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⇤

EFT coupled to 
classical gravity

Quantum Gravity

Energy

Given an Effective Field Theory (EFT) coupled to Einstein 
gravity, what is the cut-off at which semiclassical gravity 

breaks down and how?
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⇤
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classical gravity

Quantum Gravity

Energy

Given an Effective Field Theory (EFT) coupled to Einstein 
gravity, what is the cut-off at which semiclassical gravity 

breaks down and how?
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⇤ < MpString Theory data / Swampland considerations imply a cut-off
(for certain regions of the space of EFT parameters)

space of 
parameters

Given an Effective Field Theory (EFT) coupled to Einstein 
gravity, what is the cut-off at which semiclassical gravity 

breaks down and how?
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⇤ < MpString Theory data / Swampland considerations imply a cut-off
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In String Theory:

EFT parameters are given by vacuum 
expectation values of scalar fieldsspace of 

parameters

Given an Effective Field Theory (EFT) coupled to Einstein 
gravity, what is the cut-off at which semiclassical gravity 

breaks down and how?
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� ! 1

(at the boundaries of the field space)

field space

Given an Effective Field Theory (EFT) coupled to Einstein 
gravity, what is the cut-off at which semiclassical gravity 

breaks down and how?
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⇤ < MpString Theory data / Swampland considerations imply a cut-off
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infinite tower 
of states

...

The cut-off goes to zero asymptotically:

(at the boundaries of the field space)

field space

Given an Effective Field Theory (EFT) coupled to Einstein 
gravity, what is the cut-off at which semiclassical gravity 

breaks down and how?
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⇤ < MpString Theory data / Swampland considerations imply a cut-off
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infinite tower 
of states

...

The cut-off goes to zero asymptotically:
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(at the boundaries of the field space)

field space

Given an Effective Field Theory (EFT) coupled to Einstein 
gravity, what is the cut-off at which semiclassical gravity 

breaks down and how?
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⇤ < MpString Theory data / Swampland considerations imply a cut-off
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infinite tower 
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...

The cut-off goes to zero asymptotically:
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⇤ ! 0

(at the boundaries of the field space)

[Ooguri-Vafa’06]Distance Conjecture

Swampland/quantum gravity constraint: 
field space

Given an Effective Field Theory (EFT) coupled to Einstein 
gravity, what is the cut-off at which semiclassical gravity 

breaks down and how?
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⇤ < MpString Theory data / Swampland considerations imply a cut-off
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infinite tower 
of states

...

The cut-off goes to zero asymptotically:
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⇤ ! 0

(at the boundaries of the field space)

[Ooguri-Vafa’06]Distance Conjecture

Swampland/quantum gravity constraint: 
field space

Given an Effective Field Theory (EFT) coupled to Einstein 
gravity, what is the cut-off at which semiclassical gravity 

breaks down and how?
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g ! 0

approx global 
symmetry

From EFT perspective, these are e.g. weak coupling limits 
for gauge theories, approximate global symmetry limits, …
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⇤ ⌧ Mp



2) Universal pattern underlying all known string theory examples

1) Review of Distance Conjecture and drop-off of QG cut-off

3) Beyond moduli spaces: Implications for accelerated expansion 
and AdS scale separation

Non-perturbative test of DGKT AdS scale separated 
proposal

To sharpen the conjecture and provide a quantitative 
bound on the mass of the tower

Outline
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1) Review of Distance Conjecture and drop-off of QG cut-off

3) Beyond moduli spaces: Implications for accelerated expansion 
and AdS scale separation

Non-perturbative test of DGKT AdS scale separated 
proposal

To sharpen the conjecture and provide a quantitative 
bound on the mass of the tower

Outline



There is an infinite tower of states becoming exponentially light
at every infinite field distance limit of the moduli space

when �� ! 1

[Ooguri-Vafa’06]

m(P ) ⇠ m(Q)e�↵��

Distance Conjecture

Given an EFT coupled to gravity, with a moduli space parametrized by the vacuum 
expectation value of some scalar fields:



There is an infinite tower of states becoming exponentially light
at every infinite field distance limit of the moduli space

when �� ! 1

[Ooguri-Vafa’06]

m(P ) ⇠ m(Q)e�↵��

Distance Conjecture

Given an EFT coupled to gravity, with a moduli space parametrized by the vacuum 
expectation value of some scalar fields:

geodesic distance

L = gij(�)@�
i@�j scalar manifold (moduli space)

P

Q
��

�1

�2
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There is an infinite tower of states becoming exponentially light
at every infinite field distance limit of the moduli space

when �� ! 1

[Ooguri-Vafa’06]

m(P ) ⇠ m(Q)e�↵��

Distance Conjecture

Given an EFT coupled to gravity, with a moduli space parametrized by the vacuum 
expectation value of some scalar fields:

For example:

• Kaluza-Klein towers as 

• winding modes as 

• string modes as

<latexit sha1_base64="RESZamqyU5f6ERojsN/5a5cFtW4=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIqCcpePFYxX5AE8pmu2mXbjZhd6KEUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZFySCa3Ccb6u0srq2vlHerGxt7+zu2fsHbR2nirIWjUWsugHRTHDJWsBBsG6iGIkCwTrB+Hrqdx6Y0jyW95AlzI/IUPKQUwJG6tvVO0/x4QiIUvEj9rgMIevbNafuzICXiVuQGirQ7Ntf3iCmacQkUEG07rlOAn5OFHAq2KTipZolhI7JkPUMlSRi2s9nx0/wsVEGOIyVKQl4pv6eyEmkdRYFpjMiMNKL3lT8z+ulEF76OZdJCkzS+aIwFRhiPE0CD7hiFERmCKGKm1sxHRFFKJi8KiYEd/HlZdI+rbvn9bPbs1rjqoijjA7RETpBLrpADXSDmqiFKMrQM3pFb9aT9WK9Wx/z1pJVzFTRH1ifPxHolQs=</latexit>

R ! 1
<latexit sha1_base64="Cb1d7s/yzJkEepeZ5FdMjrvVx/A=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqCcJePEYxTwgWcPsZDYZMruzzPQaQsh/ePGgiFf/xZt/4yTZgyYWNBRV3XR3BYkUBl3328mtrK6tb+Q3C1vbO7t7xf2DulGpZrzGlFS6GVDDpYh5DQVK3kw0p1EgeSMY3Ez9xhPXRqj4AUcJ9yPai0UoGEUrPd63tej1kWqthsTtFEtu2Z2BLBMvIyXIUO0Uv9pdxdKIx8gkNabluQn6Y6pRMMknhXZqeELZgPZ4y9KYRtz449nVE3JilS4JlbYVI5mpvyfGNDJmFAW2M6LYN4veVPzPa6UYXvljEScp8pjNF4WpJKjINALSFZozlCNLKNPC3kpYn2rK0AZVsCF4iy8vk/pZ2bson9+dlyrXWRx5OIJjOAUPLqECt1CFGjDQ8Ayv8OYMnRfn3fmYt+acbOYQ/sD5/AE2nZJS</latexit>

R ! 0
<latexit sha1_base64="8AweZr7sK0fKc1LeWzZlGBxOVpo=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE1JMUvHisYD+gDWGz3bRLN7thd1Ipof/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMi1LBDXjet1NaW9/Y3CpvV3Z29/YP3MOjllGZpqxJlVC6ExHDBJesCRwE66SakSQSrB2N7mZ+e8y04Uo+wiRlQUIGksecErBS6LqD0PQ0HwyBaK2esBe6Va/mzYFXiV+QKirQCN2vXl/RLGESqCDGdH0vhSAnGjgVbFrpZYalhI7IgHUtlSRhJsjnl0/xmVX6OFbalgQ8V39P5CQxZpJEtjMhMDTL3kz8z+tmEN8EOZdpBkzSxaI4ExgUnsWA+1wzCmJiCaGa21sxHRJNKNiwKjYEf/nlVdK6qPlXtcuHy2r9toijjE7QKTpHPrpGdXSPGqiJKBqjZ/SK3pzceXHenY9Fa8kpZo7RHzifP2ORk34=</latexit>

gs ! 0

geodesic distance

L = gij(�)@�
i@�j scalar manifold (moduli space)

P

Q
��

�1

�2

<latexit sha1_base64="97qSXEla8/LFrF5rGDrRKAAkTFo=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUE8S8OIxgnlAsoTZSW8yZnZnnZkNhJB/8OJBEa/+jzf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGlqmimGdSSFVK6AaBY+xbrgR2EoU0igQ2AyGtzO/OUKluYwfzDhBP6L9mIecUWOlRgefUj7qFktu2Z2DrBIvIyXIUOsWvzo9ydIIY8ME1brtuYnxJ1QZzgROC51UY0LZkPaxbWlMI9T+ZH7tlJxZpUdCqWzFhszV3xMTGmk9jgLbGVEz0MveTPzPa6cmvPYnPE5SgzFbLApTQYwks9dJjytkRowtoUxxeythA6ooMzaggg3BW355lTQuyt5luXJfKVVvsjjycAKncA4eXEEV7qAGdWDwCM/wCm+OdF6cd+dj0Zpzsplj+APn8wfD9Y9B</latexit>⌘
<latexit sha1_base64="EOZCAb+HzKpn1DYD8l39V691t+k="></latexit>

�� =

Z P

Q

r
gij

d�i

ds

d�j

ds
ds



The tower signals a drastic breakdown of the effective theory at:

Distance Conjecture

(above        no local field theory description coupled to semiclassical gravity is possible anymore) 
<latexit sha1_base64="4XRNEvlkfzQ9P3pOGr/Tcd2mlt8=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCrsS1EoCNhYWEcwDkiXMzs4mQ2Znl5m7Qgj5CBsLRWz9Hjv/xkmyhSYeGDiccy5z7wlSKQy67rdTWFvf2Nwqbpd2dvf2D8qHRy2TZJrxJktkojsBNVwKxZsoUPJOqjmNA8nbweh25refuDYiUY84Trkf04ESkWAUrdTu3dtoSPvlilt15yCrxMtJBXI0+uWvXpiwLOYKmaTGdD03RX9CNQom+bTUywxPKRvRAe9aqmjMjT+ZrzslZ1YJSZRo+xSSufp7YkJjY8ZxYJMxxaFZ9mbif143w+janwiVZsgVW3wUZZJgQma3k1BozlCOLaFMC7srYUOqKUPbUMmW4C2fvEpaF1Xvslp7qFXqN3kdRTiBUzgHD66gDnfQgCYwGMEzvMKbkzovzrvzsYgWnHzmGP7A+fwBDV+PYg==</latexit>

⇤

Quantum Gravity (QG) cut-off scale
<latexit sha1_base64="4XRNEvlkfzQ9P3pOGr/Tcd2mlt8=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCrsS1EoCNhYWEcwDkiXMzs4mQ2Znl5m7Qgj5CBsLRWz9Hjv/xkmyhSYeGDiccy5z7wlSKQy67rdTWFvf2Nwqbpd2dvf2D8qHRy2TZJrxJktkojsBNVwKxZsoUPJOqjmNA8nbweh25refuDYiUY84Trkf04ESkWAUrdTu3dtoSPvlilt15yCrxMtJBXI0+uWvXpiwLOYKmaTGdD03RX9CNQom+bTUywxPKRvRAe9aqmjMjT+ZrzslZ1YJSZRo+xSSufp7YkJjY8ZxYJMxxaFZ9mbif143w+janwiVZsgVW3wUZZJgQma3k1BozlCOLaFMC7srYUOqKUPbUMmW4C2fvEpaF1Xvslp7qFXqN3kdRTiBUzgHD66gDnfQgCYwGMEzvMKbkzovzrvzsYgWnHzmGP7A+fwBDV+PYg==</latexit>

⇤



The tower signals a drastic breakdown of the effective theory at:

Distance Conjecture

(above        no local field theory description coupled to semiclassical gravity is possible anymore) 

Examples:

• The QG cut-off is the Planck scale of the higher dimensional 
theory in a decompactification limit

<latexit sha1_base64="leaQrM0tfaxG5LpAfuq/rD5d73Q=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0VxISWRom6Ugi5cKFSwD2hCmEwm7dCZJMxMhBLyB278FTcuFHHr1p1/4/SxqK0HBg7nnMude/yEUaks68coLCwuLa8UV0tr6xubW+b2TlPGqcCkgWMWi7aPJGE0Ig1FFSPtRBDEfUZafv9q6LceiZA0jh7UICEuR92IhhQjpSXPPHRudThAF3de5ggOE3YMr3OHMTglBLlnlq2KNQKcJ/aElMEEdc/8doIYp5xECjMkZce2EuVmSCiKGclLTipJgnAfdUlH0whxIt1sdE8OD7QSwDAW+kUKjtTpiQxxKQfc10mOVE/OekPxP6+TqvDczWiUpIpEeLwoTBlUMRyWAwMqCFZsoAnCguq/QtxDAmGlKyzpEuzZk+dJ86Rin1aq99Vy7XJSRxHsgX1wBGxwBmrgBtRBA2DwBF7AG3g3no1X48P4HEcLxmRmF/yB8fUL6UKbUA==</latexit>

⇤ = Mpl,D ⌧ Mpl,d

<latexit sha1_base64="4XRNEvlkfzQ9P3pOGr/Tcd2mlt8=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCrsS1EoCNhYWEcwDkiXMzs4mQ2Znl5m7Qgj5CBsLRWz9Hjv/xkmyhSYeGDiccy5z7wlSKQy67rdTWFvf2Nwqbpd2dvf2D8qHRy2TZJrxJktkojsBNVwKxZsoUPJOqjmNA8nbweh25refuDYiUY84Trkf04ESkWAUrdTu3dtoSPvlilt15yCrxMtJBXI0+uWvXpiwLOYKmaTGdD03RX9CNQom+bTUywxPKRvRAe9aqmjMjT+ZrzslZ1YJSZRo+xSSufp7YkJjY8ZxYJMxxaFZ9mbif143w+janwiVZsgVW3wUZZJgQma3k1BozlCOLaFMC7srYUOqKUPbUMmW4C2fvEpaF1Xvslp7qFXqN3kdRTiBUzgHD66gDnfQgCYwGMEzvMKbkzovzrvzsYgWnHzmGP7A+fwBDV+PYg==</latexit>

⇤

Quantum Gravity (QG) cut-off scale
<latexit sha1_base64="4XRNEvlkfzQ9P3pOGr/Tcd2mlt8=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCrsS1EoCNhYWEcwDkiXMzs4mQ2Znl5m7Qgj5CBsLRWz9Hjv/xkmyhSYeGDiccy5z7wlSKQy67rdTWFvf2Nwqbpd2dvf2D8qHRy2TZJrxJktkojsBNVwKxZsoUPJOqjmNA8nbweh25refuDYiUY84Trkf04ESkWAUrdTu3dtoSPvlilt15yCrxMtJBXI0+uWvXpiwLOYKmaTGdD03RX9CNQom+bTUywxPKRvRAe9aqmjMjT+ZrzslZ1YJSZRo+xSSufp7YkJjY8ZxYJMxxaFZ9mbif143w+janwiVZsgVW3wUZZJgQma3k1BozlCOLaFMC7srYUOqKUPbUMmW4C2fvEpaF1Xvslp7qFXqN3kdRTiBUzgHD66gDnfQgCYwGMEzvMKbkzovzrvzsYgWnHzmGP7A+fwBDV+PYg==</latexit>

⇤



The tower signals a drastic breakdown of the effective theory at:

Distance Conjecture

(above        no local field theory description coupled to semiclassical gravity is possible anymore) 

Examples:

• The QG cut-off is the Planck scale of the higher dimensional 
theory in a decompactification limit

<latexit sha1_base64="leaQrM0tfaxG5LpAfuq/rD5d73Q=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0VxISWRom6Ugi5cKFSwD2hCmEwm7dCZJMxMhBLyB278FTcuFHHr1p1/4/SxqK0HBg7nnMude/yEUaks68coLCwuLa8UV0tr6xubW+b2TlPGqcCkgWMWi7aPJGE0Ig1FFSPtRBDEfUZafv9q6LceiZA0jh7UICEuR92IhhQjpSXPPHRudThAF3de5ggOE3YMr3OHMTglBLlnlq2KNQKcJ/aElMEEdc/8doIYp5xECjMkZce2EuVmSCiKGclLTipJgnAfdUlH0whxIt1sdE8OD7QSwDAW+kUKjtTpiQxxKQfc10mOVE/OekPxP6+TqvDczWiUpIpEeLwoTBlUMRyWAwMqCFZsoAnCguq/QtxDAmGlKyzpEuzZk+dJ86Rin1aq99Vy7XJSRxHsgX1wBGxwBmrgBtRBA2DwBF7AG3g3no1X48P4HEcLxmRmF/yB8fUL6UKbUA==</latexit>

⇤ = Mpl,D ⌧ Mpl,d

• The QG cut-off is the string scale in an weak coupling 
string limit

<latexit sha1_base64="mG0t9tbfIfvgN3UFE3wTBxEgPF8=">AAACE3icbVDNS8MwHE39nPOr6tFLcAgiMloZ6kkGXjwoTHAfsJaSpukWlrQ1SYVR+j948V/x4kERr168+d+YbRV080Hg5b33I/k9P2FUKsv6MubmFxaXlksr5dW19Y1Nc2u7JeNUYNLEMYtFx0eSMBqRpqKKkU4iCOI+I21/cDHy2/dESBpHt2qYEJejXkRDipHSkmceOlc6HCBHUk7u4LWXOYJDqUTuMPZzTdgRDHLPrFhVaww4S+yCVECBhmd+OkGMU04ihRmSsmtbiXIzJBTFjORlJ5UkQXiAeqSraYQ4kW423imH+1oJYBgLfSIFx+rviQxxKYfc10mOVF9OeyPxP6+bqvDMzWiUpIpEePJQmDKoYjgqCAZUEKzYUBOEBdV/hbiPBMJK11jWJdjTK8+S1nHVPqnWbmqV+nlRRwnsgj1wAGxwCurgEjRAE2DwAJ7AC3g1Ho1n4814n0TnjGJmB/yB8fENRMydww==</latexit>

⇤ ' Mstr ⌧ Mpl,d

<latexit sha1_base64="4XRNEvlkfzQ9P3pOGr/Tcd2mlt8=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCrsS1EoCNhYWEcwDkiXMzs4mQ2Znl5m7Qgj5CBsLRWz9Hjv/xkmyhSYeGDiccy5z7wlSKQy67rdTWFvf2Nwqbpd2dvf2D8qHRy2TZJrxJktkojsBNVwKxZsoUPJOqjmNA8nbweh25refuDYiUY84Trkf04ESkWAUrdTu3dtoSPvlilt15yCrxMtJBXI0+uWvXpiwLOYKmaTGdD03RX9CNQom+bTUywxPKRvRAe9aqmjMjT+ZrzslZ1YJSZRo+xSSufp7YkJjY8ZxYJMxxaFZ9mbif143w+janwiVZsgVW3wUZZJgQma3k1BozlCOLaFMC7srYUOqKUPbUMmW4C2fvEpaF1Xvslp7qFXqN3kdRTiBUzgHD66gDnfQgCYwGMEzvMKbkzovzrvzsYgWnHzmGP7A+fwBDV+PYg==</latexit>

⇤

Quantum Gravity (QG) cut-off scale
<latexit sha1_base64="4XRNEvlkfzQ9P3pOGr/Tcd2mlt8=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCrsS1EoCNhYWEcwDkiXMzs4mQ2Znl5m7Qgj5CBsLRWz9Hjv/xkmyhSYeGDiccy5z7wlSKQy67rdTWFvf2Nwqbpd2dvf2D8qHRy2TZJrxJktkojsBNVwKxZsoUPJOqjmNA8nbweh25refuDYiUY84Trkf04ESkWAUrdTu3dtoSPvlilt15yCrxMtJBXI0+uWvXpiwLOYKmaTGdD03RX9CNQom+bTUywxPKRvRAe9aqmjMjT+ZrzslZ1YJSZRo+xSSufp7YkJjY8ZxYJMxxaFZ9mbif143w+janwiVZsgVW3wUZZJgQma3k1BozlCOLaFMC7srYUOqKUPbUMmW4C2fvEpaF1Xvslp7qFXqN3kdRTiBUzgHD66gDnfQgCYwGMEzvMKbkzovzrvzsYgWnHzmGP7A+fwBDV+PYg==</latexit>

⇤



Distance Conjecture

(number of single-particle states weakly coupled to gravity)

[Dvali’07]
In general, it is also known as the species scale

<latexit sha1_base64="uGPzYUGfEdt316PdjkTjj2Xca+w=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBjTUpRd0IRTcuVCrYBzQxTCaTdujkwcxEKCFLN/6KGxeKuPUT3Pk3TtsstPXAwOGcc7lzjxszKqRhfGuFufmFxaXicmlldW19Q9/caoko4Zg0ccQi3nGRIIyGpCmpZKQTc4ICl5G2O7gY+e0HwgWNwjs5jIkdoF5IfYqRVJKj71pXKuyhM8vnCKfXTpylN/epeZR6h9Usyxy9bFSMMeAsMXNSBjkajv5leRFOAhJKzJAQXdOIpZ0iLilmJCtZiSAxwgPUI11FQxQQYafjQzK4rxQP+hFXL5RwrP6eSFEgxDBwVTJAsi+mvZH4n9dNpH9qpzSME0lCPFnkJwzKCI5agR7lBEs2VARhTtVfIe4j1YhU3ZVUCeb0ybOkVa2Yx5Xaba1cP8/rKIIdsAcOgAlOQB1cggZoAgwewTN4BW/ak/aivWsfk2hBy2e2wR9onz9MApmH</latexit>

⇤ =
Mp

N1/d�2
<latexit sha1_base64="QHVsFEG6lq88VOQwssW8I5PMwzU=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AR6qbMSFE3SsGNC5EK9gGdsWQyaRuaZIYkI5ShbvwVNy4UcetfuPNvTNtZaOuBwOGce7i5J4gZVdpxvq3cwuLS8kp+tbC2vrG5ZW/vNFSUSEzqOGKRbAVIEUYFqWuqGWnFkiAeMNIMBpdjv/lApKKRuNPDmPgc9QTtUoy0kTr23s25R4W+965NJkTQk/2oxI9C3rGLTtmZAM4TNyNFkKHWsb+8MMIJJ0JjhpRqu06s/RRJTTEjo4KXKBIjPEA90jZUIE6Un04uGMFDo4SwG0nzhIYT9XciRVypIQ/MJEe6r2a9sfif105098xPqYgTTQSeLuomDOoIjuuAIZUEazY0BGFJzV8h7iOJsDalFUwJ7uzJ86RxXHZPypXbSrF6kdWRB/vgAJSAC05BFVyBGqgDDB7BM3gFb9aT9WK9Wx/T0ZyVZXbBH1ifP0R3liE=</latexit>

N =

Z ⇤

⇢(m)dm

Quantum Gravity (QG) cut-off scale
<latexit sha1_base64="4XRNEvlkfzQ9P3pOGr/Tcd2mlt8=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCrsS1EoCNhYWEcwDkiXMzs4mQ2Znl5m7Qgj5CBsLRWz9Hjv/xkmyhSYeGDiccy5z7wlSKQy67rdTWFvf2Nwqbpd2dvf2D8qHRy2TZJrxJktkojsBNVwKxZsoUPJOqjmNA8nbweh25refuDYiUY84Trkf04ESkWAUrdTu3dtoSPvlilt15yCrxMtJBXI0+uWvXpiwLOYKmaTGdD03RX9CNQom+bTUywxPKRvRAe9aqmjMjT+ZrzslZ1YJSZRo+xSSufp7YkJjY8ZxYJMxxaFZ9mbif143w+janwiVZsgVW3wUZZJgQma3k1BozlCOLaFMC7srYUOqKUPbUMmW4C2fvEpaF1Xvslp7qFXqN3kdRTiBUzgHD66gDnfQgCYwGMEzvMKbkzovzrvzsYgWnHzmGP7A+fwBDV+PYg==</latexit>

⇤

The tower signals a drastic breakdown of the effective theory at:

(above        no local field theory description coupled to semiclassical gravity is possible anymore) 
<latexit sha1_base64="4XRNEvlkfzQ9P3pOGr/Tcd2mlt8=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCrsS1EoCNhYWEcwDkiXMzs4mQ2Znl5m7Qgj5CBsLRWz9Hjv/xkmyhSYeGDiccy5z7wlSKQy67rdTWFvf2Nwqbpd2dvf2D8qHRy2TZJrxJktkojsBNVwKxZsoUPJOqjmNA8nbweh25refuDYiUY84Trkf04ESkWAUrdTu3dtoSPvlilt15yCrxMtJBXI0+uWvXpiwLOYKmaTGdD03RX9CNQom+bTUywxPKRvRAe9aqmjMjT+ZrzslZ1YJSZRo+xSSufp7YkJjY8ZxYJMxxaFZ9mbif143w+janwiVZsgVW3wUZZJgQma3k1BozlCOLaFMC7srYUOqKUPbUMmW4C2fvEpaF1Xvslp7qFXqN3kdRTiBUzgHD66gDnfQgCYwGMEzvMKbkzovzrvzsYgWnHzmGP7A+fwBDV+PYg==</latexit>

⇤

[Arkani-Hamed et al’05]



Distance Conjecture

(number of single-particle states weakly coupled to gravity)

[Dvali’07]
In general, it is also known as the species scale

<latexit sha1_base64="uGPzYUGfEdt316PdjkTjj2Xca+w=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBjTUpRd0IRTcuVCrYBzQxTCaTdujkwcxEKCFLN/6KGxeKuPUT3Pk3TtsstPXAwOGcc7lzjxszKqRhfGuFufmFxaXicmlldW19Q9/caoko4Zg0ccQi3nGRIIyGpCmpZKQTc4ICl5G2O7gY+e0HwgWNwjs5jIkdoF5IfYqRVJKj71pXKuyhM8vnCKfXTpylN/epeZR6h9Usyxy9bFSMMeAsMXNSBjkajv5leRFOAhJKzJAQXdOIpZ0iLilmJCtZiSAxwgPUI11FQxQQYafjQzK4rxQP+hFXL5RwrP6eSFEgxDBwVTJAsi+mvZH4n9dNpH9qpzSME0lCPFnkJwzKCI5agR7lBEs2VARhTtVfIe4j1YhU3ZVUCeb0ybOkVa2Yx5Xaba1cP8/rKIIdsAcOgAlOQB1cggZoAgwewTN4BW/ak/aivWsfk2hBy2e2wR9onz9MApmH</latexit>

⇤ =
Mp

N1/d�2
<latexit sha1_base64="QHVsFEG6lq88VOQwssW8I5PMwzU=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AR6qbMSFE3SsGNC5EK9gGdsWQyaRuaZIYkI5ShbvwVNy4UcetfuPNvTNtZaOuBwOGce7i5J4gZVdpxvq3cwuLS8kp+tbC2vrG5ZW/vNFSUSEzqOGKRbAVIEUYFqWuqGWnFkiAeMNIMBpdjv/lApKKRuNPDmPgc9QTtUoy0kTr23s25R4W+965NJkTQk/2oxI9C3rGLTtmZAM4TNyNFkKHWsb+8MMIJJ0JjhpRqu06s/RRJTTEjo4KXKBIjPEA90jZUIE6Un04uGMFDo4SwG0nzhIYT9XciRVypIQ/MJEe6r2a9sfif105098xPqYgTTQSeLuomDOoIjuuAIZUEazY0BGFJzV8h7iOJsDalFUwJ7uzJ86RxXHZPypXbSrF6kdWRB/vgAJSAC05BFVyBGqgDDB7BM3gFb9aT9WK9Wx/T0ZyVZXbBH1ifP0R3liE=</latexit>

N =

Z ⇤

⇢(m)dm

m0

..

��

Mp
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Wish List

Provide a bottom-up rationale beyond string theory examples

• Black hole entropy argument for weak coupling limits

• Quantum Gravity obstruction to restore global symmetries / factorization

• Emergence proposal

• AdS/CFT [Baume,Calderon-Infante’21-23][Perlmutter,Rastelli,Vafa,IV’21] 

[Grimm,Palti,IV’18][Gendler,IV’20]
[Cordova et al’22][Stout’21] [Grimm,Palti,IV’18] [Heidenreich et al’18]

[Hamada et al’21]
[Cribiori et al’22]
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Sharpen the conjecture to provide:

• The nature of the tower

• The minimal possible value for the exponential mass decay rate

• The quantum gravity theory that emerges at infinite distance above 

Does the tower signal extra dimensions? or a tensionless string?

<latexit sha1_base64="yKx5X8fQ9wXNFO5OzCEh3wfPhzU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pku2nXbjZhdyOU0P/gxYMiXv0/3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nirImjUWsOgFqJrhkTcONYJ1EMYwCwdrB+Hbmt5+Y0jyWD2aSMD/CoeQhp2is1OqhSEbYL1fcqjsHWSVeTiqQo9Evf/UGMU0jJg0VqHXXcxPjZ6gMp4JNS71UswTpGIesa6nEiGk/m187JWdWGZAwVrakIXP190SGkdaTKLCdEZqRXvZm4n9eNzXhtZ9xmaSGSbpYFKaCmJjMXicDrhg1YmIJUsXtrYSOUCE1NqCSDcFbfnmVtC6q3mW1dl+r1G/yOIpwAqdwDh5cQR3uoAFNoPAIz/AKb07svDjvzseiteDkM8fwB87nD407jx0=</latexit>↵

<latexit sha1_base64="FXCYZ51xT2N+eaIl5mkXa4xH74E=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi6koKLnThogX7gCaEyWTaDp1MwsykUEL/xI0LRdz6J+78G6dtFtp6YOBwzrncOydMOVPacb6t0tr6xuZWebuys7u3f2AfHrVVkklCWyThieyGWFHOBG1ppjntppLiOOS0E47uZn5nTKViiXjSk5T6MR4I1mcEayMFtu09mnCEg9yTMWreTwO76tScOdAqcQtShQKNwP7yooRkMRWacKxUz3VS7edYakY4nVa8TNEUkxEe0J6hAsdU+fn88ik6M0qE+ok0T2g0V39P5DhWahKHJhljPVTL3kz8z+tlun/j50ykmaaCLBb1M450gmY1oIhJSjSfGIKJZOZWRIZYYqJNWRVTgrv85VXSvqi5V7XL5mW1flvUUYYTOIVzcOEa6vAADWgBgTE8wyu8Wbn1Yr1bH4toySpmjuEPrM8f86aTNw==</latexit>

⇤QG

<latexit sha1_base64="Y3bxljU0QzliUiQgw8gKlHHQnGY=">AAACC3icbVA9SwNBEN3zM8avqKXNYhBiYbiToFYS0MIygtFALoS5zSRZsnu37O6JIaS38a/YWChi6x+w89+4iSk08cHA470ZZuZFSnBjff/Lm5tfWFxazqxkV9fWNzZzW9s3Jkk1wypLRKJrERgUPMaq5VZgTWkEGQm8jXrnI//2DrXhSXxt+wobEjoxb3MG1knN3B6VoeGSyqYf4r0qHIYgVBdoeIHCQqi6/KCZy/tFfww6S4IJyZMJKs3cZ9hKWCoxtkyAMfXAV7YxAG05EzjMhqlBBawHHaw7GoNE0xiMfxnSfae0aDvRrmJLx+rviQFIY/oycp0SbNdMeyPxP6+e2vZpY8BjlVqM2c+idiqoTegoGNriGpkVfUeAae5upawLGph18WVdCMH0y7Pk5qgYHBdLV6V8+WwSR4bskj1SIAE5IWVySSqkShh5IE/khbx6j96z9+a9/7TOeZOZHfIH3sc3Kf+Z3g==</latexit>

m ⇠ m0 exp(�↵��)
<latexit sha1_base64="XItD19cX/NlFIxyE1lZlYmP1KDs=">AAACAnicbVBNS8NAEN34WetX1JN4WSxCvZREinqSghdvVrAf0JQy2W7apZtN2N0IJRQv/hUvHhTx6q/w5r9x0+agrQ8GHu/NMDPPjzlT2nG+raXlldW19cJGcXNre2fX3ttvqiiRhDZIxCPZ9kFRzgRtaKY5bceSQuhz2vJH15nfeqBSsUjc63FMuyEMBAsYAW2knn3oAY+H4CkWYi8EPSTA09tJ2T3t2SWn4kyBF4mbkxLKUe/ZX14/IklIhSYclOq4Tqy7KUjNCKeTopcoGgMZwYB2DBUQUtVNpy9M8IlR+jiIpCmh8VT9PZFCqNQ49E1ndqWa9zLxP6+T6OCymzIRJ5oKMlsUJBzrCGd54D6TlGg+NgSIZOZWTIYggWiTWtGE4M6/vEiaZxX3vFK9q5ZqV3kcBXSEjlEZuegC1dANqqMGIugRPaNX9GY9WS/Wu/Uxa12y8pkD9AfW5w91IZbQ</latexit>

↵ ⇠ O(1)



Wish List

Provide a bottom-up rationale beyond string theory examples

• Black hole entropy argument for weak coupling limits

• Quantum Gravity obstruction to restore global symmetries / factorization

• Emergence proposal

• AdS/CFT [Baume,Calderon-Infante’21-23][Perlmutter,Rastelli,Vafa,IV’21] 

[Grimm,Palti,IV’18][Gendler,IV’20]
[Cordova et al’22][Stout’21] [Grimm,Palti,IV’18] [Heidenreich et al’18]

[Hamada et al’21]
[Cribiori et al’22]

Sharpen the conjecture to provide:

• The nature of the tower

• The minimal possible value for the exponential mass decay rate

• The quantum gravity theory that emerges at infinite distance above 

Does the tower signal extra dimensions? or a tensionless string?

<latexit sha1_base64="yKx5X8fQ9wXNFO5OzCEh3wfPhzU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pku2nXbjZhdyOU0P/gxYMiXv0/3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nirImjUWsOgFqJrhkTcONYJ1EMYwCwdrB+Hbmt5+Y0jyWD2aSMD/CoeQhp2is1OqhSEbYL1fcqjsHWSVeTiqQo9Evf/UGMU0jJg0VqHXXcxPjZ6gMp4JNS71UswTpGIesa6nEiGk/m187JWdWGZAwVrakIXP190SGkdaTKLCdEZqRXvZm4n9eNzXhtZ9xmaSGSbpYFKaCmJjMXicDrhg1YmIJUsXtrYSOUCE1NqCSDcFbfnmVtC6q3mW1dl+r1G/yOIpwAqdwDh5cQR3uoAFNoPAIz/AKb07svDjvzseiteDkM8fwB87nD407jx0=</latexit>↵

<latexit sha1_base64="FXCYZ51xT2N+eaIl5mkXa4xH74E=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi6koKLnThogX7gCaEyWTaDp1MwsykUEL/xI0LRdz6J+78G6dtFtp6YOBwzrncOydMOVPacb6t0tr6xuZWebuys7u3f2AfHrVVkklCWyThieyGWFHOBG1ppjntppLiOOS0E47uZn5nTKViiXjSk5T6MR4I1mcEayMFtu09mnCEg9yTMWreTwO76tScOdAqcQtShQKNwP7yooRkMRWacKxUz3VS7edYakY4nVa8TNEUkxEe0J6hAsdU+fn88ik6M0qE+ok0T2g0V39P5DhWahKHJhljPVTL3kz8z+tlun/j50ykmaaCLBb1M450gmY1oIhJSjSfGIKJZOZWRIZYYqJNWRVTgrv85VXSvqi5V7XL5mW1flvUUYYTOIVzcOEa6vAADWgBgTE8wyu8Wbn1Yr1bH4toySpmjuEPrM8f86aTNw==</latexit>

⇤QG

<latexit sha1_base64="Y3bxljU0QzliUiQgw8gKlHHQnGY=">AAACC3icbVA9SwNBEN3zM8avqKXNYhBiYbiToFYS0MIygtFALoS5zSRZsnu37O6JIaS38a/YWChi6x+w89+4iSk08cHA470ZZuZFSnBjff/Lm5tfWFxazqxkV9fWNzZzW9s3Jkk1wypLRKJrERgUPMaq5VZgTWkEGQm8jXrnI//2DrXhSXxt+wobEjoxb3MG1knN3B6VoeGSyqYf4r0qHIYgVBdoeIHCQqi6/KCZy/tFfww6S4IJyZMJKs3cZ9hKWCoxtkyAMfXAV7YxAG05EzjMhqlBBawHHaw7GoNE0xiMfxnSfae0aDvRrmJLx+rviQFIY/oycp0SbNdMeyPxP6+e2vZpY8BjlVqM2c+idiqoTegoGNriGpkVfUeAae5upawLGph18WVdCMH0y7Pk5qgYHBdLV6V8+WwSR4bskj1SIAE5IWVySSqkShh5IE/khbx6j96z9+a9/7TOeZOZHfIH3sc3Kf+Z3g==</latexit>

m ⇠ m0 exp(�↵��)
<latexit sha1_base64="XItD19cX/NlFIxyE1lZlYmP1KDs=">AAACAnicbVBNS8NAEN34WetX1JN4WSxCvZREinqSghdvVrAf0JQy2W7apZtN2N0IJRQv/hUvHhTx6q/w5r9x0+agrQ8GHu/NMDPPjzlT2nG+raXlldW19cJGcXNre2fX3ttvqiiRhDZIxCPZ9kFRzgRtaKY5bceSQuhz2vJH15nfeqBSsUjc63FMuyEMBAsYAW2knn3oAY+H4CkWYi8EPSTA09tJ2T3t2SWn4kyBF4mbkxLKUe/ZX14/IklIhSYclOq4Tqy7KUjNCKeTopcoGgMZwYB2DBUQUtVNpy9M8IlR+jiIpCmh8VT9PZFCqNQ49E1ndqWa9zLxP6+T6OCymzIRJ5oKMlsUJBzrCGd54D6TlGg+NgSIZOZWTIYggWiTWtGE4M6/vEiaZxX3vFK9q5ZqV3kcBXSEjlEZuegC1dANqqMGIugRPaNX9GY9WS/Wu/Uxa12y8pkD9AfW5w91IZbQ</latexit>

↵ ⇠ O(1)



2) Universal pattern underlying all known string theory examples

1) Review of Distance Conjecture and drop-off of QG cut-off

3) Beyond moduli spaces: Implications for accelerated expansion 
and AdS scale separation

Non-perturbative test of DGKT AdS scale separated 
proposal

To sharpen the conjecture and provide a quantitative 
bound on the mass of the tower
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A Universal Pattern

We found a new universal pattern between the leading tower of states 
and the quantum gravity cut-off underlying all string theory examples

[Castellano,Ruiz,IV’ongoing]
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We found a new universal pattern between the leading tower of states 
and the quantum gravity cut-off underlying all string theory examples

[Castellano,Ruiz,IV’ongoing]



At every point of the asymptotic regime:

( i.e. 
<latexit sha1_base64="/a9h6T8c3mVHzqP1gynx05aEtK8="></latexit>

G�i�j @�im

m

@�j⇤

⇤
=

1

d� 2
)

<latexit sha1_base64="IY5c35pAYAvd4pTafnhMZVrG0zo=">AAACM3icbVDLSgMxFM3UV62vUZdugkVwY5kpRd0oghsRFxVsFTql3MlkNJhkhiQjlGH+yY0/4kIQF4q49R9MH4JaDwQO55yb5J4w5Uwbz3t2SlPTM7Nz5fnKwuLS8oq7utbWSaYIbZGEJ+oqBE05k7RlmOH0KlUURMjpZXh7PPAv76jSLJEXpp/SroBryWJGwFip554GsQKSB3eUBBJCDlgUuSgCEiUGT3jBmb05giL/JgfDiJ9HO/Wi51a9mjcEniT+mFTRGM2e+xhECckElYZw0Lrje6np5qAMI5wWlSDTNAVyC9e0Y6kEQXU3H+5c4C2rRDhOlD3S4KH6cyIHoXVfhDYpwNzov95A/M/rZCbe7+ZMppmhkoweijOOTYIHBeKIKUoM71sCRDH7V0xuwLZgbM0VW4L/d+VJ0q7X/N1a47xRPToc11FGG2gTbSMf7aEjdIKaqIUIukdP6BW9OQ/Oi/PufIyiJWc8s45+wfn8AlrOq+c=</latexit>

~rm

m
·
~r⇤

⇤
=

1

d� 2

A Universal Pattern

We found a new universal pattern between the leading tower of states 
and the quantum gravity cut-off underlying all string theory examples

