMlpgGRhGoTz9QWZd4JoJ8VTSbObALzpHlSdeyqc3tarl3k6RTQPjpAFeSgM1RD16iOGogigZ7RC3q1nqw36936+LUuWPnMHpqC9fkDwTiWQg==</latexit><latexit sha1_base64="HF/z20U82gyijlwupcq2HVtw7zQ=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESGFgshGSFBGICEKiiCRh0hMdL6s41POZ+vujBRZbvgGWqjpEC1/QsmfcAkuSMJUszuz2t3xYs6Utu0va2FxaXlltbBWXN/Y3Nou7ew2VZRICg0a8Ui2PaKAMwENzTSHdiyBhB6Hlje8HOutR5CKReJOj2JwQzIQzGeUaNO6rxw7Rw/pVe8m65XKdtWeAM8TJydllKPeK313+xFNQhCacqJUx7Fj7aZEakY5ZMVuoiAmdEgG0DFUkBCUm04uzvChH0msA8CT+q83JaFSo9AznpDoQM1q4+Z/WifR/rmbMhEnGgQ1FqP5Ccc6wuPHcZ9JoJqPDCFUMnMlpgGRhGoTz9QWZd4JoJ8VTSbObALzpHlSdeyqc3tarl3k6RTQPjpAFeSgM1RD16iOGogigZ7RC3q1nqw36936+LUuWPnMHpqC9fkDwTiWQg==</latexit><latexit sha1_base64="HF/z20U82gyijlwupcq2HVtw7zQ=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESGFgshGSFBGICEKiiCRh0hMdL6s41POZ+vujBRZbvgGWqjpEC1/QsmfcAkuSMJUszuz2t3xYs6Utu0va2FxaXlltbBWXN/Y3Nou7ew2VZRICg0a8Ui2PaKAMwENzTSHdiyBhB6Hlje8HOutR5CKReJOj2JwQzIQzGeUaNO6rxw7Rw/pVe8m65XKdtWeAM8TJydllKPeK313+xFNQhCacqJUx7Fj7aZEakY5ZMVuoiAmdEgG0DFUkBCUm04uzvChH0msA8CT+q83JaFSo9AznpDoQM1q4+Z/WifR/rmbMhEnGgQ1FqP5Ccc6wuPHcZ9JoJqPDCFUMnMlpgGRhGoTz9QWZd4JoJ8VTSbObALzpHlSdeyqc3tarl3k6RTQPjpAFeSgM1RD16iOGogigZ7RC3q1nqw36936+LUuWPnMHpqC9fkDwTiWQg==</latexit><latexit sha1_base64="HF/z20U82gyijlwupcq2HVtw7zQ=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESGFgshGSFBGICEKiiCRh0hMdL6s41POZ+vujBRZbvgGWqjpEC1/QsmfcAkuSMJUszuz2t3xYs6Utu0va2FxaXlltbBWXN/Y3Nou7ew2VZRICg0a8Ui2PaKAMwENzTSHdiyBhB6Hlje8HOutR5CKReJOj2JwQzIQzGeUaNO6rxw7Rw/pVe8m65XKdtWeAM8TJydllKPeK313+xFNQhCacqJUx7Fj7aZEakY5ZMVuoiAmdEgG0DFUkBCUm04uzvChH0msA8CT+q83JaFSo9AznpDoQM1q4+Z/WifR/rmbMhEnGgQ1FqP5Ccc6wuPHcZ9JoJqPDCFUMnMlpgGRhGoTz9QWZd4JoJ8VTSbObALzpHlSdeyqc3tarl3k6RTQPjpAFeSgM1RD16iOGogigZ7RC3q1nqw36936+LUuWPnMHpqC9fkDwTiWQg==</latexit>

This is a 9d SUSY theory, with 1 vector multiplet (rank 1).

(Called the Asymmetric IIB Orbifold, or AOB background)
[Komargodski et al ’09]



The Wilson line also projects out C0 ! �C0
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but this time

C0 ⇠ 1

2
<latexit sha1_base64="erx5kj8xLAvzuLw/uenJQ1nkLf8=">AAACB3icbVC7TsMwFHV4lvJogJHFokJiqpIKCcaKLoxFog+piSLHvWms2klkO0hV1A/gG1hhZkOsfAYjf4JbMtCWMx3fc6x7zwkzzpR2nC9rY3Nre2e3slfdPzg8qtnHJz2V5pJCl6Y8lYOQKOAsga5mmsMgk0BEyKEfTtpzvf8IUrE0edDTDHxBxgmLGCXajAK71g4cTzGBvUgS6jYDu+40nAXwOnFLUkclOoH97Y1SmgtINOVEqaHrZNoviNSMcphVvVxBRuiEjGFoaEIEKL9YHD7DF1EqsY4BL95/vQURSk1FaDyC6FitavPhf9ow19GNX7AkyzUk1FiMFuUc6xTP8+MRk0A1nxpCqGTmSkxjYrJr09LSFmXixDCaVU0n7moD66TXbLhOw72/qrduy3Yq6Aydo0vkomvUQneog7qIohw9oxf0aj1Zb9a79fFr3bDKP6doCdbnDyxfmKE=</latexit><latexit sha1_base64="erx5kj8xLAvzuLw/uenJQ1nkLf8=">AAACB3icbVC7TsMwFHV4lvJogJHFokJiqpIKCcaKLoxFog+piSLHvWms2klkO0hV1A/gG1hhZkOsfAYjf4JbMtCWMx3fc6x7zwkzzpR2nC9rY3Nre2e3slfdPzg8qtnHJz2V5pJCl6Y8lYOQKOAsga5mmsMgk0BEyKEfTtpzvf8IUrE0edDTDHxBxgmLGCXajAK71g4cTzGBvUgS6jYDu+40nAXwOnFLUkclOoH97Y1SmgtINOVEqaHrZNoviNSMcphVvVxBRuiEjGFoaEIEKL9YHD7DF1EqsY4BL95/vQURSk1FaDyC6FitavPhf9ow19GNX7AkyzUk1FiMFuUc6xTP8+MRk0A1nxpCqGTmSkxjYrJr09LSFmXixDCaVU0n7moD66TXbLhOw72/qrduy3Yq6Aydo0vkomvUQneog7qIohw9oxf0aj1Zb9a79fFr3bDKP6doCdbnDyxfmKE=</latexit><latexit sha1_base64="erx5kj8xLAvzuLw/uenJQ1nkLf8=">AAACB3icbVC7TsMwFHV4lvJogJHFokJiqpIKCcaKLoxFog+piSLHvWms2klkO0hV1A/gG1hhZkOsfAYjf4JbMtCWMx3fc6x7zwkzzpR2nC9rY3Nre2e3slfdPzg8qtnHJz2V5pJCl6Y8lYOQKOAsga5mmsMgk0BEyKEfTtpzvf8IUrE0edDTDHxBxgmLGCXajAK71g4cTzGBvUgS6jYDu+40nAXwOnFLUkclOoH97Y1SmgtINOVEqaHrZNoviNSMcphVvVxBRuiEjGFoaEIEKL9YHD7DF1EqsY4BL95/vQURSk1FaDyC6FitavPhf9ow19GNX7AkyzUk1FiMFuUc6xTP8+MRk0A1nxpCqGTmSkxjYrJr09LSFmXixDCaVU0n7moD66TXbLhOw72/qrduy3Yq6Aydo0vkomvUQneog7qIohw9oxf0aj1Zb9a79fFr3bDKP6doCdbnDyxfmKE=</latexit><latexit sha1_base64="erx5kj8xLAvzuLw/uenJQ1nkLf8=">AAACB3icbVC7TsMwFHV4lvJogJHFokJiqpIKCcaKLoxFog+piSLHvWms2klkO0hV1A/gG1hhZkOsfAYjf4JbMtCWMx3fc6x7zwkzzpR2nC9rY3Nre2e3slfdPzg8qtnHJz2V5pJCl6Y8lYOQKOAsga5mmsMgk0BEyKEfTtpzvf8IUrE0edDTDHxBxgmLGCXajAK71g4cTzGBvUgS6jYDu+40nAXwOnFLUkclOoH97Y1SmgtINOVEqaHrZNoviNSMcphVvVxBRuiEjGFoaEIEKL9YHD7DF1EqsY4BL95/vQURSk1FaDyC6FitavPhf9ow19GNX7AkyzUk1FiMFuUc6xTP8+MRk0A1nxpCqGTmSkxjYrJr09LSFmXixDCaVU0n7moD66TXbLhOw72/qrduy3Yq6Aydo0vkomvUQneog7qIohw9oxf0aj1Zb9a79fFr3bDKP6doCdbnDyxfmKE=</latexit>