[Castellano,Ruiz,IV’ongoing]

space-time dimension
<latexit sha1_base64="wnudPnRg5BCX88PMxe5DW14A9FE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItS8OKxiv2ANpTNZtMu3WzC7kQopf/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMC1IpDLrut1NYWV1b3yhulra2d3b3yvsHTZNkmvEGS2Si2wE1XArFGyhQ8naqOY0DyVvB8Hbqt564NiJRjzhKuR/TvhKRYBSt9BBe98oVt+rOQJaJl5MK5Kj3yl/dMGFZzBUySY3peG6K/phqFEzySambGZ5SNqR93rFU0Zgbfzy7dEJOrBKSKNG2FJKZ+ntiTGNjRnFgO2OKA7PoTcX/vE6G0ZU/FirNkCs2XxRlkmBCpm+TUGjOUI4soUwLeythA6opQxtOyYbgLb68TJpnVe+ien5/Xqnd5HEU4QiO4RQ8uIQa3EEdGsAggmd4hTdn6Lw4787HvLXg5DOH8AfO5w9Lbo00</latexit>

d =

metric in field space

mass of the leading (lightest) 
tower of states

quantum gravity cut-off



At every point of the asymptotic regime:

( i.e. 
<latexit sha1_base64="/a9h6T8c3mVHzqP1gynx05aEtK8="></latexit>

G�i�j @�im

m

@�j⇤

⇤
=

1

d� 2
)

<latexit sha1_base64="IY5c35pAYAvd4pTafnhMZVrG0zo=">AAACM3icbVDLSgMxFM3UV62vUZdugkVwY5kpRd0oghsRFxVsFTql3MlkNJhkhiQjlGH+yY0/4kIQF4q49R9MH4JaDwQO55yb5J4w5Uwbz3t2SlPTM7Nz5fnKwuLS8oq7utbWSaYIbZGEJ+oqBE05k7RlmOH0KlUURMjpZXh7PPAv76jSLJEXpp/SroBryWJGwFip554GsQKSB3eUBBJCDlgUuSgCEiUGT3jBmb05giL/JgfDiJ9HO/Wi51a9mjcEniT+mFTRGM2e+xhECckElYZw0Lrje6np5qAMI5wWlSDTNAVyC9e0Y6kEQXU3H+5c4C2rRDhOlD3S4KH6cyIHoXVfhDYpwNzov95A/M/rZCbe7+ZMppmhkoweijOOTYIHBeKIKUoM71sCRDH7V0xuwLZgbM0VW4L/d+VJ0q7X/N1a47xRPToc11FGG2gTbSMf7aEjdIKaqIUIukdP6BW9OQ/Oi/PufIyiJWc8s45+wfn8AlrOq+c=</latexit>

~rm

m
·
~r⇤

⇤
=

1

d� 2

A Universal Pattern

We found a new universal pattern between the leading tower of states 
and the quantum gravity cut-off underlying all string theory examples

[Castellano,Ruiz,IV’ongoing]

Independently of the nature of the tower, the type of infinite 
distance limit, or the compactification manifold…

space-time dimension
<latexit sha1_base64="wnudPnRg5BCX88PMxe5DW14A9FE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItS8OKxiv2ANpTNZtMu3WzC7kQopf/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMC1IpDLrut1NYWV1b3yhulra2d3b3yvsHTZNkmvEGS2Si2wE1XArFGyhQ8naqOY0DyVvB8Hbqt564NiJRjzhKuR/TvhKRYBSt9BBe98oVt+rOQJaJl5MK5Kj3yl/dMGFZzBUySY3peG6K/phqFEzySambGZ5SNqR93rFU0Zgbfzy7dEJOrBKSKNG2FJKZ+ntiTGNjRnFgO2OKA7PoTcX/vE6G0ZU/FirNkCs2XxRlkmBCpm+TUGjOUI4soUwLeythA6opQxtOyYbgLb68TJpnVe+ien5/Xqnd5HEU4QiO4RQ8uIQa3EEdGsAggmd4hTdn6Lw4787HvLXg5DOH8AfO5w9Lbo00</latexit>

d =

metric in field space

mass of the leading (lightest) 
tower of states

quantum gravity cut-off



At every point of the asymptotic regime:

( i.e. )

metric in field space

mass of the leading (lightest) 
tower of states

quantum gravity cut-off

In terms of the number of species:

<latexit sha1_base64="IY5c35pAYAvd4pTafnhMZVrG0zo=">AAACM3icbVDLSgMxFM3UV62vUZdugkVwY5kpRd0oghsRFxVsFTql3MlkNJhkhiQjlGH+yY0/4kIQF4q49R9MH4JaDwQO55yb5J4w5Uwbz3t2SlPTM7Nz5fnKwuLS8oq7utbWSaYIbZGEJ+oqBE05k7RlmOH0KlUURMjpZXh7PPAv76jSLJEXpp/SroBryWJGwFip554GsQKSB3eUBBJCDlgUuSgCEiUGT3jBmb05giL/JgfDiJ9HO/Wi51a9mjcEniT+mFTRGM2e+xhECckElYZw0Lrje6np5qAMI5wWlSDTNAVyC9e0Y6kEQXU3H+5c4C2rRDhOlD3S4KH6cyIHoXVfhDYpwNzov95A/M/rZCbe7+ZMppmhkoweijOOTYIHBeKIKUoM71sCRDH7V0xuwLZgbM0VW4L/d+VJ0q7X/N1a47xRPToc11FGG2gTbSMf7aEjdIKaqIUIukdP6BW9OQ/Oi/PufIyiJWc8s45+wfn8AlrOq+c=</latexit>

~rm

m
·
~r⇤

⇤
=

1

d� 2

A Universal Pattern

space-time dimension
<latexit sha1_base64="wnudPnRg5BCX88PMxe5DW14A9FE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItS8OKxiv2ANpTNZtMu3WzC7kQopf/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMC1IpDLrut1NYWV1b3yhulra2d3b3yvsHTZNkmvEGS2Si2wE1XArFGyhQ8naqOY0DyVvB8Hbqt564NiJRjzhKuR/TvhKRYBSt9BBe98oVt+rOQJaJl5MK5Kj3yl/dMGFZzBUySY3peG6K/phqFEzySambGZ5SNqR93rFU0Zgbfzy7dEJOrBKSKNG2FJKZ+ntiTGNjRnFgO2OKA7PoTcX/vE6G0ZU/FirNkCs2XxRlkmBCpm+TUGjOUI4soUwLeythA6opQxtOyYbgLb68TJpnVe+ien5/Xqnd5HEU4QiO4RQ8uIQa3EEdGsAggmd4hTdn6Lw4787HvLXg5DOH8AfO5w9Lbo00</latexit>

d =

[Castellano,Ruiz,IV’ongoing]

<latexit sha1_base64="FI/EMUOl4SLu93wD8QJJ535SR2s=">AAACHnicbVDLSsNAFJ34rPUVdelmsAhuLInUx0YpuHFVKtgHNKFMppN26MwkzEwKJeRL3PgrblwoIrjSv3HaZqGtBy4czrmXe+8JYkaVdpxva2l5ZXVtvbBR3Nza3tm19/abKkokJg0csUi2A6QIo4I0NNWMtGNJEA8YaQXD24nfGhGpaCQe9DgmPkd9QUOKkTZS1z73Qolw6o0I9gQKGII8S3nm4V6k4YJXy9Jadn3qdu2SU3amgIvEzUkJ5Kh37U+vF+GEE6ExQ0p1XCfWfoqkppiRrOglisQID1GfdAwViBPlp9P3MnhslB4MI2lKaDhVf0+kiCs15oHp5EgP1Lw3Ef/zOokOr/yUijjRRODZojBhUEdwkhXsUUmwZmNDEJbU3ArxAJlMtEm0aEJw519eJM2zsntRrtxXStWbPI4COARH4AS44BJUwR2ogwbA4BE8g1fwZj1ZL9a79TFrXbLymQPwB9bXD++GovE=</latexit>

~rm

m
·
~rN

N
= �1

<latexit sha1_base64="e8QNewV2v6g1aOrXx/YVFJvo7Y4=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoC2tSirqSghsXIhXsA5pYJpNJO3QmCTMToYRs3fgrblwo4tY/cOffOG2z0OqBgcM553LnHi9mVCrL+jIKC4tLyyvF1dLa+sbmlrm905ZRIjBp4YhFoushSRgNSUtRxUg3FgRxj5GON7qY+J17IiSNwls1jonL0SCkAcVIaalvQudKh33kSMqdQCCc2ll6fZfaxxX/qHaYZX2zbFWtKeBfYuekDHI0++an40c44SRUmCEpe7YVKzdFQlHMSFZyEklihEdoQHqahogT6abTSzJ4oBUfBpHQL1Rwqv6cSBGXcsw9neRIDeW8NxH/83qJCs7clIZxokiIZ4uChEEVwUkt0KeCYMXGmiAsqP4rxEOk+1C6vJIuwZ4/+S9p16r2SbV+Uy83zvM6imAP7IMKsMEpaIBL0AQtgMEDeAIv4NV4NJ6NN+N9Fi0Y+cwu+AXj4xs9IJlj</latexit>

⇤ ⇠ 1

N1/(d�2)

<latexit sha1_base64="QHVsFEG6lq88VOQwssW8I5PMwzU=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AR6qbMSFE3SsGNC5EK9gGdsWQyaRuaZIYkI5ShbvwVNy4UcetfuPNvTNtZaOuBwOGce7i5J4gZVdpxvq3cwuLS8kp+tbC2vrG5ZW/vNFSUSEzqOGKRbAVIEUYFqWuqGWnFkiAeMNIMBpdjv/lApKKRuNPDmPgc9QTtUoy0kTr23s25R4W+965NJkTQk/2oxI9C3rGLTtmZAM4TNyNFkKHWsb+8MMIJJ0JjhpRqu06s/RRJTTEjo4KXKBIjPEA90jZUIE6Un04uGMFDo4SwG0nzhIYT9XciRVypIQ/MJEe6r2a9sfif105098xPqYgTTQSeLuomDOoIjuuAIZUEazY0BGFJzV8h7iOJsDalFUwJ7uzJ86RxXHZPypXbSrF6kdWRB/vgAJSAC05BFVyBGqgDDB7BM3gFb9aT9WK9Wx/T0ZyVZXbBH1ifP0R3liE=</latexit>

N =

Z ⇤

⇢(m)dm with 

“ lightest = less dense ”

<latexit sha1_base64="/a9h6T8c3mVHzqP1gynx05aEtK8="></latexit>

G�i�j @�im

m

@�j⇤

⇤
=

1

d� 2

We found a new universal pattern between the leading tower of states 
and the quantum gravity cut-off underlying all string theory examples



<latexit sha1_base64="IY5c35pAYAvd4pTafnhMZVrG0zo=">AAACM3icbVDLSgMxFM3UV62vUZdugkVwY5kpRd0oghsRFxVsFTql3MlkNJhkhiQjlGH+yY0/4kIQF4q49R9MH4JaDwQO55yb5J4w5Uwbz3t2SlPTM7Nz5fnKwuLS8oq7utbWSaYIbZGEJ+oqBE05k7RlmOH0KlUURMjpZXh7PPAv76jSLJEXpp/SroBryWJGwFip554GsQKSB3eUBBJCDlgUuSgCEiUGT3jBmb05giL/JgfDiJ9HO/Wi51a9mjcEniT+mFTRGM2e+xhECckElYZw0Lrje6np5qAMI5wWlSDTNAVyC9e0Y6kEQXU3H+5c4C2rRDhOlD3S4KH6cyIHoXVfhDYpwNzov95A/M/rZCbe7+ZMppmhkoweijOOTYIHBeKIKUoM71sCRDH7V0xuwLZgbM0VW4L/d+VJ0q7X/N1a47xRPToc11FGG2gTbSMf7aEjdIKaqIUIukdP6BW9OQ/Oi/PufIyiJWc8s45+wfn8AlrOq+c=</latexit>

~rm

m
·
~r⇤

⇤
=

1

d� 2

Since
<latexit sha1_base64="JIlERblgmrmy+fY2eUOWTZzJ/p4=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqCspuHHhooJ9QGcomUymDU0y0yRTKKXf4caFIm79GHf+jWk7C209EDiccw/35oQpZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR02dZIrQBkl4otoh1pQzSRuGGU7bqaJYhJy2wsHdzG+NqNIskU9mnNJA4J5kMSPYWCkQPqdD5D/YQIS75YpbdedAq8TLSQVy1LvlLz9KSCaoNIRjrTuem5pggpVhhNNpyc80TTEZ4B7tWCqxoDqYzI+eojOrRChOlH3SoLn6OzHBQuuxCO2kwKavl72Z+J/XyUx8E0yYTDNDJVksijOOTIJmDaCIKUoMH1uCiWL2VkT6WGFibE8lW4K3/OVV0ryoelfVy8fLSu02r6MIJ3AK5+DBNdTgHurQAAJDeIZXeHNGzovz7nwsRgtOnjmGP3A+fwBJwpHJ</latexit>

m  ⇤

A Universal Pattern
The pattern implies a sharp lower bound for the exponential rate of 
the leading tower:



<latexit sha1_base64="IY5c35pAYAvd4pTafnhMZVrG0zo=">AAACM3icbVDLSgMxFM3UV62vUZdugkVwY5kpRd0oghsRFxVsFTql3MlkNJhkhiQjlGH+yY0/4kIQF4q49R9MH4JaDwQO55yb5J4w5Uwbz3t2SlPTM7Nz5fnKwuLS8oq7utbWSaYIbZGEJ+oqBE05k7RlmOH0KlUURMjpZXh7PPAv76jSLJEXpp/SroBryWJGwFip554GsQKSB3eUBBJCDlgUuSgCEiUGT3jBmb05giL/JgfDiJ9HO/Wi51a9mjcEniT+mFTRGM2e+xhECckElYZw0Lrje6np5qAMI5wWlSDTNAVyC9e0Y6kEQXU3H+5c4C2rRDhOlD3S4KH6cyIHoXVfhDYpwNzov95A/M/rZCbe7+ZMppmhkoweijOOTYIHBeKIKUoM71sCRDH7V0xuwLZgbM0VW4L/d+VJ0q7X/N1a47xRPToc11FGG2gTbSMf7aEjdIKaqIUIukdP6BW9OQ/Oi/PufIyiJWc8s45+wfn8AlrOq+c=</latexit>

~rm

m
·
~r⇤

⇤
=

1

d� 2

Since
<latexit sha1_base64="JIlERblgmrmy+fY2eUOWTZzJ/p4=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqCspuHHhooJ9QGcomUymDU0y0yRTKKXf4caFIm79GHf+jWk7C209EDiccw/35oQpZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR02dZIrQBkl4otoh1pQzSRuGGU7bqaJYhJy2wsHdzG+NqNIskU9mnNJA4J5kMSPYWCkQPqdD5D/YQIS75YpbdedAq8TLSQVy1LvlLz9KSCaoNIRjrTuem5pggpVhhNNpyc80TTEZ4B7tWCqxoDqYzI+eojOrRChOlH3SoLn6OzHBQuuxCO2kwKavl72Z+J/XyUx8E0yYTDNDJVksijOOTIJmDaCIKUoMH1uCiWL2VkT6WGFibE8lW4K3/OVV0ryoelfVy8fLSu02r6MIJ3AK5+DBNdTgHurQAAJDeIZXeHNGzovz7nwsRgtOnjmGP3A+fwBJwpHJ</latexit>

m  ⇤

A Universal Pattern
The pattern implies a sharp lower bound for the exponential rate of 
the leading tower:

<latexit sha1_base64="deqq12zaWZ+OQv0S2DjCM7y1l3I=">AAACI3icbVDLSgMxFM3Ud31VXboJFsGNZaYUFRciuHGpYFXolJJJ77TBJDNN7ghlnH9x46+4caGIGxf+i2ntwteBwOGcc7m5J0qlsOj7715panpmdm5+oby4tLyyWllbv7RJZjg0eSITcx0xC1JoaKJACdepAaYiCVfRzcnIv7oFY0WiL3CYQluxnhax4Ayd1KkchhJivAtjw3ge3gIPNYsko6rIVREa0es7swcDOk4EeWgHBvPubr0oOpWqX/PHoH9JMCFVMsFZp/IadhOeKdDIJbO2FfgptnNmUHAJRTnMLKSM37AetBzVTIFt5+MbC7rtlC6NE+OeRjpWv0/kTFk7VJFLKoZ9+9sbif95rQzjg3YudJohaP61KM4kxYSOCqNdYYCjHDrCuBHur5T3mSsDXa1lV0Lw++S/5LJeC/ZqjfNG9fhoUsc82SRbZIcEZJ8ck1NyRpqEk3vySJ7Ji/fgPXmv3ttXtORNZjbID3gfn3hqpf4=</latexit>�����
~rm

m

����� �
1p
d� 2

It reproduces the proposed bound in [Etheredge,Heidenreich,Kaya,Qiu,Rudelius’22]

<latexit sha1_base64="ViLfnfrJpmeOFQHesUU9be7niaY=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIqBel4MVjBfsBTQib7aZdutmE3YlYQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXpgKrsFxvq3Syura+kZ5s7K1vbO7Z+8ftHWSKcpaNBGJ6oZEM8ElawEHwbqpYiQOBeuEo5up33lgSvNE3sM4ZX5MBpJHnBIwUmBXPSLSIQlyD9gj4JjLyVVg15y6MwNeJm5BaqhAM7C/vH5Cs5hJoIJo3XOdFPycKOBUsEnFyzRLCR2RAesZKknMtJ/Pjp/gY6P0cZQoUxLwTP09kZNY63Ecms6YwFAvelPxP6+XQXTp51ymGTBJ54uiTGBI8DQJ3OeKURBjQwhV3NyK6ZAoQsHkVTEhuIsvL5P2ad09r5/dndUa10UcZXSIjtAJctEFaqBb1EQtRNEYPaNX9GY9WS/Wu/Uxby1ZxUwV/YH1+QPfC5Tp</latexit>↵min =

which is consistent with the Emergent String proposal of [Lee,Lerche,Weigand’19]

<latexit sha1_base64="Y3bxljU0QzliUiQgw8gKlHHQnGY=">AAACC3icbVA9SwNBEN3zM8avqKXNYhBiYbiToFYS0MIygtFALoS5zSRZsnu37O6JIaS38a/YWChi6x+w89+4iSk08cHA470ZZuZFSnBjff/Lm5tfWFxazqxkV9fWNzZzW9s3Jkk1wypLRKJrERgUPMaq5VZgTWkEGQm8jXrnI//2DrXhSXxt+wobEjoxb3MG1knN3B6VoeGSyqYf4r0qHIYgVBdoeIHCQqi6/KCZy/tFfww6S4IJyZMJKs3cZ9hKWCoxtkyAMfXAV7YxAG05EzjMhqlBBawHHaw7GoNE0xiMfxnSfae0aDvRrmJLx+rviQFIY/oycp0SbNdMeyPxP6+e2vZpY8BjlVqM2c+idiqoTegoGNriGpkVfUeAae5upawLGph18WVdCMH0y7Pk5qgYHBdLV6V8+WwSR4bskj1SIAE5IWVySSqkShh5IE/khbx6j96z9+a9/7TOeZOZHfIH3sc3Kf+Z3g==</latexit>

m ⇠ m0 exp(�↵��)



<latexit sha1_base64="IY5c35pAYAvd4pTafnhMZVrG0zo=">AAACM3icbVDLSgMxFM3UV62vUZdugkVwY5kpRd0oghsRFxVsFTql3MlkNJhkhiQjlGH+yY0/4kIQF4q49R9MH4JaDwQO55yb5J4w5Uwbz3t2SlPTM7Nz5fnKwuLS8oq7utbWSaYIbZGEJ+oqBE05k7RlmOH0KlUURMjpZXh7PPAv76jSLJEXpp/SroBryWJGwFip554GsQKSB3eUBBJCDlgUuSgCEiUGT3jBmb05giL/JgfDiJ9HO/Wi51a9mjcEniT+mFTRGM2e+xhECckElYZw0Lrje6np5qAMI5wWlSDTNAVyC9e0Y6kEQXU3H+5c4C2rRDhOlD3S4KH6cyIHoXVfhDYpwNzov95A/M/rZCbe7+ZMppmhkoweijOOTYIHBeKIKUoM71sCRDH7V0xuwLZgbM0VW4L/d+VJ0q7X/N1a47xRPToc11FGG2gTbSMf7aEjdIKaqIUIukdP6BW9OQ/Oi/PufIyiJWc8s45+wfn8AlrOq+c=</latexit>

~rm

m
·
~r⇤

⇤
=

1

d� 2

Since
<latexit sha1_base64="JIlERblgmrmy+fY2eUOWTZzJ/p4=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqCspuHHhooJ9QGcomUymDU0y0yRTKKXf4caFIm79GHf+jWk7C209EDiccw/35oQpZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR02dZIrQBkl4otoh1pQzSRuGGU7bqaJYhJy2wsHdzG+NqNIskU9mnNJA4J5kMSPYWCkQPqdD5D/YQIS75YpbdedAq8TLSQVy1LvlLz9KSCaoNIRjrTuem5pggpVhhNNpyc80TTEZ4B7tWCqxoDqYzI+eojOrRChOlH3SoLn6OzHBQuuxCO2kwKavl72Z+J/XyUx8E0yYTDNDJVksijOOTIJmDaCIKUoMH1uCiWL2VkT6WGFibE8lW4K3/OVV0ryoelfVy8fLSu02r6MIJ3AK5+DBNdTgHurQAAJDeIZXeHNGzovz7nwsRgtOnjmGP3A+fwBJwpHJ</latexit>

m  ⇤

A Universal Pattern
The pattern implies a sharp lower bound for the exponential rate of 
the leading tower:

<latexit sha1_base64="deqq12zaWZ+OQv0S2DjCM7y1l3I=">AAACI3icbVDLSgMxFM3Ud31VXboJFsGNZaYUFRciuHGpYFXolJJJ77TBJDNN7ghlnH9x46+4caGIGxf+i2ntwteBwOGcc7m5J0qlsOj7715panpmdm5+oby4tLyyWllbv7RJZjg0eSITcx0xC1JoaKJACdepAaYiCVfRzcnIv7oFY0WiL3CYQluxnhax4Ayd1KkchhJivAtjw3ge3gIPNYsko6rIVREa0es7swcDOk4EeWgHBvPubr0oOpWqX/PHoH9JMCFVMsFZp/IadhOeKdDIJbO2FfgptnNmUHAJRTnMLKSM37AetBzVTIFt5+MbC7rtlC6NE+OeRjpWv0/kTFk7VJFLKoZ9+9sbif95rQzjg3YudJohaP61KM4kxYSOCqNdYYCjHDrCuBHur5T3mSsDXa1lV0Lw++S/5LJeC/ZqjfNG9fhoUsc82SRbZIcEZJ8ck1NyRpqEk3vySJ7Ji/fgPXmv3ttXtORNZjbID3gfn3hqpf4=</latexit>�����
~rm

m

����� �
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d� 2

It reproduces the proposed bound in [Etheredge,Heidenreich,Kaya,Qiu,Rudelius’22]

<latexit sha1_base64="ViLfnfrJpmeOFQHesUU9be7niaY=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIqBel4MVjBfsBTQib7aZdutmE3YlYQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXpgKrsFxvq3Syura+kZ5s7K1vbO7Z+8ftHWSKcpaNBGJ6oZEM8ElawEHwbqpYiQOBeuEo5up33lgSvNE3sM4ZX5MBpJHnBIwUmBXPSLSIQlyD9gj4JjLyVVg15y6MwNeJm5BaqhAM7C/vH5Cs5hJoIJo3XOdFPycKOBUsEnFyzRLCR2RAesZKknMtJ/Pjp/gY6P0cZQoUxLwTP09kZNY63Ecms6YwFAvelPxP6+XQXTp51ymGTBJ54uiTGBI8DQJ3OeKURBjQwhV3NyK6ZAoQsHkVTEhuIsvL5P2ad09r5/dndUa10UcZXSIjtAJctEFaqBb1EQtRNEYPaNX9GY9WS/Wu/Uxby1ZxUwV/YH1+QPfC5Tp</latexit>↵min =

which is consistent with the Emergent String proposal of [Lee,Lerche,Weigand’19]

<latexit sha1_base64="Y3bxljU0QzliUiQgw8gKlHHQnGY=">AAACC3icbVA9SwNBEN3zM8avqKXNYhBiYbiToFYS0MIygtFALoS5zSRZsnu37O6JIaS38a/YWChi6x+w89+4iSk08cHA470ZZuZFSnBjff/Lm5tfWFxazqxkV9fWNzZzW9s3Jkk1wypLRKJrERgUPMaq5VZgTWkEGQm8jXrnI//2DrXhSXxt+wobEjoxb3MG1knN3B6VoeGSyqYf4r0qHIYgVBdoeIHCQqi6/KCZy/tFfww6S4IJyZMJKs3cZ9hKWCoxtkyAMfXAV7YxAG05EzjMhqlBBawHHaw7GoNE0xiMfxnSfae0aDvRrmJLx+rviQFIY/oycp0SbNdMeyPxP6+e2vZpY8BjlVqM2c+idiqoTegoGNriGpkVfUeAae5upawLGph18WVdCMH0y7Pk5qgYHBdLV6V8+WwSR4bskj1SIAE5IWVySSqkShh5IE/khbx6j96z9+a9/7TOeZOZHfIH3sc3Kf+Z3g==</latexit>

m ⇠ m0 exp(�↵��)

Sharp upper bound on asymptotic field range: 
<latexit sha1_base64="HGwQKyVCVqRfSFDeJam59odXLPY="></latexit>

��  1

↵min
log

✓
Mp

⇤

◆Fixing the
<latexit sha1_base64="Bo+EomIs5/YWrRedyZCXeEMMY2U=">AAAB9XicdVDLSsNAFJ34rPVVdelmsAh1ExKNbd1IwY07K9gHtLFMppN26GQSZiZKCf0PNy4Uceu/uPNvnKQRVPTAwOGce7lnjhcxKpVlfRgLi0vLK6uFteL6xubWdmlnty3DWGDSwiELRddDkjDKSUtRxUg3EgQFHiMdb3KR+p07IiQN+Y2aRsQN0IhTn2KktHTbD5AaY8SSq1nFPhqUypZZrdVt5xRappUhI9UT5wzauVIGOZqD0nt/GOI4IFxhhqTs2Vak3AQJRTEjs2I/liRCeIJGpKcpRwGRbpKlnsFDrQyhHwr9uIKZ+n0jQYGU08DTk2lK+dtLxb+8Xqz8uptQHsWKcDw/5McMqhCmFcAhFQQrNtUEYUF1VojHSCCsdFFFXcLXT+H/pH1s2lXTuXbKjfO8jgLYBwegAmxQAw1wCZqgBTAQ4AE8gWfj3ng0XozX+eiCke/sgR8w3j4BFk+SPw==</latexit>

O(1) factors:



<latexit sha1_base64="BMIIT5hwn7gO/M8DQpewlbZXMjw="></latexit>

⇤QG ⇠ m� ⇠ Mp exp(����)

<latexit sha1_base64="Y3bxljU0QzliUiQgw8gKlHHQnGY=">AAACC3icbVA9SwNBEN3zM8avqKXNYhBiYbiToFYS0MIygtFALoS5zSRZsnu37O6JIaS38a/YWChi6x+w89+4iSk08cHA470ZZuZFSnBjff/Lm5tfWFxazqxkV9fWNzZzW9s3Jkk1wypLRKJrERgUPMaq5VZgTWkEGQm8jXrnI//2DrXhSXxt+wobEjoxb3MG1knN3B6VoeGSyqYf4r0qHIYgVBdoeIHCQqi6/KCZy/tFfww6S4IJyZMJKs3cZ9hKWCoxtkyAMfXAV7YxAG05EzjMhqlBBawHHaw7GoNE0xiMfxnSfae0aDvRrmJLx+rviQFIY/oycp0SbNdMeyPxP6+e2vZpY8BjlVqM2c+idiqoTegoGNriGpkVfUeAae5upawLGph18WVdCMH0y7Pk5qgYHBdLV6V8+WwSR4bskj1SIAE5IWVySSqkShh5IE/khbx6j96z9+a9/7TOeZOZHfIH3sc3Kf+Z3g==</latexit>

m ⇠ m0 exp(�↵��)

This should surprise you. Why?

Mass of the tower:

Quantum Gravity cut-off:

��

<latexit sha1_base64="FXCYZ51xT2N+eaIl5mkXa4xH74E=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi6koKLnThogX7gCaEyWTaDp1MwsykUEL/xI0LRdz6J+78G6dtFtp6YOBwzrncOydMOVPacb6t0tr6xuZWebuys7u3f2AfHrVVkklCWyThieyGWFHOBG1ppjntppLiOOS0E47uZn5nTKViiXjSk5T6MR4I1mcEayMFtu09mnCEg9yTMWreTwO76tScOdAqcQtShQKNwP7yooRkMRWacKxUz3VS7edYakY4nVa8TNEUkxEe0J6hAsdU+fn88ik6M0qE+ok0T2g0V39P5DhWahKHJhljPVTL3kz8z+tlun/j50ykmaaCLBb1M450gmY1oIhJSjSfGIKJZOZWRIZYYqJNWRVTgrv85VXSvqi5V7XL5mW1flvUUYYTOIVzcOEa6vAADWgBgTE8wyu8Wbn1Yr1bH4toySpmjuEPrM8f86aTNw==</latexit>

⇤QG<latexit sha1_base64="nsbcyjbzBxgowsUQ15WmJkQsNV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePHYgq2FNpTNdtKu3U3C7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKHiELcONwE6ikMpA4EMwvp35D0+oNI+jezNJ0Jd0GPGQM2qs1JT9csWtunOQVeLlpAI5Gv3yV28Qs1RiZJigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkZUovaz+aFTcmaVAQljZSsyZK7+nsio1HoiA9spqRnpZW8m/ud1UxNe+xmPktRgxBaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdV77Jaa9Yq9Zs8jiKcwCmcgwdXUIc7aEALGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+ANdHjPY=</latexit>m



<latexit sha1_base64="BMIIT5hwn7gO/M8DQpewlbZXMjw="></latexit>

⇤QG ⇠ m� ⇠ Mp exp(����)

<latexit sha1_base64="Y3bxljU0QzliUiQgw8gKlHHQnGY=">AAACC3icbVA9SwNBEN3zM8avqKXNYhBiYbiToFYS0MIygtFALoS5zSRZsnu37O6JIaS38a/YWChi6x+w89+4iSk08cHA470ZZuZFSnBjff/Lm5tfWFxazqxkV9fWNzZzW9s3Jkk1wypLRKJrERgUPMaq5VZgTWkEGQm8jXrnI//2DrXhSXxt+wobEjoxb3MG1knN3B6VoeGSyqYf4r0qHIYgVBdoeIHCQqi6/KCZy/tFfww6S4IJyZMJKs3cZ9hKWCoxtkyAMfXAV7YxAG05EzjMhqlBBawHHaw7GoNE0xiMfxnSfae0aDvRrmJLx+rviQFIY/oycp0SbNdMeyPxP6+e2vZpY8BjlVqM2c+idiqoTegoGNriGpkVfUeAae5upawLGph18WVdCMH0y7Pk5qgYHBdLV6V8+WwSR4bskj1SIAE5IWVySSqkShh5IE/khbx6j96z9+a9/7TOeZOZHfIH3sc3Kf+Z3g==</latexit>

m ⇠ m0 exp(�↵��)

This should surprise you. Why?

Mass of the tower:

Quantum Gravity cut-off:

��

<latexit sha1_base64="FXCYZ51xT2N+eaIl5mkXa4xH74E=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi6koKLnThogX7gCaEyWTaDp1MwsykUEL/xI0LRdz6J+78G6dtFtp6YOBwzrncOydMOVPacb6t0tr6xuZWebuys7u3f2AfHrVVkklCWyThieyGWFHOBG1ppjntppLiOOS0E47uZn5nTKViiXjSk5T6MR4I1mcEayMFtu09mnCEg9yTMWreTwO76tScOdAqcQtShQKNwP7yooRkMRWacKxUz3VS7edYakY4nVa8TNEUkxEe0J6hAsdU+fn88ik6M0qE+ok0T2g0V39P5DhWahKHJhljPVTL3kz8z+tlun/j50ykmaaCLBb1M450gmY1oIhJSjSfGIKJZOZWRIZYYqJNWRVTgrv85VXSvqi5V7XL5mW1flvUUYYTOIVzcOEa6vAADWgBgTE8wyu8Wbn1Yr1bH4toySpmjuEPrM8f86aTNw==</latexit>

⇤QG<latexit sha1_base64="nsbcyjbzBxgowsUQ15WmJkQsNV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePHYgq2FNpTNdtKu3U3C7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKHiELcONwE6ikMpA4EMwvp35D0+oNI+jezNJ0Jd0GPGQM2qs1JT9csWtunOQVeLlpAI5Gv3yV28Qs1RiZJigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkZUovaz+aFTcmaVAQljZSsyZK7+nsio1HoiA9spqRnpZW8m/ud1UxNe+xmPktRgxBaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdV77Jaa9Yq9Zs8jiKcwCmcgwdXUIc7aEALGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+ANdHjPY=</latexit>m

1)The structure/density of the towers of states fixes

We find that      is related to the exponential decay rate <latexit sha1_base64="yKx5X8fQ9wXNFO5OzCEh3wfPhzU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pku2nXbjZhdyOU0P/gxYMiXv0/3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nirImjUWsOgFqJrhkTcONYJ1EMYwCwdrB+Hbmt5+Y0jyWD2aSMD/CoeQhp2is1OqhSEbYL1fcqjsHWSVeTiqQo9Evf/UGMU0jJg0VqHXXcxPjZ6gMp4JNS71UswTpGIesa6nEiGk/m187JWdWGZAwVrakIXP190SGkdaTKLCdEZqRXvZm4n9eNzXhtZ9xmaSGSbpYFKaCmJjMXicDrhg1YmIJUsXtrYSOUCE1NqCSDcFbfnmVtC6q3mW1dl+r1G/yOIpwAqdwDh5cQR3uoAFNoPAIz/AKb07svDjvzseiteDkM8fwB87nD407jx0=</latexit>↵

<latexit sha1_base64="kULVkQScZ9P2ReBim3p3h3q1E3Y=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKUE8S8OIxgnlAsoTeyWwyZh7LzKwQlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3IjCUM0mblllOO4mmICJO29H4dua3n6g2TMkHO0loKGAoWcwIWCe1ekMQAvrlil/158CrJMhJBeVo9MtfvYEiqaDSEg7GdAM/sWEG2jLC6bTUSw1NgIxhSLuOShDUhNn82ik+c8oAx0q7khbP1d8TGQhjJiJynQLsyCx7M/E/r5va+DrMmExSSyVZLIpTjq3Cs9fxgGlKLJ84AkQzdysmI9BArAuo5EIIll9eJa2LanBZrd3XKvWbPI4iOkGn6BwF6ArV0R1qoCYi6BE9o1f05invxXv3PhatBS+fOUZ/4H3+AIiljxo=</latexit>�

<latexit sha1_base64="IY5c35pAYAvd4pTafnhMZVrG0zo=">AAACM3icbVDLSgMxFM3UV62vUZdugkVwY5kpRd0oghsRFxVsFTql3MlkNJhkhiQjlGH+yY0/4kIQF4q49R9MH4JaDwQO55yb5J4w5Uwbz3t2SlPTM7Nz5fnKwuLS8oq7utbWSaYIbZGEJ+oqBE05k7RlmOH0KlUURMjpZXh7PPAv76jSLJEXpp/SroBryWJGwFip554GsQKSB3eUBBJCDlgUuSgCEiUGT3jBmb05giL/JgfDiJ9HO/Wi51a9mjcEniT+mFTRGM2e+xhECckElYZw0Lrje6np5qAMI5wWlSDTNAVyC9e0Y6kEQXU3H+5c4C2rRDhOlD3S4KH6cyIHoXVfhDYpwNzov95A/M/rZCbe7+ZMppmhkoweijOOTYIHBeKIKUoM71sCRDH7V0xuwLZgbM0VW4L/d+VJ0q7X/N1a47xRPToc11FGG2gTbSMf7aEjdIKaqIUIukdP6BW9OQ/Oi/PufIyiJWc8s45+wfn8AlrOq+c=</latexit>

~rm

m
·
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d� 2

<latexit sha1_base64="kULVkQScZ9P2ReBim3p3h3q1E3Y=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKUE8S8OIxgnlAsoTeyWwyZh7LzKwQlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3IjCUM0mblllOO4mmICJO29H4dua3n6g2TMkHO0loKGAoWcwIWCe1ekMQAvrlil/158CrJMhJBeVo9MtfvYEiqaDSEg7GdAM/sWEG2jLC6bTUSw1NgIxhSLuOShDUhNn82ik+c8oAx0q7khbP1d8TGQhjJiJynQLsyCx7M/E/r5va+DrMmExSSyVZLIpTjq3Cs9fxgGlKLJ84AkQzdysmI9BArAuo5EIIll9eJa2LanBZrd3XKvWbPI4iOkGn6BwF6ArV0R1qoCYi6BE9o1f05invxXv3PhatBS+fOUZ/4H3+AIiljxo=</latexit>�



<latexit sha1_base64="BMIIT5hwn7gO/M8DQpewlbZXMjw="></latexit>

⇤QG ⇠ m� ⇠ Mp exp(����)

<latexit sha1_base64="Y3bxljU0QzliUiQgw8gKlHHQnGY=">AAACC3icbVA9SwNBEN3zM8avqKXNYhBiYbiToFYS0MIygtFALoS5zSRZsnu37O6JIaS38a/YWChi6x+w89+4iSk08cHA470ZZuZFSnBjff/Lm5tfWFxazqxkV9fWNzZzW9s3Jkk1wypLRKJrERgUPMaq5VZgTWkEGQm8jXrnI//2DrXhSXxt+wobEjoxb3MG1knN3B6VoeGSyqYf4r0qHIYgVBdoeIHCQqi6/KCZy/tFfww6S4IJyZMJKs3cZ9hKWCoxtkyAMfXAV7YxAG05EzjMhqlBBawHHaw7GoNE0xiMfxnSfae0aDvRrmJLx+rviQFIY/oycp0SbNdMeyPxP6+e2vZpY8BjlVqM2c+idiqoTegoGNriGpkVfUeAae5upawLGph18WVdCMH0y7Pk5qgYHBdLV6V8+WwSR4bskj1SIAE5IWVySSqkShh5IE/khbx6j96z9+a9/7TOeZOZHfIH3sc3Kf+Z3g==</latexit>

m ⇠ m0 exp(�↵��)

This should surprise you. Why?

Mass of the tower:

Quantum Gravity cut-off:

Kaluza-Klein tower String tower

��

<latexit sha1_base64="FXCYZ51xT2N+eaIl5mkXa4xH74E=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi6koKLnThogX7gCaEyWTaDp1MwsykUEL/xI0LRdz6J+78G6dtFtp6YOBwzrncOydMOVPacb6t0tr6xuZWebuys7u3f2AfHrVVkklCWyThieyGWFHOBG1ppjntppLiOOS0E47uZn5nTKViiXjSk5T6MR4I1mcEayMFtu09mnCEg9yTMWreTwO76tScOdAqcQtShQKNwP7yooRkMRWacKxUz3VS7edYakY4nVa8TNEUkxEe0J6hAsdU+fn88ik6M0qE+ok0T2g0V39P5DhWahKHJhljPVTL3kz8z+tlun/j50ykmaaCLBb1M450gmY1oIhJSjSfGIKJZOZWRIZYYqJNWRVTgrv85VXSvqi5V7XL5mW1flvUUYYTOIVzcOEa6vAADWgBgTE8wyu8Wbn1Yr1bH4toySpmjuEPrM8f86aTNw==</latexit>

⇤QG<latexit sha1_base64="nsbcyjbzBxgowsUQ15WmJkQsNV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePHYgq2FNpTNdtKu3U3C7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKHiELcONwE6ikMpA4EMwvp35D0+oNI+jezNJ0Jd0GPGQM2qs1JT9csWtunOQVeLlpAI5Gv3yV28Qs1RiZJigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkZUovaz+aFTcmaVAQljZSsyZK7+nsio1HoiA9spqRnpZW8m/ud1UxNe+xmPktRgxBaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdV77Jaa9Yq9Zs8jiKcwCmcgwdXUIc7aEALGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+ANdHjPY=</latexit>m

1)The structure/density of the towers of states fixes

We find that      is related to the exponential decay rate <latexit sha1_base64="yKx5X8fQ9wXNFO5OzCEh3wfPhzU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pku2nXbjZhdyOU0P/gxYMiXv0/3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nirImjUWsOgFqJrhkTcONYJ1EMYwCwdrB+Hbmt5+Y0jyWD2aSMD/CoeQhp2is1OqhSEbYL1fcqjsHWSVeTiqQo9Evf/UGMU0jJg0VqHXXcxPjZ6gMp4JNS71UswTpGIesa6nEiGk/m187JWdWGZAwVrakIXP190SGkdaTKLCdEZqRXvZm4n9eNzXhtZ9xmaSGSbpYFKaCmJjMXicDrhg1YmIJUsXtrYSOUCE1NqCSDcFbfnmVtC6q3mW1dl+r1G/yOIpwAqdwDh5cQR3uoAFNoPAIz/AKb07svDjvzseiteDkM8fwB87nD407jx0=</latexit>↵

<latexit sha1_base64="kULVkQScZ9P2ReBim3p3h3q1E3Y=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKUE8S8OIxgnlAsoTeyWwyZh7LzKwQlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3IjCUM0mblllOO4mmICJO29H4dua3n6g2TMkHO0loKGAoWcwIWCe1ekMQAvrlil/158CrJMhJBeVo9MtfvYEiqaDSEg7GdAM/sWEG2jLC6bTUSw1NgIxhSLuOShDUhNn82ik+c8oAx0q7khbP1d8TGQhjJiJynQLsyCx7M/E/r5va+DrMmExSSyVZLIpTjq3Cs9fxgGlKLJ84AkQzdysmI9BArAuo5EIIll9eJa2LanBZrd3XKvWbPI4iOkGn6BwF6ArV0R1qoCYi6BE9o1f05invxXv3PhatBS+fOUZ/4H3+AIiljxo=</latexit>�

<latexit sha1_base64="IY5c35pAYAvd4pTafnhMZVrG0zo=">AAACM3icbVDLSgMxFM3UV62vUZdugkVwY5kpRd0oghsRFxVsFTql3MlkNJhkhiQjlGH+yY0/4kIQF4q49R9MH4JaDwQO55yb5J4w5Uwbz3t2SlPTM7Nz5fnKwuLS8oq7utbWSaYIbZGEJ+oqBE05k7RlmOH0KlUURMjpZXh7PPAv76jSLJEXpp/SroBryWJGwFip554GsQKSB3eUBBJCDlgUuSgCEiUGT3jBmb05giL/JgfDiJ9HO/Wi51a9mjcEniT+mFTRGM2e+xhECckElYZw0Lrje6np5qAMI5wWlSDTNAVyC9e0Y6kEQXU3H+5c4C2rRDhOlD3S4KH6cyIHoXVfhDYpwNzov95A/M/rZCbe7+ZMppmhkoweijOOTYIHBeKIKUoM71sCRDH7V0xuwLZgbM0VW4L/d+VJ0q7X/N1a47xRPToc11FGG2gTbSMf7aEjdIKaqIUIukdP6BW9OQ/Oi/PufIyiJWc8s45+wfn8AlrOq+c=</latexit>

~rm

m
·
~r⇤

⇤
=

1

d� 2

<latexit sha1_base64="kULVkQScZ9P2ReBim3p3h3q1E3Y=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKUE8S8OIxgnlAsoTeyWwyZh7LzKwQlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3IjCUM0mblllOO4mmICJO29H4dua3n6g2TMkHO0loKGAoWcwIWCe1ekMQAvrlil/158CrJMhJBeVo9MtfvYEiqaDSEg7GdAM/sWEG2jLC6bTUSw1NgIxhSLuOShDUhNn82ik+c8oAx0q7khbP1d8TGQhjJiJynQLsyCx7M/E/r5va+DrMmExSSyVZLIpTjq3Cs9fxgGlKLJ84AkQzdysmI9BArAuo5EIIll9eJa2LanBZrd3XKvWbPI4iOkGn6BwF6ArV0R1qoCYi6BE9o1f05invxXv3PhatBS+fOUZ/4H3+AIiljxo=</latexit>�



<latexit sha1_base64="BMIIT5hwn7gO/M8DQpewlbZXMjw="></latexit>

⇤QG ⇠ m� ⇠ Mp exp(����)

<latexit sha1_base64="Y3bxljU0QzliUiQgw8gKlHHQnGY=">AAACC3icbVA9SwNBEN3zM8avqKXNYhBiYbiToFYS0MIygtFALoS5zSRZsnu37O6JIaS38a/YWChi6x+w89+4iSk08cHA470ZZuZFSnBjff/Lm5tfWFxazqxkV9fWNzZzW9s3Jkk1wypLRKJrERgUPMaq5VZgTWkEGQm8jXrnI//2DrXhSXxt+wobEjoxb3MG1knN3B6VoeGSyqYf4r0qHIYgVBdoeIHCQqi6/KCZy/tFfww6S4IJyZMJKs3cZ9hKWCoxtkyAMfXAV7YxAG05EzjMhqlBBawHHaw7GoNE0xiMfxnSfae0aDvRrmJLx+rviQFIY/oycp0SbNdMeyPxP6+e2vZpY8BjlVqM2c+idiqoTegoGNriGpkVfUeAae5upawLGph18WVdCMH0y7Pk5qgYHBdLV6V8+WwSR4bskj1SIAE5IWVySSqkShh5IE/khbx6j96z9+a9/7TOeZOZHfIH3sc3Kf+Z3g==</latexit>

m ⇠ m0 exp(�↵��)

This should surprise you. Why?

Mass of the tower:

Quantum Gravity cut-off:

Kaluza-Klein tower String tower

...
<latexit sha1_base64="I23x94wLJaCUkEkAeRLrMKFbOx8=">AAACE3icbVDLSgMxFM3Ud31VXboJFqG+6oyIulEEN0IVKtgHtHXIZNI2NMmMSUYow/yDG3/FjQtF3Lpx59+YPhbaeiBwOOdcbu7xQkaVtu1vKzUxOTU9MzuXnl9YXFrOrKyWVRBJTEo4YIGsekgRRgUpaaoZqYaSIO4xUvE6Fz2/8kCkooG41d2QNDhqCdqkGGkjuZnt+pUJ++j02o3DXX9HJHVFObmH3I0LheQudvZzRt072ErcTNbO233AceIMSRYMUXQzX3U/wBEnQmOGlKo5dqgbMZKaYkaSdD1SJES4g1qkZqhAnKhG3L8pgZtG8WEzkOYJDfvq74kYcaW63DNJjnRbjXo98T+vFunmSSOmIow0EXiwqBkxqAPYKwj6VBKsWdcQhCU1f4W4jSTC2tSYNiU4oyePk/JB3jnKH94cZs/PhnXMgnWwAXLAAcfgHFyCIigBDB7BM3gFb9aT9WK9Wx+DaMoazqyBP7A+fwCzbpzD</latexit>

⇤ = Mp,d+n ' m1/(d+n�2)
KK

<latexit sha1_base64="G/lCJfAA3BWu3gnu7jiXBqKe9wE=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0WolJakFHWjFNwI3VSwD2hKmUwm7dDJJM5MhBLyEW78FTcuFHHrwp1/4/Sx0NYDFw7n3Mu997gRo1JZ1reRWVldW9/Ibua2tnd298z9g5YMY4FJE4csFB0XScIoJ01FFSOdSBAUuIy03dH1xG8/ECFpyO/UOCK9AA049SlGSkt9s+ggFg1RP3FEAOv19NKR90Ilji8QTrwiL1XShBe8UuU0Tftm3ipbU8BlYs9JHszR6JtfjhfiOCBcYYak7NpWpHoJEopiRtKcE0sSITxCA9LVlKOAyF4yfSqFJ1rxoB8KXVzBqfp7IkGBlOPA1Z0BUkO56E3E/7xurPyLXkJ5FCvC8WyRHzOoQjhJCHpUEKzYWBOEBdW3QjxEOg+lc8zpEOzFl5dJq1K2z8rV22q+djWPIwuOwDEoABucgxq4AQ3QBBg8gmfwCt6MJ+PFeDc+Zq0ZYz5zCP7A+PwBCd2eKQ==</latexit>

↵KK =

s
d+ n� 2

n(d� 2)

<latexit sha1_base64="VkYuHq8UgEIe3T20WcBcGW0M9Y8=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFcSEmkqBul4EbopoJ9QBPCZDpph85MwsxELCG/4saFIm79EXf+jdM2C209cOFwzr3ce0+YMKq043xbK6tr6xubpa3y9s7u3r59UOmoOJWYtHHMYtkLkSKMCtLWVDPSSyRBPGSkG45vp373kUhFY/GgJwnxORoKGlGMtJECu8KD8fXYO4M8yDzJYbOZB3bVqTkzwGXiFqQKCrQC+8sbxDjlRGjMkFJ910m0nyGpKWYkL3upIgnCYzQkfUMF4kT52ez2HJ4YZQCjWJoSGs7U3xMZ4kpNeGg6OdIjtehNxf+8fqqjKz+jIkk1EXi+KEoZ1DGcBgEHVBKs2cQQhCU1t0I8QhJhbeIqmxDcxZeXSee85l7U6vf1auOmiKMEjsAxOAUuuAQNcAdaoA0weALP4BW8Wbn1Yr1bH/PWFauYOQR/YH3+AMcpk6A=</latexit>

mk = kmKK

��

<latexit sha1_base64="FXCYZ51xT2N+eaIl5mkXa4xH74E=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi6koKLnThogX7gCaEyWTaDp1MwsykUEL/xI0LRdz6J+78G6dtFtp6YOBwzrncOydMOVPacb6t0tr6xuZWebuys7u3f2AfHrVVkklCWyThieyGWFHOBG1ppjntppLiOOS0E47uZn5nTKViiXjSk5T6MR4I1mcEayMFtu09mnCEg9yTMWreTwO76tScOdAqcQtShQKNwP7yooRkMRWacKxUz3VS7edYakY4nVa8TNEUkxEe0J6hAsdU+fn88ik6M0qE+ok0T2g0V39P5DhWahKHJhljPVTL3kz8z+tlun/j50ykmaaCLBb1M450gmY1oIhJSjSfGIKJZOZWRIZYYqJNWRVTgrv85VXSvqi5V7XL5mW1flvUUYYTOIVzcOEa6vAADWgBgTE8wyu8Wbn1Yr1bH4toySpmjuEPrM8f86aTNw==</latexit>

⇤QG<latexit sha1_base64="nsbcyjbzBxgowsUQ15WmJkQsNV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePHYgq2FNpTNdtKu3U3C7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKHiELcONwE6ikMpA4EMwvp35D0+oNI+jezNJ0Jd0GPGQM2qs1JT9csWtunOQVeLlpAI5Gv3yV28Qs1RiZJigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkZUovaz+aFTcmaVAQljZSsyZK7+nsio1HoiA9spqRnpZW8m/ud1UxNe+xmPktRgxBaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdV77Jaa9Yq9Zs8jiKcwCmcgwdXUIc7aEALGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+ANdHjPY=</latexit>m

1)The structure/density of the towers of states fixes

We find that      is related to the exponential decay rate <latexit sha1_base64="yKx5X8fQ9wXNFO5OzCEh3wfPhzU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pku2nXbjZhdyOU0P/gxYMiXv0/3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nirImjUWsOgFqJrhkTcONYJ1EMYwCwdrB+Hbmt5+Y0jyWD2aSMD/CoeQhp2is1OqhSEbYL1fcqjsHWSVeTiqQo9Evf/UGMU0jJg0VqHXXcxPjZ6gMp4JNS71UswTpGIesa6nEiGk/m187JWdWGZAwVrakIXP190SGkdaTKLCdEZqRXvZm4n9eNzXhtZ9xmaSGSbpYFKaCmJjMXicDrhg1YmIJUsXtrYSOUCE1NqCSDcFbfnmVtC6q3mW1dl+r1G/yOIpwAqdwDh5cQR3uoAFNoPAIz/AKb07svDjvzseiteDkM8fwB87nD407jx0=</latexit>↵

<latexit sha1_base64="kULVkQScZ9P2ReBim3p3h3q1E3Y=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKUE8S8OIxgnlAsoTeyWwyZh7LzKwQlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3IjCUM0mblllOO4mmICJO29H4dua3n6g2TMkHO0loKGAoWcwIWCe1ekMQAvrlil/158CrJMhJBeVo9MtfvYEiqaDSEg7GdAM/sWEG2jLC6bTUSw1NgIxhSLuOShDUhNn82ik+c8oAx0q7khbP1d8TGQhjJiJynQLsyCx7M/E/r5va+DrMmExSSyVZLIpTjq3Cs9fxgGlKLJ84AkQzdysmI9BArAuo5EIIll9eJa2LanBZrd3XKvWbPI4iOkGn6BwF6ArV0R1qoCYi6BE9o1f05invxXv3PhatBS+fOUZ/4H3+AIiljxo=</latexit>�

<latexit sha1_base64="IY5c35pAYAvd4pTafnhMZVrG0zo=">AAACM3icbVDLSgMxFM3UV62vUZdugkVwY5kpRd0oghsRFxVsFTql3MlkNJhkhiQjlGH+yY0/4kIQF4q49R9MH4JaDwQO55yb5J4w5Uwbz3t2SlPTM7Nz5fnKwuLS8oq7utbWSaYIbZGEJ+oqBE05k7RlmOH0KlUURMjpZXh7PPAv76jSLJEXpp/SroBryWJGwFip554GsQKSB3eUBBJCDlgUuSgCEiUGT3jBmb05giL/JgfDiJ9HO/Wi51a9mjcEniT+mFTRGM2e+xhECckElYZw0Lrje6np5qAMI5wWlSDTNAVyC9e0Y6kEQXU3H+5c4C2rRDhOlD3S4KH6cyIHoXVfhDYpwNzov95A/M/rZCbe7+ZMppmhkoweijOOTYIHBeKIKUoM71sCRDH7V0xuwLZgbM0VW4L/d+VJ0q7X/N1a47xRPToc11FGG2gTbSMf7aEjdIKaqIUIukdP6BW9OQ/Oi/PufIyiJWc8s45+wfn8AlrOq+c=</latexit>

~rm

m
·
~r⇤
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=

1

d� 2

<latexit sha1_base64="kULVkQScZ9P2ReBim3p3h3q1E3Y=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKUE8S8OIxgnlAsoTeyWwyZh7LzKwQlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3IjCUM0mblllOO4mmICJO29H4dua3n6g2TMkHO0loKGAoWcwIWCe1ekMQAvrlil/158CrJMhJBeVo9MtfvYEiqaDSEg7GdAM/sWEG2jLC6bTUSw1NgIxhSLuOShDUhNn82ik+c8oAx0q7khbP1d8TGQhjJiJynQLsyCx7M/E/r5va+DrMmExSSyVZLIpTjq3Cs9fxgGlKLJ84AkQzdysmI9BArAuo5EIIll9eJa2LanBZrd3XKvWbPI4iOkGn6BwF6ArV0R1qoCYi6BE9o1f05invxXv3PhatBS+fOUZ/4H3+AIiljxo=</latexit>�



<latexit sha1_base64="BMIIT5hwn7gO/M8DQpewlbZXMjw="></latexit>

⇤QG ⇠ m� ⇠ Mp exp(����)

<latexit sha1_base64="Y3bxljU0QzliUiQgw8gKlHHQnGY=">AAACC3icbVA9SwNBEN3zM8avqKXNYhBiYbiToFYS0MIygtFALoS5zSRZsnu37O6JIaS38a/YWChi6x+w89+4iSk08cHA470ZZuZFSnBjff/Lm5tfWFxazqxkV9fWNzZzW9s3Jkk1wypLRKJrERgUPMaq5VZgTWkEGQm8jXrnI//2DrXhSXxt+wobEjoxb3MG1knN3B6VoeGSyqYf4r0qHIYgVBdoeIHCQqi6/KCZy/tFfww6S4IJyZMJKs3cZ9hKWCoxtkyAMfXAV7YxAG05EzjMhqlBBawHHaw7GoNE0xiMfxnSfae0aDvRrmJLx+rviQFIY/oycp0SbNdMeyPxP6+e2vZpY8BjlVqM2c+idiqoTegoGNriGpkVfUeAae5upawLGph18WVdCMH0y7Pk5qgYHBdLV6V8+WwSR4bskj1SIAE5IWVySSqkShh5IE/khbx6j96z9+a9/7TOeZOZHfIH3sc3Kf+Z3g==</latexit>

m ⇠ m0 exp(�↵��)

This should surprise you. Why?

Mass of the tower:

Quantum Gravity cut-off:

Kaluza-Klein tower String tower

...
<latexit sha1_base64="I23x94wLJaCUkEkAeRLrMKFbOx8=">AAACE3icbVDLSgMxFM3Ud31VXboJFqG+6oyIulEEN0IVKtgHtHXIZNI2NMmMSUYow/yDG3/FjQtF3Lpx59+YPhbaeiBwOOdcbu7xQkaVtu1vKzUxOTU9MzuXnl9YXFrOrKyWVRBJTEo4YIGsekgRRgUpaaoZqYaSIO4xUvE6Fz2/8kCkooG41d2QNDhqCdqkGGkjuZnt+pUJ++j02o3DXX9HJHVFObmH3I0LheQudvZzRt072ErcTNbO233AceIMSRYMUXQzX3U/wBEnQmOGlKo5dqgbMZKaYkaSdD1SJES4g1qkZqhAnKhG3L8pgZtG8WEzkOYJDfvq74kYcaW63DNJjnRbjXo98T+vFunmSSOmIow0EXiwqBkxqAPYKwj6VBKsWdcQhCU1f4W4jSTC2tSYNiU4oyePk/JB3jnKH94cZs/PhnXMgnWwAXLAAcfgHFyCIigBDB7BM3gFb9aT9WK9Wx+DaMoazqyBP7A+fwCzbpzD</latexit>

⇤ = Mp,d+n ' m1/(d+n�2)
KK

<latexit sha1_base64="G/lCJfAA3BWu3gnu7jiXBqKe9wE=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0WolJakFHWjFNwI3VSwD2hKmUwm7dDJJM5MhBLyEW78FTcuFHHrwp1/4/Sx0NYDFw7n3Mu997gRo1JZ1reRWVldW9/Ibua2tnd298z9g5YMY4FJE4csFB0XScIoJ01FFSOdSBAUuIy03dH1xG8/ECFpyO/UOCK9AA049SlGSkt9s+ggFg1RP3FEAOv19NKR90Ilji8QTrwiL1XShBe8UuU0Tftm3ipbU8BlYs9JHszR6JtfjhfiOCBcYYak7NpWpHoJEopiRtKcE0sSITxCA9LVlKOAyF4yfSqFJ1rxoB8KXVzBqfp7IkGBlOPA1Z0BUkO56E3E/7xurPyLXkJ5FCvC8WyRHzOoQjhJCHpUEKzYWBOEBdW3QjxEOg+lc8zpEOzFl5dJq1K2z8rV22q+djWPIwuOwDEoABucgxq4AQ3QBBg8gmfwCt6MJ+PFeDc+Zq0ZYz5zCP7A+PwBCd2eKQ==</latexit>

↵KK =

s
d+ n� 2

n(d� 2)

<latexit sha1_base64="VkYuHq8UgEIe3T20WcBcGW0M9Y8=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFcSEmkqBul4EbopoJ9QBPCZDpph85MwsxELCG/4saFIm79EXf+jdM2C209cOFwzr3ce0+YMKq043xbK6tr6xubpa3y9s7u3r59UOmoOJWYtHHMYtkLkSKMCtLWVDPSSyRBPGSkG45vp373kUhFY/GgJwnxORoKGlGMtJECu8KD8fXYO4M8yDzJYbOZB3bVqTkzwGXiFqQKCrQC+8sbxDjlRGjMkFJ910m0nyGpKWYkL3upIgnCYzQkfUMF4kT52ez2HJ4YZQCjWJoSGs7U3xMZ4kpNeGg6OdIjtehNxf+8fqqjKz+jIkk1EXi+KEoZ1DGcBgEHVBKs2cQQhCU1t0I8QhJhbeIqmxDcxZeXSee85l7U6vf1auOmiKMEjsAxOAUuuAQNcAdaoA0weALP4BW8Wbn1Yr1bH/PWFauYOQR/YH3+AMcpk6A=</latexit>

mk = kmKK

��

<latexit sha1_base64="FXCYZ51xT2N+eaIl5mkXa4xH74E=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi6koKLnThogX7gCaEyWTaDp1MwsykUEL/xI0LRdz6J+78G6dtFtp6YOBwzrncOydMOVPacb6t0tr6xuZWebuys7u3f2AfHrVVkklCWyThieyGWFHOBG1ppjntppLiOOS0E47uZn5nTKViiXjSk5T6MR4I1mcEayMFtu09mnCEg9yTMWreTwO76tScOdAqcQtShQKNwP7yooRkMRWacKxUz3VS7edYakY4nVa8TNEUkxEe0J6hAsdU+fn88ik6M0qE+ok0T2g0V39P5DhWahKHJhljPVTL3kz8z+tlun/j50ykmaaCLBb1M450gmY1oIhJSjSfGIKJZOZWRIZYYqJNWRVTgrv85VXSvqi5V7XL5mW1flvUUYYTOIVzcOEa6vAADWgBgTE8wyu8Wbn1Yr1bH4toySpmjuEPrM8f86aTNw==</latexit>

⇤QG<latexit sha1_base64="nsbcyjbzBxgowsUQ15WmJkQsNV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePHYgq2FNpTNdtKu3U3C7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKHiELcONwE6ikMpA4EMwvp35D0+oNI+jezNJ0Jd0GPGQM2qs1JT9csWtunOQVeLlpAI5Gv3yV28Qs1RiZJigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkZUovaz+aFTcmaVAQljZSsyZK7+nsio1HoiA9spqRnpZW8m/ud1UxNe+xmPktRgxBaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdV77Jaa9Yq9Zs8jiKcwCmcgwdXUIc7aEALGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+ANdHjPY=</latexit>m

<latexit sha1_base64="lNGzZ024n9uw8OSnZ2hvZRBYth8=">AAACAnicbVDLSgMxFM34rPU16krcBIvgqsxIUVdScONCoYJ9QGcYMplMG5pkxiQjlKG48VfcuFDErV/hzr8xbWehrQcCh3PO5eaeMGVUacf5thYWl5ZXVktr5fWNza1te2e3pZJMYtLECUtkJ0SKMCpIU1PNSCeVBPGQkXY4uBz77QciFU3EnR6mxOeoJ2hMMdJGCux979qEI+Qpysk9vAlyT3KotBwFdsWpOhPAeeIWpAIKNAL7y4sSnHEiNGZIqa7rpNrPkdQUMzIqe5kiKcID1CNdQwXiRPn55IQRPDJKBONEmic0nKi/J3LElRry0CQ50n01643F/7xupuNzP6cizTQReLoozhjUCRz3ASMqCdZsaAjCkpq/QtxHEmFtWiubEtzZk+dJ66TqnlZrt7VK/aKoowQOwCE4Bi44A3VwBRqgCTB4BM/gFbxZT9aL9W59TKMLVjGzB/7A+vwBEm+XOg==</latexit>

⇤ ' Mstr
<latexit sha1_base64="zcDOjYtEowAmBvRPMQ5OhvCBKV8=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgxpKUom6UghuXFewDmlAm00k7dPJw5kYoIV/gxl9x40IRt67d+TdO2yy09cCFwzn3cu89Xiy4Asv6Ngorq2vrG8XN0tb2zu6euX/QVlEiKWvRSESy6xHFBA9ZCzgI1o0lI4EnWMcbX0/9zgOTikfhHUxi5gZkGHKfUwJa6psVh4h4RPqpIwOsQGaXji8JTe0sddS9hHRwWsuyvlm2qtYMeJnYOSmjHM2++eUMIpoELAQqiFI924rBTYkETgXLSk6iWEzomAxZT9OQBEy56eydDFe0MsB+JHWFgGfq74mUBEpNAk93BgRGatGbiv95vQT8CzflYZwAC+l8kZ8IDBGeZoMHXDIKYqIJoZLrWzEdER0H6ARLOgR78eVl0q5V7bNq/bZeblzlcRTRETpGJ8hG56iBblATtRBFj+gZvaI348l4Md6Nj3lrwchnDtEfGJ8/GvScxg==</latexit>

↵str =
1p
d� 2

<latexit sha1_base64="oniKTrUaEGteTYYxdm3pAFAeh4A=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgqeSSFEvSsGLF6GC/YCmhM122y7dTeLuRCghF/+KFw+KePVnePPfuG1z0NYHA4/3ZpiZF8SCa3Ccb6uwtLyyulZcL21sbm3v2Lt7TR0lirIGjUSk2gHRTPCQNYCDYO1YMSIDwVrB6Hritx6Z0jwK72Ecs64kg5D3OSVgJN8+kP7o0tMPCtJRduunnpJYg8p8u+xUnCnwInFzUkY56r795fUimkgWAhVE647rxNBNiQJOBctKXqJZTOiIDFjH0JBIprvp9IEMHxulh/uRMhUCnqq/J1IitR7LwHRKAkM9703E/7xOAv2LbsrDOAEW0tmifiIwRHiSBu5xxSiIsSGEKm5uxXRIFKFgMiuZENz5lxdJ87TinlWqd9Vy7SqPo4gO0RE6QS46RzV0g+qogSjK0DN6RW/Wk/VivVsfs9aClc/soz+wPn8AY5yW6w==</latexit>

mk =
p
kMstr

<latexit sha1_base64="PAq/eq7k09vbSZqRSdcbEGLVtDE=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR6qYkUtSVFNy4rGAf0MQymU7aoTOTODMRSogbf8WNC0Xc+hfu/BunbRbaeuDC4Zx7ufeeIGZUacf5tgpLyyura8X10sbm1vaOvbvXUlEiMWniiEWyEyBFGBWkqalmpBNLgnjASDsYXU389gORikbiVo9j4nM0EDSkGGkj9ewDTw6jyujEU5RDcpd66l7qdJRlPbvsVJ0p4CJxc1IGORo9+8vrRzjhRGjMkFJd14m1nyKpKWYkK3mJIjHCIzQgXUMF4kT56fSDDB4bpQ/DSJoSGk7V3xMp4kqNeWA6OdJDNe9NxP+8bqLDCz+lIk40EXi2KEwY1BGcxAH7VBKs2dgQhCU1t0I8RBJhbUIrmRDc+ZcXSeu06p5Vaze1cv0yj6MIDsERqAAXnIM6uAYN0AQYPIJn8ArerCfrxXq3PmatBSuf2Qd/YH3+AKiZlwo=</latexit>

⇢(k) ⇠ e
p
k,

1)The structure/density of the towers of states fixes

We find that      is related to the exponential decay rate <latexit sha1_base64="yKx5X8fQ9wXNFO5OzCEh3wfPhzU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pku2nXbjZhdyOU0P/gxYMiXv0/3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nirImjUWsOgFqJrhkTcONYJ1EMYwCwdrB+Hbmt5+Y0jyWD2aSMD/CoeQhp2is1OqhSEbYL1fcqjsHWSVeTiqQo9Evf/UGMU0jJg0VqHXXcxPjZ6gMp4JNS71UswTpGIesa6nEiGk/m187JWdWGZAwVrakIXP190SGkdaTKLCdEZqRXvZm4n9eNzXhtZ9xmaSGSbpYFKaCmJjMXicDrhg1YmIJUsXtrYSOUCE1NqCSDcFbfnmVtC6q3mW1dl+r1G/yOIpwAqdwDh5cQR3uoAFNoPAIz/AKb07svDjvzseiteDkM8fwB87nD407jx0=</latexit>↵

<latexit sha1_base64="kULVkQScZ9P2ReBim3p3h3q1E3Y=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKUE8S8OIxgnlAsoTeyWwyZh7LzKwQlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3IjCUM0mblllOO4mmICJO29H4dua3n6g2TMkHO0loKGAoWcwIWCe1ekMQAvrlil/158CrJMhJBeVo9MtfvYEiqaDSEg7GdAM/sWEG2jLC6bTUSw1NgIxhSLuOShDUhNn82ik+c8oAx0q7khbP1d8TGQhjJiJynQLsyCx7M/E/r5va+DrMmExSSyVZLIpTjq3Cs9fxgGlKLJ84AkQzdysmI9BArAuo5EIIll9eJa2LanBZrd3XKvWbPI4iOkGn6BwF6ArV0R1qoCYi6BE9o1f05invxXv3PhatBS+fOUZ/4H3+AIiljxo=</latexit>�

<latexit sha1_base64="IY5c35pAYAvd4pTafnhMZVrG0zo=">AAACM3icbVDLSgMxFM3UV62vUZdugkVwY5kpRd0oghsRFxVsFTql3MlkNJhkhiQjlGH+yY0/4kIQF4q49R9MH4JaDwQO55yb5J4w5Uwbz3t2SlPTM7Nz5fnKwuLS8oq7utbWSaYIbZGEJ+oqBE05k7RlmOH0KlUURMjpZXh7PPAv76jSLJEXpp/SroBryWJGwFip554GsQKSB3eUBBJCDlgUuSgCEiUGT3jBmb05giL/JgfDiJ9HO/Wi51a9mjcEniT+mFTRGM2e+xhECckElYZw0Lrje6np5qAMI5wWlSDTNAVyC9e0Y6kEQXU3H+5c4C2rRDhOlD3S4KH6cyIHoXVfhDYpwNzov95A/M/rZCbe7+ZMppmhkoweijOOTYIHBeKIKUoM71sCRDH7V0xuwLZgbM0VW4L/d+VJ0q7X/N1a47xRPToc11FGG2gTbSMf7aEjdIKaqIUIukdP6BW9OQ/Oi/PufIyiJWc8s45+wfn8AlrOq+c=</latexit>

~rm

m
·
~r⇤

⇤
=

1

d� 2

<latexit sha1_base64="kULVkQScZ9P2ReBim3p3h3q1E3Y=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKUE8S8OIxgnlAsoTeyWwyZh7LzKwQlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3IjCUM0mblllOO4mmICJO29H4dua3n6g2TMkHO0loKGAoWcwIWCe1ekMQAvrlil/158CrJMhJBeVo9MtfvYEiqaDSEg7GdAM/sWEG2jLC6bTUSw1NgIxhSLuOShDUhNn82ik+c8oAx0q7khbP1d8TGQhjJiJynQLsyCx7M/E/r5va+DrMmExSSyVZLIpTjq3Cs9fxgGlKLJ84AkQzdysmI9BArAuo5EIIll9eJa2LanBZrd3XKvWbPI4iOkGn6BwF6ArV0R1qoCYi6BE9o1f05invxXv3PhatBS+fOUZ/4H3+AIiljxo=</latexit>�



<latexit sha1_base64="BMIIT5hwn7gO/M8DQpewlbZXMjw="></latexit>

⇤QG ⇠ m� ⇠ Mp exp(����)

<latexit sha1_base64="Y3bxljU0QzliUiQgw8gKlHHQnGY=">AAACC3icbVA9SwNBEN3zM8avqKXNYhBiYbiToFYS0MIygtFALoS5zSRZsnu37O6JIaS38a/YWChi6x+w89+4iSk08cHA470ZZuZFSnBjff/Lm5tfWFxazqxkV9fWNzZzW9s3Jkk1wypLRKJrERgUPMaq5VZgTWkEGQm8jXrnI//2DrXhSXxt+wobEjoxb3MG1knN3B6VoeGSyqYf4r0qHIYgVBdoeIHCQqi6/KCZy/tFfww6S4IJyZMJKs3cZ9hKWCoxtkyAMfXAV7YxAG05EzjMhqlBBawHHaw7GoNE0xiMfxnSfae0aDvRrmJLx+rviQFIY/oycp0SbNdMeyPxP6+e2vZpY8BjlVqM2c+idiqoTegoGNriGpkVfUeAae5upawLGph18WVdCMH0y7Pk5qgYHBdLV6V8+WwSR4bskj1SIAE5IWVySSqkShh5IE/khbx6j96z9+a9/7TOeZOZHfIH3sc3Kf+Z3g==</latexit>

m ⇠ m0 exp(�↵��)

2)    is sensitive to all towers becoming light, and not only the leading one

Mass of the tower:

Quantum Gravity cut-off:

<latexit sha1_base64="4XRNEvlkfzQ9P3pOGr/Tcd2mlt8=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCrsS1EoCNhYWEcwDkiXMzs4mQ2Znl5m7Qgj5CBsLRWz9Hjv/xkmyhSYeGDiccy5z7wlSKQy67rdTWFvf2Nwqbpd2dvf2D8qHRy2TZJrxJktkojsBNVwKxZsoUPJOqjmNA8nbweh25refuDYiUY84Trkf04ESkWAUrdTu3dtoSPvlilt15yCrxMtJBXI0+uWvXpiwLOYKmaTGdD03RX9CNQom+bTUywxPKRvRAe9aqmjMjT+ZrzslZ1YJSZRo+xSSufp7YkJjY8ZxYJMxxaFZ9mbif143w+janwiVZsgVW3wUZZJgQma3k1BozlCOLaFMC7srYUOqKUPbUMmW4C2fvEpaF1Xvslp7qFXqN3kdRTiBUzgHD66gDnfQgCYwGMEzvMKbkzovzrvzsYgWnHzmGP7A+fwBDV+PYg==</latexit>

⇤

This should surprise you. Why?

��

<latexit sha1_base64="FXCYZ51xT2N+eaIl5mkXa4xH74E=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi6koKLnThogX7gCaEyWTaDp1MwsykUEL/xI0LRdz6J+78G6dtFtp6YOBwzrncOydMOVPacb6t0tr6xuZWebuys7u3f2AfHrVVkklCWyThieyGWFHOBG1ppjntppLiOOS0E47uZn5nTKViiXjSk5T6MR4I1mcEayMFtu09mnCEg9yTMWreTwO76tScOdAqcQtShQKNwP7yooRkMRWacKxUz3VS7edYakY4nVa8TNEUkxEe0J6hAsdU+fn88ik6M0qE+ok0T2g0V39P5DhWahKHJhljPVTL3kz8z+tlun/j50ykmaaCLBb1M450gmY1oIhJSjSfGIKJZOZWRIZYYqJNWRVTgrv85VXSvqi5V7XL5mW1flvUUYYTOIVzcOEa6vAADWgBgTE8wyu8Wbn1Yr1bH4toySpmjuEPrM8f86aTNw==</latexit>

⇤QG<latexit sha1_base64="nsbcyjbzBxgowsUQ15WmJkQsNV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePHYgq2FNpTNdtKu3U3C7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKHiELcONwE6ikMpA4EMwvp35D0+oNI+jezNJ0Jd0GPGQM2qs1JT9csWtunOQVeLlpAI5Gv3yV28Qs1RiZJigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkZUovaz+aFTcmaVAQljZSsyZK7+nsio1HoiA9spqRnpZW8m/ud1UxNe+xmPktRgxBaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdV77Jaa9Yq9Zs8jiKcwCmcgwdXUIc7aEALGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+ANdHjPY=</latexit>m



<latexit sha1_base64="BMIIT5hwn7gO/M8DQpewlbZXMjw="></latexit>

⇤QG ⇠ m� ⇠ Mp exp(����)

<latexit sha1_base64="Y3bxljU0QzliUiQgw8gKlHHQnGY=">AAACC3icbVA9SwNBEN3zM8avqKXNYhBiYbiToFYS0MIygtFALoS5zSRZsnu37O6JIaS38a/YWChi6x+w89+4iSk08cHA470ZZuZFSnBjff/Lm5tfWFxazqxkV9fWNzZzW9s3Jkk1wypLRKJrERgUPMaq5VZgTWkEGQm8jXrnI//2DrXhSXxt+wobEjoxb3MG1knN3B6VoeGSyqYf4r0qHIYgVBdoeIHCQqi6/KCZy/tFfww6S4IJyZMJKs3cZ9hKWCoxtkyAMfXAV7YxAG05EzjMhqlBBawHHaw7GoNE0xiMfxnSfae0aDvRrmJLx+rviQFIY/oycp0SbNdMeyPxP6+e2vZpY8BjlVqM2c+idiqoTegoGNriGpkVfUeAae5upawLGph18WVdCMH0y7Pk5qgYHBdLV6V8+WwSR4bskj1SIAE5IWVySSqkShh5IE/khbx6j96z9+a9/7TOeZOZHfIH3sc3Kf+Z3g==</latexit>

m ⇠ m0 exp(�↵��)

2)    is sensitive to all towers becoming light, and not only the leading one

Mass of the tower:

Quantum Gravity cut-off:

<latexit sha1_base64="4XRNEvlkfzQ9P3pOGr/Tcd2mlt8=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCrsS1EoCNhYWEcwDkiXMzs4mQ2Znl5m7Qgj5CBsLRWz9Hjv/xkmyhSYeGDiccy5z7wlSKQy67rdTWFvf2Nwqbpd2dvf2D8qHRy2TZJrxJktkojsBNVwKxZsoUPJOqjmNA8nbweh25refuDYiUY84Trkf04ESkWAUrdTu3dtoSPvlilt15yCrxMtJBXI0+uWvXpiwLOYKmaTGdD03RX9CNQom+bTUywxPKRvRAe9aqmjMjT+ZrzslZ1YJSZRo+xSSufp7YkJjY8ZxYJMxxaFZ9mbif143w+janwiVZsgVW3wUZZJgQma3k1BozlCOLaFMC7srYUOqKUPbUMmW4C2fvEpaF1Xvslp7qFXqN3kdRTiBUzgHD66gDnfQgCYwGMEzvMKbkzovzrvzsYgWnHzmGP7A+fwBDV+PYg==</latexit>

⇤

Even though, the pattern is always satisfied!

<latexit sha1_base64="IY5c35pAYAvd4pTafnhMZVrG0zo=">AAACM3icbVDLSgMxFM3UV62vUZdugkVwY5kpRd0oghsRFxVsFTql3MlkNJhkhiQjlGH+yY0/4kIQF4q49R9MH4JaDwQO55yb5J4w5Uwbz3t2SlPTM7Nz5fnKwuLS8oq7utbWSaYIbZGEJ+oqBE05k7RlmOH0KlUURMjpZXh7PPAv76jSLJEXpp/SroBryWJGwFip554GsQKSB3eUBBJCDlgUuSgCEiUGT3jBmb05giL/JgfDiJ9HO/Wi51a9mjcEniT+mFTRGM2e+xhECckElYZw0Lrje6np5qAMI5wWlSDTNAVyC9e0Y6kEQXU3H+5c4C2rRDhOlD3S4KH6cyIHoXVfhDYpwNzov95A/M/rZCbe7+ZMppmhkoweijOOTYIHBeKIKUoM71sCRDH7V0xuwLZgbM0VW4L/d+VJ0q7X/N1a47xRPToc11FGG2gTbSMf7aEjdIKaqIUIukdP6BW9OQ/Oi/PufIyiJWc8s45+wfn8AlrOq+c=</latexit>

~rm

m
·
~r⇤

⇤
=

1

d� 2

This should surprise you. Why?