is physical, and a new string theory in nine dimensions.



The Wilson line also projects out C0 ! �C0
<latexit sha1_base64="tvJm8VfjHDmcwGN4QaKRVZA93G0=">AAACCnicbVC7TsNAEDzzDOFlQklzIkKiIbIREpQRaSiDRB5SYlnnyzo+5eyz7s5AZOUP+AZaqOkQLT9ByZ9wCS5IwlSzO7Pa3QlSzpR2nC9rZXVtfWOztFXe3tnd27cPKm0lMkmhRQUXshsQBZwl0NJMc+imEkgccOgEo8ZU79yDVEwkd3qcgheTYcJCRok2Ld+uNHynL9kw0kRK8XBmSt+uOjVnBrxM3IJUUYGmb3/3B4JmMSSacqJUz3VS7eVEakY5TMr9TEFK6IgMoWdoQmJQXj67fYJPQiGxjgDP6r/enMRKjePAeGKiI7WoTZv/ab1Mh1dezpI005BQYzFamHGsBZ5GgAdMAtV8bAihkpkrMY2IJFSboOa2KPNOBINJ2WTiLiawTNrnNdepubcX1fp1kU4JHaFjdIpcdInq6AY1UQtR9Iie0Qt6tZ6sN+vd+vi1rljFzCGag/X5AxN/mkM=</latexit><latexit sha1_base64="tvJm8VfjHDmcwGN4QaKRVZA93G0=">AAACCnicbVC7TsNAEDzzDOFlQklzIkKiIbIREpQRaSiDRB5SYlnnyzo+5eyz7s5AZOUP+AZaqOkQLT9ByZ9wCS5IwlSzO7Pa3QlSzpR2nC9rZXVtfWOztFXe3tnd27cPKm0lMkmhRQUXshsQBZwl0NJMc+imEkgccOgEo8ZU79yDVEwkd3qcgheTYcJCRok2Ld+uNHynL9kw0kRK8XBmSt+uOjVnBrxM3IJUUYGmb3/3B4JmMSSacqJUz3VS7eVEakY5TMr9TEFK6IgMoWdoQmJQXj67fYJPQiGxjgDP6r/enMRKjePAeGKiI7WoTZv/ab1Mh1dezpI005BQYzFamHGsBZ5GgAdMAtV8bAihkpkrMY2IJFSboOa2KPNOBINJ2WTiLiawTNrnNdepubcX1fp1kU4JHaFjdIpcdInq6AY1UQtR9Iie0Qt6tZ6sN+vd+vi1rljFzCGag/X5AxN/mkM=</latexit><latexit sha1_base64="tvJm8VfjHDmcwGN4QaKRVZA93G0=">AAACCnicbVC7TsNAEDzzDOFlQklzIkKiIbIREpQRaSiDRB5SYlnnyzo+5eyz7s5AZOUP+AZaqOkQLT9ByZ9wCS5IwlSzO7Pa3QlSzpR2nC9rZXVtfWOztFXe3tnd27cPKm0lMkmhRQUXshsQBZwl0NJMc+imEkgccOgEo8ZU79yDVEwkd3qcgheTYcJCRok2Ld+uNHynL9kw0kRK8XBmSt+uOjVnBrxM3IJUUYGmb3/3B4JmMSSacqJUz3VS7eVEakY5TMr9TEFK6IgMoWdoQmJQXj67fYJPQiGxjgDP6r/enMRKjePAeGKiI7WoTZv/ab1Mh1dezpI005BQYzFamHGsBZ5GgAdMAtV8bAihkpkrMY2IJFSboOa2KPNOBINJ2WTiLiawTNrnNdepubcX1fp1kU4JHaFjdIpcdInq6AY1UQtR9Iie0Qt6tZ6sN+vd+vi1rljFzCGag/X5AxN/mkM=</latexit><latexit sha1_base64="tvJm8VfjHDmcwGN4QaKRVZA93G0=">AAACCnicbVC7TsNAEDzzDOFlQklzIkKiIbIREpQRaSiDRB5SYlnnyzo+5eyz7s5AZOUP+AZaqOkQLT9ByZ9wCS5IwlSzO7Pa3QlSzpR2nC9rZXVtfWOztFXe3tnd27cPKm0lMkmhRQUXshsQBZwl0NJMc+imEkgccOgEo8ZU79yDVEwkd3qcgheTYcJCRok2Ld+uNHynL9kw0kRK8XBmSt+uOjVnBrxM3IJUUYGmb3/3B4JmMSSacqJUz3VS7eVEakY5TMr9TEFK6IgMoWdoQmJQXj67fYJPQiGxjgDP6r/enMRKjePAeGKiI7WoTZv/ab1Mh1dezpI005BQYzFamHGsBZ5GgAdMAtV8bAihkpkrMY2IJFSboOa2KPNOBINJ2WTiLiawTNrnNdepubcX1fp1kU4JHaFjdIpcdInq6AY1UQtR9Iie0Qt6tZ6sN+vd+vi1rljFzCGag/X5AxN/mkM=</latexit>

but this time

C0 ⇠ 1

2
<latexit sha1_base64="erx5kj8xLAvzuLw/uenJQ1nkLf8=">AAACB3icbVC7TsMwFHV4lvJogJHFokJiqpIKCcaKLoxFog+piSLHvWms2klkO0hV1A/gG1hhZkOsfAYjf4JbMtCWMx3fc6x7zwkzzpR2nC9rY3Nre2e3slfdPzg8qtnHJz2V5pJCl6Y8lYOQKOAsga5mmsMgk0BEyKEfTtpzvf8IUrE0edDTDHxBxgmLGCXajAK71g4cTzGBvUgS6jYDu+40nAXwOnFLUkclOoH97Y1SmgtINOVEqaHrZNoviNSMcphVvVxBRuiEjGFoaEIEKL9YHD7DF1EqsY4BL95/vQURSk1FaDyC6FitavPhf9ow19GNX7AkyzUk1FiMFuUc6xTP8+MRk0A1nxpCqGTmSkxjYrJr09LSFmXixDCaVU0n7moD66TXbLhOw72/qrduy3Yq6Aydo0vkomvUQneog7qIohw9oxf0aj1Zb9a79fFr3bDKP6doCdbnDyxfmKE=</latexit><latexit sha1_base64="erx5kj8xLAvzuLw/uenJQ1nkLf8=">AAACB3icbVC7TsMwFHV4lvJogJHFokJiqpIKCcaKLoxFog+piSLHvWms2klkO0hV1A/gG1hhZkOsfAYjf4JbMtCWMx3fc6x7zwkzzpR2nC9rY3Nre2e3slfdPzg8qtnHJz2V5pJCl6Y8lYOQKOAsga5mmsMgk0BEyKEfTtpzvf8IUrE0edDTDHxBxgmLGCXajAK71g4cTzGBvUgS6jYDu+40nAXwOnFLUkclOoH97Y1SmgtINOVEqaHrZNoviNSMcphVvVxBRuiEjGFoaEIEKL9YHD7DF1EqsY4BL95/vQURSk1FaDyC6FitavPhf9ow19GNX7AkyzUk1FiMFuUc6xTP8+MRk0A1nxpCqGTmSkxjYrJr09LSFmXixDCaVU0n7moD66TXbLhOw72/qrduy3Yq6Aydo0vkomvUQneog7qIohw9oxf0aj1Zb9a79fFr3bDKP6doCdbnDyxfmKE=</latexit><latexit sha1_base64="erx5kj8xLAvzuLw/uenJQ1nkLf8=">AAACB3icbVC7TsMwFHV4lvJogJHFokJiqpIKCcaKLoxFog+piSLHvWms2klkO0hV1A/gG1hhZkOsfAYjf4JbMtCWMx3fc6x7zwkzzpR2nC9rY3Nre2e3slfdPzg8qtnHJz2V5pJCl6Y8lYOQKOAsga5mmsMgk0BEyKEfTtpzvf8IUrE0edDTDHxBxgmLGCXajAK71g4cTzGBvUgS6jYDu+40nAXwOnFLUkclOoH97Y1SmgtINOVEqaHrZNoviNSMcphVvVxBRuiEjGFoaEIEKL9YHD7DF1EqsY4BL95/vQURSk1FaDyC6FitavPhf9ow19GNX7AkyzUk1FiMFuUc6xTP8+MRk0A1nxpCqGTmSkxjYrJr09LSFmXixDCaVU0n7moD66TXbLhOw72/qrduy3Yq6Aydo0vkomvUQneog7qIohw9oxf0aj1Zb9a79fFr3bDKP6doCdbnDyxfmKE=</latexit><latexit sha1_base64="erx5kj8xLAvzuLw/uenJQ1nkLf8=">AAACB3icbVC7TsMwFHV4lvJogJHFokJiqpIKCcaKLoxFog+piSLHvWms2klkO0hV1A/gG1hhZkOsfAYjf4JbMtCWMx3fc6x7zwkzzpR2nC9rY3Nre2e3slfdPzg8qtnHJz2V5pJCl6Y8lYOQKOAsga5mmsMgk0BEyKEfTtpzvf8IUrE0edDTDHxBxgmLGCXajAK71g4cTzGBvUgS6jYDu+40nAXwOnFLUkclOoH97Y1SmgtINOVEqaHrZNoviNSMcphVvVxBRuiEjGFoaEIEKL9YHD7DF1EqsY4BL95/vQURSk1FaDyC6FitavPhf9ow19GNX7AkyzUk1FiMFuUc6xTP8+MRk0A1nxpCqGTmSkxjYrJr09LSFmXixDCaVU0n7moD66TXbLhOw72/qrduy3Yq6Aydo0vkomvUQneog7qIohw9oxf0aj1Zb9a79fFr3bDKP6doCdbnDyxfmKE=</latexit>

is physical, and a new string theory in nine dimensions.

We have shown it lives in a new component of moduli space. 
Previously we knew only two (last one discovered by Hellerman in 