��

<latexit sha1_base64="FXCYZ51xT2N+eaIl5mkXa4xH74E=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi6koKLnThogX7gCaEyWTaDp1MwsykUEL/xI0LRdz6J+78G6dtFtp6YOBwzrncOydMOVPacb6t0tr6xuZWebuys7u3f2AfHrVVkklCWyThieyGWFHOBG1ppjntppLiOOS0E47uZn5nTKViiXjSk5T6MR4I1mcEayMFtu09mnCEg9yTMWreTwO76tScOdAqcQtShQKNwP7yooRkMRWacKxUz3VS7edYakY4nVa8TNEUkxEe0J6hAsdU+fn88ik6M0qE+ok0T2g0V39P5DhWahKHJhljPVTL3kz8z+tlun/j50ykmaaCLBb1M450gmY1oIhJSjSfGIKJZOZWRIZYYqJNWRVTgrv85VXSvqi5V7XL5mW1flvUUYYTOIVzcOEa6vAADWgBgTE8wyu8Wbn1Yr1bH4toySpmjuEPrM8f86aTNw==</latexit>

⇤QG<latexit sha1_base64="nsbcyjbzBxgowsUQ15WmJkQsNV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePHYgq2FNpTNdtKu3U3C7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKHiELcONwE6ikMpA4EMwvp35D0+oNI+jezNJ0Jd0GPGQM2qs1JT9csWtunOQVeLlpAI5Gv3yV28Qs1RiZJigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkZUovaz+aFTcmaVAQljZSsyZK7+nsio1HoiA9spqRnpZW8m/ud1UxNe+xmPktRgxBaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdV77Jaa9Yq9Zs8jiKcwCmcgwdXUIc7aEALGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+ANdHjPY=</latexit>m



<latexit sha1_base64="BMIIT5hwn7gO/M8DQpewlbZXMjw="></latexit>

⇤QG ⇠ m� ⇠ Mp exp(����)

<latexit sha1_base64="Y3bxljU0QzliUiQgw8gKlHHQnGY=">AAACC3icbVA9SwNBEN3zM8avqKXNYhBiYbiToFYS0MIygtFALoS5zSRZsnu37O6JIaS38a/YWChi6x+w89+4iSk08cHA470ZZuZFSnBjff/Lm5tfWFxazqxkV9fWNzZzW9s3Jkk1wypLRKJrERgUPMaq5VZgTWkEGQm8jXrnI//2DrXhSXxt+wobEjoxb3MG1knN3B6VoeGSyqYf4r0qHIYgVBdoeIHCQqi6/KCZy/tFfww6S4IJyZMJKs3cZ9hKWCoxtkyAMfXAV7YxAG05EzjMhqlBBawHHaw7GoNE0xiMfxnSfae0aDvRrmJLx+rviQFIY/oycp0SbNdMeyPxP6+e2vZpY8BjlVqM2c+idiqoTegoGNriGpkVfUeAae5upawLGph18WVdCMH0y7Pk5qgYHBdLV6V8+WwSR4bskj1SIAE5IWVySSqkShh5IE/khbx6j96z9+a9/7TOeZOZHfIH3sc3Kf+Z3g==</latexit>

m ⇠ m0 exp(�↵��)

2)    is sensitive to all towers becoming light, and not only the leading one

Mass of the tower:

Quantum Gravity cut-off:

<latexit sha1_base64="4XRNEvlkfzQ9P3pOGr/Tcd2mlt8=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCrsS1EoCNhYWEcwDkiXMzs4mQ2Znl5m7Qgj5CBsLRWz9Hjv/xkmyhSYeGDiccy5z7wlSKQy67rdTWFvf2Nwqbpd2dvf2D8qHRy2TZJrxJktkojsBNVwKxZsoUPJOqjmNA8nbweh25refuDYiUY84Trkf04ESkWAUrdTu3dtoSPvlilt15yCrxMtJBXI0+uWvXpiwLOYKmaTGdD03RX9CNQom+bTUywxPKRvRAe9aqmjMjT+ZrzslZ1YJSZRo+xSSufp7YkJjY8ZxYJMxxaFZ9mbif143w+janwiVZsgVW3wUZZJgQma3k1BozlCOLaFMC7srYUOqKUPbUMmW4C2fvEpaF1Xvslp7qFXqN3kdRTiBUzgHD66gDnfQgCYwGMEzvMKbkzovzrvzsYgWnHzmGP7A+fwBDV+PYg==</latexit>

⇤

Even though, the pattern is always satisfied!

<latexit sha1_base64="IY5c35pAYAvd4pTafnhMZVrG0zo=">AAACM3icbVDLSgMxFM3UV62vUZdugkVwY5kpRd0oghsRFxVsFTql3MlkNJhkhiQjlGH+yY0/4kIQF4q49R9MH4JaDwQO55yb5J4w5Uwbz3t2SlPTM7Nz5fnKwuLS8oq7utbWSaYIbZGEJ+oqBE05k7RlmOH0KlUURMjpZXh7PPAv76jSLJEXpp/SroBryWJGwFip554GsQKSB3eUBBJCDlgUuSgCEiUGT3jBmb05giL/JgfDiJ9HO/Wi51a9mjcEniT+mFTRGM2e+xhECckElYZw0Lrje6np5qAMI5wWlSDTNAVyC9e0Y6kEQXU3H+5c4C2rRDhOlD3S4KH6cyIHoXVfhDYpwNzov95A/M/rZCbe7+ZMppmhkoweijOOTYIHBeKIKUoM71sCRDH7V0xuwLZgbM0VW4L/d+VJ0q7X/N1a47xRPToc11FGG2gTbSMf7aEjdIKaqIUIukdP6BW9OQ/Oi/PufIyiJWc8s45+wfn8AlrOq+c=</latexit>

~rm

m
·
~r⇤

⇤
=

1

d� 2

How??

This should surprise you. Why?

��

<latexit sha1_base64="FXCYZ51xT2N+eaIl5mkXa4xH74E=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi6koKLnThogX7gCaEyWTaDp1MwsykUEL/xI0LRdz6J+78G6dtFtp6YOBwzrncOydMOVPacb6t0tr6xuZWebuys7u3f2AfHrVVkklCWyThieyGWFHOBG1ppjntppLiOOS0E47uZn5nTKViiXjSk5T6MR4I1mcEayMFtu09mnCEg9yTMWreTwO76tScOdAqcQtShQKNwP7yooRkMRWacKxUz3VS7edYakY4nVa8TNEUkxEe0J6hAsdU+fn88ik6M0qE+ok0T2g0V39P5DhWahKHJhljPVTL3kz8z+tlun/j50ykmaaCLBb1M450gmY1oIhJSjSfGIKJZOZWRIZYYqJNWRVTgrv85VXSvqi5V7XL5mW1flvUUYYTOIVzcOEa6vAADWgBgTE8wyu8Wbn1Yr1bH4toySpmjuEPrM8f86aTNw==</latexit>

⇤QG<latexit sha1_base64="nsbcyjbzBxgowsUQ15WmJkQsNV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePHYgq2FNpTNdtKu3U3C7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKHiELcONwE6ikMpA4EMwvp35D0+oNI+jezNJ0Jd0GPGQM2qs1JT9csWtunOQVeLlpAI5Gv3yV28Qs1RiZJigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkZUovaz+aFTcmaVAQljZSsyZK7+nsio1HoiA9spqRnpZW8m/ud1UxNe+xmPktRgxBaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdV77Jaa9Yq9Zs8jiKcwCmcgwdXUIc7aEALGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+ANdHjPY=</latexit>m



<latexit sha1_base64="BMIIT5hwn7gO/M8DQpewlbZXMjw="></latexit>

⇤QG ⇠ m� ⇠ Mp exp(����)

<latexit sha1_base64="Y3bxljU0QzliUiQgw8gKlHHQnGY=">AAACC3icbVA9SwNBEN3zM8avqKXNYhBiYbiToFYS0MIygtFALoS5zSRZsnu37O6JIaS38a/YWChi6x+w89+4iSk08cHA470ZZuZFSnBjff/Lm5tfWFxazqxkV9fWNzZzW9s3Jkk1wypLRKJrERgUPMaq5VZgTWkEGQm8jXrnI//2DrXhSXxt+wobEjoxb3MG1knN3B6VoeGSyqYf4r0qHIYgVBdoeIHCQqi6/KCZy/tFfww6S4IJyZMJKs3cZ9hKWCoxtkyAMfXAV7YxAG05EzjMhqlBBawHHaw7GoNE0xiMfxnSfae0aDvRrmJLx+rviQFIY/oycp0SbNdMeyPxP6+e2vZpY8BjlVqM2c+idiqoTegoGNriGpkVfUeAae5upawLGph18WVdCMH0y7Pk5qgYHBdLV6V8+WwSR4bskj1SIAE5IWVySSqkShh5IE/khbx6j96z9+a9/7TOeZOZHfIH3sc3Kf+Z3g==</latexit>

m ⇠ m0 exp(�↵��)

2)    is sensitive to all towers becoming light, and not only the leading one

Mass of the tower:

Quantum Gravity cut-off:

<latexit sha1_base64="4XRNEvlkfzQ9P3pOGr/Tcd2mlt8=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCrsS1EoCNhYWEcwDkiXMzs4mQ2Znl5m7Qgj5CBsLRWz9Hjv/xkmyhSYeGDiccy5z7wlSKQy67rdTWFvf2Nwqbpd2dvf2D8qHRy2TZJrxJktkojsBNVwKxZsoUPJOqjmNA8nbweh25refuDYiUY84Trkf04ESkWAUrdTu3dtoSPvlilt15yCrxMtJBXI0+uWvXpiwLOYKmaTGdD03RX9CNQom+bTUywxPKRvRAe9aqmjMjT+ZrzslZ1YJSZRo+xSSufp7YkJjY8ZxYJMxxaFZ9mbif143w+janwiVZsgVW3wUZZJgQma3k1BozlCOLaFMC7srYUOqKUPbUMmW4C2fvEpaF1Xvslp7qFXqN3kdRTiBUzgHD66gDnfQgCYwGMEzvMKbkzovzrvzsYgWnHzmGP7A+fwBDV+PYg==</latexit>

⇤

<latexit sha1_base64="BPBb0iNmnXav7Gc5QQCzkdaAofU=">AAAB/3icbVA9SwNBEN2LXzF+RQUbm8UgWIU7CWolARvLCCYGckfY28wlS3b3jt29QDiv8K/YWChi69+w89+4+Sg08cHA470ZZuaFCWfauO63U1hZXVvfKG6WtrZ3dvfK+wctHaeKQpPGPFbtkGjgTELTMMOhnSggIuTwEA5vJv7DCJRmsbw34wQCQfqSRYwSY6Vu+ciPFKGZPwLqSxJygkWeibxbrrhVdwq8TLw5qaA5Gt3yl9+LaSpAGsqJ1h3PTUyQEWUY5ZCX/FRDQuiQ9KFjqSQCdJBN78/xqVV6OIqVLWnwVP09kRGh9ViEtlMQM9CL3kT8z+ukJroKMiaT1ICks0VRyrGJ8SQM3GMKqOFjSwhVzN6K6YDYQIyNrGRD8BZfXiat86p3Ua3d1Sr163kcRXSMTtAZ8tAlqqNb1EBNRNEjekav6M15cl6cd+dj1lpw5jOH6A+czx90HZZi</latexit>

~rm

m

<latexit sha1_base64="WOi6ieyGCllXToVhrBCH/lnbhWg=">AAACC3icbVDLSsNAFJ3UV62vqEs3g0VwVRIp6koKbly4qGAf0IRyM520QyeTMDMplNC9G3/FjQtF3PoD7vwbp20EbT0wcDjnHu7cEyScKe04X1ZhZXVtfaO4Wdra3tnds/cPmipOJaENEvNYtgNQlDNBG5ppTtuJpBAFnLaC4fXUb42oVCwW93qcUD+CvmAhI6CN1LWPvVACybwRJZ6AgAP2bk26B5Psh3TtslNxZsDLxM1JGeWod+1PrxeTNKJCEw5KdVwn0X4GUjPC6aTkpYomQIbQpx1DBURU+dnslgk+MUoPh7E0T2g8U38nMoiUGkeBmYxAD9SiNxX/8zqpDi/9jIkk1VSQ+aIw5VjHeFoM7jFJieZjQ4BIZv6KyQBMOdrUVzIluIsnL5PmWcU9r1TvquXaVV5HER2hY3SKXHSBaugG1VEDEfSAntALerUerWfrzXqfjxasPHOI/sD6+AZStJs6</latexit>

~r⇤

⇤

<latexit sha1_base64="XUWU/T/z7bUiyvN5Zt9VnSuGYHc=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pmu2nXbjZhdyKU0P/gxYMiXv0/3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrB5wk3I/oUIlQMIpWavVwxJH2yxW36s5BVomXkwrkaPTLX71BzNKIK2SSGtP13AT9jGoUTPJpqZcanlA2pkPetVTRiBs/m187JWdWGZAw1rYUkrn6eyKjkTGTKLCdEcWRWfZm4n9eN8Xw2s+ESlLkii0WhakkGJPZ62QgNGcoJ5ZQpoW9lbAR1ZShDahkQ/CWX14lrYuqd1mt3dcq9Zs8jiKcwCmcgwdXUIc7aEATGDzCM7zCmxM7L86787FoLTj5zDH8gfP5A6Wxjy0=</latexit>

✓
The angle between 

them is always such that 
the pattern gets satisfied

Even though, the pattern is always satisfied!

<latexit sha1_base64="IY5c35pAYAvd4pTafnhMZVrG0zo=">AAACM3icbVDLSgMxFM3UV62vUZdugkVwY5kpRd0oghsRFxVsFTql3MlkNJhkhiQjlGH+yY0/4kIQF4q49R9MH4JaDwQO55yb5J4w5Uwbz3t2SlPTM7Nz5fnKwuLS8oq7utbWSaYIbZGEJ+oqBE05k7RlmOH0KlUURMjpZXh7PPAv76jSLJEXpp/SroBryWJGwFip554GsQKSB3eUBBJCDlgUuSgCEiUGT3jBmb05giL/JgfDiJ9HO/Wi51a9mjcEniT+mFTRGM2e+xhECckElYZw0Lrje6np5qAMI5wWlSDTNAVyC9e0Y6kEQXU3H+5c4C2rRDhOlD3S4KH6cyIHoXVfhDYpwNzov95A/M/rZCbe7+ZMppmhkoweijOOTYIHBeKIKUoM71sCRDH7V0xuwLZgbM0VW4L/d+VJ0q7X/N1a47xRPToc11FGG2gTbSMf7aEjdIKaqIUIukdP6BW9OQ/Oi/PufIyiJWc8s45+wfn8AlrOq+c=</latexit>

~rm

m
·
~r⇤

⇤
=

1

d� 2

How??

This should surprise you. Why?

��

<latexit sha1_base64="FXCYZ51xT2N+eaIl5mkXa4xH74E=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi6koKLnThogX7gCaEyWTaDp1MwsykUEL/xI0LRdz6J+78G6dtFtp6YOBwzrncOydMOVPacb6t0tr6xuZWebuys7u3f2AfHrVVkklCWyThieyGWFHOBG1ppjntppLiOOS0E47uZn5nTKViiXjSk5T6MR4I1mcEayMFtu09mnCEg9yTMWreTwO76tScOdAqcQtShQKNwP7yooRkMRWacKxUz3VS7edYakY4nVa8TNEUkxEe0J6hAsdU+fn88ik6M0qE+ok0T2g0V39P5DhWahKHJhljPVTL3kz8z+tlun/j50ykmaaCLBb1M450gmY1oIhJSjSfGIKJZOZWRIZYYqJNWRVTgrv85VXSvqi5V7XL5mW1flvUUYYTOIVzcOEa6vAADWgBgTE8wyu8Wbn1Yr1bH4toySpmjuEPrM8f86aTNw==</latexit>

⇤QG<latexit sha1_base64="nsbcyjbzBxgowsUQ15WmJkQsNV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePHYgq2FNpTNdtKu3U3C7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKHiELcONwE6ikMpA4EMwvp35D0+oNI+jezNJ0Jd0GPGQM2qs1JT9csWtunOQVeLlpAI5Gv3yV28Qs1RiZJigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkZUovaz+aFTcmaVAQljZSsyZK7+nsio1HoiA9spqRnpZW8m/ud1UxNe+xmPktRgxBaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdV77Jaa9Yq9Zs8jiKcwCmcgwdXUIc7aEALGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+ANdHjPY=</latexit>m



Example 1: Example 2:



Example 1:

<latexit sha1_base64="J8WSI1EQzEfhRMipboHHruYK2ZY=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVop6k4EXopYL9wHYp2TTbhibZJckKZem/8OJBEa/+G2/+G7PtHrT1wcDjvRlm5gUxZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dJYrQFol4pLoB1pQzSVuGGU67saJYBJx2gslt5neeqNIskg9mGlNf4JFkISPYWOlRDNK+EqjRmA3KFbfqzoFWiZeTCuRoDspf/WFEEkGlIRxr3fPc2PgpVoYRTmelfqJpjMkEj2jPUokF1X46v3iGzqwyRGGkbEmD5urviRQLracisJ0Cm7Fe9jLxP6+XmPDaT5mME0MlWSwKE45MhLL30ZApSgyfWoKJYvZWRMZYYWJsSCUbgrf88ippX1S9y2rtvlap3+RxFOEETuEcPLiCOtxBE1pAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBLp2QmA==</latexit>mKK

<latexit sha1_base64="j1HQD0fY+T+QP9YruYML+Kb5bHQ=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqCcJePEYwTxgs4TZyWwyZB7LTK8QlnyGFw+KePVrvPk3TpI9aGJBQ1HVTXdXnApuwfe/vdLa+sbmVnm7srO7t39QPTxqW50ZylpUC226MbFMcMVawEGwbmoYkbFgnXh8N/M7T8xYrtUjTFIWSTJUPOGUgJNC2c97RmILZtqv1vy6PwdeJUFBaqhAs1/96g00zSRTQAWxNgz8FKKcGOBUsGmll1mWEjomQxY6qohkNsrnJ0/xmVMGONHGlQI8V39P5ERaO5Gx65QERnbZm4n/eWEGyU2Uc5VmwBRdLEoygUHj2f94wA2jICaOEGq4uxXTETGEgkup4kIIll9eJe2LenBVv3y4rDVuizjK6ASdonMUoGvUQPeoiVqIIo2e0St688B78d69j0VryStmjtEfeJ8/f6KRZQ==</latexit>mstr

<latexit sha1_base64="xGasz7tTHbtB/famU1PnETrXqvA=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4kLIrRT1JwYsXoYL9gO5SsmnahibZkGSFsvRvePGgiFf/jDf/jWm7B219MPB4b4aZebHizFjf//ZWVtfWNzYLW8Xtnd29/dLBYdMkqSa0QRKe6HaMDeVM0oZlltO20hSLmNNWPLqd+q0nqg1L5KMdKxoJPJCszwi2Tgrvu1moBVL8PJh0S2W/4s+AlkmQkzLkqHdLX2EvIamg0hKOjekEvrJRhrVlhNNJMUwNVZiM8IB2HJVYUBNls5sn6NQpPdRPtCtp0Uz9PZFhYcxYxK5TYDs0i95U/M/rpLZ/HWVMqtRSSeaL+ilHNkHTAFCPaUosHzuCiWbuVkSGWGNiXUxFF0Kw+PIyaV5UgstK9aFart3kcRTgGE7gDAK4ghrcQR0aQEDBM7zCm5d6L9679zFvXfHymSP4A+/zB0W2kS8=</latexit>

Mpl,1

<latexit sha1_base64="XHSPSluFw6KKrsUEF/mPDojjf2s=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsxIUVdScOPCRQX7gM5QMplMG5pkhiQjlKG/4caFIm79GXf+jWk7C209EDiccy735oQpZ9q47rdTWlvf2Nwqb1d2dvf2D6qHRx2dZIrQNkl4onoh1pQzSduGGU57qaJYhJx2w/HtzO8+UaVZIh/NJKWBwEPJYkawsZLvayaQf2/zER5Ua27dnQOtEq8gNSjQGlS//CghmaDSEI617ntuaoIcK8MIp9OKn2maYjLGQ9q3VGJBdZDPb56iM6tEKE6UfdKgufp7IsdC64kIbVJgM9LL3kz8z+tnJr4OcibTzFBJFovijCOToFkBKGKKEsMnlmCimL0VkRFWmBhbU8WW4C1/eZV0LureZb3x0Kg1b4o6ynACp3AOHlxBE+6gBW0gkMIzvMKbkzkvzrvzsYiWnGLmGP7A+fwBhU+RWQ==</latexit>

⇠ ⇤

<latexit sha1_base64="ZyH7VojDinvR9Kx0dmzdNj+5y8Y=">AAACEXicbZDLSgMxFIYz9VbrbdSlm2ARuiozUtSVFNwI3VSwF+gMQybNtKFJZkgyhTL0Fdz4Km5cKOLWnTvfxrSdRW39IfDxn3M4OX+YMKq04/xYhY3Nre2d4m5pb//g8Mg+PmmrOJWYtHDMYtkNkSKMCtLSVDPSTSRBPGSkE47uZvXOmEhFY/GoJwnxORoIGlGMtLECu+JFEuHMGxPsCRQyBHmQeZLDRmM6zZY4sMtO1ZkLroObQxnkagb2t9ePccqJ0JghpXquk2g/Q1JTzMi05KWKJAiP0ID0DArEifKz+UVTeGGcPoxiaZ7QcO4uT2SIKzXhoenkSA/Vam1m/lfrpTq68TMqklQTgReLopRBHcNZPLBPJcGaTQwgLKn5K8RDZCLSJsSSCcFdPXkd2pdV96pae6iV67d5HEVwBs5BBbjgGtTBPWiCFsDgCbyAN/BuPVuv1of1uWgtWPnMKfgj6+sX2Hmdpg==</latexit>

~rmKK

mKK

<latexit sha1_base64="CfXt424dK5RUCmoEny+fzNAgFBY=">AAACH3icbVDLSsNAFJ3UV62vqEs3g0VwVRIp1ZUU3LhwUcE+oCnlZjpph04mYWZSKCF/4sZfceNCEXHXv3HaZqGtBwYO59zDnXv8mDOlHWdmFTY2t7Z3irulvf2DwyP7+KSlokQS2iQRj2THB0U5E7Spmea0E0sKoc9p2x/fzf32hErFIvGkpzHthTAULGAEtJH6ds0LJJDUm1DiCfA5YO/BpAfQTz0ZYqVllqXrUt8uOxVnAbxO3JyUUY5G3/72BhFJQio04aBU13Vi3UtBakY4zUpeomgMZAxD2jVUQEhVL13cl+ELowxwEEnzhMYL9XcihVCpaeibyRD0SK16c/E/r5vo4KaXMhEnmgqyXBQkHOsIz8vCAyYp0XxqCBDJzF8xGYEpTJtKS6YEd/XkddK6qri1SvWxWq7f5nUU0Rk6R5fIRdeoju5RAzURQc/oFb2jD+vFerM+ra/laMHKM6foD6zZD9LLpBg=</latexit>

~r⇤str

⇤str

<latexit sha1_base64="fe6ICRIn8G1GqDjoohI6lb8HeRI=">AAACFHicbVDLSgMxFM34rPU16tJNsAiCUGakqBul4MZlBfuAzjBk0kwbmmSGJFMow3yEG3/FjQtF3Lpw59+YtrOorQcunJxzL7n3hAmjSjvOj7Wyura+sVnaKm/v7O7t2weHLRWnEpMmjlksOyFShFFBmppqRjqJJIiHjLTD4d3Eb4+IVDQWj3qcEJ+jvqARxUgbKbDPb7xIIpx5I4I9gUKGIA8yT3KotMzzbP4R2BWn6kwBl4lbkAoo0Ajsb68X45QToTFDSnVdJ9F+hqSmmJG87KWKJAgPUZ90DRWIE+Vn06NyeGqUHoxiaUpoOFXnJzLElRrz0HRypAdq0ZuI/3ndVEfXfkZFkmoi8OyjKGVQx3CSEOxRSbBmY0MQltTsCvEAmZC0ybFsQnAXT14mrYuqe1mtPdQq9dsijhI4BifgDLjgCtTBPWiAJsDgCbyAN/BuPVuv1of1OWtdsYqZI/AH1tcvJEyfhw==</latexit>

=
~rmstr

mstr

<latexit sha1_base64="B+YM8er7TD8wYStFpTiKp8RPSow=">AAACFXicdVDLSsNAFJ34rPUVdelmsAguSkikVt1IwY0boYJ9QBPCZDpph04mYWZSKCE/4cZfceNCEbeCO//G6UOwPg5cOHPOvcy9J0gYlcq2P4yFxaXlldXCWnF9Y3Nr29zZbco4FZg0cMxi0Q6QJIxy0lBUMdJOBEFRwEgrGFyO/daQCEljfqtGCfEi1OM0pBgpLflm2Q0Fwpk7JNjlKGAIXvuZKyKYsLKT59ncyzdLtnViO+dVB/4mjmVPUAIz1H3z3e3GOI0IV5ghKTuOnSgvQ0JRzEhedFNJEoQHqEc6mnIUEellk6tyeKiVLgxjoYsrOFG/T2QoknIUBbozQqovf3pj8S+vk6rwzMsoT1JFOJ5+FKYMqhiOI4JdKghWbKQJwoLqXSHuIx2T0kEWdQhfl8L/SfPYcqpW5aZSql3M4iiAfXAAjoADTkENXIE6aAAM7sADeALPxr3xaLwYr9PWBWM2swfmYLx9ApNQnxY=</latexit>

~rMpl,1

Mpl,1

Example 2:



Example 1:

<latexit sha1_base64="J8WSI1EQzEfhRMipboHHruYK2ZY=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVop6k4EXopYL9wHYp2TTbhibZJckKZem/8OJBEa/+G2/+G7PtHrT1wcDjvRlm5gUxZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dJYrQFol4pLoB1pQzSVuGGU67saJYBJx2gslt5neeqNIskg9mGlNf4JFkISPYWOlRDNK+EqjRmA3KFbfqzoFWiZeTCuRoDspf/WFEEkGlIRxr3fPc2PgpVoYRTmelfqJpjMkEj2jPUokF1X46v3iGzqwyRGGkbEmD5urviRQLracisJ0Cm7Fe9jLxP6+XmPDaT5mME0MlWSwKE45MhLL30ZApSgyfWoKJYvZWRMZYYWJsSCUbgrf88ippX1S9y2rtvlap3+RxFOEETuEcPLiCOtxBE1pAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBLp2QmA==</latexit>mKK

<latexit sha1_base64="j1HQD0fY+T+QP9YruYML+Kb5bHQ=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqCcJePEYwTxgs4TZyWwyZB7LTK8QlnyGFw+KePVrvPk3TpI9aGJBQ1HVTXdXnApuwfe/vdLa+sbmVnm7srO7t39QPTxqW50ZylpUC226MbFMcMVawEGwbmoYkbFgnXh8N/M7T8xYrtUjTFIWSTJUPOGUgJNC2c97RmILZtqv1vy6PwdeJUFBaqhAs1/96g00zSRTQAWxNgz8FKKcGOBUsGmll1mWEjomQxY6qohkNsrnJ0/xmVMGONHGlQI8V39P5ERaO5Gx65QERnbZm4n/eWEGyU2Uc5VmwBRdLEoygUHj2f94wA2jICaOEGq4uxXTETGEgkup4kIIll9eJe2LenBVv3y4rDVuizjK6ASdonMUoGvUQPeoiVqIIo2e0St688B78d69j0VryStmjtEfeJ8/f6KRZQ==</latexit>mstr

<latexit sha1_base64="xGasz7tTHbtB/famU1PnETrXqvA=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4kLIrRT1JwYsXoYL9gO5SsmnahibZkGSFsvRvePGgiFf/jDf/jWm7B219MPB4b4aZebHizFjf//ZWVtfWNzYLW8Xtnd29/dLBYdMkqSa0QRKe6HaMDeVM0oZlltO20hSLmNNWPLqd+q0nqg1L5KMdKxoJPJCszwi2Tgrvu1moBVL8PJh0S2W/4s+AlkmQkzLkqHdLX2EvIamg0hKOjekEvrJRhrVlhNNJMUwNVZiM8IB2HJVYUBNls5sn6NQpPdRPtCtp0Uz9PZFhYcxYxK5TYDs0i95U/M/rpLZ/HWVMqtRSSeaL+ilHNkHTAFCPaUosHzuCiWbuVkSGWGNiXUxFF0Kw+PIyaV5UgstK9aFart3kcRTgGE7gDAK4ghrcQR0aQEDBM7zCm5d6L9679zFvXfHymSP4A+/zB0W2kS8=</latexit>

Mpl,1

<latexit sha1_base64="XHSPSluFw6KKrsUEF/mPDojjf2s=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsxIUVdScOPCRQX7gM5QMplMG5pkhiQjlKG/4caFIm79GXf+jWk7C209EDiccy735oQpZ9q47rdTWlvf2Nwqb1d2dvf2D6qHRx2dZIrQNkl4onoh1pQzSduGGU57qaJYhJx2w/HtzO8+UaVZIh/NJKWBwEPJYkawsZLvayaQf2/zER5Ua27dnQOtEq8gNSjQGlS//CghmaDSEI617ntuaoIcK8MIp9OKn2maYjLGQ9q3VGJBdZDPb56iM6tEKE6UfdKgufp7IsdC64kIbVJgM9LL3kz8z+tnJr4OcibTzFBJFovijCOToFkBKGKKEsMnlmCimL0VkRFWmBhbU8WW4C1/eZV0LureZb3x0Kg1b4o6ynACp3AOHlxBE+6gBW0gkMIzvMKbkzkvzrvzsYiWnGLmGP7A+fwBhU+RWQ==</latexit>

⇠ ⇤

<latexit sha1_base64="ZyH7VojDinvR9Kx0dmzdNj+5y8Y=">AAACEXicbZDLSgMxFIYz9VbrbdSlm2ARuiozUtSVFNwI3VSwF+gMQybNtKFJZkgyhTL0Fdz4Km5cKOLWnTvfxrSdRW39IfDxn3M4OX+YMKq04/xYhY3Nre2d4m5pb//g8Mg+PmmrOJWYtHDMYtkNkSKMCtLSVDPSTSRBPGSkE47uZvXOmEhFY/GoJwnxORoIGlGMtLECu+JFEuHMGxPsCRQyBHmQeZLDRmM6zZY4sMtO1ZkLroObQxnkagb2t9ePccqJ0JghpXquk2g/Q1JTzMi05KWKJAiP0ID0DArEifKz+UVTeGGcPoxiaZ7QcO4uT2SIKzXhoenkSA/Vam1m/lfrpTq68TMqklQTgReLopRBHcNZPLBPJcGaTQwgLKn5K8RDZCLSJsSSCcFdPXkd2pdV96pae6iV67d5HEVwBs5BBbjgGtTBPWiCFsDgCbyAN/BuPVuv1of1uWgtWPnMKfgj6+sX2Hmdpg==</latexit>

~rmKK

mKK

<latexit sha1_base64="CfXt424dK5RUCmoEny+fzNAgFBY=">AAACH3icbVDLSsNAFJ3UV62vqEs3g0VwVRIp1ZUU3LhwUcE+oCnlZjpph04mYWZSKCF/4sZfceNCEXHXv3HaZqGtBwYO59zDnXv8mDOlHWdmFTY2t7Z3irulvf2DwyP7+KSlokQS2iQRj2THB0U5E7Spmea0E0sKoc9p2x/fzf32hErFIvGkpzHthTAULGAEtJH6ds0LJJDUm1DiCfA5YO/BpAfQTz0ZYqVllqXrUt8uOxVnAbxO3JyUUY5G3/72BhFJQio04aBU13Vi3UtBakY4zUpeomgMZAxD2jVUQEhVL13cl+ELowxwEEnzhMYL9XcihVCpaeibyRD0SK16c/E/r5vo4KaXMhEnmgqyXBQkHOsIz8vCAyYp0XxqCBDJzF8xGYEpTJtKS6YEd/XkddK6qri1SvWxWq7f5nUU0Rk6R5fIRdeoju5RAzURQc/oFb2jD+vFerM+ra/laMHKM6foD6zZD9LLpBg=</latexit>

~r⇤str

⇤str

<latexit sha1_base64="fe6ICRIn8G1GqDjoohI6lb8HeRI=">AAACFHicbVDLSgMxFM34rPU16tJNsAiCUGakqBul4MZlBfuAzjBk0kwbmmSGJFMow3yEG3/FjQtF3Lpw59+YtrOorQcunJxzL7n3hAmjSjvOj7Wyura+sVnaKm/v7O7t2weHLRWnEpMmjlksOyFShFFBmppqRjqJJIiHjLTD4d3Eb4+IVDQWj3qcEJ+jvqARxUgbKbDPb7xIIpx5I4I9gUKGIA8yT3KotMzzbP4R2BWn6kwBl4lbkAoo0Ajsb68X45QToTFDSnVdJ9F+hqSmmJG87KWKJAgPUZ90DRWIE+Vn06NyeGqUHoxiaUpoOFXnJzLElRrz0HRypAdq0ZuI/3ndVEfXfkZFkmoi8OyjKGVQx3CSEOxRSbBmY0MQltTsCvEAmZC0ybFsQnAXT14mrYuqe1mtPdQq9dsijhI4BifgDLjgCtTBPWiAJsDgCbyAN/BuPVuv1of1OWtdsYqZI/AH1tcvJEyfhw==</latexit>

=
~rmstr

mstr

<latexit sha1_base64="B+YM8er7TD8wYStFpTiKp8RPSow=">AAACFXicdVDLSsNAFJ34rPUVdelmsAguSkikVt1IwY0boYJ9QBPCZDpph04mYWZSKCE/4cZfceNCEbeCO//G6UOwPg5cOHPOvcy9J0gYlcq2P4yFxaXlldXCWnF9Y3Nr29zZbco4FZg0cMxi0Q6QJIxy0lBUMdJOBEFRwEgrGFyO/daQCEljfqtGCfEi1OM0pBgpLflm2Q0Fwpk7JNjlKGAIXvuZKyKYsLKT59ncyzdLtnViO+dVB/4mjmVPUAIz1H3z3e3GOI0IV5ghKTuOnSgvQ0JRzEhedFNJEoQHqEc6mnIUEellk6tyeKiVLgxjoYsrOFG/T2QoknIUBbozQqovf3pj8S+vk6rwzMsoT1JFOJ5+FKYMqhiOI4JdKghWbKQJwoLqXSHuIx2T0kEWdQhfl8L/SfPYcqpW5aZSql3M4iiAfXAAjoADTkENXIE6aAAM7sADeALPxr3xaLwYr9PWBWM2swfmYLx9ApNQnxY=</latexit>

~rMpl,1

Mpl,1

Example 2:

<latexit sha1_base64="x9o6/+EYvZK0piTWPz1otdYgewo="></latexit>

~rmKK

mKK
·
~r⇤str

⇤str
=

1

d� 2

e.g. Type IIB on
<latexit sha1_base64="S/7N9VtuVYFc+nV5WYkcV5sl8uo=">AAACEnicbVDLSsNAFJ34rPUVdelmsAgKpSRS1JUU3LisYh/QhDKZTtqhk0mYuVFK6De48VfcuFDErSt3/o3Tx6K2HrhwOOde7r0nSATX4Dg/1tLyyuraem4jv7m1vbNr7+3XdZwqymo0FrFqBkQzwSWrAQfBmoliJAoEawT965HfeGBK81jewyBhfkS6koecEjBS2z698xTv9oAoFT9ij8sQBl6xiD3cbetZy2nbBafkjIEXiTslBTRFtW1/e52YphGTQAXRuuU6CfgZUcCpYMO8l2qWENonXdYyVJKIaT8bvzTEx0bp4DBWpiTgsTo7kZFI60EUmM6IQE/PeyPxP6+VQnjpZ1wmKTBJJ4vCVGCI8Sgf3OGKURADQwhV3NyKaY8oQsGkmDchuPMvL5L6Wck9L5Vvy4XK1TSOHDpER+gEuegCVdANqqIaougJvaA39G49W6/Wh/U5aV2ypjMH6A+sr1+SE51l</latexit>

R ! 1 , gs ! 0
<latexit sha1_base64="q2lEdl0jnVFcgkHmCA3kRIBrIuI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUE8S8OIxEvOAZA2zk95kyOzsMjMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6vVHr1csuWV3DrJKvIyUIEOtV/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjtT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0L8reZblyXylVb7I48nACp3AOHlxBFe6gBg1gMIBneIU3RzgvzrvzsWjNOdnMMfyB8/kD03iNfw==</latexit>

S1 ,



Example 1:

<latexit sha1_base64="J8WSI1EQzEfhRMipboHHruYK2ZY=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVop6k4EXopYL9wHYp2TTbhibZJckKZem/8OJBEa/+G2/+G7PtHrT1wcDjvRlm5gUxZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dJYrQFol4pLoB1pQzSVuGGU67saJYBJx2gslt5neeqNIskg9mGlNf4JFkISPYWOlRDNK+EqjRmA3KFbfqzoFWiZeTCuRoDspf/WFEEkGlIRxr3fPc2PgpVoYRTmelfqJpjMkEj2jPUokF1X46v3iGzqwyRGGkbEmD5urviRQLracisJ0Cm7Fe9jLxP6+XmPDaT5mME0MlWSwKE45MhLL30ZApSgyfWoKJYvZWRMZYYWJsSCUbgrf88ippX1S9y2rtvlap3+RxFOEETuEcPLiCOtxBE1pAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBLp2QmA==</latexit>mKK

<latexit sha1_base64="j1HQD0fY+T+QP9YruYML+Kb5bHQ=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqCcJePEYwTxgs4TZyWwyZB7LTK8QlnyGFw+KePVrvPk3TpI9aGJBQ1HVTXdXnApuwfe/vdLa+sbmVnm7srO7t39QPTxqW50ZylpUC226MbFMcMVawEGwbmoYkbFgnXh8N/M7T8xYrtUjTFIWSTJUPOGUgJNC2c97RmILZtqv1vy6PwdeJUFBaqhAs1/96g00zSRTQAWxNgz8FKKcGOBUsGmll1mWEjomQxY6qohkNsrnJ0/xmVMGONHGlQI8V39P5ERaO5Gx65QERnbZm4n/eWEGyU2Uc5VmwBRdLEoygUHj2f94wA2jICaOEGq4uxXTETGEgkup4kIIll9eJe2LenBVv3y4rDVuizjK6ASdonMUoGvUQPeoiVqIIo2e0St688B78d69j0VryStmjtEfeJ8/f6KRZQ==</latexit>mstr

<latexit sha1_base64="xGasz7tTHbtB/famU1PnETrXqvA=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4kLIrRT1JwYsXoYL9gO5SsmnahibZkGSFsvRvePGgiFf/jDf/jWm7B219MPB4b4aZebHizFjf//ZWVtfWNzYLW8Xtnd29/dLBYdMkqSa0QRKe6HaMDeVM0oZlltO20hSLmNNWPLqd+q0nqg1L5KMdKxoJPJCszwi2Tgrvu1moBVL8PJh0S2W/4s+AlkmQkzLkqHdLX2EvIamg0hKOjekEvrJRhrVlhNNJMUwNVZiM8IB2HJVYUBNls5sn6NQpPdRPtCtp0Uz9PZFhYcxYxK5TYDs0i95U/M/rpLZ/HWVMqtRSSeaL+ilHNkHTAFCPaUosHzuCiWbuVkSGWGNiXUxFF0Kw+PIyaV5UgstK9aFart3kcRTgGE7gDAK4ghrcQR0aQEDBM7zCm5d6L9679zFvXfHymSP4A+/zB0W2kS8=</latexit>

Mpl,1

<latexit sha1_base64="XHSPSluFw6KKrsUEF/mPDojjf2s=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsxIUVdScOPCRQX7gM5QMplMG5pkhiQjlKG/4caFIm79GXf+jWk7C209EDiccy735oQpZ9q47rdTWlvf2Nwqb1d2dvf2D6qHRx2dZIrQNkl4onoh1pQzSduGGU57qaJYhJx2w/HtzO8+UaVZIh/NJKWBwEPJYkawsZLvayaQf2/zER5Ua27dnQOtEq8gNSjQGlS//CghmaDSEI617ntuaoIcK8MIp9OKn2maYjLGQ9q3VGJBdZDPb56iM6tEKE6UfdKgufp7IsdC64kIbVJgM9LL3kz8z+tnJr4OcibTzFBJFovijCOToFkBKGKKEsMnlmCimL0VkRFWmBhbU8WW4C1/eZV0LureZb3x0Kg1b4o6ynACp3AOHlxBE+6gBW0gkMIzvMKbkzkvzrvzsYiWnGLmGP7A+fwBhU+RWQ==</latexit>

⇠ ⇤

<latexit sha1_base64="ZyH7VojDinvR9Kx0dmzdNj+5y8Y=">AAACEXicbZDLSgMxFIYz9VbrbdSlm2ARuiozUtSVFNwI3VSwF+gMQybNtKFJZkgyhTL0Fdz4Km5cKOLWnTvfxrSdRW39IfDxn3M4OX+YMKq04/xYhY3Nre2d4m5pb//g8Mg+PmmrOJWYtHDMYtkNkSKMCtLSVDPSTSRBPGSkE47uZvXOmEhFY/GoJwnxORoIGlGMtLECu+JFEuHMGxPsCRQyBHmQeZLDRmM6zZY4sMtO1ZkLroObQxnkagb2t9ePccqJ0JghpXquk2g/Q1JTzMi05KWKJAiP0ID0DArEifKz+UVTeGGcPoxiaZ7QcO4uT2SIKzXhoenkSA/Vam1m/lfrpTq68TMqklQTgReLopRBHcNZPLBPJcGaTQwgLKn5K8RDZCLSJsSSCcFdPXkd2pdV96pae6iV67d5HEVwBs5BBbjgGtTBPWiCFsDgCbyAN/BuPVuv1of1uWgtWPnMKfgj6+sX2Hmdpg==</latexit>