’04)
IB on S1

W.L for (-1)^FL

IB on S1
W.L for Omega

O8+/OO8- with 
C1 discrete WL



The Wilson line also projects out C0 ! �C0
<latexit sha1_base64="tvJm8VfjHDmcwGN4QaKRVZA93G0=">AAACCnicbVC7TsNAEDzzDOFlQklzIkKiIbIREpQRaSiDRB5SYlnnyzo+5eyz7s5AZOUP+AZaqOkQLT9ByZ9wCS5IwlSzO7Pa3QlSzpR2nC9rZXVtfWOztFXe3tnd27cPKm0lMkmhRQUXshsQBZwl0NJMc+imEkgccOgEo8ZU79yDVEwkd3qcgheTYcJCRok2Ld+uNHynL9kw0kRK8XBmSt+uOjVnBrxM3IJUUYGmb3/3B4JmMSSacqJUz3VS7eVEakY5TMr9TEFK6IgMoWdoQmJQXj67fYJPQiGxjgDP6r/enMRKjePAeGKiI7WoTZv/ab1Mh1dezpI005BQYzFamHGsBZ5GgAdMAtV8bAihkpkrMY2IJFSboOa2KPNOBINJ2WTiLiawTNrnNdepubcX1fp1kU4JHaFjdIpcdInq6AY1UQtR9Iie0Qt6tZ6sN+vd+vi1rljFzCGag/X5AxN/mkM=</latexit><latexit sha1_base64="tvJm8VfjHDmcwGN4QaKRVZA93G0=">AAACCnicbVC7TsNAEDzzDOFlQklzIkKiIbIREpQRaSiDRB5SYlnnyzo+5eyz7s5AZOUP+AZaqOkQLT9ByZ9wCS5IwlSzO7Pa3QlSzpR2nC9rZXVtfWOztFXe3tnd27cPKm0lMkmhRQUXshsQBZwl0NJMc+imEkgccOgEo8ZU79yDVEwkd3qcgheTYcJCRok2Ld+uNHynL9kw0kRK8XBmSt+uOjVnBrxM3IJUUYGmb3/3B4JmMSSacqJUz3VS7eVEakY5TMr9TEFK6IgMoWdoQmJQXj67fYJPQiGxjgDP6r/enMRKjePAeGKiI7WoTZv/ab1Mh1dezpI005BQYzFamHGsBZ5GgAdMAtV8bAihkpkrMY2IJFSboOa2KPNOBINJ2WTiLiawTNrnNdepubcX1fp1kU4JHaFjdIpcdInq6AY1UQtR9Iie0Qt6tZ6sN+vd+vi1rljFzCGag/X5AxN/mkM=</latexit><latexit sha1_base64="tvJm8VfjHDmcwGN4QaKRVZA93G0=">AAACCnicbVC7TsNAEDzzDOFlQklzIkKiIbIREpQRaSiDRB5SYlnnyzo+5eyz7s5AZOUP+AZaqOkQLT9ByZ9wCS5IwlSzO7Pa3QlSzpR2nC9rZXVtfWOztFXe3tnd27cPKm0lMkmhRQUXshsQBZwl0NJMc+imEkgccOgEo8ZU79yDVEwkd3qcgheTYcJCRok2Ld+uNHynL9kw0kRK8XBmSt+uOjVnBrxM3IJUUYGmb3/3B4JmMSSacqJUz3VS7eVEakY5TMr9TEFK6IgMoWdoQmJQXj67fYJPQiGxjgDP6r/enMRKjePAeGKiI7WoTZv/ab1Mh1dezpI005BQYzFamHGsBZ5GgAdMAtV8bAihkpkrMY2IJFSboOa2KPNOBINJ2WTiLiawTNrnNdepubcX1fp1kU4JHaFjdIpcdInq6AY1UQtR9Iie0Qt6tZ6sN+vd+vi1rljFzCGag/X5AxN/mkM=</latexit><latexit sha1_base64="tvJm8VfjHDmcwGN4QaKRVZA93G0=">AAACCnicbVC7TsNAEDzzDOFlQklzIkKiIbIREpQRaSiDRB5SYlnnyzo+5eyz7s5AZOUP+AZaqOkQLT9ByZ9wCS5IwlSzO7Pa3QlSzpR2nC9rZXVtfWOztFXe3tnd27cPKm0lMkmhRQUXshsQBZwl0NJMc+imEkgccOgEo8ZU79yDVEwkd3qcgheTYcJCRok2Ld+uNHynL9kw0kRK8XBmSt+uOjVnBrxM3IJUUYGmb3/3B4JmMSSacqJUz3VS7eVEakY5TMr9TEFK6IgMoWdoQmJQXj67fYJPQiGxjgDP6r/enMRKjePAeGKiI7WoTZv/ab1Mh1dezpI005BQYzFamHGsBZ5GgAdMAtV8bAihkpkrMY2IJFSboOa2KPNOBINJ2WTiLiawTNrnNdepubcX1fp1kU4JHaFjdIpcdInq6AY1UQtR9Iie0Qt6tZ6sN+vd+vi1rljFzCGag/X5AxN/mkM=</latexit>

but this time

C0 ⇠ 1

2
<latexit sha1_base64="erx5kj8xLAvzuLw/uenJQ1nkLf8=">AAACB3icbVC7TsMwFHV4lvJogJHFokJiqpIKCcaKLoxFog+piSLHvWms2klkO0hV1A/gG1hhZkOsfAYjf4JbMtCWMx3fc6x7zwkzzpR2nC9rY3Nre2e3slfdPzg8qtnHJz2V5pJCl6Y8lYOQKOAsga5mmsMgk0BEyKEfTtpzvf8IUrE0edDTDHxBxgmLGCXajAK71g4cTzGBvUgS6jYDu+40nAXwOnFLUkclOoH97Y1SmgtINOVEqaHrZNoviNSMcphVvVxBRuiEjGFoaEIEKL9YHD7DF1EqsY4BL95/vQURSk1FaDyC6FitavPhf9ow19GNX7AkyzUk1FiMFuUc6xTP8+MRk0A1nxpCqGTmSkxjYrJr09LSFmXixDCaVU0n7moD66TXbLhOw72/qrduy3Yq6Aydo0vkomvUQneog7qIohw9oxf0aj1Zb9a79fFr3bDKP6doCdbnDyxfmKE=</latexit><latexit sha1_base64="erx5kj8xLAvzuLw/uenJQ1nkLf8=">AAACB3icbVC7TsMwFHV4lvJogJHFokJiqpIKCcaKLoxFog+piSLHvWms2klkO0hV1A/gG1hhZkOsfAYjf4JbMtCWMx3fc6x7zwkzzpR2nC9rY3Nre2e3slfdPzg8qtnHJz2V5pJCl6Y8lYOQKOAsga5mmsMgk0BEyKEfTtpzvf8IUrE0edDTDHxBxgmLGCXajAK71g4cTzGBvUgS6jYDu+40nAXwOnFLUkclOoH97Y1SmgtINOVEqaHrZNoviNSMcphVvVxBRuiEjGFoaEIEKL9YHD7DF1EqsY4BL95/vQURSk1FaDyC6FitavPhf9ow19GNX7AkyzUk1FiMFuUc6xTP8+MRk0A1nxpCqGTmSkxjYrJr09LSFmXixDCaVU0n7moD66TXbLhOw72/qrduy3Yq6Aydo0vkomvUQneog7qIohw9oxf0aj1Zb9a79fFr3bDKP6doCdbnDyxfmKE=</latexit><latexit sha1_base64="erx5kj8xLAvzuLw/uenJQ1nkLf8=">AAACB3icbVC7TsMwFHV4lvJogJHFokJiqpIKCcaKLoxFog+piSLHvWms2klkO0hV1A/gG1hhZkOsfAYjf4JbMtCWMx3fc6x7zwkzzpR2nC9rY3Nre2e3slfdPzg8qtnHJz2V5pJCl6Y8lYOQKOAsga5mmsMgk0BEyKEfTtpzvf8IUrE0edDTDHxBxgmLGCXajAK71g4cTzGBvUgS6jYDu+40nAXwOnFLUkclOoH97Y1SmgtINOVEqaHrZNoviNSMcphVvVxBRuiEjGFoaEIEKL9YHD7DF1EqsY4BL95/vQURSk1FaDyC6FitavPhf9ow19GNX7AkyzUk1FiMFuUc6xTP8+MRk0A1nxpCqGTmSkxjYrJr09LSFmXixDCaVU0n7moD66TXbLhOw72/qrduy3Yq6Aydo0vkomvUQneog7qIohw9oxf0aj1Zb9a79fFr3bDKP6doCdbnDyxfmKE=</latexit><latexit sha1_base64="erx5kj8xLAvzuLw/uenJQ1nkLf8=">AAACB3icbVC7TsMwFHV4lvJogJHFokJiqpIKCcaKLoxFog+piSLHvWms2klkO0hV1A/gG1hhZkOsfAYjf4JbMtCWMx3fc6x7zwkzzpR2nC9rY3Nre2e3slfdPzg8qtnHJz2V5pJCl6Y8lYOQKOAsga5mmsMgk0BEyKEfTtpzvf8IUrE0edDTDHxBxgmLGCXajAK71g4cTzGBvUgS6jYDu+40nAXwOnFLUkclOoH97Y1SmgtINOVEqaHrZNoviNSMcphVvVxBRuiEjGFoaEIEKL9YHD7DF1EqsY4BL95/vQURSk1FaDyC6FitavPhf9ow19GNX7AkyzUk1FiMFuUc6xTP8+MRk0A1nxpCqGTmSkxjYrJr09LSFmXixDCaVU0n7moD66TXbLhOw72/qrduy3Yq6Aydo0vkomvUQneog7qIohw9oxf0aj1Zb9a79fFr3bDKP6doCdbnDyxfmKE=</latexit>

is physical, and a new string theory in nine dimensions.

We have shown it lives in a new component of moduli space. 
Previously we knew only two (last one discovered by Hellerman in 

’04)

�0(2)
<latexit sha1_base64="FEo+BJmVErKmMcg77SEDWvRRFPE=">AAACAXicbVA9T8MwEHXKVylfBUYWiwqpLFVSIcFYwQBjkeiH1EaV414aq3Yc2Q5SFXXiN7DCzIZY+SWM/BPckoG2vOndvXe6uxcknGnjul9OYW19Y3OruF3a2d3bPygfHrW1TBWFFpVcqm5ANHAWQ8sww6GbKCAi4NAJxjczvfMISjMZP5hJAr4go5iFjBJjW73+LRGCDNxq/XxQrrg1dw68SrycVFCO5qD83R9KmgqIDeVE657nJsbPiDKMcpiW+qmGhNAxGUHP0pgI0H42P3mKz0KpsIkAz+u/3owIrScisB5BTKSXtVnzP62XmvDKz1icpAZiai1WC1OOjcSzz/GQKaCGTywhVDF7JaYRUYQam8/CFm3fiWA4LdlMvOUEVkm7XvPcmnd/UWlc5+kU0Qk6RVXkoUvUQHeoiVqIIome0Qt6dZ6cN+fd+fi1Fpx85hgtwPn8AX3tlqc=</latexit><latexit sha1_base64="FEo+BJmVErKmMcg77SEDWvRRFPE=">AAACAXicbVA9T8MwEHXKVylfBUYWiwqpLFVSIcFYwQBjkeiH1EaV414aq3Yc2Q5SFXXiN7DCzIZY+SWM/BPckoG2vOndvXe6uxcknGnjul9OYW19Y3OruF3a2d3bPygfHrW1TBWFFpVcqm5ANHAWQ8sww6GbKCAi4NAJxjczvfMISjMZP5hJAr4go5iFjBJjW73+LRGCDNxq/XxQrrg1dw68SrycVFCO5qD83R9KmgqIDeVE657nJsbPiDKMcpiW+qmGhNAxGUHP0pgI0H42P3mKz0KpsIkAz+u/3owIrScisB5BTKSXtVnzP62XmvDKz1icpAZiai1WC1OOjcSzz/GQKaCGTywhVDF7JaYRUYQam8/CFm3fiWA4LdlMvOUEVkm7XvPcmnd/UWlc5+kU0Qk6RVXkoUvUQHeoiVqIIome0Qt6dZ6cN+fd+fi1Fpx85hgtwPn8AX3tlqc=</latexit><latexit sha1_base64="FEo+BJmVErKmMcg77SEDWvRRFPE=">AAACAXicbVA9T8MwEHXKVylfBUYWiwqpLFVSIcFYwQBjkeiH1EaV414aq3Yc2Q5SFXXiN7DCzIZY+SWM/BPckoG2vOndvXe6uxcknGnjul9OYW19Y3OruF3a2d3bPygfHrW1TBWFFpVcqm5ANHAWQ8sww6GbKCAi4NAJxjczvfMISjMZP5hJAr4go5iFjBJjW73+LRGCDNxq/XxQrrg1dw68SrycVFCO5qD83R9KmgqIDeVE657nJsbPiDKMcpiW+qmGhNAxGUHP0pgI0H42P3mKz0KpsIkAz+u/3owIrScisB5BTKSXtVnzP62XmvDKz1icpAZiai1WC1OOjcSzz/GQKaCGTywhVDF7JaYRUYQam8/CFm3fiWA4LdlMvOUEVkm7XvPcmnd/UWlc5+kU0Qk6RVXkoUvUQHeoiVqIIome0Qt6dZ6cN+fd+fi1Fpx85hgtwPn8AX3tlqc=</latexit><latexit sha1_base64="FEo+BJmVErKmMcg77SEDWvRRFPE=">AAACAXicbVA9T8MwEHXKVylfBUYWiwqpLFVSIcFYwQBjkeiH1EaV414aq3Yc2Q5SFXXiN7DCzIZY+SWM/BPckoG2vOndvXe6uxcknGnjul9OYW19Y3OruF3a2d3bPygfHrW1TBWFFpVcqm5ANHAWQ8sww6GbKCAi4NAJxjczvfMISjMZP5hJAr4go5iFjBJjW73+LRGCDNxq/XxQrrg1dw68SrycVFCO5qD83R9KmgqIDeVE657nJsbPiDKMcpiW+qmGhNAxGUHP0pgI0H42P3mKz0KpsIkAz+u/3owIrScisB5BTKSXtVnzP62XmvDKz1icpAZiai1WC1OOjcSzz/GQKaCGTywhVDF7JaYRUYQam8/CFm3fiWA4LdlMvOUEVkm7XvPcmnd/UWlc5+kU0Qk6RVXkoUvUQHeoiVqIIome0Qt6dZ6cN+fd+fi1Fpx85hgtwPn8AX3tlqc=</latexit>

Duality group:

IB on S1
W.L for (-1)^FL

IB on S1
W.L for Omega

O8+/OO8- with 
C1 discrete WL

Self-dual point at gs=2



When compactified on a circle to 8d, the theory admits an M-
theory description as compactification on a nontrivial KB fibration