~rmKK

mKK

<latexit sha1_base64="CfXt424dK5RUCmoEny+fzNAgFBY=">AAACH3icbVDLSsNAFJ3UV62vqEs3g0VwVRIp1ZUU3LhwUcE+oCnlZjpph04mYWZSKCF/4sZfceNCEXHXv3HaZqGtBwYO59zDnXv8mDOlHWdmFTY2t7Z3irulvf2DwyP7+KSlokQS2iQRj2THB0U5E7Spmea0E0sKoc9p2x/fzf32hErFIvGkpzHthTAULGAEtJH6ds0LJJDUm1DiCfA5YO/BpAfQTz0ZYqVllqXrUt8uOxVnAbxO3JyUUY5G3/72BhFJQio04aBU13Vi3UtBakY4zUpeomgMZAxD2jVUQEhVL13cl+ELowxwEEnzhMYL9XcihVCpaeibyRD0SK16c/E/r5vo4KaXMhEnmgqyXBQkHOsIz8vCAyYp0XxqCBDJzF8xGYEpTJtKS6YEd/XkddK6qri1SvWxWq7f5nUU0Rk6R5fIRdeoju5RAzURQc/oFb2jD+vFerM+ra/laMHKM6foD6zZD9LLpBg=</latexit>

~r⇤str

⇤str

<latexit sha1_base64="fe6ICRIn8G1GqDjoohI6lb8HeRI=">AAACFHicbVDLSgMxFM34rPU16tJNsAiCUGakqBul4MZlBfuAzjBk0kwbmmSGJFMow3yEG3/FjQtF3Lpw59+YtrOorQcunJxzL7n3hAmjSjvOj7Wyura+sVnaKm/v7O7t2weHLRWnEpMmjlksOyFShFFBmppqRjqJJIiHjLTD4d3Eb4+IVDQWj3qcEJ+jvqARxUgbKbDPb7xIIpx5I4I9gUKGIA8yT3KotMzzbP4R2BWn6kwBl4lbkAoo0Ajsb68X45QToTFDSnVdJ9F+hqSmmJG87KWKJAgPUZ90DRWIE+Vn06NyeGqUHoxiaUpoOFXnJzLElRrz0HRypAdq0ZuI/3ndVEfXfkZFkmoi8OyjKGVQx3CSEOxRSbBmY0MQltTsCvEAmZC0ybFsQnAXT14mrYuqe1mtPdQq9dsijhI4BifgDLjgCtTBPWiAJsDgCbyAN/BuPVuv1of1OWtdsYqZI/AH1tcvJEyfhw==</latexit>

=
~rmstr

mstr

<latexit sha1_base64="B+YM8er7TD8wYStFpTiKp8RPSow=">AAACFXicdVDLSsNAFJ34rPUVdelmsAguSkikVt1IwY0boYJ9QBPCZDpph04mYWZSKCE/4cZfceNCEbeCO//G6UOwPg5cOHPOvcy9J0gYlcq2P4yFxaXlldXCWnF9Y3Nr29zZbco4FZg0cMxi0Q6QJIxy0lBUMdJOBEFRwEgrGFyO/daQCEljfqtGCfEi1OM0pBgpLflm2Q0Fwpk7JNjlKGAIXvuZKyKYsLKT59ncyzdLtnViO+dVB/4mjmVPUAIz1H3z3e3GOI0IV5ghKTuOnSgvQ0JRzEhedFNJEoQHqEc6mnIUEellk6tyeKiVLgxjoYsrOFG/T2QoknIUBbozQqovf3pj8S+vk6rwzMsoT1JFOJ5+FKYMqhiOI4JdKghWbKQJwoLqXSHuIx2T0kEWdQhfl8L/SfPYcqpW5aZSql3M4iiAfXAAjoADTkENXIE6aAAM7sADeALPxr3xaLwYr9PWBWM2swfmYLx9ApNQnxY=</latexit>

~rMpl,1

Mpl,1

Example 2:

<latexit sha1_base64="x9o6/+EYvZK0piTWPz1otdYgewo="></latexit>

~rmKK

mKK
·
~r⇤str

⇤str
=

1

d� 2

e.g. Type IIB on
<latexit sha1_base64="S/7N9VtuVYFc+nV5WYkcV5sl8uo=">AAACEnicbVDLSsNAFJ34rPUVdelmsAgKpSRS1JUU3LisYh/QhDKZTtqhk0mYuVFK6De48VfcuFDErSt3/o3Tx6K2HrhwOOde7r0nSATX4Dg/1tLyyuraem4jv7m1vbNr7+3XdZwqymo0FrFqBkQzwSWrAQfBmoliJAoEawT965HfeGBK81jewyBhfkS6koecEjBS2z698xTv9oAoFT9ij8sQBl6xiD3cbetZy2nbBafkjIEXiTslBTRFtW1/e52YphGTQAXRuuU6CfgZUcCpYMO8l2qWENonXdYyVJKIaT8bvzTEx0bp4DBWpiTgsTo7kZFI60EUmM6IQE/PeyPxP6+VQnjpZ1wmKTBJJ4vCVGCI8Sgf3OGKURADQwhV3NyKaY8oQsGkmDchuPMvL5L6Wck9L5Vvy4XK1TSOHDpER+gEuegCVdANqqIaougJvaA39G49W6/Wh/U5aV2ypjMH6A+sr1+SE51l</latexit>

R ! 1 , gs ! 0
<latexit sha1_base64="q2lEdl0jnVFcgkHmCA3kRIBrIuI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUE8S8OIxEvOAZA2zk95kyOzsMjMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6vVHr1csuWV3DrJKvIyUIEOtV/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjtT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0L8reZblyXylVb7I48nACp3AOHlxBFe6gBg1gMIBneIU3RzgvzrvzsWjNOdnMMfyB8/kD03iNfw==</latexit>

S1 ,

<latexit sha1_base64="XHSPSluFw6KKrsUEF/mPDojjf2s=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsxIUVdScOPCRQX7gM5QMplMG5pkhiQjlKG/4caFIm79GXf+jWk7C209EDiccy735oQpZ9q47rdTWlvf2Nwqb1d2dvf2D6qHRx2dZIrQNkl4onoh1pQzSduGGU57qaJYhJx2w/HtzO8+UaVZIh/NJKWBwEPJYkawsZLvayaQf2/zER5Ua27dnQOtEq8gNSjQGlS//CghmaDSEI617ntuaoIcK8MIp9OKn2maYjLGQ9q3VGJBdZDPb56iM6tEKE6UfdKgufp7IsdC64kIbVJgM9LL3kz8z+tnJr4OcibTzFBJFovijCOToFkBKGKKEsMnlmCimL0VkRFWmBhbU8WW4C1/eZV0LureZb3x0Kg1b4o6ynACp3AOHlxBE+6gBW0gkMIzvMKbkzkvzrvzsYiWnGLmGP7A+fwBhU+RWQ==</latexit>

⇠ ⇤

<latexit sha1_base64="iOSxLY5nIUkeeSkyo/UOtNCbpv8=">AAACFXicbVDLSgMxFM3UV62vUZdugkVwIWVGirqSghuhmwr2AZ1hyKSZNjTJDEmmUIb+hBt/xY0LRdwK7vwb03YWtvXAhZNz7iX3njBhVGnH+bEKa+sbm1vF7dLO7t7+gX141FJxKjFp4pjFshMiRRgVpKmpZqSTSIJ4yEg7HN5N/faISEVj8ajHCfE56gsaUYy0kQL7woskwpk3ItgTKGQI8iDzJIf1eiAmk2zhFdhlp+LMAFeJm5MyyNEI7G+vF+OUE6ExQ0p1XSfRfoakppiRSclLFUkQHqI+6RoqECfKz2ZXTeCZUXowiqUpoeFM/TuRIa7UmIemkyM9UMveVPzP66Y6uvEzKpJUE4HnH0UpgzqG04hgj0qCNRsbgrCkZleIB8jEpE2QJROCu3zyKmldVtyrSvWhWq7d5nEUwQk4BefABdegBu5BAzQBBk/gBbyBd+vZerU+rM95a8HKZ47BAqyvXxrrn2g=</latexit>

~rmKKn

mKKn

<latexit sha1_base64="9vYgnnbBKW1lGsUPiDMcL+5irRg=">AAACFXicbVDLSgMxFM3UV62vUZdugkVwIWVGirqSghuhmwr2AZ1hyKSZNjTJDEmmUIb+hBt/xY0LRdwK7vwb03YWtvXAhZNz7iX3njBhVGnH+bEKa+sbm1vF7dLO7t7+gX141FJxKjFp4pjFshMiRRgVpKmpZqSTSIJ4yEg7HN5N/faISEVj8ajHCfE56gsaUYy0kQL7woskwpk3ItgTKGQI8iDzJIf1esAnk2zhFdhlp+LMAFeJm5MyyNEI7G+vF+OUE6ExQ0p1XSfRfoakppiRSclLFUkQHqI+6RoqECfKz2ZXTeCZUXowiqUpoeFM/TuRIa7UmIemkyM9UMveVPzP66Y6uvEzKpJUE4HnH0UpgzqG04hgj0qCNRsbgrCkZleIB8jEpE2QJROCu3zyKmldVtyrSvWhWq7d5nEUwQk4BefABdegBu5BAzQBBk/gBbyBd+vZerU+rM95a8HKZ47BAqyvXxfRn2Y=</latexit>

~rmKKm

mKKm

<latexit sha1_base64="drQzCQjMngiDMnIJeWYfAe36tgM=">AAACPnicbVBNSwMxFMz6WetX1aOXYBEEpeyKqBel4MWDQgVXhe5S3qZZDU2yS5IVyrK/zIu/wZtHLx4U8erR9EPQ1oHAMDOPlzdRypk2rvvsTExOTc/MlubK8wuLS8uVldUrnWSKUJ8kPFE3EWjKmaS+YYbTm1RREBGn11HnpOdf31OlWSIvTTeloYBbyWJGwFipVfGDWAHJg3tKAgkRBxyc2ek2FPkPORqLnLfyQAmc8h0st0VR5KNCq1J1a24feJx4Q1JFQzRalaegnZBMUGkIB62bnpuaMAdlGOG0KAeZpimQDtzSpqUSBNVh3j+/wJtWaeM4UfZJg/vq74kchNZdEdmkAHOnR72e+J/XzEx8GOZMppmhkgwWxRnHJsG9LnGbKUoM71oCRDH7V0zuwJZlbONlW4I3evI4udqtefu1vYu9av14WEcJraMNtIU8dIDq6BQ1kI8IekAv6A29O4/Oq/PhfA6iE85wZg39gfP1DWqmr8s=</latexit>

~r⇤

⇤
=

~rMpl,n+m

Mpl,n+m

<latexit sha1_base64="aGpPY0HIDKHbCcBSNDVo0CP+sTw=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5RdKdpjwYsXoYK1hW4p2TTbhibZkGSFsvRvePGgiFf/jDf/jWm7B219MPB4b4aZeZHizFjf//YKa+sbm1vF7dLO7t7+Qfnw6NEkqSa0RRKe6E6EDeVM0pZlltOO0hSLiNN2NL6Z+e0nqg1L5IOdKNoTeChZzAi2Tgrv+lmoBVL8Qk775Ypf9edAqyTISQVyNPvlr3CQkFRQaQnHxnQDX9lehrVlhNNpKUwNVZiM8ZB2HZVYUNPL5jdP0ZlTBihOtCtp0Vz9PZFhYcxERK5TYDsyy95M/M/rpjau9zImVWqpJItFccqRTdAsADRgmhLLJ45gopm7FZER1phYF1PJhRAsv7xKHi+rwVW1dl+rNOp5HEU4gVM4hwCuoQG30IQWEFDwDK/w5qXei/fufSxaC14+cwx/4H3+AKCZkWY=</latexit>

Mpl,n
<latexit sha1_base64="RQvn1bZQDdYZerOeJHMHUV2erE4=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRZBUMquFO2x4MWLUMF+QLuWbJptQ5PskmSVsvR/ePGgiFf/izf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQ99VuPVGkWyXszjqkv8ECykBFsrPRw20u7SqCYn8szMekVS27ZnQEtEy8jJchQ7xW/uv2IJIJKQzjWuuO5sfFTrAwjnE4K3UTTGJMRHtCOpRILqv10dvUEnVilj8JI2ZIGzdTfEykWWo9FYDsFNkO96E3F/7xOYsKqnzIZJ4ZKMl8UJhyZCE0jQH2mKDF8bAkmitlbERlihYmxQRVsCN7iy8ukeVH2LsuVu0qpVs3iyMMRHMMpeHAFNbiBOjSAgIJneIU358l5cd6dj3lrzslmDuEPnM8f2bGSEg==</latexit>

Mpl,n+m

<latexit sha1_base64="EwuyOrFCnTDa6wCFJK5knSdnqlg=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5RdKdpjwYvQSwX7Ad2lZNNsG5pklyQrlKV/w4sHRbz6Z7z5b0zbPWjrg4HHezPMzAsTzrRx3W+nsLG5tb1T3C3t7R8cHpWPTzo6ThWhbRLzWPVCrClnkrYNM5z2EkWxCDnthpO7ud99okqzWD6aaUIDgUeSRYxgYyVfDDJfCdRsXsnZoFxxq+4CaJ14OalAjtag/OUPY5IKKg3hWOu+5yYmyLAyjHA6K/mppgkmEzyifUslFlQH2eLmGbqwyhBFsbIlDVqovycyLLSeitB2CmzGetWbi/95/dRE9SBjMkkNlWS5KEo5MjGaB4CGTFFi+NQSTBSztyIyxgoTY2Mq2RC81ZfXSee66t1Uaw+1SqOex1GEMziHS/DgFhpwDy1oA4EEnuEV3pzUeXHenY9la8HJZ07hD5zPH2dqkUA=</latexit>mKK,n

<latexit sha1_base64="mC2nwqSoFP5vSeIwLKKWqBYQSdA=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5RdKdpjwYvQSwX7Ad2lZNNsG5pklyQrlKV/w4sHRbz6Z7z5b0zbPWjrg4HHezPMzAsTzrRx3W+nsLG5tb1T3C3t7R8cHpWPTzo6ThWhbRLzWPVCrClnkrYNM5z2EkWxCDnthpO7ud99okqzWD6aaUIDgUeSRYxgYyVfDDJfCdRsXonZoFxxq+4CaJ14OalAjtag/OUPY5IKKg3hWOu+5yYmyLAyjHA6K/mppgkmEzyifUslFlQH2eLmGbqwyhBFsbIlDVqovycyLLSeitB2CmzGetWbi/95/dRE9SBjMkkNlWS5KEo5MjGaB4CGTFFi+NQSTBSztyIyxgoTY2Mq2RC81ZfXSee66t1Uaw+1SqOex1GEMziHS/DgFhpwDy1oA4EEnuEV3pzUeXHenY9la8HJZ07hD5zPH2XlkT8=</latexit>mKK,m



Example 1:

<latexit sha1_base64="J8WSI1EQzEfhRMipboHHruYK2ZY=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVop6k4EXopYL9wHYp2TTbhibZJckKZem/8OJBEa/+G2/+G7PtHrT1wcDjvRlm5gUxZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dJYrQFol4pLoB1pQzSVuGGU67saJYBJx2gslt5neeqNIskg9mGlNf4JFkISPYWOlRDNK+EqjRmA3KFbfqzoFWiZeTCuRoDspf/WFEEkGlIRxr3fPc2PgpVoYRTmelfqJpjMkEj2jPUokF1X46v3iGzqwyRGGkbEmD5urviRQLracisJ0Cm7Fe9jLxP6+XmPDaT5mME0MlWSwKE45MhLL30ZApSgyfWoKJYvZWRMZYYWJsSCUbgrf88ippX1S9y2rtvlap3+RxFOEETuEcPLiCOtxBE1pAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBLp2QmA==</latexit>mKK

<latexit sha1_base64="j1HQD0fY+T+QP9YruYML+Kb5bHQ=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqCcJePEYwTxgs4TZyWwyZB7LTK8QlnyGFw+KePVrvPk3TpI9aGJBQ1HVTXdXnApuwfe/vdLa+sbmVnm7srO7t39QPTxqW50ZylpUC226MbFMcMVawEGwbmoYkbFgnXh8N/M7T8xYrtUjTFIWSTJUPOGUgJNC2c97RmILZtqv1vy6PwdeJUFBaqhAs1/96g00zSRTQAWxNgz8FKKcGOBUsGmll1mWEjomQxY6qohkNsrnJ0/xmVMGONHGlQI8V39P5ERaO5Gx65QERnbZm4n/eWEGyU2Uc5VmwBRdLEoygUHj2f94wA2jICaOEGq4uxXTETGEgkup4kIIll9eJe2LenBVv3y4rDVuizjK6ASdonMUoGvUQPeoiVqIIo2e0St688B78d69j0VryStmjtEfeJ8/f6KRZQ==</latexit>mstr

<latexit sha1_base64="xGasz7tTHbtB/famU1PnETrXqvA=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4kLIrRT1JwYsXoYL9gO5SsmnahibZkGSFsvRvePGgiFf/jDf/jWm7B219MPB4b4aZebHizFjf//ZWVtfWNzYLW8Xtnd29/dLBYdMkqSa0QRKe6HaMDeVM0oZlltO20hSLmNNWPLqd+q0nqg1L5KMdKxoJPJCszwi2Tgrvu1moBVL8PJh0S2W/4s+AlkmQkzLkqHdLX2EvIamg0hKOjekEvrJRhrVlhNNJMUwNVZiM8IB2HJVYUBNls5sn6NQpPdRPtCtp0Uz9PZFhYcxYxK5TYDs0i95U/M/rpLZ/HWVMqtRSSeaL+ilHNkHTAFCPaUosHzuCiWbuVkSGWGNiXUxFF0Kw+PIyaV5UgstK9aFart3kcRTgGE7gDAK4ghrcQR0aQEDBM7zCm5d6L9679zFvXfHymSP4A+/zB0W2kS8=</latexit>

Mpl,1

<latexit sha1_base64="XHSPSluFw6KKrsUEF/mPDojjf2s=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsxIUVdScOPCRQX7gM5QMplMG5pkhiQjlKG/4caFIm79GXf+jWk7C209EDiccy735oQpZ9q47rdTWlvf2Nwqb1d2dvf2D6qHRx2dZIrQNkl4onoh1pQzSduGGU57qaJYhJx2w/HtzO8+UaVZIh/NJKWBwEPJYkawsZLvayaQf2/zER5Ua27dnQOtEq8gNSjQGlS//CghmaDSEI617ntuaoIcK8MIp9OKn2maYjLGQ9q3VGJBdZDPb56iM6tEKE6UfdKgufp7IsdC64kIbVJgM9LL3kz8z+tnJr4OcibTzFBJFovijCOToFkBKGKKEsMnlmCimL0VkRFWmBhbU8WW4C1/eZV0LureZb3x0Kg1b4o6ynACp3AOHlxBE+6gBW0gkMIzvMKbkzkvzrvzsYiWnGLmGP7A+fwBhU+RWQ==</latexit>

⇠ ⇤

<latexit sha1_base64="ZyH7VojDinvR9Kx0dmzdNj+5y8Y=">AAACEXicbZDLSgMxFIYz9VbrbdSlm2ARuiozUtSVFNwI3VSwF+gMQybNtKFJZkgyhTL0Fdz4Km5cKOLWnTvfxrSdRW39IfDxn3M4OX+YMKq04/xYhY3Nre2d4m5pb//g8Mg+PmmrOJWYtHDMYtkNkSKMCtLSVDPSTSRBPGSkE47uZvXOmEhFY/GoJwnxORoIGlGMtLECu+JFEuHMGxPsCRQyBHmQeZLDRmM6zZY4sMtO1ZkLroObQxnkagb2t9ePccqJ0JghpXquk2g/Q1JTzMi05KWKJAiP0ID0DArEifKz+UVTeGGcPoxiaZ7QcO4uT2SIKzXhoenkSA/Vam1m/lfrpTq68TMqklQTgReLopRBHcNZPLBPJcGaTQwgLKn5K8RDZCLSJsSSCcFdPXkd2pdV96pae6iV67d5HEVwBs5BBbjgGtTBPWiCFsDgCbyAN/BuPVuv1of1uWgtWPnMKfgj6+sX2Hmdpg==</latexit>

~rmKK

mKK

<latexit sha1_base64="CfXt424dK5RUCmoEny+fzNAgFBY=">AAACH3icbVDLSsNAFJ3UV62vqEs3g0VwVRIp1ZUU3LhwUcE+oCnlZjpph04mYWZSKCF/4sZfceNCEXHXv3HaZqGtBwYO59zDnXv8mDOlHWdmFTY2t7Z3irulvf2DwyP7+KSlokQS2iQRj2THB0U5E7Spmea0E0sKoc9p2x/fzf32hErFIvGkpzHthTAULGAEtJH6ds0LJJDUm1DiCfA5YO/BpAfQTz0ZYqVllqXrUt8uOxVnAbxO3JyUUY5G3/72BhFJQio04aBU13Vi3UtBakY4zUpeomgMZAxD2jVUQEhVL13cl+ELowxwEEnzhMYL9XcihVCpaeibyRD0SK16c/E/r5vo4KaXMhEnmgqyXBQkHOsIz8vCAyYp0XxqCBDJzF8xGYEpTJtKS6YEd/XkddK6qri1SvWxWq7f5nUU0Rk6R5fIRdeoju5RAzURQc/oFb2jD+vFerM+ra/laMHKM6foD6zZD9LLpBg=</latexit>

~r⇤str

⇤str

<latexit sha1_base64="fe6ICRIn8G1GqDjoohI6lb8HeRI=">AAACFHicbVDLSgMxFM34rPU16tJNsAiCUGakqBul4MZlBfuAzjBk0kwbmmSGJFMow3yEG3/FjQtF3Lpw59+YtrOorQcunJxzL7n3hAmjSjvOj7Wyura+sVnaKm/v7O7t2weHLRWnEpMmjlksOyFShFFBmppqRjqJJIiHjLTD4d3Eb4+IVDQWj3qcEJ+jvqARxUgbKbDPb7xIIpx5I4I9gUKGIA8yT3KotMzzbP4R2BWn6kwBl4lbkAoo0Ajsb68X45QToTFDSnVdJ9F+hqSmmJG87KWKJAgPUZ90DRWIE+Vn06NyeGqUHoxiaUpoOFXnJzLElRrz0HRypAdq0ZuI/3ndVEfXfkZFkmoi8OyjKGVQx3CSEOxRSbBmY0MQltTsCvEAmZC0ybFsQnAXT14mrYuqe1mtPdQq9dsijhI4BifgDLjgCtTBPWiAJsDgCbyAN/BuPVuv1of1OWtdsYqZI/AH1tcvJEyfhw==</latexit>

=
~rmstr

mstr

<latexit sha1_base64="B+YM8er7TD8wYStFpTiKp8RPSow=">AAACFXicdVDLSsNAFJ34rPUVdelmsAguSkikVt1IwY0boYJ9QBPCZDpph04mYWZSKCE/4cZfceNCEbeCO//G6UOwPg5cOHPOvcy9J0gYlcq2P4yFxaXlldXCWnF9Y3Nr29zZbco4FZg0cMxi0Q6QJIxy0lBUMdJOBEFRwEgrGFyO/daQCEljfqtGCfEi1OM0pBgpLflm2Q0Fwpk7JNjlKGAIXvuZKyKYsLKT59ncyzdLtnViO+dVB/4mjmVPUAIz1H3z3e3GOI0IV5ghKTuOnSgvQ0JRzEhedFNJEoQHqEc6mnIUEellk6tyeKiVLgxjoYsrOFG/T2QoknIUBbozQqovf3pj8S+vk6rwzMsoT1JFOJ5+FKYMqhiOI4JdKghWbKQJwoLqXSHuIx2T0kEWdQhfl8L/SfPYcqpW5aZSql3M4iiAfXAAjoADTkENXIE6aAAM7sADeALPxr3xaLwYr9PWBWM2swfmYLx9ApNQnxY=</latexit>

~rMpl,1

Mpl,1

Example 2:

e.g. M-theory on

Leading tower:
Subleading towers:

<latexit sha1_base64="0E4z58f6IXv5mLNw2ESQAbUo/b8=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvAi9VLAf0ISw2W7apbubsLsRSujf8OJBEa/+GW/+G7dtDtr6YODx3gwz86KUM21c99spra1vbG6Vtys7u3v7B9XDo45OMkVomyQ8Ub0Ia8qZpG3DDKe9VFEsIk670fhu5nefqNIskY9mktJA4KFkMSPYWMkXYe4rgZrN0JuG1Zpbd+dAq8QrSA0KtMLqlz9ISCaoNIRjrfuem5ogx8owwum04meappiM8ZD2LZVYUB3k85un6MwqAxQnypY0aK7+nsix0HoiItspsBnpZW8m/uf1MxPfBDmTaWaoJItFccaRSdAsADRgihLDJ5Zgopi9FZERVpgYG1PFhuAtv7xKOhd176p++XBZa9wWcZThBE7hHDy4hgbcQwvaQCCFZ3iFNydzXpx352PRWnKKmWP4A+fzB1o5kTw=</latexit>mKK1
<latexit sha1_base64="bxrg9H3rhdjZ4c1AJuP8VABGOHw=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBRSkzpT42SsGN0E0FWwudYcikaRuaZIYkI5Sh4MZfceNCEbf+hDv/xrSdhbYeCBzOuYebe8KYUaUd59vKLS2vrK7l1wsbm1vbO/buXktFicSkiSMWyXaIFGFUkKammpF2LAniISP34fB64t8/EKloJO70KCY+R31BexQjbaTAPuBB6kkO6/WAjkteiV5WSl430gqeBnbRKTtTwEXiZqQIMjQC+8skccKJ0JghpTquE2s/RVJTzMi44CWKxAgPUZ90DBWIE+Wn0xvG8NgoXdiLpHlCw6n6O5EirtSIh2aSIz1Q895E/M/rJLp34adUxIkmAs8W9RIGdQQnhcAulQRrNjIEYUnNXyEeIImwNrUVTAnu/MmLpFUpu2fl6m21WLvK6siDQ3AEToALzkEN3IAGaAIMHsEzeAVv1pP1Yr1bH7PRnJVl9sEfWJ8/zNOWVA==</latexit>

mKKi , i = 2, . . . 5
<latexit sha1_base64="fGJjcZlSyf2m6miLl5mjoqxTYw8="></latexit>

~rmKK1

mKK1

·
~rMpl,9

Mpl,9
=

1

d� 2

<latexit sha1_base64="8G7s8qCTYbHHUdsO8F0SmdpJvz8=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5JIsZ6k4MVjhaYtNLFstpt26WYTdjdCCf0bXjwo4tU/481/46bNQVsHFoaZ93izEyScKW3b31ZpY3Nre6e8W9nbPzg8qh6fdFWcSkJdEvNY9gOsKGeCupppTvuJpDgKOO0F07vc7z1RqVgsOnqWUD/CY8FCRrA2kudFWE+CIOvMH5vDas2u2wugdeIUpAYF2sPqlzeKSRpRoQnHSg0cO9F+hqVmhNN5xUsVTTCZ4jEdGCpwRJWfLTLP0YVRRiiMpXlCo4X6eyPDkVKzKDCTeUa16uXif94g1eGNnzGRpJoKsjwUphzpGOUFoBGTlGg+MwQTyUxWRCZYYqJNTRVTgrP65XXSvao71/XGQ6PWui3qKMMZnMMlONCEFtxDG1wgkMAzvMKblVov1rv1sRwtWcXOKfyB9fkD9n6Rog==</latexit>

T7

<latexit sha1_base64="x9o6/+EYvZK0piTWPz1otdYgewo="></latexit>

~rmKK

mKK
·
~r⇤str

⇤str
=

1

d� 2

e.g. Type IIB on
<latexit sha1_base64="S/7N9VtuVYFc+nV5WYkcV5sl8uo=">AAACEnicbVDLSsNAFJ34rPUVdelmsAgKpSRS1JUU3LisYh/QhDKZTtqhk0mYuVFK6De48VfcuFDErSt3/o3Tx6K2HrhwOOde7r0nSATX4Dg/1tLyyuraem4jv7m1vbNr7+3XdZwqymo0FrFqBkQzwSWrAQfBmoliJAoEawT965HfeGBK81jewyBhfkS6koecEjBS2z698xTv9oAoFT9ij8sQBl6xiD3cbetZy2nbBafkjIEXiTslBTRFtW1/e52YphGTQAXRuuU6CfgZUcCpYMO8l2qWENonXdYyVJKIaT8bvzTEx0bp4DBWpiTgsTo7kZFI60EUmM6IQE/PeyPxP6+VQnjpZ1wmKTBJJ4vCVGCI8Sgf3OGKURADQwhV3NyKaY8oQsGkmDchuPMvL5L6Wck9L5Vvy4XK1TSOHDpER+gEuegCVdANqqIaougJvaA39G49W6/Wh/U5aV2ypjMH6A+sr1+SE51l</latexit>

R ! 1 , gs ! 0
<latexit sha1_base64="q2lEdl0jnVFcgkHmCA3kRIBrIuI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUE8S8OIxEvOAZA2zk95kyOzsMjMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6vVHr1csuWV3DrJKvIyUIEOtV/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjtT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0L8reZblyXylVb7I48nACp3AOHlxBFe6gBg1gMIBneIU3RzgvzrvzsWjNOdnMMfyB8/kD03iNfw==</latexit>

S1 ,

<latexit sha1_base64="XHSPSluFw6KKrsUEF/mPDojjf2s=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsxIUVdScOPCRQX7gM5QMplMG5pkhiQjlKG/4caFIm79GXf+jWk7C209EDiccy735oQpZ9q47rdTWlvf2Nwqb1d2dvf2D6qHRx2dZIrQNkl4onoh1pQzSduGGU57qaJYhJx2w/HtzO8+UaVZIh/NJKWBwEPJYkawsZLvayaQf2/zER5Ua27dnQOtEq8gNSjQGlS//CghmaDSEI617ntuaoIcK8MIp9OKn2maYjLGQ9q3VGJBdZDPb56iM6tEKE6UfdKgufp7IsdC64kIbVJgM9LL3kz8z+tnJr4OcibTzFBJFovijCOToFkBKGKKEsMnlmCimL0VkRFWmBhbU8WW4C1/eZV0LureZb3x0Kg1b4o6ynACp3AOHlxBE+6gBW0gkMIzvMKbkzkvzrvzsYiWnGLmGP7A+fwBhU+RWQ==</latexit>

⇠ ⇤

<latexit sha1_base64="iOSxLY5nIUkeeSkyo/UOtNCbpv8=">AAACFXicbVDLSgMxFM3UV62vUZdugkVwIWVGirqSghuhmwr2AZ1hyKSZNjTJDEmmUIb+hBt/xY0LRdwK7vwb03YWtvXAhZNz7iX3njBhVGnH+bEKa+sbm1vF7dLO7t7+gX141FJxKjFp4pjFshMiRRgVpKmpZqSTSIJ4yEg7HN5N/faISEVj8ajHCfE56gsaUYy0kQL7woskwpk3ItgTKGQI8iDzJIf1eiAmk2zhFdhlp+LMAFeJm5MyyNEI7G+vF+OUE6ExQ0p1XSfRfoakppiRSclLFUkQHqI+6RoqECfKz2ZXTeCZUXowiqUpoeFM/TuRIa7UmIemkyM9UMveVPzP66Y6uvEzKpJUE4HnH0UpgzqG04hgj0qCNRsbgrCkZleIB8jEpE2QJROCu3zyKmldVtyrSvWhWq7d5nEUwQk4BefABdegBu5BAzQBBk/gBbyBd+vZerU+rM95a8HKZ47BAqyvXxrrn2g=</latexit>

~rmKKn

mKKn

<latexit sha1_base64="9vYgnnbBKW1lGsUPiDMcL+5irRg=">AAACFXicbVDLSgMxFM3UV62vUZdugkVwIWVGirqSghuhmwr2AZ1hyKSZNjTJDEmmUIb+hBt/xY0LRdwK7vwb03YWtvXAhZNz7iX3njBhVGnH+bEKa+sbm1vF7dLO7t7+gX141FJxKjFp4pjFshMiRRgVpKmpZqSTSIJ4yEg7HN5N/faISEVj8ajHCfE56gsaUYy0kQL7woskwpk3ItgTKGQI8iDzJIf1esAnk2zhFdhlp+LMAFeJm5MyyNEI7G+vF+OUE6ExQ0p1XSfRfoakppiRSclLFUkQHqI+6RoqECfKz2ZXTeCZUXowiqUpoeFM/TuRIa7UmIemkyM9UMveVPzP66Y6uvEzKpJUE4HnH0UpgzqG04hgj0qCNRsbgrCkZleIB8jEpE2QJROCu3zyKmldVtyrSvWhWq7d5nEUwQk4BefABdegBu5BAzQBBk/gBbyBd+vZerU+rM95a8HKZ47BAqyvXxfRn2Y=</latexit>

~rmKKm

mKKm

<latexit sha1_base64="drQzCQjMngiDMnIJeWYfAe36tgM=">AAACPnicbVBNSwMxFMz6WetX1aOXYBEEpeyKqBel4MWDQgVXhe5S3qZZDU2yS5IVyrK/zIu/wZtHLx4U8erR9EPQ1oHAMDOPlzdRypk2rvvsTExOTc/MlubK8wuLS8uVldUrnWSKUJ8kPFE3EWjKmaS+YYbTm1RREBGn11HnpOdf31OlWSIvTTeloYBbyWJGwFipVfGDWAHJg3tKAgkRBxyc2ek2FPkPORqLnLfyQAmc8h0st0VR5KNCq1J1a24feJx4Q1JFQzRalaegnZBMUGkIB62bnpuaMAdlGOG0KAeZpimQDtzSpqUSBNVh3j+/wJtWaeM4UfZJg/vq74kchNZdEdmkAHOnR72e+J/XzEx8GOZMppmhkgwWxRnHJsG9LnGbKUoM71oCRDH7V0zuwJZlbONlW4I3evI4udqtefu1vYu9av14WEcJraMNtIU8dIDq6BQ1kI8IekAv6A29O4/Oq/PhfA6iE85wZg39gfP1DWqmr8s=</latexit>

~r⇤

⇤
=

~rMpl,n+m

Mpl,n+m

<latexit sha1_base64="aGpPY0HIDKHbCcBSNDVo0CP+sTw=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5RdKdpjwYsXoYK1hW4p2TTbhibZkGSFsvRvePGgiFf/jDf/jWm7B219MPB4b4aZeZHizFjf//YKa+sbm1vF7dLO7t7+Qfnw6NEkqSa0RRKe6E6EDeVM0pZlltOO0hSLiNN2NL6Z+e0nqg1L5IOdKNoTeChZzAi2Tgrv+lmoBVL8Qk775Ypf9edAqyTISQVyNPvlr3CQkFRQaQnHxnQDX9lehrVlhNNpKUwNVZiM8ZB2HZVYUNPL5jdP0ZlTBihOtCtp0Vz9PZFhYcxERK5TYDsyy95M/M/rpjau9zImVWqpJItFccqRTdAsADRgmhLLJ45gopm7FZER1phYF1PJhRAsv7xKHi+rwVW1dl+rNOp5HEU4gVM4hwCuoQG30IQWEFDwDK/w5qXei/fufSxaC14+cwx/4H3+AKCZkWY=</latexit>

Mpl,n
<latexit sha1_base64="RQvn1bZQDdYZerOeJHMHUV2erE4=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRZBUMquFO2x4MWLUMF+QLuWbJptQ5PskmSVsvR/ePGgiFf/izf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQ99VuPVGkWyXszjqkv8ECykBFsrPRw20u7SqCYn8szMekVS27ZnQEtEy8jJchQ7xW/uv2IJIJKQzjWuuO5sfFTrAwjnE4K3UTTGJMRHtCOpRILqv10dvUEnVilj8JI2ZIGzdTfEykWWo9FYDsFNkO96E3F/7xOYsKqnzIZJ4ZKMl8UJhyZCE0jQH2mKDF8bAkmitlbERlihYmxQRVsCN7iy8ukeVH2LsuVu0qpVs3iyMMRHMMpeHAFNbiBOjSAgIJneIU358l5cd6dj3lrzslmDuEPnM8f2bGSEg==</latexit>

Mpl,n+m

<latexit sha1_base64="EwuyOrFCnTDa6wCFJK5knSdnqlg=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5RdKdpjwYvQSwX7Ad2lZNNsG5pklyQrlKV/w4sHRbz6Z7z5b0zbPWjrg4HHezPMzAsTzrRx3W+nsLG5tb1T3C3t7R8cHpWPTzo6ThWhbRLzWPVCrClnkrYNM5z2EkWxCDnthpO7ud99okqzWD6aaUIDgUeSRYxgYyVfDDJfCdRsXsnZoFxxq+4CaJ14OalAjtag/OUPY5IKKg3hWOu+5yYmyLAyjHA6K/mppgkmEzyifUslFlQH2eLmGbqwyhBFsbIlDVqovycyLLSeitB2CmzGetWbi/95/dRE9SBjMkkNlWS5KEo5MjGaB4CGTFFi+NQSTBSztyIyxgoTY2Mq2RC81ZfXSee66t1Uaw+1SqOex1GEMziHS/DgFhpwDy1oA4EEnuEV3pzUeXHenY9la8HJZ07hD5zPH2dqkUA=</latexit>mKK,n

<latexit sha1_base64="mC2nwqSoFP5vSeIwLKKWqBYQSdA=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5RdKdpjwYvQSwX7Ad2lZNNsG5pklyQrlKV/w4sHRbz6Z7z5b0zbPWjrg4HHezPMzAsTzrRx3W+nsLG5tb1T3C3t7R8cHpWPTzo6ThWhbRLzWPVCrClnkrYNM5z2EkWxCDnthpO7ud99okqzWD6aaUIDgUeSRYxgYyVfDDJfCdRsXonZoFxxq+4CaJ14OalAjtag/OUPY5IKKg3hWOu+5yYmyLAyjHA6K/mppgkmEzyifUslFlQH2eLmGbqwyhBFsbIlDVqovycyLLSeitB2CmzGetWbi/95/dRE9SBjMkkNlWS5KEo5MjGaB4CGTFFi+NQSTBSztyIyxgoTY2Mq2RC81ZfXSee66t1Uaw+1SqOex1GEMziHS/DgFhpwDy1oA4EEnuEV3pzUeXHenY9la8HJZ07hD5zPH2XlkT8=</latexit>mKK,m



Example 1:

<latexit sha1_base64="J8WSI1EQzEfhRMipboHHruYK2ZY=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVop6k4EXopYL9wHYp2TTbhibZJckKZem/8OJBEa/+G2/+G7PtHrT1wcDjvRlm5gUxZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dJYrQFol4pLoB1pQzSVuGGU67saJYBJx2gslt5neeqNIskg9mGlNf4JFkISPYWOlRDNK+EqjRmA3KFbfqzoFWiZeTCuRoDspf/WFEEkGlIRxr3fPc2PgpVoYRTmelfqJpjMkEj2jPUokF1X46v3iGzqwyRGGkbEmD5urviRQLracisJ0Cm7Fe9jLxP6+XmPDaT5mME0MlWSwKE45MhLL30ZApSgyfWoKJYvZWRMZYYWJsSCUbgrf88ippX1S9y2rtvlap3+RxFOEETuEcPLiCOtxBE1pAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBLp2QmA==</latexit>mKK

<latexit sha1_base64="j1HQD0fY+T+QP9YruYML+Kb5bHQ=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqCcJePEYwTxgs4TZyWwyZB7LTK8QlnyGFw+KePVrvPk3TpI9aGJBQ1HVTXdXnApuwfe/vdLa+sbmVnm7srO7t39QPTxqW50ZylpUC226MbFMcMVawEGwbmoYkbFgnXh8N/M7T8xYrtUjTFIWSTJUPOGUgJNC2c97RmILZtqv1vy6PwdeJUFBaqhAs1/96g00zSRTQAWxNgz8FKKcGOBUsGmll1mWEjomQxY6qohkNsrnJ0/xmVMGONHGlQI8V39P5ERaO5Gx65QERnbZm4n/eWEGyU2Uc5VmwBRdLEoygUHj2f94wA2jICaOEGq4uxXTETGEgkup4kIIll9eJe2LenBVv3y4rDVuizjK6ASdonMUoGvUQPeoiVqIIo2e0St688B78d69j0VryStmjtEfeJ8/f6KRZQ==</latexit>mstr