KB ! S1
<latexit sha1_base64="31IeX6EjlcYMVp4E9aaVo+zHHnI=">AAACEHicbZC7TgJBFIZn8YZ4W7UxsZlITKzIrjHRkmBjYoNRLgkgmR0O7ITZS2bOqmSDD+Ez2GptZ2x9A0vfxAEpBPyrf87/T2bO58VSaHScLyuzsLi0vJJdza2tb2xu2ds7VR0likOFRzJSdY9pkCKECgqUUI8VsMCTUPP656O8dgdKiyi8wUEMrYD1QtEVnKEZte29JsIDppelYVOJno9MqeieXt+6bTvvFJyx6LxxJyZPJiq37e9mJ+JJACFyybRuuE6MrZQpFFzCMNdMNMSM91kPGsaGLADdSscbDOlhN1IUfaDj899uygKtB4FnOgFDX89mo+F/WSPB7lkrFWGcIITcVEzWTSTFiI5A0I5QwFEOjGFcCfNLyn2mGEeDa+oVbdbxoTPMGSbuLIF5Uz0uuE7BvTrJF0sTOlmyTw7IEXHJKSmSC1ImFcLJI3kmL+TVerLerHfr47easSZ3dsmUrM8fo++dVg==</latexit><latexit sha1_base64="31IeX6EjlcYMVp4E9aaVo+zHHnI=">AAACEHicbZC7TgJBFIZn8YZ4W7UxsZlITKzIrjHRkmBjYoNRLgkgmR0O7ITZS2bOqmSDD+Ez2GptZ2x9A0vfxAEpBPyrf87/T2bO58VSaHScLyuzsLi0vJJdza2tb2xu2ds7VR0likOFRzJSdY9pkCKECgqUUI8VsMCTUPP656O8dgdKiyi8wUEMrYD1QtEVnKEZte29JsIDppelYVOJno9MqeieXt+6bTvvFJyx6LxxJyZPJiq37e9mJ+JJACFyybRuuE6MrZQpFFzCMNdMNMSM91kPGsaGLADdSscbDOlhN1IUfaDj899uygKtB4FnOgFDX89mo+F/WSPB7lkrFWGcIITcVEzWTSTFiI5A0I5QwFEOjGFcCfNLyn2mGEeDa+oVbdbxoTPMGSbuLIF5Uz0uuE7BvTrJF0sTOlmyTw7IEXHJKSmSC1ImFcLJI3kmL+TVerLerHfr47easSZ3dsmUrM8fo++dVg==</latexit><latexit sha1_base64="31IeX6EjlcYMVp4E9aaVo+zHHnI=">AAACEHicbZC7TgJBFIZn8YZ4W7UxsZlITKzIrjHRkmBjYoNRLgkgmR0O7ITZS2bOqmSDD+Ez2GptZ2x9A0vfxAEpBPyrf87/T2bO58VSaHScLyuzsLi0vJJdza2tb2xu2ds7VR0likOFRzJSdY9pkCKECgqUUI8VsMCTUPP656O8dgdKiyi8wUEMrYD1QtEVnKEZte29JsIDppelYVOJno9MqeieXt+6bTvvFJyx6LxxJyZPJiq37e9mJ+JJACFyybRuuE6MrZQpFFzCMNdMNMSM91kPGsaGLADdSscbDOlhN1IUfaDj899uygKtB4FnOgFDX89mo+F/WSPB7lkrFWGcIITcVEzWTSTFiI5A0I5QwFEOjGFcCfNLyn2mGEeDa+oVbdbxoTPMGSbuLIF5Uz0uuE7BvTrJF0sTOlmyTw7IEXHJKSmSC1ImFcLJI3kmL+TVerLerHfr47easSZ3dsmUrM8fo++dVg==</latexit><latexit sha1_base64="31IeX6EjlcYMVp4E9aaVo+zHHnI=">AAACEHicbZC7TgJBFIZn8YZ4W7UxsZlITKzIrjHRkmBjYoNRLgkgmR0O7ITZS2bOqmSDD+Ez2GptZ2x9A0vfxAEpBPyrf87/T2bO58VSaHScLyuzsLi0vJJdza2tb2xu2ds7VR0likOFRzJSdY9pkCKECgqUUI8VsMCTUPP656O8dgdKiyi8wUEMrYD1QtEVnKEZte29JsIDppelYVOJno9MqeieXt+6bTvvFJyx6LxxJyZPJiq37e9mJ+JJACFyybRuuE6MrZQpFFzCMNdMNMSM91kPGsaGLADdSscbDOlhN1IUfaDj899uygKtB4FnOgFDX89mo+F/WSPB7lkrFWGcIITcVEzWTSTFiI5A0I5QwFEOjGFcCfNLyn2mGEeDa+oVbdbxoTPMGSbuLIF5Uz0uuE7BvTrJF0sTOlmyTw7IEXHJKSmSC1ImFcLJI3kmL+TVerLerHfr47easSZ3dsmUrM8fo++dVg==</latexit>



When compactified on a circle to 8d, the theory admits an M-
theory description as compactification on a nontrivial KB fibration

KB ! S1
<latexit sha1_base64="31IeX6EjlcYMVp4E9aaVo+zHHnI=">AAACEHicbZC7TgJBFIZn8YZ4W7UxsZlITKzIrjHRkmBjYoNRLgkgmR0O7ITZS2bOqmSDD+Ez2GptZ2x9A0vfxAEpBPyrf87/T2bO58VSaHScLyuzsLi0vJJdza2tb2xu2ds7VR0likOFRzJSdY9pkCKECgqUUI8VsMCTUPP656O8dgdKiyi8wUEMrYD1QtEVnKEZte29JsIDppelYVOJno9MqeieXt+6bTvvFJyx6LxxJyZPJiq37e9mJ+JJACFyybRuuE6MrZQpFFzCMNdMNMSM91kPGsaGLADdSscbDOlhN1IUfaDj899uygKtB4FnOgFDX89mo+F/WSPB7lkrFWGcIITcVEzWTSTFiI5A0I5QwFEOjGFcCfNLyn2mGEeDa+oVbdbxoTPMGSbuLIF5Uz0uuE7BvTrJF0sTOlmyTw7IEXHJKSmSC1ImFcLJI3kmL+TVerLerHfr47easSZ3dsmUrM8fo++dVg==</latexit><latexit sha1_base64="31IeX6EjlcYMVp4E9aaVo+zHHnI=">AAACEHicbZC7TgJBFIZn8YZ4W7UxsZlITKzIrjHRkmBjYoNRLgkgmR0O7ITZS2bOqmSDD+Ez2GptZ2x9A0vfxAEpBPyrf87/T2bO58VSaHScLyuzsLi0vJJdza2tb2xu2ds7VR0likOFRzJSdY9pkCKECgqUUI8VsMCTUPP656O8dgdKiyi8wUEMrYD1QtEVnKEZte29JsIDppelYVOJno9MqeieXt+6bTvvFJyx6LxxJyZPJiq37e9mJ+JJACFyybRuuE6MrZQpFFzCMNdMNMSM91kPGsaGLADdSscbDOlhN1IUfaDj899uygKtB4FnOgFDX89mo+F/WSPB7lkrFWGcIITcVEzWTSTFiI5A0I5QwFEOjGFcCfNLyn2mGEeDa+oVbdbxoTPMGSbuLIF5Uz0uuE7BvTrJF0sTOlmyTw7IEXHJKSmSC1ImFcLJI3kmL+TVerLerHfr47easSZ3dsmUrM8fo++dVg==</latexit><latexit sha1_base64="31IeX6EjlcYMVp4E9aaVo+zHHnI=">AAACEHicbZC7TgJBFIZn8YZ4W7UxsZlITKzIrjHRkmBjYoNRLgkgmR0O7ITZS2bOqmSDD+Ez2GptZ2x9A0vfxAEpBPyrf87/T2bO58VSaHScLyuzsLi0vJJdza2tb2xu2ds7VR0likOFRzJSdY9pkCKECgqUUI8VsMCTUPP656O8dgdKiyi8wUEMrYD1QtEVnKEZte29JsIDppelYVOJno9MqeieXt+6bTvvFJyx6LxxJyZPJiq37e9mJ+JJACFyybRuuE6MrZQpFFzCMNdMNMSM91kPGsaGLADdSscbDOlhN1IUfaDj899uygKtB4FnOgFDX89mo+F/WSPB7lkrFWGcIITcVEzWTSTFiI5A0I5QwFEOjGFcCfNLyn2mGEeDa+oVbdbxoTPMGSbuLIF5Uz0uuE7BvTrJF0sTOlmyTw7IEXHJKSmSC1ImFcLJI3kmL+TVerLerHfr47easSZ3dsmUrM8fo++dVg==</latexit><latexit sha1_base64="31IeX6EjlcYMVp4E9aaVo+zHHnI=">AAACEHicbZC7TgJBFIZn8YZ4W7UxsZlITKzIrjHRkmBjYoNRLgkgmR0O7ITZS2bOqmSDD+Ez2GptZ2x9A0vfxAEpBPyrf87/T2bO58VSaHScLyuzsLi0vJJdza2tb2xu2ds7VR0likOFRzJSdY9pkCKECgqUUI8VsMCTUPP656O8dgdKiyi8wUEMrYD1QtEVnKEZte29JsIDppelYVOJno9MqeieXt+6bTvvFJyx6LxxJyZPJiq37e9mJ+JJACFyybRuuE6MrZQpFFzCMNdMNMSM91kPGsaGLADdSscbDOlhN1IUfaDj899uygKtB4FnOgFDX89mo+F/WSPB7lkrFWGcIITcVEzWTSTFiI5A0I5QwFEOjGFcCfNLyn2mGEeDa+oVbdbxoTPMGSbuLIF5Uz0uuE7BvTrJF0sTOlmyTw7IEXHJKSmSC1ImFcLJI3kmL+TVerLerHfr47easSZ3dsmUrM8fo++dVg==</latexit>

KB⇥ S1
<latexit sha1_base64="C7M6nLowZfwDzEyAftIMc/yNAsE=">AAACC3icbVDLTgJBEJzFF+JrlaOXicTEE9k1JnokeDHxglEeCaxkdmhgwuwjM71GstlP8Bu86tmb8epHePRPHJCDgHWq7qpOd5cfS6HRcb6s3Mrq2vpGfrOwtb2zu2fvHzR0lCgOdR7JSLV8pkGKEOooUEIrVsACX0LTH11O9OYDKC2i8A7HMXgBG4SiLzhD0+raxQ7CI6bX1ayDIgBNb+/drl1yys4UdJm4M1IiM9S69nenF/EkgBC5ZFq3XSdGL2UKBZeQFTqJhpjxERtA29CQmUVeOj0+o8f9SFEcAp3Wf70pC7QeB77xBAyHelGbNP/T2gn2L7xUhHGCEHJjMVo/kRQjOsmA9oQCjnJsCONKmCspHzLFOJqk5rZo884QelnBZOIuJrBMGqdl1ym7N2elSnWWTp4ckiNyQlxyTirkitRInXAyJs/khbxaT9ab9W59/Fpz1mymSOZgff4AWtSa/Q==</latexit><latexit sha1_base64="C7M6nLowZfwDzEyAftIMc/yNAsE=">AAACC3icbVDLTgJBEJzFF+JrlaOXicTEE9k1JnokeDHxglEeCaxkdmhgwuwjM71GstlP8Bu86tmb8epHePRPHJCDgHWq7qpOd5cfS6HRcb6s3Mrq2vpGfrOwtb2zu2fvHzR0lCgOdR7JSLV8pkGKEOooUEIrVsACX0LTH11O9OYDKC2i8A7HMXgBG4SiLzhD0+raxQ7CI6bX1ayDIgBNb+/drl1yys4UdJm4M1IiM9S69nenF/EkgBC5ZFq3XSdGL2UKBZeQFTqJhpjxERtA29CQmUVeOj0+o8f9SFEcAp3Wf70pC7QeB77xBAyHelGbNP/T2gn2L7xUhHGCEHJjMVo/kRQjOsmA9oQCjnJsCONKmCspHzLFOJqk5rZo884QelnBZOIuJrBMGqdl1ym7N2elSnWWTp4ckiNyQlxyTirkitRInXAyJs/khbxaT9ab9W59/Fpz1mymSOZgff4AWtSa/Q==</latexit><latexit sha1_base64="C7M6nLowZfwDzEyAftIMc/yNAsE=">AAACC3icbVDLTgJBEJzFF+JrlaOXicTEE9k1JnokeDHxglEeCaxkdmhgwuwjM71GstlP8Bu86tmb8epHePRPHJCDgHWq7qpOd5cfS6HRcb6s3Mrq2vpGfrOwtb2zu2fvHzR0lCgOdR7JSLV8pkGKEOooUEIrVsACX0LTH11O9OYDKC2i8A7HMXgBG4SiLzhD0+raxQ7CI6bX1ayDIgBNb+/drl1yys4UdJm4M1IiM9S69nenF/EkgBC5ZFq3XSdGL2UKBZeQFTqJhpjxERtA29CQmUVeOj0+o8f9SFEcAp3Wf70pC7QeB77xBAyHelGbNP/T2gn2L7xUhHGCEHJjMVo/kRQjOsmA9oQCjnJsCONKmCspHzLFOJqk5rZo884QelnBZOIuJrBMGqdl1ym7N2elSnWWTp4ckiNyQlxyTirkitRInXAyJs/khbxaT9ab9W59/Fpz1mymSOZgff4AWtSa/Q==</latexit><latexit sha1_base64="C7M6nLowZfwDzEyAftIMc/yNAsE=">AAACC3icbVDLTgJBEJzFF+JrlaOXicTEE9k1JnokeDHxglEeCaxkdmhgwuwjM71GstlP8Bu86tmb8epHePRPHJCDgHWq7qpOd5cfS6HRcb6s3Mrq2vpGfrOwtb2zu2fvHzR0lCgOdR7JSLV8pkGKEOooUEIrVsACX0LTH11O9OYDKC2i8A7HMXgBG4SiLzhD0+raxQ7CI6bX1ayDIgBNb+/drl1yys4UdJm4M1IiM9S69nenF/EkgBC5ZFq3XSdGL2UKBZeQFTqJhpjxERtA29CQmUVeOj0+o8f9SFEcAp3Wf70pC7QeB77xBAyHelGbNP/T2gn2L7xUhHGCEHJjMVo/kRQjOsmA9oQCjnJsCONKmCspHzLFOJqk5rZo884QelnBZOIuJrBMGqdl1ym7N2elSnWWTp4ckiNyQlxyTirkitRInXAyJs/khbxaT9ab9W59/Fpz1mymSOZgff4AWtSa/Q==</latexit>

Known component is so the theta angle is geometrized.