<latexit sha1_base64="xGasz7tTHbtB/famU1PnETrXqvA=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4kLIrRT1JwYsXoYL9gO5SsmnahibZkGSFsvRvePGgiFf/jDf/jWm7B219MPB4b4aZebHizFjf//ZWVtfWNzYLW8Xtnd29/dLBYdMkqSa0QRKe6HaMDeVM0oZlltO20hSLmNNWPLqd+q0nqg1L5KMdKxoJPJCszwi2Tgrvu1moBVL8PJh0S2W/4s+AlkmQkzLkqHdLX2EvIamg0hKOjekEvrJRhrVlhNNJMUwNVZiM8IB2HJVYUBNls5sn6NQpPdRPtCtp0Uz9PZFhYcxYxK5TYDs0i95U/M/rpLZ/HWVMqtRSSeaL+ilHNkHTAFCPaUosHzuCiWbuVkSGWGNiXUxFF0Kw+PIyaV5UgstK9aFart3kcRTgGE7gDAK4ghrcQR0aQEDBM7zCm5d6L9679zFvXfHymSP4A+/zB0W2kS8=</latexit>

Mpl,1

<latexit sha1_base64="XHSPSluFw6KKrsUEF/mPDojjf2s=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsxIUVdScOPCRQX7gM5QMplMG5pkhiQjlKG/4caFIm79GXf+jWk7C209EDiccy735oQpZ9q47rdTWlvf2Nwqb1d2dvf2D6qHRx2dZIrQNkl4onoh1pQzSduGGU57qaJYhJx2w/HtzO8+UaVZIh/NJKWBwEPJYkawsZLvayaQf2/zER5Ua27dnQOtEq8gNSjQGlS//CghmaDSEI617ntuaoIcK8MIp9OKn2maYjLGQ9q3VGJBdZDPb56iM6tEKE6UfdKgufp7IsdC64kIbVJgM9LL3kz8z+tnJr4OcibTzFBJFovijCOToFkBKGKKEsMnlmCimL0VkRFWmBhbU8WW4C1/eZV0LureZb3x0Kg1b4o6ynACp3AOHlxBE+6gBW0gkMIzvMKbkzkvzrvzsYiWnGLmGP7A+fwBhU+RWQ==</latexit>

⇠ ⇤

<latexit sha1_base64="ZyH7VojDinvR9Kx0dmzdNj+5y8Y=">AAACEXicbZDLSgMxFIYz9VbrbdSlm2ARuiozUtSVFNwI3VSwF+gMQybNtKFJZkgyhTL0Fdz4Km5cKOLWnTvfxrSdRW39IfDxn3M4OX+YMKq04/xYhY3Nre2d4m5pb//g8Mg+PmmrOJWYtHDMYtkNkSKMCtLSVDPSTSRBPGSkE47uZvXOmEhFY/GoJwnxORoIGlGMtLECu+JFEuHMGxPsCRQyBHmQeZLDRmM6zZY4sMtO1ZkLroObQxnkagb2t9ePccqJ0JghpXquk2g/Q1JTzMi05KWKJAiP0ID0DArEifKz+UVTeGGcPoxiaZ7QcO4uT2SIKzXhoenkSA/Vam1m/lfrpTq68TMqklQTgReLopRBHcNZPLBPJcGaTQwgLKn5K8RDZCLSJsSSCcFdPXkd2pdV96pae6iV67d5HEVwBs5BBbjgGtTBPWiCFsDgCbyAN/BuPVuv1of1uWgtWPnMKfgj6+sX2Hmdpg==</latexit>

~rmKK

mKK

<latexit sha1_base64="CfXt424dK5RUCmoEny+fzNAgFBY=">AAACH3icbVDLSsNAFJ3UV62vqEs3g0VwVRIp1ZUU3LhwUcE+oCnlZjpph04mYWZSKCF/4sZfceNCEXHXv3HaZqGtBwYO59zDnXv8mDOlHWdmFTY2t7Z3irulvf2DwyP7+KSlokQS2iQRj2THB0U5E7Spmea0E0sKoc9p2x/fzf32hErFIvGkpzHthTAULGAEtJH6ds0LJJDUm1DiCfA5YO/BpAfQTz0ZYqVllqXrUt8uOxVnAbxO3JyUUY5G3/72BhFJQio04aBU13Vi3UtBakY4zUpeomgMZAxD2jVUQEhVL13cl+ELowxwEEnzhMYL9XcihVCpaeibyRD0SK16c/E/r5vo4KaXMhEnmgqyXBQkHOsIz8vCAyYp0XxqCBDJzF8xGYEpTJtKS6YEd/XkddK6qri1SvWxWq7f5nUU0Rk6R5fIRdeoju5RAzURQc/oFb2jD+vFerM+ra/laMHKM6foD6zZD9LLpBg=</latexit>

~r⇤str

⇤str

<latexit sha1_base64="fe6ICRIn8G1GqDjoohI6lb8HeRI=">AAACFHicbVDLSgMxFM34rPU16tJNsAiCUGakqBul4MZlBfuAzjBk0kwbmmSGJFMow3yEG3/FjQtF3Lpw59+YtrOorQcunJxzL7n3hAmjSjvOj7Wyura+sVnaKm/v7O7t2weHLRWnEpMmjlksOyFShFFBmppqRjqJJIiHjLTD4d3Eb4+IVDQWj3qcEJ+jvqARxUgbKbDPb7xIIpx5I4I9gUKGIA8yT3KotMzzbP4R2BWn6kwBl4lbkAoo0Ajsb68X45QToTFDSnVdJ9F+hqSmmJG87KWKJAgPUZ90DRWIE+Vn06NyeGqUHoxiaUpoOFXnJzLElRrz0HRypAdq0ZuI/3ndVEfXfkZFkmoi8OyjKGVQx3CSEOxRSbBmY0MQltTsCvEAmZC0ybFsQnAXT14mrYuqe1mtPdQq9dsijhI4BifgDLjgCtTBPWiAJsDgCbyAN/BuPVuv1of1OWtdsYqZI/AH1tcvJEyfhw==</latexit>

=
~rmstr

mstr

<latexit sha1_base64="B+YM8er7TD8wYStFpTiKp8RPSow=">AAACFXicdVDLSsNAFJ34rPUVdelmsAguSkikVt1IwY0boYJ9QBPCZDpph04mYWZSKCE/4cZfceNCEbeCO//G6UOwPg5cOHPOvcy9J0gYlcq2P4yFxaXlldXCWnF9Y3Nr29zZbco4FZg0cMxi0Q6QJIxy0lBUMdJOBEFRwEgrGFyO/daQCEljfqtGCfEi1OM0pBgpLflm2Q0Fwpk7JNjlKGAIXvuZKyKYsLKT59ncyzdLtnViO+dVB/4mjmVPUAIz1H3z3e3GOI0IV5ghKTuOnSgvQ0JRzEhedFNJEoQHqEc6mnIUEellk6tyeKiVLgxjoYsrOFG/T2QoknIUBbozQqovf3pj8S+vk6rwzMsoT1JFOJ5+FKYMqhiOI4JdKghWbKQJwoLqXSHuIx2T0kEWdQhfl8L/SfPYcqpW5aZSql3M4iiAfXAAjoADTkENXIE6aAAM7sADeALPxr3xaLwYr9PWBWM2swfmYLx9ApNQnxY=</latexit>

~rMpl,1

Mpl,1

Example 2:

Subleading towers matter!

Even if the leading tower is the same (e.g. a KK tower of one extra dimension), the 
quantum gravity cut-off can be different depending on the subleading towers

e.g. M-theory on

Leading tower:
Subleading towers:

<latexit sha1_base64="0E4z58f6IXv5mLNw2ESQAbUo/b8=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvAi9VLAf0ISw2W7apbubsLsRSujf8OJBEa/+GW/+G7dtDtr6YODx3gwz86KUM21c99spra1vbG6Vtys7u3v7B9XDo45OMkVomyQ8Ub0Ia8qZpG3DDKe9VFEsIk670fhu5nefqNIskY9mktJA4KFkMSPYWMkXYe4rgZrN0JuG1Zpbd+dAq8QrSA0KtMLqlz9ISCaoNIRjrfuem5ogx8owwum04meappiM8ZD2LZVYUB3k85un6MwqAxQnypY0aK7+nsix0HoiItspsBnpZW8m/uf1MxPfBDmTaWaoJItFccaRSdAsADRgihLDJ5Zgopi9FZERVpgYG1PFhuAtv7xKOhd176p++XBZa9wWcZThBE7hHDy4hgbcQwvaQCCFZ3iFNydzXpx352PRWnKKmWP4A+fzB1o5kTw=</latexit>mKK1
<latexit sha1_base64="bxrg9H3rhdjZ4c1AJuP8VABGOHw=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBRSkzpT42SsGN0E0FWwudYcikaRuaZIYkI5Sh4MZfceNCEbf+hDv/xrSdhbYeCBzOuYebe8KYUaUd59vKLS2vrK7l1wsbm1vbO/buXktFicSkiSMWyXaIFGFUkKammpF2LAniISP34fB64t8/EKloJO70KCY+R31BexQjbaTAPuBB6kkO6/WAjkteiV5WSl430gqeBnbRKTtTwEXiZqQIMjQC+8skccKJ0JghpTquE2s/RVJTzMi44CWKxAgPUZ90DBWIE+Wn0xvG8NgoXdiLpHlCw6n6O5EirtSIh2aSIz1Q895E/M/rJLp34adUxIkmAs8W9RIGdQQnhcAulQRrNjIEYUnNXyEeIImwNrUVTAnu/MmLpFUpu2fl6m21WLvK6siDQ3AEToALzkEN3IAGaAIMHsEzeAVv1pP1Yr1bH7PRnJVl9sEfWJ8/zNOWVA==</latexit>

mKKi , i = 2, . . . 5
<latexit sha1_base64="fGJjcZlSyf2m6miLl5mjoqxTYw8="></latexit>

~rmKK1

mKK1

·
~rMpl,9

Mpl,9
=

1

d� 2

<latexit sha1_base64="8G7s8qCTYbHHUdsO8F0SmdpJvz8=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5JIsZ6k4MVjhaYtNLFstpt26WYTdjdCCf0bXjwo4tU/481/46bNQVsHFoaZ93izEyScKW3b31ZpY3Nre6e8W9nbPzg8qh6fdFWcSkJdEvNY9gOsKGeCupppTvuJpDgKOO0F07vc7z1RqVgsOnqWUD/CY8FCRrA2kudFWE+CIOvMH5vDas2u2wugdeIUpAYF2sPqlzeKSRpRoQnHSg0cO9F+hqVmhNN5xUsVTTCZ4jEdGCpwRJWfLTLP0YVRRiiMpXlCo4X6eyPDkVKzKDCTeUa16uXif94g1eGNnzGRpJoKsjwUphzpGOUFoBGTlGg+MwQTyUxWRCZYYqJNTRVTgrP65XXSvao71/XGQ6PWui3qKMMZnMMlONCEFtxDG1wgkMAzvMKblVov1rv1sRwtWcXOKfyB9fkD9n6Rog==</latexit>

T7

<latexit sha1_base64="x9o6/+EYvZK0piTWPz1otdYgewo="></latexit>

~rmKK

mKK
·
~r⇤str

⇤str
=

1

d� 2

e.g. Type IIB on
<latexit sha1_base64="S/7N9VtuVYFc+nV5WYkcV5sl8uo=">AAACEnicbVDLSsNAFJ34rPUVdelmsAgKpSRS1JUU3LisYh/QhDKZTtqhk0mYuVFK6De48VfcuFDErSt3/o3Tx6K2HrhwOOde7r0nSATX4Dg/1tLyyuraem4jv7m1vbNr7+3XdZwqymo0FrFqBkQzwSWrAQfBmoliJAoEawT965HfeGBK81jewyBhfkS6koecEjBS2z698xTv9oAoFT9ij8sQBl6xiD3cbetZy2nbBafkjIEXiTslBTRFtW1/e52YphGTQAXRuuU6CfgZUcCpYMO8l2qWENonXdYyVJKIaT8bvzTEx0bp4DBWpiTgsTo7kZFI60EUmM6IQE/PeyPxP6+VQnjpZ1wmKTBJJ4vCVGCI8Sgf3OGKURADQwhV3NyKaY8oQsGkmDchuPMvL5L6Wck9L5Vvy4XK1TSOHDpER+gEuegCVdANqqIaougJvaA39G49W6/Wh/U5aV2ypjMH6A+sr1+SE51l</latexit>

R ! 1 , gs ! 0
<latexit sha1_base64="q2lEdl0jnVFcgkHmCA3kRIBrIuI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUE8S8OIxEvOAZA2zk95kyOzsMjMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6vVHr1csuWV3DrJKvIyUIEOtV/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjtT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0L8reZblyXylVb7I48nACp3AOHlxBFe6gBg1gMIBneIU3RzgvzrvzsWjNOdnMMfyB8/kD03iNfw==</latexit>

S1 ,

<latexit sha1_base64="XHSPSluFw6KKrsUEF/mPDojjf2s=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsxIUVdScOPCRQX7gM5QMplMG5pkhiQjlKG/4caFIm79GXf+jWk7C209EDiccy735oQpZ9q47rdTWlvf2Nwqb1d2dvf2D6qHRx2dZIrQNkl4onoh1pQzSduGGU57qaJYhJx2w/HtzO8+UaVZIh/NJKWBwEPJYkawsZLvayaQf2/zER5Ua27dnQOtEq8gNSjQGlS//CghmaDSEI617ntuaoIcK8MIp9OKn2maYjLGQ9q3VGJBdZDPb56iM6tEKE6UfdKgufp7IsdC64kIbVJgM9LL3kz8z+tnJr4OcibTzFBJFovijCOToFkBKGKKEsMnlmCimL0VkRFWmBhbU8WW4C1/eZV0LureZb3x0Kg1b4o6ynACp3AOHlxBE+6gBW0gkMIzvMKbkzkvzrvzsYiWnGLmGP7A+fwBhU+RWQ==</latexit>

⇠ ⇤

<latexit sha1_base64="iOSxLY5nIUkeeSkyo/UOtNCbpv8=">AAACFXicbVDLSgMxFM3UV62vUZdugkVwIWVGirqSghuhmwr2AZ1hyKSZNjTJDEmmUIb+hBt/xY0LRdwK7vwb03YWtvXAhZNz7iX3njBhVGnH+bEKa+sbm1vF7dLO7t7+gX141FJxKjFp4pjFshMiRRgVpKmpZqSTSIJ4yEg7HN5N/faISEVj8ajHCfE56gsaUYy0kQL7woskwpk3ItgTKGQI8iDzJIf1eiAmk2zhFdhlp+LMAFeJm5MyyNEI7G+vF+OUE6ExQ0p1XSfRfoakppiRSclLFUkQHqI+6RoqECfKz2ZXTeCZUXowiqUpoeFM/TuRIa7UmIemkyM9UMveVPzP66Y6uvEzKpJUE4HnH0UpgzqG04hgj0qCNRsbgrCkZleIB8jEpE2QJROCu3zyKmldVtyrSvWhWq7d5nEUwQk4BefABdegBu5BAzQBBk/gBbyBd+vZerU+rM95a8HKZ47BAqyvXxrrn2g=</latexit>

~rmKKn

mKKn

<latexit sha1_base64="9vYgnnbBKW1lGsUPiDMcL+5irRg=">AAACFXicbVDLSgMxFM3UV62vUZdugkVwIWVGirqSghuhmwr2AZ1hyKSZNjTJDEmmUIb+hBt/xY0LRdwK7vwb03YWtvXAhZNz7iX3njBhVGnH+bEKa+sbm1vF7dLO7t7+gX141FJxKjFp4pjFshMiRRgVpKmpZqSTSIJ4yEg7HN5N/faISEVj8ajHCfE56gsaUYy0kQL7woskwpk3ItgTKGQI8iDzJIf1esAnk2zhFdhlp+LMAFeJm5MyyNEI7G+vF+OUE6ExQ0p1XSfRfoakppiRSclLFUkQHqI+6RoqECfKz2ZXTeCZUXowiqUpoeFM/TuRIa7UmIemkyM9UMveVPzP66Y6uvEzKpJUE4HnH0UpgzqG04hgj0qCNRsbgrCkZleIB8jEpE2QJROCu3zyKmldVtyrSvWhWq7d5nEUwQk4BefABdegBu5BAzQBBk/gBbyBd+vZerU+rM95a8HKZ47BAqyvXxfRn2Y=</latexit>

~rmKKm

mKKm

<latexit sha1_base64="drQzCQjMngiDMnIJeWYfAe36tgM=">AAACPnicbVBNSwMxFMz6WetX1aOXYBEEpeyKqBel4MWDQgVXhe5S3qZZDU2yS5IVyrK/zIu/wZtHLx4U8erR9EPQ1oHAMDOPlzdRypk2rvvsTExOTc/MlubK8wuLS8uVldUrnWSKUJ8kPFE3EWjKmaS+YYbTm1RREBGn11HnpOdf31OlWSIvTTeloYBbyWJGwFipVfGDWAHJg3tKAgkRBxyc2ek2FPkPORqLnLfyQAmc8h0st0VR5KNCq1J1a24feJx4Q1JFQzRalaegnZBMUGkIB62bnpuaMAdlGOG0KAeZpimQDtzSpqUSBNVh3j+/wJtWaeM4UfZJg/vq74kchNZdEdmkAHOnR72e+J/XzEx8GOZMppmhkgwWxRnHJsG9LnGbKUoM71oCRDH7V0zuwJZlbONlW4I3evI4udqtefu1vYu9av14WEcJraMNtIU8dIDq6BQ1kI8IekAv6A29O4/Oq/PhfA6iE85wZg39gfP1DWqmr8s=</latexit>

~r⇤

⇤
=

~rMpl,n+m

Mpl,n+m

<latexit sha1_base64="aGpPY0HIDKHbCcBSNDVo0CP+sTw=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5RdKdpjwYsXoYK1hW4p2TTbhibZkGSFsvRvePGgiFf/jDf/jWm7B219MPB4b4aZeZHizFjf//YKa+sbm1vF7dLO7t7+Qfnw6NEkqSa0RRKe6E6EDeVM0pZlltOO0hSLiNN2NL6Z+e0nqg1L5IOdKNoTeChZzAi2Tgrv+lmoBVL8Qk775Ypf9edAqyTISQVyNPvlr3CQkFRQaQnHxnQDX9lehrVlhNNpKUwNVZiM8ZB2HZVYUNPL5jdP0ZlTBihOtCtp0Vz9PZFhYcxERK5TYDsyy95M/M/rpjau9zImVWqpJItFccqRTdAsADRgmhLLJ45gopm7FZER1phYF1PJhRAsv7xKHi+rwVW1dl+rNOp5HEU4gVM4hwCuoQG30IQWEFDwDK/w5qXei/fufSxaC14+cwx/4H3+AKCZkWY=</latexit>

Mpl,n
<latexit sha1_base64="RQvn1bZQDdYZerOeJHMHUV2erE4=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRZBUMquFO2x4MWLUMF+QLuWbJptQ5PskmSVsvR/ePGgiFf/izf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQ99VuPVGkWyXszjqkv8ECykBFsrPRw20u7SqCYn8szMekVS27ZnQEtEy8jJchQ7xW/uv2IJIJKQzjWuuO5sfFTrAwjnE4K3UTTGJMRHtCOpRILqv10dvUEnVilj8JI2ZIGzdTfEykWWo9FYDsFNkO96E3F/7xOYsKqnzIZJ4ZKMl8UJhyZCE0jQH2mKDF8bAkmitlbERlihYmxQRVsCN7iy8ukeVH2LsuVu0qpVs3iyMMRHMMpeHAFNbiBOjSAgIJneIU358l5cd6dj3lrzslmDuEPnM8f2bGSEg==</latexit>

Mpl,n+m

<latexit sha1_base64="EwuyOrFCnTDa6wCFJK5knSdnqlg=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5RdKdpjwYvQSwX7Ad2lZNNsG5pklyQrlKV/w4sHRbz6Z7z5b0zbPWjrg4HHezPMzAsTzrRx3W+nsLG5tb1T3C3t7R8cHpWPTzo6ThWhbRLzWPVCrClnkrYNM5z2EkWxCDnthpO7ud99okqzWD6aaUIDgUeSRYxgYyVfDDJfCdRsXsnZoFxxq+4CaJ14OalAjtag/OUPY5IKKg3hWOu+5yYmyLAyjHA6K/mppgkmEzyifUslFlQH2eLmGbqwyhBFsbIlDVqovycyLLSeitB2CmzGetWbi/95/dRE9SBjMkkNlWS5KEo5MjGaB4CGTFFi+NQSTBSztyIyxgoTY2Mq2RC81ZfXSee66t1Uaw+1SqOex1GEMziHS/DgFhpwDy1oA4EEnuEV3pzUeXHenY9la8HJZ07hD5zPH2dqkUA=</latexit>mKK,n

<latexit sha1_base64="mC2nwqSoFP5vSeIwLKKWqBYQSdA=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5RdKdpjwYvQSwX7Ad2lZNNsG5pklyQrlKV/w4sHRbz6Z7z5b0zbPWjrg4HHezPMzAsTzrRx3W+nsLG5tb1T3C3t7R8cHpWPTzo6ThWhbRLzWPVCrClnkrYNM5z2EkWxCDnthpO7ud99okqzWD6aaUIDgUeSRYxgYyVfDDJfCdRsXonZoFxxq+4CaJ14OalAjtag/OUPY5IKKg3hWOu+5yYmyLAyjHA6K/mppgkmEzyifUslFlQH2eLmGbqwyhBFsbIlDVqovycyLLSeitB2CmzGetWbi/95/dRE9SBjMkkNlWS5KEo5MjGaB4CGTFFi+NQSTBSztyIyxgoTY2Mq2RC81ZfXSee66t1Uaw+1SqOex1GEMziHS/DgFhpwDy1oA4EEnuEV3pzUeXHenY9la8HJZ07hD5zPH2XlkT8=</latexit>mKK,m



Evidence for the Pattern

It is related to continuity of the exponential rate of the leading tower 
as we move in moduli space

We check it in string theory examples:

• 32 (and 16) supercharges: M-theory on (orientifold) toroidal 
compactifications

• 8 supercharges:

• 4d N=1 theories from heterotic, F-theory, Type II…

Type II and M-theory Calabi-Yau compactifications

[Castellano,Ruiz,IV’ongoing]

See Ignacio Ruiz’s poster



Evidence for the Pattern

It is related to continuity of the exponential rate of the leading tower 
as we move in moduli space

We check it in string theory examples:

• 32 (and 16) supercharges: M-theory on (orientifold) toroidal 
compactifications

• 8 supercharges:

• 4d N=1 theories from heterotic, F-theory, Type II…

Type II and M-theory Calabi-Yau compactifications

[Castellano,Ruiz,IV’ongoing]

Open question: can we find a bottom-up argument?
<latexit sha1_base64="FI/EMUOl4SLu93wD8QJJ535SR2s=">AAACHnicbVDLSsNAFJ34rPUVdelmsAhuLInUx0YpuHFVKtgHNKFMppN26MwkzEwKJeRL3PgrblwoIrjSv3HaZqGtBy4czrmXe+8JYkaVdpxva2l5ZXVtvbBR3Nza3tm19/abKkokJg0csUi2A6QIo4I0NNWMtGNJEA8YaQXD24nfGhGpaCQe9DgmPkd9QUOKkTZS1z73Qolw6o0I9gQKGII8S3nm4V6k4YJXy9Jadn3qdu2SU3amgIvEzUkJ5Kh37U+vF+GEE6ExQ0p1XCfWfoqkppiRrOglisQID1GfdAwViBPlp9P3MnhslB4MI2lKaDhVf0+kiCs15oHp5EgP1Lw3Ef/zOokOr/yUijjRRODZojBhUEdwkhXsUUmwZmNDEJbU3ArxAJlMtEm0aEJw519eJM2zsntRrtxXStWbPI4COARH4AS44BJUwR2ogwbA4BE8g1fwZj1ZL9a79TFrXbLymQPwB9bXD++GovE=</latexit>

~rm

m
·
~rN

N
= �1 constrains the variation (with the moduli) of 

the mass and the density of states

Maybe black hole/entropy bounds?

See Ignacio Ruiz’s poster



Taxonomy of infinite distance limits

It can be used to determine the angle between different light towers and 
how different infinite distance limits fit together



Taxonomy of infinite distance limits

It can be used to determine the angle between different light towers and 
how different infinite distance limits fit together

<latexit sha1_base64="XUWU/T/z7bUiyvN5Zt9VnSuGYHc=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pmu2nXbjZhdyKU0P/gxYMiXv0/3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrB5wk3I/oUIlQMIpWavVwxJH2yxW36s5BVomXkwrkaPTLX71BzNKIK2SSGtP13AT9jGoUTPJpqZcanlA2pkPetVTRiBs/m187JWdWGZAw1rYUkrn6eyKjkTGTKLCdEcWRWfZm4n9eN8Xw2s+ESlLkii0WhakkGJPZ62QgNGcoJ5ZQpoW9lbAR1ZShDahkQ/CWX14lrYuqd1mt3dcq9Zs8jiKcwCmcgwdXUIc7aEATGDzCM7zCmxM7L86787FoLTj5zDH8gfP5A6Wxjy0=</latexit>

✓

<latexit sha1_base64="ZyH7VojDinvR9Kx0dmzdNj+5y8Y=">AAACEXicbZDLSgMxFIYz9VbrbdSlm2ARuiozUtSVFNwI3VSwF+gMQybNtKFJZkgyhTL0Fdz4Km5cKOLWnTvfxrSdRW39IfDxn3M4OX+YMKq04/xYhY3Nre2d4m5pb//g8Mg+PmmrOJWYtHDMYtkNkSKMCtLSVDPSTSRBPGSkE47uZvXOmEhFY/GoJwnxORoIGlGMtLECu+JFEuHMGxPsCRQyBHmQeZLDRmM6zZY4sMtO1ZkLroObQxnkagb2t9ePccqJ0JghpXquk2g/Q1JTzMi05KWKJAiP0ID0DArEifKz+UVTeGGcPoxiaZ7QcO4uT2SIKzXhoenkSA/Vam1m/lfrpTq68TMqklQTgReLopRBHcNZPLBPJcGaTQwgLKn5K8RDZCLSJsSSCcFdPXkd2pdV96pae6iV67d5HEVwBs5BBbjgGtTBPWiCFsDgCbyAN/BuPVuv1of1uWgtWPnMKfgj6+sX2Hmdpg==</latexit>

~rmKK

mKK

<latexit sha1_base64="CfXt424dK5RUCmoEny+fzNAgFBY=">AAACH3icbVDLSsNAFJ3UV62vqEs3g0VwVRIp1ZUU3LhwUcE+oCnlZjpph04mYWZSKCF/4sZfceNCEXHXv3HaZqGtBwYO59zDnXv8mDOlHWdmFTY2t7Z3irulvf2DwyP7+KSlokQS2iQRj2THB0U5E7Spmea0E0sKoc9p2x/fzf32hErFIvGkpzHthTAULGAEtJH6ds0LJJDUm1DiCfA5YO/BpAfQTz0ZYqVllqXrUt8uOxVnAbxO3JyUUY5G3/72BhFJQio04aBU13Vi3UtBakY4zUpeomgMZAxD2jVUQEhVL13cl+ELowxwEEnzhMYL9XcihVCpaeibyRD0SK16c/E/r5vo4KaXMhEnmgqyXBQkHOsIz8vCAyYp0XxqCBDJzF8xGYEpTJtKS6YEd/XkddK6qri1SvWxWq7f5nUU0Rk6R5fIRdeoju5RAzURQc/oFb2jD+vFerM+ra/laMHKM6foD6zZD9LLpBg=</latexit>

~r⇤str

⇤str

<latexit sha1_base64="fe6ICRIn8G1GqDjoohI6lb8HeRI=">AAACFHicbVDLSgMxFM34rPU16tJNsAiCUGakqBul4MZlBfuAzjBk0kwbmmSGJFMow3yEG3/FjQtF3Lpw59+YtrOorQcunJxzL7n3hAmjSjvOj7Wyura+sVnaKm/v7O7t2weHLRWnEpMmjlksOyFShFFBmppqRjqJJIiHjLTD4d3Eb4+IVDQWj3qcEJ+jvqARxUgbKbDPb7xIIpx5I4I9gUKGIA8yT3KotMzzbP4R2BWn6kwBl4lbkAoo0Ajsb68X45QToTFDSnVdJ9F+hqSmmJG87KWKJAgPUZ90DRWIE+Vn06NyeGqUHoxiaUpoOFXnJzLElRrz0HRypAdq0ZuI/3ndVEfXfkZFkmoi8OyjKGVQx3CSEOxRSbBmY0MQltTsCvEAmZC0ybFsQnAXT14mrYuqe1mtPdQq9dsijhI4BifgDLjgCtTBPWiAJsDgCbyAN/BuPVuv1of1OWtdsYqZI/AH1tcvJEyfhw==</latexit>

=
~rmstr

mstr

<latexit sha1_base64="XUWU/T/z7bUiyvN5Zt9VnSuGYHc=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pmu2nXbjZhdyKU0P/gxYMiXv0/3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrB5wk3I/oUIlQMIpWavVwxJH2yxW36s5BVomXkwrkaPTLX71BzNKIK2SSGtP13AT9jGoUTPJpqZcanlA2pkPetVTRiBs/m187JWdWGZAw1rYUkrn6eyKjkTGTKLCdEcWRWfZm4n9eN8Xw2s+ESlLkii0WhakkGJPZ62QgNGcoJ5ZQpoW9lbAR1ZShDahkQ/CWX14lrYuqd1mt3dcq9Zs8jiKcwCmcgwdXUIc7aEATGDzCM7zCmxM7L86787FoLTj5zDH8gfP5A6Wxjy0=</latexit>

✓

<latexit sha1_base64="xjHsdTpbclTxCdq2o4smzVPopx0=">AAACIXicbVDLSgMxFM3Ud32NunQTLIKrMiOiXYngRtCFglWhU4Y76Z02NMkMSaZQhv6KG3/FjQtF3Ik/Y1q78HUgcDjnHm7uSXLBjQ2Cd68yMzs3v7C4VF1eWV1b9zc2b0xWaIZNlolM3yVgUHCFTcutwLtcI8hE4G3SPx37twPUhmfq2g5zbEvoKp5yBtZJsd+IUg2sjAbIIgWJABpduHQH4jLSkp6fx3I0Kv/RYr8W1IMJ6F8STkmNTHEZ+29RJ2OFRGWZAGNaYZDbdgnaciZwVI0KgzmwPnSx5agCiaZdTi4c0V2ndGiaafeUpRP1e6IEacxQJm5Sgu2Z395Y/M9rFTZttEuu8sKiYl+L0kJQm9FxXbTDNTIrho4A09z9lbIeuMqsK7XqSgh/n/yX3OzXw8P6wdVB7eR4Wsci2SY7ZI+E5IickDNySZqEkXvySJ7Ji/fgPXmv3tvXaMWbZrbID3gfn1kgpD4=</latexit>

~r⇤KKm

⇤KKm

<latexit sha1_base64="iOSxLY5nIUkeeSkyo/UOtNCbpv8=">AAACFXicbVDLSgMxFM3UV62vUZdugkVwIWVGirqSghuhmwr2AZ1hyKSZNjTJDEmmUIb+hBt/xY0LRdwK7vwb03YWtvXAhZNz7iX3njBhVGnH+bEKa+sbm1vF7dLO7t7+gX141FJxKjFp4pjFshMiRRgVpKmpZqSTSIJ4yEg7HN5N/faISEVj8ajHCfE56gsaUYy0kQL7woskwpk3ItgTKGQI8iDzJIf1eiAmk2zhFdhlp+LMAFeJm5MyyNEI7G+vF+OUE6ExQ0p1XSfRfoakppiRSclLFUkQHqI+6RoqECfKz2ZXTeCZUXowiqUpoeFM/TuRIa7UmIemkyM9UMveVPzP66Y6uvEzKpJUE4HnH0UpgzqG04hgj0qCNRsbgrCkZleIB8jEpE2QJROCu3zyKmldVtyrSvWhWq7d5nEUwQk4BefABdegBu5BAzQBBk/gBbyBd+vZerU+rM95a8HKZ47BAqyvXxrrn2g=</latexit>

~rmKKn

mKKn

<latexit sha1_base64="9vYgnnbBKW1lGsUPiDMcL+5irRg=">AAACFXicbVDLSgMxFM3UV62vUZdugkVwIWVGirqSghuhmwr2AZ1hyKSZNjTJDEmmUIb+hBt/xY0LRdwK7vwb03YWtvXAhZNz7iX3njBhVGnH+bEKa+sbm1vF7dLO7t7+gX141FJxKjFp4pjFshMiRRgVpKmpZqSTSIJ4yEg7HN5N/faISEVj8ajHCfE56gsaUYy0kQL7woskwpk3ItgTKGQI8iDzJIf1esAnk2zhFdhlp+LMAFeJm5MyyNEI7G+vF+OUE6ExQ0p1XSfRfoakppiRSclLFUkQHqI+6RoqECfKz2ZXTeCZUXowiqUpoeFM/TuRIa7UmIemkyM9UMveVPzP66Y6uvEzKpJUE4HnH0UpgzqG04hgj0qCNRsbgrCkZleIB8jEpE2QJROCu3zyKmldVtyrSvWhWq7d5nEUwQk4BefABdegBu5BAzQBBk/gBbyBd+vZerU+rM95a8HKZ47BAqyvXxfRn2Y=</latexit>

~rmKKm

mKKm

<latexit sha1_base64="EWgF6pZD6aX49avAKa/r1Nik0zY="></latexit>

cos ✓(KKn, str) =

r
n

n+ d� 2

number of dimensions decompactifying

(These angles can also be derived if assuming that we have only KK and string towers)

 [Etheredge, Heidenreich, McNamara, Rudelius, Ruiz, IV’ongoing]

Angle between KK and string towers: Angle between different KK towers:

<latexit sha1_base64="PaTuePIxvg/RiiXHIs8s5hZQ7W4="></latexit>

cos ✓(KKn,KKm) =

r
nm

(n+ d� 2)(m+ d� 2)



Example: Consider a moduli space with a flat metric

Different asymptotic regimes are characterized by different leading 
towers of states, but the sum of all of the angles must be:

<latexit sha1_base64="wFSNDni0Z1EJV+wrQHzPGAZF0jk=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KUol6UghePFWwtNCFstpt26W4SdidiCf0rXjwo4tU/4s1/47bNQVsfDDzem2FmXpgKrsFxvq3S2vrG5lZ5u7Kzu7d/YB9WuzrJFGUdmohE9UKimeAx6wAHwXqpYkSGgj2E45uZ//DIlOZJfA+TlPmSDGMecUrASIFd9XQmsQcjBiTgVw0v5YFdc+rOHHiVuAWpoQLtwP7yBgnNJIuBCqJ133VS8HOigFPBphUv0ywldEyGrG9oTCTTfj6/fYpPjTLAUaJMxYDn6u+JnEitJzI0nZLASC97M/E/r59BdOnnPE4zYDFdLIoygSHBsyDwgCtGQUwMIVRxcyumI6IIBRNXxYTgLr+8SrqNunteb941a63rIo4yOkYn6Ay56AK10C1qow6i6Ak9o1f0Zk2tF+vd+li0lqxi5gj9gfX5A3o+lBM=</latexit>X
✓i = 2⇡

Taxonomy of infinite distance limits



Example: Consider a moduli space with a flat metric

Different asymptotic regimes are characterized by different leading 
towers of states, but the sum of all of the angles must be:

<latexit sha1_base64="wFSNDni0Z1EJV+wrQHzPGAZF0jk=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KUol6UghePFWwtNCFstpt26W4SdidiCf0rXjwo4tU/4s1/47bNQVsfDDzem2FmXpgKrsFxvq3S2vrG5lZ5u7Kzu7d/YB9WuzrJFGUdmohE9UKimeAx6wAHwXqpYkSGgj2E45uZ//DIlOZJfA+TlPmSDGMecUrASIFd9XQmsQcjBiTgVw0v5YFdc+rOHHiVuAWpoQLtwP7yBgnNJIuBCqJ133VS8HOigFPBphUv0ywldEyGrG9oTCTTfj6/fYpPjTLAUaJMxYDn6u+JnEitJzI0nZLASC97M/E/r59BdOnnPE4zYDFdLIoygSHBsyDwgCtGQUwMIVRxcyumI6IIBRNXxYTgLr+8SrqNunteb941a63rIo4yOkYn6Ay56AK10C1qow6i6Ak9o1f0Zk2tF+vd+li0lqxi5gj9gfX5A3o+lBM=</latexit>X
✓i = 2⇡

<latexit sha1_base64="Z2ngMtUCHzvun992zvxvoeo4Ujw=">AAACEnicbVBNS8NAEN3Ur1q/oh69BIugICWRor0oBS8eK9gPaErZbDft0s0m7k6EEvIbvPhXvHhQxKsnb/4bt2kO2vpg4PHeDDPzvIgzBbb9bRSWlldW14rrpY3Nre0dc3evpcJYEtokIQ9lx8OKciZoExhw2okkxYHHadsbX0/99gOVioXiDiYR7QV4KJjPCAYt9c0Tl4TKhREFfOkmri8xSZw0cdW9hKSWpqeZ5NTctG+W7YqdwVokTk7KKEejb365g5DEARVAOFaq69gR9BIsgRFO05IbKxphMsZD2tVU4ICqXpK9lFpHWhlYfih1CbAy9fdEggOlJoGnOwMMIzXvTcX/vG4Mfq2XMBHFQAWZLfJjbkFoTfOxBkxSAnyiCSaS6VstMsI6A9AplnQIzvzLi6R1VnHOK9Xbarl+lcdRRAfoEB0jB12gOrpBDdREBD2iZ/SK3own48V4Nz5mrQUjn9lHf2B8/gD4iZ5G</latexit>

cos ✓ = { 1p
8
,
1

8
}

For a 2-dim moduli space in 9d:

<latexit sha1_base64="P7S/qeqHPhVZ1JiCGwKgvVNQFYQ=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lE1JMUvHisYD+gCWWznbRLN5uwOxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwlQKg6777ZTW1jc2t8rblZ3dvf2D6uFR2ySZ5tDiiUx0N2QGpFDQQoESuqkGFocSOuH4buZ3nkAbkahHnKQQxGyoRCQ4Qyv5Pk+MjyNA1vf61Zpbd+egq8QrSI0UaParX/4g4VkMCrlkxvQ8N8UgZxoFlzCt+JmBlPExG0LPUsViMEE+v3lKz6wyoFGibSmkc/X3RM5iYyZxaDtjhiOz7M3E/7xehtFNkAuVZgiKLxZFmaSY0FkAdCA0cJQTSxjXwt5K+YhpxtHGVLEheMsvr5L2Rd27ql8+XNYat0UcZXJCTsk58cg1aZB70iQtwklKnskreXMy58V5dz4WrSWnmDkmf+B8/gDqd5Ga</latexit>

cos ✓1
<latexit sha1_base64="ADQXabKwf4WMjA1RFOLxZMiqhd4=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyGoJ4k4MVjBPOA7BJmJ73JkNnZZaZXCEt+w4sHRbz6M978GyePgyYWNBRV3XR3hakUBl332ylsbG5t7xR3S3v7B4dH5eOTtkkyzaHFE5nobsgMSKGghQIldFMNLA4ldMLx3czvPIE2IlGPOEkhiNlQiUhwhlbyfZ4YH0eArF/rlytu1Z2DrhNvSSpkiWa//OUPEp7FoJBLZkzPc1MMcqZRcAnTkp8ZSBkfsyH0LFUsBhPk85un9MIqAxol2pZCOld/T+QsNmYSh7YzZjgyq95M/M/rZRjdBLlQaYag+GJRlEmKCZ0FQAdCA0c5sYRxLeytlI+YZhxtTCUbgrf68jpp16reVbX+UK80bpdxFMkZOSeXxCPXpEHuSZO0CCcpeSav5M3JnBfn3flYtBac5cwp+QPn8wfr+5Gb</latexit>

cos ✓2

Taxonomy of infinite distance limits



Example: Consider a moduli space with a flat metric

Different asymptotic regimes are characterized by different leading 
towers of states, but the sum of all of the angles must be:

<latexit sha1_base64="wFSNDni0Z1EJV+wrQHzPGAZF0jk=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KUol6UghePFWwtNCFstpt26W4SdidiCf0rXjwo4tU/4s1/47bNQVsfDDzem2FmXpgKrsFxvq3S2vrG5lZ5u7Kzu7d/YB9WuzrJFGUdmohE9UKimeAx6wAHwXqpYkSGgj2E45uZ//DIlOZJfA+TlPmSDGMecUrASIFd9XQmsQcjBiTgVw0v5YFdc+rOHHiVuAWpoQLtwP7yBgnNJIuBCqJ133VS8HOigFPBphUv0ywldEyGrG9oTCTTfj6/fYpPjTLAUaJMxYDn6u+JnEitJzI0nZLASC97M/E/r59BdOnnPE4zYDFdLIoygSHBsyDwgCtGQUwMIVRxcyumI6IIBRNXxYTgLr+8SrqNunteb941a63rIo4yOkYn6Ay56AK10C1qow6i6Ak9o1f0Zk2tF+vd+li0lqxi5gj9gfX5A3o+lBM=</latexit>X
✓i = 2⇡

<latexit sha1_base64="Z2ngMtUCHzvun992zvxvoeo4Ujw=">AAACEnicbVBNS8NAEN3Ur1q/oh69BIugICWRor0oBS8eK9gPaErZbDft0s0m7k6EEvIbvPhXvHhQxKsnb/4bt2kO2vpg4PHeDDPzvIgzBbb9bRSWlldW14rrpY3Nre0dc3evpcJYEtokIQ9lx8OKciZoExhw2okkxYHHadsbX0/99gOVioXiDiYR7QV4KJjPCAYt9c0Tl4TKhREFfOkmri8xSZw0cdW9hKSWpqeZ5NTctG+W7YqdwVokTk7KKEejb365g5DEARVAOFaq69gR9BIsgRFO05IbKxphMsZD2tVU4ICqXpK9lFpHWhlYfih1CbAy9fdEggOlJoGnOwMMIzXvTcX/vG4Mfq2XMBHFQAWZLfJjbkFoTfOxBkxSAnyiCSaS6VstMsI6A9AplnQIzvzLi6R1VnHOK9Xbarl+lcdRRAfoEB0jB12gOrpBDdREBD2iZ/SK3own48V4Nz5mrQUjn9lHf2B8/gD4iZ5G</latexit>

cos ✓ = { 1p
8
,
1

8
}

For a 2-dim moduli space in 9d:

<latexit sha1_base64="P7S/qeqHPhVZ1JiCGwKgvVNQFYQ=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lE1JMUvHisYD+gCWWznbRLN5uwOxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwlQKg6777ZTW1jc2t8rblZ3dvf2D6uFR2ySZ5tDiiUx0N2QGpFDQQoESuqkGFocSOuH4buZ3nkAbkahHnKQQxGyoRCQ4Qyv5Pk+MjyNA1vf61Zpbd+egq8QrSI0UaParX/4g4VkMCrlkxvQ8N8UgZxoFlzCt+JmBlPExG0LPUsViMEE+v3lKz6wyoFGibSmkc/X3RM5iYyZxaDtjhiOz7M3E/7xehtFNkAuVZgiKLxZFmaSY0FkAdCA0cJQTSxjXwt5K+YhpxtHGVLEheMsvr5L2Rd27ql8+XNYat0UcZXJCTsk58cg1aZB70iQtwklKnskreXMy58V5dz4WrSWnmDkmf+B8/gDqd5Ga</latexit>

cos ✓1
<latexit sha1_base64="ADQXabKwf4WMjA1RFOLxZMiqhd4=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyGoJ4k4MVjBPOA7BJmJ73JkNnZZaZXCEt+w4sHRbz6M978GyePgyYWNBRV3XR3hakUBl332ylsbG5t7xR3S3v7B4dH5eOTtkkyzaHFE5nobsgMSKGghQIldFMNLA4ldMLx3czvPIE2IlGPOEkhiNlQiUhwhlbyfZ4YH0eArF/rlytu1Z2DrhNvSSpkiWa//OUPEp7FoJBLZkzPc1MMcqZRcAnTkp8ZSBkfsyH0LFUsBhPk85un9MIqAxol2pZCOld/T+QsNmYSh7YzZjgyq95M/M/rZRjdBLlQaYag+GJRlEmKCZ0FQAdCA0c5sYRxLeytlI+YZhxtTCUbgrf68jpp16reVbX+UK80bpdxFMkZOSeXxCPXpEHuSZO0CCcpeSav5M3JnBfn3flYtBac5cwp+QPn8wfr+5Gb</latexit>

cos ✓2

Taxonomy of infinite distance limits

Unique solution!

str.str.

<latexit sha1_base64="SF02Z1aNdhss89SumEZdEIeBn6s=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexKUU9S8CL0UsF+wHYp2TTbhmaTJZkVy9Kf4cWDIl79Nd78N6btHrT1wcDjvRlm5oWJ4AZc99sprK1vbG4Vt0s7u3v7B+XDo7ZRqaasRZVQuhsSwwSXrAUcBOsmmpE4FKwTjm9nfueRacOVfIBJwoKYDCWPOCVgJb8H7AmyRmPa9/rlilt158CrxMtJBeVo9stfvYGiacwkUEGM8T03gSAjGjgVbFrqpYYlhI7JkPmWShIzE2Tzk6f4zCoDHCltSwKeq78nMhIbM4lD2xkTGJllbyb+5/kpRNdBxmWSApN0sShKBQaFZ//jAdeMgphYQqjm9lZMR0QTCjalkg3BW355lbQvqt5ltXZfq9Rv8jiK6ASdonPkoStUR3eoiVqIIoWe0St6c8B5cd6dj0VrwclnjtEfOJ8/KeqRLA==</latexit>

KK1
<latexit sha1_base64="HhqcIFLfxUKTfvn6b0Xy/gYMT7M=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqeyWop6k4EXopYKthe1Ssmm2Dc0mSzIrlqU/w4sHRbz6a7z5b0zbPWjrg4HHezPMzAsTwQ247rdTWFvf2Nwqbpd2dvf2D8qHRx2jUk1ZmyqhdDckhgkuWRs4CNZNNCNxKNhDOL6Z+Q+PTBuu5D1MEhbEZCh5xCkBK/k9YE+QNZvTfq1frrhVdw68SrycVFCOVr/81RsomsZMAhXEGN9zEwgyooFTwaalXmpYQuiYDJlvqSQxM0E2P3mKz6wywJHStiTgufp7IiOxMZM4tJ0xgZFZ9mbif56fQnQVZFwmKTBJF4uiVGBQePY/HnDNKIiJJYRqbm/FdEQ0oWBTKtkQvOWXV0mnVvUuqvW7eqVxncdRRCfoFJ0jD12iBrpFLdRGFCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AStukS0=</latexit>

KK2

<latexit sha1_base64="SF02Z1aNdhss89SumEZdEIeBn6s=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexKUU9S8CL0UsF+wHYp2TTbhmaTJZkVy9Kf4cWDIl79Nd78N6btHrT1wcDjvRlm5oWJ4AZc99sprK1vbG4Vt0s7u3v7B+XDo7ZRqaasRZVQuhsSwwSXrAUcBOsmmpE4FKwTjm9nfueRacOVfIBJwoKYDCWPOCVgJb8H7AmyRmPa9/rlilt158CrxMtJBeVo9stfvYGiacwkUEGM8T03gSAjGjgVbFrqpYYlhI7JkPmWShIzE2Tzk6f4zCoDHCltSwKeq78nMhIbM4lD2xkTGJllbyb+5/kpRNdBxmWSApN0sShKBQaFZ//jAdeMgphYQqjm9lZMR0QTCjalkg3BW355lbQvqt5ltXZfq9Rv8jiK6ASdonPkoStUR3eoiVqIIoWe0St6c8B5cd6dj0VrwclnjtEfOJ8/KeqRLA==</latexit>

KK1

<latexit sha1_base64="SF02Z1aNdhss89SumEZdEIeBn6s=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexKUU9S8CL0UsF+wHYp2TTbhmaTJZkVy9Kf4cWDIl79Nd78N6btHrT1wcDjvRlm5oWJ4AZc99sprK1vbG4Vt0s7u3v7B+XDo7ZRqaasRZVQuhsSwwSXrAUcBOsmmpE4FKwTjm9nfueRacOVfIBJwoKYDCWPOCVgJb8H7AmyRmPa9/rlilt158CrxMtJBeVo9stfvYGiacwkUEGM8T03gSAjGjgVbFrqpYYlhI7JkPmWShIzE2Tzk6f4zCoDHCltSwKeq78nMhIbM4lD2xkTGJllbyb+5/kpRNdBxmWSApN0sShKBQaFZ//jAdeMgphYQqjm9lZMR0QTCjalkg3BW355lbQvqt5ltXZfq9Rv8jiK6ASdonPkoStUR3eoiVqIIoWe0St6c8B5cd6dj0VrwclnjtEfOJ8/KeqRLA==</latexit>

KK1

<latexit sha1_base64="lNPtV+Med6omwrOhpMtCdDeRgag=">AAAB73icbVBNS8NAEN34WetX1aOXxSJ4Kkkp6kkKXjxWsB/QhrLZTtqlm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dtbWNza3tgs7xd29/YPD0tFxy8Sp5tDksYx1J2AGpFDQRIESOokGFgUS2sH4dua3n0AbEasHnCTgR2yoRCg4Qyt1ejgCZP1qv1R2K+4cdJV4OSmTHI1+6as3iHkagUIumTFdz03Qz5hGwSVMi73UQML4mA2ha6liERg/m987pedWGdAw1rYU0rn6eyJjkTGTKLCdEcORWfZm4n9eN8Xw2s+ESlIExReLwlRSjOnseToQGjjKiSWMa2FvpXzENONoIyraELzll1dJq1rxLiu1+1q5fpPHUSCn5IxcEI9ckTq5Iw3SJJxI8kxeyZvz6Lw4787HonXNyWdOyB84nz/QpY/S</latexit>

✓2

<latexit sha1_base64="S7Co3jP8nHQbR55sfHcodwIWeh0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pmu2mXbjZxdyKU0D/hxYMiXv073vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrB5wk3I/oUIlQMIpW6vRwxJH2vX654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fze6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMnueDITmDOXEEsq0sLcSNqKaMrQRlWwI3vLLq6R1UfUuq7X7WqV+k8dRhBM4hXPw4ArqcAcNaAIDCc/wCm/Oo/PivDsfi9aCk88cwx84nz/PIY/R</latexit>

✓1
<latexit sha1_base64="S7Co3jP8nHQbR55sfHcodwIWeh0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pmu2mXbjZxdyKU0D/hxYMiXv073vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrB5wk3I/oUIlQMIpW6vRwxJH2vX654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fze6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMnueDITmDOXEEsq0sLcSNqKaMrQRlWwI3vLLq6R1UfUuq7X7WqV+k8dRhBM4hXPw4ArqcAcNaAIDCc/wCm/Oo/PivDsfi9aCk88cwx84nz/PIY/R</latexit>

✓1

<latexit sha1_base64="S7Co3jP8nHQbR55sfHcodwIWeh0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pmu2mXbjZxdyKU0D/hxYMiXv073vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrB5wk3I/oUIlQMIpW6vRwxJH2vX654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fze6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMnueDITmDOXEEsq0sLcSNqKaMrQRlWwI3vLLq6R1UfUuq7X7WqV+k8dRhBM4hXPw4ArqcAcNaAIDCc/wCm/Oo/PivDsfi9aCk88cwx84nz/PIY/R</latexit>

✓1
<latexit sha1_base64="S7Co3jP8nHQbR55sfHcodwIWeh0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pmu2mXbjZxdyKU0D/hxYMiXv073vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrB5wk3I/oUIlQMIpW6vRwxJH2vX654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fze6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMnueDITmDOXEEsq0sLcSNqKaMrQRlWwI3vLLq6R1UfUuq7X7WqV+k8dRhBM4hXPw4ArqcAcNaAIDCc/wCm/Oo/PivDsfi9aCk88cwx84nz/PIY/R</latexit>

✓1
<latexit sha1_base64="lNPtV+Med6omwrOhpMtCdDeRgag=">AAAB73icbVBNS8NAEN34WetX1aOXxSJ4Kkkp6kkKXjxWsB/QhrLZTtqlm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dtbWNza3tgs7xd29/YPD0tFxy8Sp5tDksYx1J2AGpFDQRIESOokGFgUS2sH4dua3n0AbEasHnCTgR2yoRCg4Qyt1ejgCZP1qv1R2K+4cdJV4OSmTHI1+6as3iHkagUIumTFdz03Qz5hGwSVMi73UQML4mA2ha6liERg/m987pedWGdAw1rYU0rn6eyJjkTGTKLCdEcORWfZm4n9eN8Xw2s+ESlIExReLwlRSjOnseToQGjjKiSWMa2FvpXzENONoIyraELzll1dJq1rxLiu1+1q5fpPHUSCn5IxcEI9ckTq5Iw3SJJxI8kxeyZvz6Lw4787HonXNyWdOyB84nz/QpY/S</latexit>

✓2

str.str.

<latexit sha1_base64="SF02Z1aNdhss89SumEZdEIeBn6s=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexKUU9S8CL0UsF+wHYp2TTbhmaTJZkVy9Kf4cWDIl79Nd78N6btHrT1wcDjvRlm5oWJ4AZc99sprK1vbG4Vt0s7u3v7B+XDo7ZRqaasRZVQuhsSwwSXrAUcBOsmmpE4FKwTjm9nfueRacOVfIBJwoKYDCWPOCVgJb8H7AmyRmPa9/rlilt158CrxMtJBeVo9stfvYGiacwkUEGM8T03gSAjGjgVbFrqpYYlhI7JkPmWShIzE2Tzk6f4zCoDHCltSwKeq78nMhIbM4lD2xkTGJllbyb+5/kpRNdBxmWSApN0sShKBQaFZ//jAdeMgphYQqjm9lZMR0QTCjalkg3BW355lbQvqt5ltXZfq9Rv8jiK6ASdonPkoStUR3eoiVqIIoWe0St6c8B5cd6dj0VrwclnjtEfOJ8/KeqRLA==</latexit>

KK1
<latexit sha1_base64="HhqcIFLfxUKTfvn6b0Xy/gYMT7M=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqeyWop6k4EXopYKthe1Ssmm2Dc0mSzIrlqU/w4sHRbz6a7z5b0zbPWjrg4HHezPMzAsTwQ247rdTWFvf2Nwqbpd2dvf2D8qHRx2jUk1ZmyqhdDckhgkuWRs4CNZNNCNxKNhDOL6Z+Q+PTBuu5D1MEhbEZCh5xCkBK/k9YE+QNZvTfq1frrhVdw68SrycVFCOVr/81RsomsZMAhXEGN9zEwgyooFTwaalXmpYQuiYDJlvqSQxM0E2P3mKz6wywJHStiTgufp7IiOxMZM4tJ0xgZFZ9mbif56fQnQVZFwmKTBJF4uiVGBQePY/HnDNKIiJJYRqbm/FdEQ0oWBTKtkQvOWXV0mnVvUuqvW7eqVxncdRRCfoFJ0jD12iBrpFLdRGFCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AStukS0=</latexit>

KK2

<latexit sha1_base64="SF02Z1aNdhss89SumEZdEIeBn6s=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexKUU9S8CL0UsF+wHYp2TTbhmaTJZkVy9Kf4cWDIl79Nd78N6btHrT1wcDjvRlm5oWJ4AZc99sprK1vbG4Vt0s7u3v7B+XDo7ZRqaasRZVQuhsSwwSXrAUcBOsmmpE4FKwTjm9nfueRacOVfIBJwoKYDCWPOCVgJb8H7AmyRmPa9/rlilt158CrxMtJBeVo9stfvYGiacwkUEGM8T03gSAjGjgVbFrqpYYlhI7JkPmWShIzE2Tzk6f4zCoDHCltSwKeq78nMhIbM4lD2xkTGJllbyb+5/kpRNdBxmWSApN0sShKBQaFZ//jAdeMgphYQqjm9lZMR0QTCjalkg3BW355lbQvqt5ltXZfq9Rv8jiK6ASdonPkoStUR3eoiVqIIoWe0St6c8B5cd6dj0VrwclnjtEfOJ8/KeqRLA==</latexit>

KK1

<latexit sha1_base64="SF02Z1aNdhss89SumEZdEIeBn6s=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexKUU9S8CL0UsF+wHYp2TTbhmaTJZkVy9Kf4cWDIl79Nd78N6btHrT1wcDjvRlm5oWJ4AZc99sprK1vbG4Vt0s7u3v7B+XDo7ZRqaasRZVQuhsSwwSXrAUcBOsmmpE4FKwTjm9nfueRacOVfIBJwoKYDCWPOCVgJb8H7AmyRmPa9/rlilt158CrxMtJBeVo9stfvYGiacwkUEGM8T03gSAjGjgVbFrqpYYlhI7JkPmWShIzE2Tzk6f4zCoDHCltSwKeq78nMhIbM4lD2xkTGJllbyb+5/kpRNdBxmWSApN0sShKBQaFZ//jAdeMgphYQqjm9lZMR0QTCjalkg3BW355lbQvqt5ltXZfq9Rv8jiK6ASdonPkoStUR3eoiVqIIoWe0St6c8B5cd6dj0VrwclnjtEfOJ8/KeqRLA==</latexit>

KK1



str.str.

<latexit sha1_base64="SF02Z1aNdhss89SumEZdEIeBn6s=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexKUU9S8CL0UsF+wHYp2TTbhmaTJZkVy9Kf4cWDIl79Nd78N6btHrT1wcDjvRlm5oWJ4AZc99sprK1vbG4Vt0s7u3v7B+XDo7ZRqaasRZVQuhsSwwSXrAUcBOsmmpE4FKwTjm9nfueRacOVfIBJwoKYDCWPOCVgJb8H7AmyRmPa9/rlilt158CrxMtJBeVo9stfvYGiacwkUEGM8T03gSAjGjgVbFrqpYYlhI7JkPmWShIzE2Tzk6f4zCoDHCltSwKeq78nMhIbM4lD2xkTGJllbyb+5/kpRNdBxmWSApN0sShKBQaFZ//jAdeMgphYQqjm9lZMR0QTCjalkg3BW355lbQvqt5ltXZfq9Rv8jiK6ASdonPkoStUR3eoiVqIIoWe0St6c8B5cd6dj0VrwclnjtEfOJ8/KeqRLA==</latexit>

KK1
<latexit sha1_base64="HhqcIFLfxUKTfvn6b0Xy/gYMT7M=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqeyWop6k4EXopYKthe1Ssmm2Dc0mSzIrlqU/w4sHRbz6a7z5b0zbPWjrg4HHezPMzAsTwQ247rdTWFvf2Nwqbpd2dvf2D8qHRx2jUk1ZmyqhdDckhgkuWRs4CNZNNCNxKNhDOL6Z+Q+PTBuu5D1MEhbEZCh5xCkBK/k9YE+QNZvTfq1frrhVdw68SrycVFCOVr/81RsomsZMAhXEGN9zEwgyooFTwaalXmpYQuiYDJlvqSQxM0E2P3mKz6wywJHStiTgufp7IiOxMZM4tJ0xgZFZ9mbif56fQnQVZFwmKTBJF4uiVGBQePY/HnDNKIiJJYRqbm/FdEQ0oWBTKtkQvOWXV0mnVvUuqvW7eqVxncdRRCfoFJ0jD12iBrpFLdRGFCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AStukS0=</latexit>

KK2

<latexit sha1_base64="SF02Z1aNdhss89SumEZdEIeBn6s=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexKUU9S8CL0UsF+wHYp2TTbhmaTJZkVy9Kf4cWDIl79Nd78N6btHrT1wcDjvRlm5oWJ4AZc99sprK1vbG4Vt0s7u3v7B+XDo7ZRqaasRZVQuhsSwwSXrAUcBOsmmpE4FKwTjm9nfueRacOVfIBJwoKYDCWPOCVgJb8H7AmyRmPa9/rlilt158CrxMtJBeVo9stfvYGiacwkUEGM8T03gSAjGjgVbFrqpYYlhI7JkPmWShIzE2Tzk6f4zCoDHCltSwKeq78nMhIbM4lD2xkTGJllbyb+5/kpRNdBxmWSApN0sShKBQaFZ//jAdeMgphYQqjm9lZMR0QTCjalkg3BW355lbQvqt5ltXZfq9Rv8jiK6ASdonPkoStUR3eoiVqIIoWe0St6c8B5cd6dj0VrwclnjtEfOJ8/KeqRLA==</latexit>

KK1

<latexit sha1_base64="SF02Z1aNdhss89SumEZdEIeBn6s=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexKUU9S8CL0UsF+wHYp2TTbhmaTJZkVy9Kf4cWDIl79Nd78N6btHrT1wcDjvRlm5oWJ4AZc99sprK1vbG4Vt0s7u3v7B+XDo7ZRqaasRZVQuhsSwwSXrAUcBOsmmpE4FKwTjm9nfueRacOVfIBJwoKYDCWPOCVgJb8H7AmyRmPa9/rlilt158CrxMtJBeVo9stfvYGiacwkUEGM8T03gSAjGjgVbFrqpYYlhI7JkPmWShIzE2Tzk6f4zCoDHCltSwKeq78nMhIbM4lD2xkTGJllbyb+5/kpRNdBxmWSApN0sShKBQaFZ//jAdeMgphYQqjm9lZMR0QTCjalkg3BW355lbQvqt5ltXZfq9Rv8jiK6ASdonPkoStUR3eoiVqIIoWe0St6c8B5cd6dj0VrwclnjtEfOJ8/KeqRLA==</latexit>

KK1

<latexit sha1_base64="lNPtV+Med6omwrOhpMtCdDeRgag=">AAAB73icbVBNS8NAEN34WetX1aOXxSJ4Kkkp6kkKXjxWsB/QhrLZTtqlm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dtbWNza3tgs7xd29/YPD0tFxy8Sp5tDksYx1J2AGpFDQRIESOokGFgUS2sH4dua3n0AbEasHnCTgR2yoRCg4Qyt1ejgCZP1qv1R2K+4cdJV4OSmTHI1+6as3iHkagUIumTFdz03Qz5hGwSVMi73UQML4mA2ha6liERg/m987pedWGdAw1rYU0rn6eyJjkTGTKLCdEcORWfZm4n9eN8Xw2s+ESlIExReLwlRSjOnseToQGjjKiSWMa2FvpXzENONoIyraELzll1dJq1rxLiu1+1q5fpPHUSCn5IxcEI9ckTq5Iw3SJJxI8kxeyZvz6Lw4787HonXNyWdOyB84nz/QpY/S</latexit>

✓2

<latexit sha1_base64="S7Co3jP8nHQbR55sfHcodwIWeh0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pmu2mXbjZxdyKU0D/hxYMiXv073vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrB5wk3I/oUIlQMIpW6vRwxJH2vX654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fze6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMnueDITmDOXEEsq0sLcSNqKaMrQRlWwI3vLLq6R1UfUuq7X7WqV+k8dRhBM4hXPw4ArqcAcNaAIDCc/wCm/Oo/PivDsfi9aCk88cwx84nz/PIY/R</latexit>

✓1
<latexit sha1_base64="S7Co3jP8nHQbR55sfHcodwIWeh0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pmu2mXbjZxdyKU0D/hxYMiXv073vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrB5wk3I/oUIlQMIpW6vRwxJH2vX654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fze6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMnueDITmDOXEEsq0sLcSNqKaMrQRlWwI3vLLq6R1UfUuq7X7WqV+k8dRhBM4hXPw4ArqcAcNaAIDCc/wCm/Oo/PivDsfi9aCk88cwx84nz/PIY/R</latexit>

✓1

<latexit sha1_base64="S7Co3jP8nHQbR55sfHcodwIWeh0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pmu2mXbjZxdyKU0D/hxYMiXv073vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrB5wk3I/oUIlQMIpW6vRwxJH2vX654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fze6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMnueDITmDOXEEsq0sLcSNqKaMrQRlWwI3vLLq6R1UfUuq7X7WqV+k8dRhBM4hXPw4ArqcAcNaAIDCc/wCm/Oo/PivDsfi9aCk88cwx84nz/PIY/R</latexit>

✓1
<latexit sha1_base64="S7Co3jP8nHQbR55sfHcodwIWeh0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pmu2mXbjZxdyKU0D/hxYMiXv073vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrB5wk3I/oUIlQMIpW6vRwxJH2vX654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fze6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMnueDITmDOXEEsq0sLcSNqKaMrQRlWwI3vLLq6R1UfUuq7X7WqV+k8dRhBM4hXPw4ArqcAcNaAIDCc/wCm/Oo/PivDsfi9aCk88cwx84nz/PIY/R</latexit>

✓1
<latexit sha1_base64="lNPtV+Med6omwrOhpMtCdDeRgag=">AAAB73icbVBNS8NAEN34WetX1aOXxSJ4Kkkp6kkKXjxWsB/QhrLZTtqlm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dtbWNza3tgs7xd29/YPD0tFxy8Sp5tDksYx1J2AGpFDQRIESOokGFgUS2sH4dua3n0AbEasHnCTgR2yoRCg4Qyt1ejgCZP1qv1R2K+4cdJV4OSmTHI1+6as3iHkagUIumTFdz03Qz5hGwSVMi73UQML4mA2ha6liERg/m987pedWGdAw1rYU0rn6eyJjkTGTKLCdEcORWfZm4n9eN8Xw2s+ESlIExReLwlRSjOnseToQGjjKiSWMa2FvpXzENONoIyraELzll1dJq1rxLiu1+1q5fpPHUSCn5IxcEI9ckTq5Iw3SJJxI8kxeyZvz6Lw4787HonXNyWdOyB84nz/QpY/S</latexit>

✓2

str.str.

<latexit sha1_base64="SF02Z1aNdhss89SumEZdEIeBn6s=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexKUU9S8CL0UsF+wHYp2TTbhmaTJZkVy9Kf4cWDIl79Nd78N6btHrT1wcDjvRlm5oWJ4AZc99sprK1vbG4Vt0s7u3v7B+XDo7ZRqaasRZVQuhsSwwSXrAUcBOsmmpE4FKwTjm9nfueRacOVfIBJwoKYDCWPOCVgJb8H7AmyRmPa9/rlilt158CrxMtJBeVo9stfvYGiacwkUEGM8T03gSAjGjgVbFrqpYYlhI7JkPmWShIzE2Tzk6f4zCoDHCltSwKeq78nMhIbM4lD2xkTGJllbyb+5/kpRNdBxmWSApN0sShKBQaFZ//jAdeMgphYQqjm9lZMR0QTCjalkg3BW355lbQvqt5ltXZfq9Rv8jiK6ASdonPkoStUR3eoiVqIIoWe0St6c8B5cd6dj0VrwclnjtEfOJ8/KeqRLA==</latexit>

KK1
<latexit sha1_base64="HhqcIFLfxUKTfvn6b0Xy/gYMT7M=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqeyWop6k4EXopYKthe1Ssmm2Dc0mSzIrlqU/w4sHRbz6a7z5b0zbPWjrg4HHezPMzAsTwQ247rdTWFvf2Nwqbpd2dvf2D8qHRx2jUk1ZmyqhdDckhgkuWRs4CNZNNCNxKNhDOL6Z+Q+PTBuu5D1MEhbEZCh5xCkBK/k9YE+QNZvTfq1frrhVdw68SrycVFCOVr/81RsomsZMAhXEGN9zEwgyooFTwaalXmpYQuiYDJlvqSQxM0E2P3mKz6wywJHStiTgufp7IiOxMZM4tJ0xgZFZ9mbif56fQnQVZFwmKTBJF4uiVGBQePY/HnDNKIiJJYRqbm/FdEQ0oWBTKtkQvOWXV0mnVvUuqvW7eqVxncdRRCfoFJ0jD12iBrpFLdRGFCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AStukS0=</latexit>

KK2

<latexit sha1_base64="SF02Z1aNdhss89SumEZdEIeBn6s=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexKUU9S8CL0UsF+wHYp2TTbhmaTJZkVy9Kf4cWDIl79Nd78N6btHrT1wcDjvRlm5oWJ4AZc99sprK1vbG4Vt0s7u3v7B+XDo7ZRqaasRZVQuhsSwwSXrAUcBOsmmpE4FKwTjm9nfueRacOVfIBJwoKYDCWPOCVgJb8H7AmyRmPa9/rlilt158CrxMtJBeVo9stfvYGiacwkUEGM8T03gSAjGjgVbFrqpYYlhI7JkPmWShIzE2Tzk6f4zCoDHCltSwKeq78nMhIbM4lD2xkTGJllbyb+5/kpRNdBxmWSApN0sShKBQaFZ//jAdeMgphYQqjm9lZMR0QTCjalkg3BW355lbQvqt5ltXZfq9Rv8jiK6ASdonPkoStUR3eoiVqIIoWe0St6c8B5cd6dj0VrwclnjtEfOJ8/KeqRLA==</latexit>

KK1

<latexit sha1_base64="SF02Z1aNdhss89SumEZdEIeBn6s=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexKUU9S8CL0UsF+wHYp2TTbhmaTJZkVy9Kf4cWDIl79Nd78N6btHrT1wcDjvRlm5oWJ4AZc99sprK1vbG4Vt0s7u3v7B+XDo7ZRqaasRZVQuhsSwwSXrAUcBOsmmpE4FKwTjm9nfueRacOVfIBJwoKYDCWPOCVgJb8H7AmyRmPa9/rlilt158CrxMtJBeVo9stfvYGiacwkUEGM8T03gSAjGjgVbFrqpYYlhI7JkPmWShIzE2Tzk6f4zCoDHCltSwKeq78nMhIbM4lD2xkTGJllbyb+5/kpRNdBxmWSApN0sShKBQaFZ//jAdeMgphYQqjm9lZMR0QTCjalkg3BW355lbQvqt5ltXZfq9Rv8jiK6ASdonPkoStUR3eoiVqIIoWe0St6c8B5cd6dj0VrwclnjtEfOJ8/KeqRLA==</latexit>

KK1

10d string theory10d string theory

11d theory

10d string 
theory

10d string 
theoryUnique solution!

<latexit sha1_base64="Z2ngMtUCHzvun992zvxvoeo4Ujw=">AAACEnicbVBNS8NAEN3Ur1q/oh69BIugICWRor0oBS8eK9gPaErZbDft0s0m7k6EEvIbvPhXvHhQxKsnb/4bt2kO2vpg4PHeDDPzvIgzBbb9bRSWlldW14rrpY3Nre0dc3evpcJYEtokIQ9lx8OKciZoExhw2okkxYHHadsbX0/99gOVioXiDiYR7QV4KJjPCAYt9c0Tl4TKhREFfOkmri8xSZw0cdW9hKSWpqeZ5NTctG+W7YqdwVokTk7KKEejb365g5DEARVAOFaq69gR9BIsgRFO05IbKxphMsZD2tVU4ICqXpK9lFpHWhlYfih1CbAy9fdEggOlJoGnOwMMIzXvTcX/vG4Mfq2XMBHFQAWZLfJjbkFoTfOxBkxSAnyiCSaS6VstMsI6A9AplnQIzvzLi6R1VnHOK9Xbarl+lcdRRAfoEB0jB12gOrpBDdREBD2iZ/SK3own48V4Nz5mrQUjn9lHf2B8/gD4iZ5G</latexit>

cos ✓ = { 1p
8
,
1

8
}

<latexit sha1_base64="P7S/qeqHPhVZ1JiCGwKgvVNQFYQ=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lE1JMUvHisYD+gCWWznbRLN5uwOxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwlQKg6777ZTW1jc2t8rblZ3dvf2D6uFR2ySZ5tDiiUx0N2QGpFDQQoESuqkGFocSOuH4buZ3nkAbkahHnKQQxGyoRCQ4Qyv5Pk+MjyNA1vf61Zpbd+egq8QrSI0UaParX/4g4VkMCrlkxvQ8N8UgZxoFlzCt+JmBlPExG0LPUsViMEE+v3lKz6wyoFGibSmkc/X3RM5iYyZxaDtjhiOz7M3E/7xehtFNkAuVZgiKLxZFmaSY0FkAdCA0cJQTSxjXwt5K+YhpxtHGVLEheMsvr5L2Rd27ql8+XNYat0UcZXJCTsk58cg1aZB70iQtwklKnskreXMy58V5dz4WrSWnmDkmf+B8/gDqd5Ga</latexit>

cos ✓1
<latexit sha1_base64="ADQXabKwf4WMjA1RFOLxZMiqhd4=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyGoJ4k4MVjBPOA7BJmJ73JkNnZZaZXCEt+w4sHRbz6M978GyePgyYWNBRV3XR3hakUBl332ylsbG5t7xR3S3v7B4dH5eOTtkkyzaHFE5nobsgMSKGghQIldFMNLA4ldMLx3czvPIE2IlGPOEkhiNlQiUhwhlbyfZ4YH0eArF/rlytu1Z2DrhNvSSpkiWa//OUPEp7FoJBLZkzPc1MMcqZRcAnTkp8ZSBkfsyH0LFUsBhPk85un9MIqAxol2pZCOld/T+QsNmYSh7YzZjgyq95M/M/rZRjdBLlQaYag+GJRlEmKCZ0FQAdCA0c5sYRxLeytlI+YZhxtTCUbgrf68jpp16reVbX+UK80bpdxFMkZOSeXxCPXpEHuSZO0CCcpeSav5M3JnBfn3flYtBac5cwp+QPn8wfr+5Gb</latexit>

cos ✓2

Taxonomy of infinite distance limits

str.str.

<latexit sha1_base64="SF02Z1aNdhss89SumEZdEIeBn6s=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexKUU9S8CL0UsF+wHYp2TTbhmaTJZkVy9Kf4cWDIl79Nd78N6btHrT1wcDjvRlm5oWJ4AZc99sprK1vbG4Vt0s7u3v7B+XDo7ZRqaasRZVQuhsSwwSXrAUcBOsmmpE4FKwTjm9nfueRacOVfIBJwoKYDCWPOCVgJb8H7AmyRmPa9/rlilt158CrxMtJBeVo9stfvYGiacwkUEGM8T03gSAjGjgVbFrqpYYlhI7JkPmWShIzE2Tzk6f4zCoDHCltSwKeq78nMhIbM4lD2xkTGJllbyb+5/kpRNdBxmWSApN0sShKBQaFZ//jAdeMgphYQqjm9lZMR0QTCjalkg3BW355lbQvqt5ltXZfq9Rv8jiK6ASdonPkoStUR3eoiVqIIoWe0St6c8B5cd6dj0VrwclnjtEfOJ8/KeqRLA==</latexit>

KK1
<latexit sha1_base64="HhqcIFLfxUKTfvn6b0Xy/gYMT7M=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqeyWop6k4EXopYKthe1Ssmm2Dc0mSzIrlqU/w4sHRbz6a7z5b0zbPWjrg4HHezPMzAsTwQ247rdTWFvf2Nwqbpd2dvf2D8qHRx2jUk1ZmyqhdDckhgkuWRs4CNZNNCNxKNhDOL6Z+Q+PTBuu5D1MEhbEZCh5xCkBK/k9YE+QNZvTfq1frrhVdw68SrycVFCOVr/81RsomsZMAhXEGN9zEwgyooFTwaalXmpYQuiYDJlvqSQxM0E2P3mKz6wywJHStiTgufp7IiOxMZM4tJ0xgZFZ9mbif56fQnQVZFwmKTBJF4uiVGBQePY/HnDNKIiJJYRqbm/FdEQ0oWBTKtkQvOWXV0mnVvUuqvW7eqVxncdRRCfoFJ0jD12iBrpFLdRGFCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AStukS0=</latexit>

KK2

<latexit sha1_base64="SF02Z1aNdhss89SumEZdEIeBn6s=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexKUU9S8CL0UsF+wHYp2TTbhmaTJZkVy9Kf4cWDIl79Nd78N6btHrT1wcDjvRlm5oWJ4AZc99sprK1vbG4Vt0s7u3v7B+XDo7ZRqaasRZVQuhsSwwSXrAUcBOsmmpE4FKwTjm9nfueRacOVfIBJwoKYDCWPOCVgJb8H7AmyRmPa9/rlilt158CrxMtJBeVo9stfvYGiacwkUEGM8T03gSAjGjgVbFrqpYYlhI7JkPmWShIzE2Tzk6f4zCoDHCltSwKeq78nMhIbM4lD2xkTGJllbyb+5/kpRNdBxmWSApN0sShKBQaFZ//jAdeMgphYQqjm9lZMR0QTCjalkg3BW355lbQvqt5ltXZfq9Rv8jiK6ASdonPkoStUR3eoiVqIIoWe0St6c8B5cd6dj0VrwclnjtEfOJ8/KeqRLA==</latexit>

KK1

<latexit sha1_base64="SF02Z1aNdhss89SumEZdEIeBn6s=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexKUU9S8CL0UsF+wHYp2TTbhmaTJZkVy9Kf4cWDIl79Nd78N6btHrT1wcDjvRlm5oWJ4AZc99sprK1vbG4Vt0s7u3v7B+XDo7ZRqaasRZVQuhsSwwSXrAUcBOsmmpE4FKwTjm9nfueRacOVfIBJwoKYDCWPOCVgJb8H7AmyRmPa9/rlilt158CrxMtJBeVo9stfvYGiacwkUEGM8T03gSAjGjgVbFrqpYYlhI7JkPmWShIzE2Tzk6f4zCoDHCltSwKeq78nMhIbM4lD2xkTGJllbyb+5/kpRNdBxmWSApN0sShKBQaFZ//jAdeMgphYQqjm9lZMR0QTCjalkg3BW355lbQvqt5ltXZfq9Rv8jiK6ASdonPkoStUR3eoiVqIIoWe0St6c8B5cd6dj0VrwclnjtEfOJ8/KeqRLA==</latexit>

KK1

Example: Consider a moduli space with a flat metric

Different asymptotic regimes are characterized by different leading 
towers of states, but the sum of all of the angles must be:

<latexit sha1_base64="wFSNDni0Z1EJV+wrQHzPGAZF0jk=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KUol6UghePFWwtNCFstpt26W4SdidiCf0rXjwo4tU/4s1/47bNQVsfDDzem2FmXpgKrsFxvq3S2vrG5lZ5u7Kzu7d/YB9WuzrJFGUdmohE9UKimeAx6wAHwXqpYkSGgj2E45uZ//DIlOZJfA+TlPmSDGMecUrASIFd9XQmsQcjBiTgVw0v5YFdc+rOHHiVuAWpoQLtwP7yBgnNJIuBCqJ133VS8HOigFPBphUv0ywldEyGrG9oTCTTfj6/fYpPjTLAUaJMxYDn6u+JnEitJzI0nZLASC97M/E/r59BdOnnPE4zYDFdLIoygSHBsyDwgCtGQUwMIVRxcyumI6IIBRNXxYTgLr+8SrqNunteb941a63rIo4yOkYn6Ay56AK10C1qow6i6Ak9o1f0Zk2tF+vd+li0lqxi5gj9gfX5A3o+lBM=</latexit>X
✓i = 2⇡

For a 2-dim moduli space in 9d:



str.str.