When compactified on a circle to 8d, the theory admits an M-
theory description as compactification on a nontrivial KB fibration

KB ! S1
<latexit sha1_base64="31IeX6EjlcYMVp4E9aaVo+zHHnI=">AAACEHicbZC7TgJBFIZn8YZ4W7UxsZlITKzIrjHRkmBjYoNRLgkgmR0O7ITZS2bOqmSDD+Ez2GptZ2x9A0vfxAEpBPyrf87/T2bO58VSaHScLyuzsLi0vJJdza2tb2xu2ds7VR0likOFRzJSdY9pkCKECgqUUI8VsMCTUPP656O8dgdKiyi8wUEMrYD1QtEVnKEZte29JsIDppelYVOJno9MqeieXt+6bTvvFJyx6LxxJyZPJiq37e9mJ+JJACFyybRuuE6MrZQpFFzCMNdMNMSM91kPGsaGLADdSscbDOlhN1IUfaDj899uygKtB4FnOgFDX89mo+F/WSPB7lkrFWGcIITcVEzWTSTFiI5A0I5QwFEOjGFcCfNLyn2mGEeDa+oVbdbxoTPMGSbuLIF5Uz0uuE7BvTrJF0sTOlmyTw7IEXHJKSmSC1ImFcLJI3kmL+TVerLerHfr47easSZ3dsmUrM8fo++dVg==</latexit><latexit sha1_base64="31IeX6EjlcYMVp4E9aaVo+zHHnI=">AAACEHicbZC7TgJBFIZn8YZ4W7UxsZlITKzIrjHRkmBjYoNRLgkgmR0O7ITZS2bOqmSDD+Ez2GptZ2x9A0vfxAEpBPyrf87/T2bO58VSaHScLyuzsLi0vJJdza2tb2xu2ds7VR0likOFRzJSdY9pkCKECgqUUI8VsMCTUPP656O8dgdKiyi8wUEMrYD1QtEVnKEZte29JsIDppelYVOJno9MqeieXt+6bTvvFJyx6LxxJyZPJiq37e9mJ+JJACFyybRuuE6MrZQpFFzCMNdMNMSM91kPGsaGLADdSscbDOlhN1IUfaDj899uygKtB4FnOgFDX89mo+F/WSPB7lkrFWGcIITcVEzWTSTFiI5A0I5QwFEOjGFcCfNLyn2mGEeDa+oVbdbxoTPMGSbuLIF5Uz0uuE7BvTrJF0sTOlmyTw7IEXHJKSmSC1ImFcLJI3kmL+TVerLerHfr47easSZ3dsmUrM8fo++dVg==</latexit><latexit sha1_base64="31IeX6EjlcYMVp4E9aaVo+zHHnI=">AAACEHicbZC7TgJBFIZn8YZ4W7UxsZlITKzIrjHRkmBjYoNRLgkgmR0O7ITZS2bOqmSDD+Ez2GptZ2x9A0vfxAEpBPyrf87/T2bO58VSaHScLyuzsLi0vJJdza2tb2xu2ds7VR0likOFRzJSdY9pkCKECgqUUI8VsMCTUPP656O8dgdKiyi8wUEMrYD1QtEVnKEZte29JsIDppelYVOJno9MqeieXt+6bTvvFJyx6LxxJyZPJiq37e9mJ+JJACFyybRuuE6MrZQpFFzCMNdMNMSM91kPGsaGLADdSscbDOlhN1IUfaDj899uygKtB4FnOgFDX89mo+F/WSPB7lkrFWGcIITcVEzWTSTFiI5A0I5QwFEOjGFcCfNLyn2mGEeDa+oVbdbxoTPMGSbuLIF5Uz0uuE7BvTrJF0sTOlmyTw7IEXHJKSmSC1ImFcLJI3kmL+TVerLerHfr47easSZ3dsmUrM8fo++dVg==</latexit><latexit sha1_base64="31IeX6EjlcYMVp4E9aaVo+zHHnI=">AAACEHicbZC7TgJBFIZn8YZ4W7UxsZlITKzIrjHRkmBjYoNRLgkgmR0O7ITZS2bOqmSDD+Ez2GptZ2x9A0vfxAEpBPyrf87/T2bO58VSaHScLyuzsLi0vJJdza2tb2xu2ds7VR0likOFRzJSdY9pkCKECgqUUI8VsMCTUPP656O8dgdKiyi8wUEMrYD1QtEVnKEZte29JsIDppelYVOJno9MqeieXt+6bTvvFJyx6LxxJyZPJiq37e9mJ+JJACFyybRuuE6MrZQpFFzCMNdMNMSM91kPGsaGLADdSscbDOlhN1IUfaDj899uygKtB4FnOgFDX89mo+F/WSPB7lkrFWGcIITcVEzWTSTFiI5A0I5QwFEOjGFcCfNLyn2mGEeDa+oVbdbxoTPMGSbuLIF5Uz0uuE7BvTrJF0sTOlmyTw7IEXHJKSmSC1ImFcLJI3kmL+TVerLerHfr47easSZ3dsmUrM8fo++dVg==</latexit>

KB⇥ S1
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Known component is so the theta angle is geometrized.

To find a susy M-theory compactification to 8d with 16 
supercharges, one needs a Ricci-flat 3-manifold which 

preserves covariantly constant spinors, but which can be 
non-orientable. 



When compactified on a circle to 8d, the theory admits an M-
theory description as compactification on a nontrivial KB fibration
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Known component is so the theta angle is geometrized.

To find a susy M-theory compactification to 8d with 16 
supercharges, one needs a Ricci-flat 3-manifold which 

preserves covariantly constant spinors, but which can be 
non-orientable. 

These are called Bieberbach manifolds and classified in math. 
lit;  only the two classes above exist. So we are not 

missing anything else this obvious.
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First example of a violation with 16 supercharges.
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on a T2; Total space is IIB on a T2 fibration over a circle

We find examples with sublattices of index 2 and 3;
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on a T2; Total space is IIB on a T2 fibration over a circle

We find examples with sublattices of index 2 and 3;

there are probably a lot more examples in lower 
dimensions and with less SUSY.

A lot to discover!



A single large, extra 
dimension of size

Gravity becomes 
strongly coupled at

Tower of dark KK 
modes; connections to 
DM, neutrinos, and 
cosmic rays

Three new SUSY  string theories 
in 9d,8d and 7d

Some of the new models do not 
have a full lattice of BPS strings

Exploring all ramifications? 
Lower-dimensional analogues? 
How large can the sublattice be?

A Dark 
Dimension &

  New String 
Theories



Thank you!