<latexit sha1_base64="SF02Z1aNdhss89SumEZdEIeBn6s=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexKUU9S8CL0UsF+wHYp2TTbhmaTJZkVy9Kf4cWDIl79Nd78N6btHrT1wcDjvRlm5oWJ4AZc99sprK1vbG4Vt0s7u3v7B+XDo7ZRqaasRZVQuhsSwwSXrAUcBOsmmpE4FKwTjm9nfueRacOVfIBJwoKYDCWPOCVgJb8H7AmyRmPa9/rlilt158CrxMtJBeVo9stfvYGiacwkUEGM8T03gSAjGjgVbFrqpYYlhI7JkPmWShIzE2Tzk6f4zCoDHCltSwKeq78nMhIbM4lD2xkTGJllbyb+5/kpRNdBxmWSApN0sShKBQaFZ//jAdeMgphYQqjm9lZMR0QTCjalkg3BW355lbQvqt5ltXZfq9Rv8jiK6ASdonPkoStUR3eoiVqIIoWe0St6c8B5cd6dj0VrwclnjtEfOJ8/KeqRLA==</latexit>

KK1
<latexit sha1_base64="HhqcIFLfxUKTfvn6b0Xy/gYMT7M=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqeyWop6k4EXopYKthe1Ssmm2Dc0mSzIrlqU/w4sHRbz6a7z5b0zbPWjrg4HHezPMzAsTwQ247rdTWFvf2Nwqbpd2dvf2D8qHRx2jUk1ZmyqhdDckhgkuWRs4CNZNNCNxKNhDOL6Z+Q+PTBuu5D1MEhbEZCh5xCkBK/k9YE+QNZvTfq1frrhVdw68SrycVFCOVr/81RsomsZMAhXEGN9zEwgyooFTwaalXmpYQuiYDJlvqSQxM0E2P3mKz6wywJHStiTgufp7IiOxMZM4tJ0xgZFZ9mbif56fQnQVZFwmKTBJF4uiVGBQePY/HnDNKIiJJYRqbm/FdEQ0oWBTKtkQvOWXV0mnVvUuqvW7eqVxncdRRCfoFJ0jD12iBrpFLdRGFCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AStukS0=</latexit>

KK2

<latexit sha1_base64="SF02Z1aNdhss89SumEZdEIeBn6s=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexKUU9S8CL0UsF+wHYp2TTbhmaTJZkVy9Kf4cWDIl79Nd78N6btHrT1wcDjvRlm5oWJ4AZc99sprK1vbG4Vt0s7u3v7B+XDo7ZRqaasRZVQuhsSwwSXrAUcBOsmmpE4FKwTjm9nfueRacOVfIBJwoKYDCWPOCVgJb8H7AmyRmPa9/rlilt158CrxMtJBeVo9stfvYGiacwkUEGM8T03gSAjGjgVbFrqpYYlhI7JkPmWShIzE2Tzk6f4zCoDHCltSwKeq78nMhIbM4lD2xkTGJllbyb+5/kpRNdBxmWSApN0sShKBQaFZ//jAdeMgphYQqjm9lZMR0QTCjalkg3BW355lbQvqt5ltXZfq9Rv8jiK6ASdonPkoStUR3eoiVqIIoWe0St6c8B5cd6dj0VrwclnjtEfOJ8/KeqRLA==</latexit>

KK1

<latexit sha1_base64="SF02Z1aNdhss89SumEZdEIeBn6s=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexKUU9S8CL0UsF+wHYp2TTbhmaTJZkVy9Kf4cWDIl79Nd78N6btHrT1wcDjvRlm5oWJ4AZc99sprK1vbG4Vt0s7u3v7B+XDo7ZRqaasRZVQuhsSwwSXrAUcBOsmmpE4FKwTjm9nfueRacOVfIBJwoKYDCWPOCVgJb8H7AmyRmPa9/rlilt158CrxMtJBeVo9stfvYGiacwkUEGM8T03gSAjGjgVbFrqpYYlhI7JkPmWShIzE2Tzk6f4zCoDHCltSwKeq78nMhIbM4lD2xkTGJllbyb+5/kpRNdBxmWSApN0sShKBQaFZ//jAdeMgphYQqjm9lZMR0QTCjalkg3BW355lbQvqt5ltXZfq9Rv8jiK6ASdonPkoStUR3eoiVqIIoWe0St6c8B5cd6dj0VrwclnjtEfOJ8/KeqRLA==</latexit>

KK1

<latexit sha1_base64="lNPtV+Med6omwrOhpMtCdDeRgag=">AAAB73icbVBNS8NAEN34WetX1aOXxSJ4Kkkp6kkKXjxWsB/QhrLZTtqlm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dtbWNza3tgs7xd29/YPD0tFxy8Sp5tDksYx1J2AGpFDQRIESOokGFgUS2sH4dua3n0AbEasHnCTgR2yoRCg4Qyt1ejgCZP1qv1R2K+4cdJV4OSmTHI1+6as3iHkagUIumTFdz03Qz5hGwSVMi73UQML4mA2ha6liERg/m987pedWGdAw1rYU0rn6eyJjkTGTKLCdEcORWfZm4n9eN8Xw2s+ESlIExReLwlRSjOnseToQGjjKiSWMa2FvpXzENONoIyraELzll1dJq1rxLiu1+1q5fpPHUSCn5IxcEI9ckTq5Iw3SJJxI8kxeyZvz6Lw4787HonXNyWdOyB84nz/QpY/S</latexit>

✓2

<latexit sha1_base64="S7Co3jP8nHQbR55sfHcodwIWeh0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pmu2mXbjZxdyKU0D/hxYMiXv073vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrB5wk3I/oUIlQMIpW6vRwxJH2vX654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fze6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMnueDITmDOXEEsq0sLcSNqKaMrQRlWwI3vLLq6R1UfUuq7X7WqV+k8dRhBM4hXPw4ArqcAcNaAIDCc/wCm/Oo/PivDsfi9aCk88cwx84nz/PIY/R</latexit>

✓1
<latexit sha1_base64="S7Co3jP8nHQbR55sfHcodwIWeh0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pmu2mXbjZxdyKU0D/hxYMiXv073vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrB5wk3I/oUIlQMIpW6vRwxJH2vX654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fze6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMnueDITmDOXEEsq0sLcSNqKaMrQRlWwI3vLLq6R1UfUuq7X7WqV+k8dRhBM4hXPw4ArqcAcNaAIDCc/wCm/Oo/PivDsfi9aCk88cwx84nz/PIY/R</latexit>

✓1

<latexit sha1_base64="S7Co3jP8nHQbR55sfHcodwIWeh0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pmu2mXbjZxdyKU0D/hxYMiXv073vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrB5wk3I/oUIlQMIpW6vRwxJH2vX654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fze6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMnueDITmDOXEEsq0sLcSNqKaMrQRlWwI3vLLq6R1UfUuq7X7WqV+k8dRhBM4hXPw4ArqcAcNaAIDCc/wCm/Oo/PivDsfi9aCk88cwx84nz/PIY/R</latexit>

✓1
<latexit sha1_base64="S7Co3jP8nHQbR55sfHcodwIWeh0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pmu2mXbjZxdyKU0D/hxYMiXv073vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrB5wk3I/oUIlQMIpW6vRwxJH2vX654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fze6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMnueDITmDOXEEsq0sLcSNqKaMrQRlWwI3vLLq6R1UfUuq7X7WqV+k8dRhBM4hXPw4ArqcAcNaAIDCc/wCm/Oo/PivDsfi9aCk88cwx84nz/PIY/R</latexit>

✓1
<latexit sha1_base64="lNPtV+Med6omwrOhpMtCdDeRgag=">AAAB73icbVBNS8NAEN34WetX1aOXxSJ4Kkkp6kkKXjxWsB/QhrLZTtqlm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dtbWNza3tgs7xd29/YPD0tFxy8Sp5tDksYx1J2AGpFDQRIESOokGFgUS2sH4dua3n0AbEasHnCTgR2yoRCg4Qyt1ejgCZP1qv1R2K+4cdJV4OSmTHI1+6as3iHkagUIumTFdz03Qz5hGwSVMi73UQML4mA2ha6liERg/m987pedWGdAw1rYU0rn6eyJjkTGTKLCdEcORWfZm4n9eN8Xw2s+ESlIExReLwlRSjOnseToQGjjKiSWMa2FvpXzENONoIyraELzll1dJq1rxLiu1+1q5fpPHUSCn5IxcEI9ckTq5Iw3SJJxI8kxeyZvz6Lw4787HonXNyWdOyB84nz/QpY/S</latexit>

✓2

str.str.

<latexit sha1_base64="SF02Z1aNdhss89SumEZdEIeBn6s=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexKUU9S8CL0UsF+wHYp2TTbhmaTJZkVy9Kf4cWDIl79Nd78N6btHrT1wcDjvRlm5oWJ4AZc99sprK1vbG4Vt0s7u3v7B+XDo7ZRqaasRZVQuhsSwwSXrAUcBOsmmpE4FKwTjm9nfueRacOVfIBJwoKYDCWPOCVgJb8H7AmyRmPa9/rlilt158CrxMtJBeVo9stfvYGiacwkUEGM8T03gSAjGjgVbFrqpYYlhI7JkPmWShIzE2Tzk6f4zCoDHCltSwKeq78nMhIbM4lD2xkTGJllbyb+5/kpRNdBxmWSApN0sShKBQaFZ//jAdeMgphYQqjm9lZMR0QTCjalkg3BW355lbQvqt5ltXZfq9Rv8jiK6ASdonPkoStUR3eoiVqIIoWe0St6c8B5cd6dj0VrwclnjtEfOJ8/KeqRLA==</latexit>

KK1
<latexit sha1_base64="HhqcIFLfxUKTfvn6b0Xy/gYMT7M=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqeyWop6k4EXopYKthe1Ssmm2Dc0mSzIrlqU/w4sHRbz6a7z5b0zbPWjrg4HHezPMzAsTwQ247rdTWFvf2Nwqbpd2dvf2D8qHRx2jUk1ZmyqhdDckhgkuWRs4CNZNNCNxKNhDOL6Z+Q+PTBuu5D1MEhbEZCh5xCkBK/k9YE+QNZvTfq1frrhVdw68SrycVFCOVr/81RsomsZMAhXEGN9zEwgyooFTwaalXmpYQuiYDJlvqSQxM0E2P3mKz6wywJHStiTgufp7IiOxMZM4tJ0xgZFZ9mbif56fQnQVZFwmKTBJF4uiVGBQePY/HnDNKIiJJYRqbm/FdEQ0oWBTKtkQvOWXV0mnVvUuqvW7eqVxncdRRCfoFJ0jD12iBrpFLdRGFCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AStukS0=</latexit>

KK2

<latexit sha1_base64="SF02Z1aNdhss89SumEZdEIeBn6s=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexKUU9S8CL0UsF+wHYp2TTbhmaTJZkVy9Kf4cWDIl79Nd78N6btHrT1wcDjvRlm5oWJ4AZc99sprK1vbG4Vt0s7u3v7B+XDo7ZRqaasRZVQuhsSwwSXrAUcBOsmmpE4FKwTjm9nfueRacOVfIBJwoKYDCWPOCVgJb8H7AmyRmPa9/rlilt158CrxMtJBeVo9stfvYGiacwkUEGM8T03gSAjGjgVbFrqpYYlhI7JkPmWShIzE2Tzk6f4zCoDHCltSwKeq78nMhIbM4lD2xkTGJllbyb+5/kpRNdBxmWSApN0sShKBQaFZ//jAdeMgphYQqjm9lZMR0QTCjalkg3BW355lbQvqt5ltXZfq9Rv8jiK6ASdonPkoStUR3eoiVqIIoWe0St6c8B5cd6dj0VrwclnjtEfOJ8/KeqRLA==</latexit>

KK1

<latexit sha1_base64="SF02Z1aNdhss89SumEZdEIeBn6s=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexKUU9S8CL0UsF+wHYp2TTbhmaTJZkVy9Kf4cWDIl79Nd78N6btHrT1wcDjvRlm5oWJ4AZc99sprK1vbG4Vt0s7u3v7B+XDo7ZRqaasRZVQuhsSwwSXrAUcBOsmmpE4FKwTjm9nfueRacOVfIBJwoKYDCWPOCVgJb8H7AmyRmPa9/rlilt158CrxMtJBeVo9stfvYGiacwkUEGM8T03gSAjGjgVbFrqpYYlhI7JkPmWShIzE2Tzk6f4zCoDHCltSwKeq78nMhIbM4lD2xkTGJllbyb+5/kpRNdBxmWSApN0sShKBQaFZ//jAdeMgphYQqjm9lZMR0QTCjalkg3BW355lbQvqt5ltXZfq9Rv8jiK6ASdonPkoStUR3eoiVqIIoWe0St6c8B5cd6dj0VrwclnjtEfOJ8/KeqRLA==</latexit>

KK1

10d string theory10d string theory

11d theory

10d string 
theory

10d string 
theoryUnique solution!

<latexit sha1_base64="Z2ngMtUCHzvun992zvxvoeo4Ujw=">AAACEnicbVBNS8NAEN3Ur1q/oh69BIugICWRor0oBS8eK9gPaErZbDft0s0m7k6EEvIbvPhXvHhQxKsnb/4bt2kO2vpg4PHeDDPzvIgzBbb9bRSWlldW14rrpY3Nre0dc3evpcJYEtokIQ9lx8OKciZoExhw2okkxYHHadsbX0/99gOVioXiDiYR7QV4KJjPCAYt9c0Tl4TKhREFfOkmri8xSZw0cdW9hKSWpqeZ5NTctG+W7YqdwVokTk7KKEejb365g5DEARVAOFaq69gR9BIsgRFO05IbKxphMsZD2tVU4ICqXpK9lFpHWhlYfih1CbAy9fdEggOlJoGnOwMMIzXvTcX/vG4Mfq2XMBHFQAWZLfJjbkFoTfOxBkxSAnyiCSaS6VstMsI6A9AplnQIzvzLi6R1VnHOK9Xbarl+lcdRRAfoEB0jB12gOrpBDdREBD2iZ/SK3own48V4Nz5mrQUjn9lHf2B8/gD4iZ5G</latexit>

cos ✓ = { 1p
8
,
1

8
}

<latexit sha1_base64="P7S/qeqHPhVZ1JiCGwKgvVNQFYQ=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lE1JMUvHisYD+gCWWznbRLN5uwOxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwlQKg6777ZTW1jc2t8rblZ3dvf2D6uFR2ySZ5tDiiUx0N2QGpFDQQoESuqkGFocSOuH4buZ3nkAbkahHnKQQxGyoRCQ4Qyv5Pk+MjyNA1vf61Zpbd+egq8QrSI0UaParX/4g4VkMCrlkxvQ8N8UgZxoFlzCt+JmBlPExG0LPUsViMEE+v3lKz6wyoFGibSmkc/X3RM5iYyZxaDtjhiOz7M3E/7xehtFNkAuVZgiKLxZFmaSY0FkAdCA0cJQTSxjXwt5K+YhpxtHGVLEheMsvr5L2Rd27ql8+XNYat0UcZXJCTsk58cg1aZB70iQtwklKnskreXMy58V5dz4WrSWnmDkmf+B8/gDqd5Ga</latexit>

cos ✓1
<latexit sha1_base64="ADQXabKwf4WMjA1RFOLxZMiqhd4=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyGoJ4k4MVjBPOA7BJmJ73JkNnZZaZXCEt+w4sHRbz6M978GyePgyYWNBRV3XR3hakUBl332ylsbG5t7xR3S3v7B4dH5eOTtkkyzaHFE5nobsgMSKGghQIldFMNLA4ldMLx3czvPIE2IlGPOEkhiNlQiUhwhlbyfZ4YH0eArF/rlytu1Z2DrhNvSSpkiWa//OUPEp7FoJBLZkzPc1MMcqZRcAnTkp8ZSBkfsyH0LFUsBhPk85un9MIqAxol2pZCOld/T+QsNmYSh7YzZjgyq95M/M/rZRjdBLlQaYag+GJRlEmKCZ0FQAdCA0c5sYRxLeytlI+YZhxtTCUbgrf68jpp16reVbX+UK80bpdxFMkZOSeXxCPXpEHuSZO0CCcpeSav5M3JnBfn3flYtBac5cwp+QPn8wfr+5Gb</latexit>

cos ✓2

Taxonomy of infinite distance limits

str.str.

<latexit sha1_base64="SF02Z1aNdhss89SumEZdEIeBn6s=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexKUU9S8CL0UsF+wHYp2TTbhmaTJZkVy9Kf4cWDIl79Nd78N6btHrT1wcDjvRlm5oWJ4AZc99sprK1vbG4Vt0s7u3v7B+XDo7ZRqaasRZVQuhsSwwSXrAUcBOsmmpE4FKwTjm9nfueRacOVfIBJwoKYDCWPOCVgJb8H7AmyRmPa9/rlilt158CrxMtJBeVo9stfvYGiacwkUEGM8T03gSAjGjgVbFrqpYYlhI7JkPmWShIzE2Tzk6f4zCoDHCltSwKeq78nMhIbM4lD2xkTGJllbyb+5/kpRNdBxmWSApN0sShKBQaFZ//jAdeMgphYQqjm9lZMR0QTCjalkg3BW355lbQvqt5ltXZfq9Rv8jiK6ASdonPkoStUR3eoiVqIIoWe0St6c8B5cd6dj0VrwclnjtEfOJ8/KeqRLA==</latexit>

KK1
<latexit sha1_base64="HhqcIFLfxUKTfvn6b0Xy/gYMT7M=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqeyWop6k4EXopYKthe1Ssmm2Dc0mSzIrlqU/w4sHRbz6a7z5b0zbPWjrg4HHezPMzAsTwQ247rdTWFvf2Nwqbpd2dvf2D8qHRx2jUk1ZmyqhdDckhgkuWRs4CNZNNCNxKNhDOL6Z+Q+PTBuu5D1MEhbEZCh5xCkBK/k9YE+QNZvTfq1frrhVdw68SrycVFCOVr/81RsomsZMAhXEGN9zEwgyooFTwaalXmpYQuiYDJlvqSQxM0E2P3mKz6wywJHStiTgufp7IiOxMZM4tJ0xgZFZ9mbif56fQnQVZFwmKTBJF4uiVGBQePY/HnDNKIiJJYRqbm/FdEQ0oWBTKtkQvOWXV0mnVvUuqvW7eqVxncdRRCfoFJ0jD12iBrpFLdRGFCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AStukS0=</latexit>

KK2

<latexit sha1_base64="SF02Z1aNdhss89SumEZdEIeBn6s=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexKUU9S8CL0UsF+wHYp2TTbhmaTJZkVy9Kf4cWDIl79Nd78N6btHrT1wcDjvRlm5oWJ4AZc99sprK1vbG4Vt0s7u3v7B+XDo7ZRqaasRZVQuhsSwwSXrAUcBOsmmpE4FKwTjm9nfueRacOVfIBJwoKYDCWPOCVgJb8H7AmyRmPa9/rlilt158CrxMtJBeVo9stfvYGiacwkUEGM8T03gSAjGjgVbFrqpYYlhI7JkPmWShIzE2Tzk6f4zCoDHCltSwKeq78nMhIbM4lD2xkTGJllbyb+5/kpRNdBxmWSApN0sShKBQaFZ//jAdeMgphYQqjm9lZMR0QTCjalkg3BW355lbQvqt5ltXZfq9Rv8jiK6ASdonPkoStUR3eoiVqIIoWe0St6c8B5cd6dj0VrwclnjtEfOJ8/KeqRLA==</latexit>

KK1

<latexit sha1_base64="SF02Z1aNdhss89SumEZdEIeBn6s=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexKUU9S8CL0UsF+wHYp2TTbhmaTJZkVy9Kf4cWDIl79Nd78N6btHrT1wcDjvRlm5oWJ4AZc99sprK1vbG4Vt0s7u3v7B+XDo7ZRqaasRZVQuhsSwwSXrAUcBOsmmpE4FKwTjm9nfueRacOVfIBJwoKYDCWPOCVgJb8H7AmyRmPa9/rlilt158CrxMtJBeVo9stfvYGiacwkUEGM8T03gSAjGjgVbFrqpYYlhI7JkPmWShIzE2Tzk6f4zCoDHCltSwKeq78nMhIbM4lD2xkTGJllbyb+5/kpRNdBxmWSApN0sShKBQaFZ//jAdeMgphYQqjm9lZMR0QTCjalkg3BW355lbQvqt5ltXZfq9Rv8jiK6ASdonPkoStUR3eoiVqIIoWe0St6c8B5cd6dj0VrwclnjtEfOJ8/KeqRLA==</latexit>

KK1

We recover the string theory result! 

str.str.

<latexit sha1_base64="SF02Z1aNdhss89SumEZdEIeBn6s=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexKUU9S8CL0UsF+wHYp2TTbhmaTJZkVy9Kf4cWDIl79Nd78N6btHrT1wcDjvRlm5oWJ4AZc99sprK1vbG4Vt0s7u3v7B+XDo7ZRqaasRZVQuhsSwwSXrAUcBOsmmpE4FKwTjm9nfueRacOVfIBJwoKYDCWPOCVgJb8H7AmyRmPa9/rlilt158CrxMtJBeVo9stfvYGiacwkUEGM8T03gSAjGjgVbFrqpYYlhI7JkPmWShIzE2Tzk6f4zCoDHCltSwKeq78nMhIbM4lD2xkTGJllbyb+5/kpRNdBxmWSApN0sShKBQaFZ//jAdeMgphYQqjm9lZMR0QTCjalkg3BW355lbQvqt5ltXZfq9Rv8jiK6ASdonPkoStUR3eoiVqIIoWe0St6c8B5cd6dj0VrwclnjtEfOJ8/KeqRLA==</latexit>

KK1
<latexit sha1_base64="HhqcIFLfxUKTfvn6b0Xy/gYMT7M=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqeyWop6k4EXopYKthe1Ssmm2Dc0mSzIrlqU/w4sHRbz6a7z5b0zbPWjrg4HHezPMzAsTwQ247rdTWFvf2Nwqbpd2dvf2D8qHRx2jUk1ZmyqhdDckhgkuWRs4CNZNNCNxKNhDOL6Z+Q+PTBuu5D1MEhbEZCh5xCkBK/k9YE+QNZvTfq1frrhVdw68SrycVFCOVr/81RsomsZMAhXEGN9zEwgyooFTwaalXmpYQuiYDJlvqSQxM0E2P3mKz6wywJHStiTgufp7IiOxMZM4tJ0xgZFZ9mbif56fQnQVZFwmKTBJF4uiVGBQePY/HnDNKIiJJYRqbm/FdEQ0oWBTKtkQvOWXV0mnVvUuqvW7eqVxncdRRCfoFJ0jD12iBrpFLdRGFCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AStukS0=</latexit>

KK2

<latexit sha1_base64="SF02Z1aNdhss89SumEZdEIeBn6s=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexKUU9S8CL0UsF+wHYp2TTbhmaTJZkVy9Kf4cWDIl79Nd78N6btHrT1wcDjvRlm5oWJ4AZc99sprK1vbG4Vt0s7u3v7B+XDo7ZRqaasRZVQuhsSwwSXrAUcBOsmmpE4FKwTjm9nfueRacOVfIBJwoKYDCWPOCVgJb8H7AmyRmPa9/rlilt158CrxMtJBeVo9stfvYGiacwkUEGM8T03gSAjGjgVbFrqpYYlhI7JkPmWShIzE2Tzk6f4zCoDHCltSwKeq78nMhIbM4lD2xkTGJllbyb+5/kpRNdBxmWSApN0sShKBQaFZ//jAdeMgphYQqjm9lZMR0QTCjalkg3BW355lbQvqt5ltXZfq9Rv8jiK6ASdonPkoStUR3eoiVqIIoWe0St6c8B5cd6dj0VrwclnjtEfOJ8/KeqRLA==</latexit>

KK1

<latexit sha1_base64="SF02Z1aNdhss89SumEZdEIeBn6s=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexKUU9S8CL0UsF+wHYp2TTbhmaTJZkVy9Kf4cWDIl79Nd78N6btHrT1wcDjvRlm5oWJ4AZc99sprK1vbG4Vt0s7u3v7B+XDo7ZRqaasRZVQuhsSwwSXrAUcBOsmmpE4FKwTjm9nfueRacOVfIBJwoKYDCWPOCVgJb8H7AmyRmPa9/rlilt158CrxMtJBeVo9stfvYGiacwkUEGM8T03gSAjGjgVbFrqpYYlhI7JkPmWShIzE2Tzk6f4zCoDHCltSwKeq78nMhIbM4lD2xkTGJllbyb+5/kpRNdBxmWSApN0sShKBQaFZ//jAdeMgphYQqjm9lZMR0QTCjalkg3BW355lbQvqt5ltXZfq9Rv8jiK6ASdonPkoStUR3eoiVqIIoWe0St6c8B5cd6dj0VrwclnjtEfOJ8/KeqRLA==</latexit>

KK1

Example: Consider a moduli space with a flat metric

Different asymptotic regimes are characterized by different leading 
towers of states, but the sum of all of the angles must be:

<latexit sha1_base64="wFSNDni0Z1EJV+wrQHzPGAZF0jk=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KUol6UghePFWwtNCFstpt26W4SdidiCf0rXjwo4tU/4s1/47bNQVsfDDzem2FmXpgKrsFxvq3S2vrG5lZ5u7Kzu7d/YB9WuzrJFGUdmohE9UKimeAx6wAHwXqpYkSGgj2E45uZ//DIlOZJfA+TlPmSDGMecUrASIFd9XQmsQcjBiTgVw0v5YFdc+rOHHiVuAWpoQLtwP7yBgnNJIuBCqJ133VS8HOigFPBphUv0ywldEyGrG9oTCTTfj6/fYpPjTLAUaJMxYDn6u+JnEitJzI0nZLASC97M/E/r59BdOnnPE4zYDFdLIoygSHBsyDwgCtGQUwMIVRxcyumI6IIBRNXxYTgLr+8SrqNunteb941a63rIo4yOkYn6Ay56AK10C1qow6i6Ak9o1f0Zk2tF+vd+li0lqxi5gj9gfX5A3o+lBM=</latexit>X
✓i = 2⇡

For a 2-dim moduli space in 9d:



str.str.

<latexit sha1_base64="SF02Z1aNdhss89SumEZdEIeBn6s=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexKUU9S8CL0UsF+wHYp2TTbhmaTJZkVy9Kf4cWDIl79Nd78N6btHrT1wcDjvRlm5oWJ4AZc99sprK1vbG4Vt0s7u3v7B+XDo7ZRqaasRZVQuhsSwwSXrAUcBOsmmpE4FKwTjm9nfueRacOVfIBJwoKYDCWPOCVgJb8H7AmyRmPa9/rlilt158CrxMtJBeVo9stfvYGiacwkUEGM8T03gSAjGjgVbFrqpYYlhI7JkPmWShIzE2Tzk6f4zCoDHCltSwKeq78nMhIbM4lD2xkTGJllbyb+5/kpRNdBxmWSApN0sShKBQaFZ//jAdeMgphYQqjm9lZMR0QTCjalkg3BW355lbQvqt5ltXZfq9Rv8jiK6ASdonPkoStUR3eoiVqIIoWe0St6c8B5cd6dj0VrwclnjtEfOJ8/KeqRLA==</latexit>

KK1
<latexit sha1_base64="HhqcIFLfxUKTfvn6b0Xy/gYMT7M=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqeyWop6k4EXopYKthe1Ssmm2Dc0mSzIrlqU/w4sHRbz6a7z5b0zbPWjrg4HHezPMzAsTwQ247rdTWFvf2Nwqbpd2dvf2D8qHRx2jUk1ZmyqhdDckhgkuWRs4CNZNNCNxKNhDOL6Z+Q+PTBuu5D1MEhbEZCh5xCkBK/k9YE+QNZvTfq1frrhVdw68SrycVFCOVr/81RsomsZMAhXEGN9zEwgyooFTwaalXmpYQuiYDJlvqSQxM0E2P3mKz6wywJHStiTgufp7IiOxMZM4tJ0xgZFZ9mbif56fQnQVZFwmKTBJF4uiVGBQePY/HnDNKIiJJYRqbm/FdEQ0oWBTKtkQvOWXV0mnVvUuqvW7eqVxncdRRCfoFJ0jD12iBrpFLdRGFCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AStukS0=</latexit>

KK2

<latexit sha1_base64="SF02Z1aNdhss89SumEZdEIeBn6s=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexKUU9S8CL0UsF+wHYp2TTbhmaTJZkVy9Kf4cWDIl79Nd78N6btHrT1wcDjvRlm5oWJ4AZc99sprK1vbG4Vt0s7u3v7B+XDo7ZRqaasRZVQuhsSwwSXrAUcBOsmmpE4FKwTjm9nfueRacOVfIBJwoKYDCWPOCVgJb8H7AmyRmPa9/rlilt158CrxMtJBeVo9stfvYGiacwkUEGM8T03gSAjGjgVbFrqpYYlhI7JkPmWShIzE2Tzk6f4zCoDHCltSwKeq78nMhIbM4lD2xkTGJllbyb+5/kpRNdBxmWSApN0sShKBQaFZ//jAdeMgphYQqjm9lZMR0QTCjalkg3BW355lbQvqt5ltXZfq9Rv8jiK6ASdonPkoStUR3eoiVqIIoWe0St6c8B5cd6dj0VrwclnjtEfOJ8/KeqRLA==</latexit>

KK1

<latexit sha1_base64="SF02Z1aNdhss89SumEZdEIeBn6s=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexKUU9S8CL0UsF+wHYp2TTbhmaTJZkVy9Kf4cWDIl79Nd78N6btHrT1wcDjvRlm5oWJ4AZc99sprK1vbG4Vt0s7u3v7B+XDo7ZRqaasRZVQuhsSwwSXrAUcBOsmmpE4FKwTjm9nfueRacOVfIBJwoKYDCWPOCVgJb8H7AmyRmPa9/rlilt158CrxMtJBeVo9stfvYGiacwkUEGM8T03gSAjGjgVbFrqpYYlhI7JkPmWShIzE2Tzk6f4zCoDHCltSwKeq78nMhIbM4lD2xkTGJllbyb+5/kpRNdBxmWSApN0sShKBQaFZ//jAdeMgphYQqjm9lZMR0QTCjalkg3BW355lbQvqt5ltXZfq9Rv8jiK6ASdonPkoStUR3eoiVqIIoWe0St6c8B5cd6dj0VrwclnjtEfOJ8/KeqRLA==</latexit>

KK1

<latexit sha1_base64="lNPtV+Med6omwrOhpMtCdDeRgag=">AAAB73icbVBNS8NAEN34WetX1aOXxSJ4Kkkp6kkKXjxWsB/QhrLZTtqlm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dtbWNza3tgs7xd29/YPD0tFxy8Sp5tDksYx1J2AGpFDQRIESOokGFgUS2sH4dua3n0AbEasHnCTgR2yoRCg4Qyt1ejgCZP1qv1R2K+4cdJV4OSmTHI1+6as3iHkagUIumTFdz03Qz5hGwSVMi73UQML4mA2ha6liERg/m987pedWGdAw1rYU0rn6eyJjkTGTKLCdEcORWfZm4n9eN8Xw2s+ESlIExReLwlRSjOnseToQGjjKiSWMa2FvpXzENONoIyraELzll1dJq1rxLiu1+1q5fpPHUSCn5IxcEI9ckTq5Iw3SJJxI8kxeyZvz6Lw4787HonXNyWdOyB84nz/QpY/S</latexit>

✓2

<latexit sha1_base64="S7Co3jP8nHQbR55sfHcodwIWeh0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pmu2mXbjZxdyKU0D/hxYMiXv073vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrB5wk3I/oUIlQMIpW6vRwxJH2vX654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fze6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMnueDITmDOXEEsq0sLcSNqKaMrQRlWwI3vLLq6R1UfUuq7X7WqV+k8dRhBM4hXPw4ArqcAcNaAIDCc/wCm/Oo/PivDsfi9aCk88cwx84nz/PIY/R</latexit>

✓1
<latexit sha1_base64="S7Co3jP8nHQbR55sfHcodwIWeh0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pmu2mXbjZxdyKU0D/hxYMiXv073vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrB5wk3I/oUIlQMIpW6vRwxJH2vX654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fze6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMnueDITmDOXEEsq0sLcSNqKaMrQRlWwI3vLLq6R1UfUuq7X7WqV+k8dRhBM4hXPw4ArqcAcNaAIDCc/wCm/Oo/PivDsfi9aCk88cwx84nz/PIY/R</latexit>

✓1

<latexit sha1_base64="S7Co3jP8nHQbR55sfHcodwIWeh0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pmu2mXbjZxdyKU0D/hxYMiXv073vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrB5wk3I/oUIlQMIpW6vRwxJH2vX654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fze6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMnueDITmDOXEEsq0sLcSNqKaMrQRlWwI3vLLq6R1UfUuq7X7WqV+k8dRhBM4hXPw4ArqcAcNaAIDCc/wCm/Oo/PivDsfi9aCk88cwx84nz/PIY/R</latexit>

✓1
<latexit sha1_base64="S7Co3jP8nHQbR55sfHcodwIWeh0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pmu2mXbjZxdyKU0D/hxYMiXv073vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrB5wk3I/oUIlQMIpW6vRwxJH2vX654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fze6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMnueDITmDOXEEsq0sLcSNqKaMrQRlWwI3vLLq6R1UfUuq7X7WqV+k8dRhBM4hXPw4ArqcAcNaAIDCc/wCm/Oo/PivDsfi9aCk88cwx84nz/PIY/R</latexit>

✓1
<latexit sha1_base64="lNPtV+Med6omwrOhpMtCdDeRgag=">AAAB73icbVBNS8NAEN34WetX1aOXxSJ4Kkkp6kkKXjxWsB/QhrLZTtqlm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dtbWNza3tgs7xd29/YPD0tFxy8Sp5tDksYx1J2AGpFDQRIESOokGFgUS2sH4dua3n0AbEasHnCTgR2yoRCg4Qyt1ejgCZP1qv1R2K+4cdJV4OSmTHI1+6as3iHkagUIumTFdz03Qz5hGwSVMi73UQML4mA2ha6liERg/m987pedWGdAw1rYU0rn6eyJjkTGTKLCdEcORWfZm4n9eN8Xw2s+ESlIExReLwlRSjOnseToQGjjKiSWMa2FvpXzENONoIyraELzll1dJq1rxLiu1+1q5fpPHUSCn5IxcEI9ckTq5Iw3SJJxI8kxeyZvz6Lw4787HonXNyWdOyB84nz/QpY/S</latexit>

✓2

str.str.

<latexit sha1_base64="SF02Z1aNdhss89SumEZdEIeBn6s=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexKUU9S8CL0UsF+wHYp2TTbhmaTJZkVy9Kf4cWDIl79Nd78N6btHrT1wcDjvRlm5oWJ4AZc99sprK1vbG4Vt0s7u3v7B+XDo7ZRqaasRZVQuhsSwwSXrAUcBOsmmpE4FKwTjm9nfueRacOVfIBJwoKYDCWPOCVgJb8H7AmyRmPa9/rlilt158CrxMtJBeVo9stfvYGiacwkUEGM8T03gSAjGjgVbFrqpYYlhI7JkPmWShIzE2Tzk6f4zCoDHCltSwKeq78nMhIbM4lD2xkTGJllbyb+5/kpRNdBxmWSApN0sShKBQaFZ//jAdeMgphYQqjm9lZMR0QTCjalkg3BW355lbQvqt5ltXZfq9Rv8jiK6ASdonPkoStUR3eoiVqIIoWe0St6c8B5cd6dj0VrwclnjtEfOJ8/KeqRLA==</latexit>

KK1
<latexit sha1_base64="HhqcIFLfxUKTfvn6b0Xy/gYMT7M=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqeyWop6k4EXopYKthe1Ssmm2Dc0mSzIrlqU/w4sHRbz6a7z5b0zbPWjrg4HHezPMzAsTwQ247rdTWFvf2Nwqbpd2dvf2D8qHRx2jUk1ZmyqhdDckhgkuWRs4CNZNNCNxKNhDOL6Z+Q+PTBuu5D1MEhbEZCh5xCkBK/k9YE+QNZvTfq1frrhVdw68SrycVFCOVr/81RsomsZMAhXEGN9zEwgyooFTwaalXmpYQuiYDJlvqSQxM0E2P3mKz6wywJHStiTgufp7IiOxMZM4tJ0xgZFZ9mbif56fQnQVZFwmKTBJF4uiVGBQePY/HnDNKIiJJYRqbm/FdEQ0oWBTKtkQvOWXV0mnVvUuqvW7eqVxncdRRCfoFJ0jD12iBrpFLdRGFCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AStukS0=</latexit>

KK2

<latexit sha1_base64="SF02Z1aNdhss89SumEZdEIeBn6s=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexKUU9S8CL0UsF+wHYp2TTbhmaTJZkVy9Kf4cWDIl79Nd78N6btHrT1wcDjvRlm5oWJ4AZc99sprK1vbG4Vt0s7u3v7B+XDo7ZRqaasRZVQuhsSwwSXrAUcBOsmmpE4FKwTjm9nfueRacOVfIBJwoKYDCWPOCVgJb8H7AmyRmPa9/rlilt158CrxMtJBeVo9stfvYGiacwkUEGM8T03gSAjGjgVbFrqpYYlhI7JkPmWShIzE2Tzk6f4zCoDHCltSwKeq78nMhIbM4lD2xkTGJllbyb+5/kpRNdBxmWSApN0sShKBQaFZ//jAdeMgphYQqjm9lZMR0QTCjalkg3BW355lbQvqt5ltXZfq9Rv8jiK6ASdonPkoStUR3eoiVqIIoWe0St6c8B5cd6dj0VrwclnjtEfOJ8/KeqRLA==</latexit>

KK1

<latexit sha1_base64="SF02Z1aNdhss89SumEZdEIeBn6s=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexKUU9S8CL0UsF+wHYp2TTbhmaTJZkVy9Kf4cWDIl79Nd78N6btHrT1wcDjvRlm5oWJ4AZc99sprK1vbG4Vt0s7u3v7B+XDo7ZRqaasRZVQuhsSwwSXrAUcBOsmmpE4FKwTjm9nfueRacOVfIBJwoKYDCWPOCVgJb8H7AmyRmPa9/rlilt158CrxMtJBeVo9stfvYGiacwkUEGM8T03gSAjGjgVbFrqpYYlhI7JkPmWShIzE2Tzk6f4zCoDHCltSwKeq78nMhIbM4lD2xkTGJllbyb+5/kpRNdBxmWSApN0sShKBQaFZ//jAdeMgphYQqjm9lZMR0QTCjalkg3BW355lbQvqt5ltXZfq9Rv8jiK6ASdonPkoStUR3eoiVqIIoWe0St6c8B5cd6dj0VrwclnjtEfOJ8/KeqRLA==</latexit>

KK1

Type IIBS-dual Type IIB

11d M-theory

Type IIA
S-dual 

Type IIAUnique solution!

<latexit sha1_base64="Z2ngMtUCHzvun992zvxvoeo4Ujw=">AAACEnicbVBNS8NAEN3Ur1q/oh69BIugICWRor0oBS8eK9gPaErZbDft0s0m7k6EEvIbvPhXvHhQxKsnb/4bt2kO2vpg4PHeDDPzvIgzBbb9bRSWlldW14rrpY3Nre0dc3evpcJYEtokIQ9lx8OKciZoExhw2okkxYHHadsbX0/99gOVioXiDiYR7QV4KJjPCAYt9c0Tl4TKhREFfOkmri8xSZw0cdW9hKSWpqeZ5NTctG+W7YqdwVokTk7KKEejb365g5DEARVAOFaq69gR9BIsgRFO05IbKxphMsZD2tVU4ICqXpK9lFpHWhlYfih1CbAy9fdEggOlJoGnOwMMIzXvTcX/vG4Mfq2XMBHFQAWZLfJjbkFoTfOxBkxSAnyiCSaS6VstMsI6A9AplnQIzvzLi6R1VnHOK9Xbarl+lcdRRAfoEB0jB12gOrpBDdREBD2iZ/SK3own48V4Nz5mrQUjn9lHf2B8/gD4iZ5G</latexit>

cos ✓ = { 1p
8
,
1

8
}

<latexit sha1_base64="P7S/qeqHPhVZ1JiCGwKgvVNQFYQ=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lE1JMUvHisYD+gCWWznbRLN5uwOxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwlQKg6777ZTW1jc2t8rblZ3dvf2D6uFR2ySZ5tDiiUx0N2QGpFDQQoESuqkGFocSOuH4buZ3nkAbkahHnKQQxGyoRCQ4Qyv5Pk+MjyNA1vf61Zpbd+egq8QrSI0UaParX/4g4VkMCrlkxvQ8N8UgZxoFlzCt+JmBlPExG0LPUsViMEE+v3lKz6wyoFGibSmkc/X3RM5iYyZxaDtjhiOz7M3E/7xehtFNkAuVZgiKLxZFmaSY0FkAdCA0cJQTSxjXwt5K+YhpxtHGVLEheMsvr5L2Rd27ql8+XNYat0UcZXJCTsk58cg1aZB70iQtwklKnskreXMy58V5dz4WrSWnmDkmf+B8/gDqd5Ga</latexit>

cos ✓1
<latexit sha1_base64="ADQXabKwf4WMjA1RFOLxZMiqhd4=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyGoJ4k4MVjBPOA7BJmJ73JkNnZZaZXCEt+w4sHRbz6M978GyePgyYWNBRV3XR3hakUBl332ylsbG5t7xR3S3v7B4dH5eOTtkkyzaHFE5nobsgMSKGghQIldFMNLA4ldMLx3czvPIE2IlGPOEkhiNlQiUhwhlbyfZ4YH0eArF/rlytu1Z2DrhNvSSpkiWa//OUPEp7FoJBLZkzPc1MMcqZRcAnTkp8ZSBkfsyH0LFUsBhPk85un9MIqAxol2pZCOld/T+QsNmYSh7YzZjgyq95M/M/rZRjdBLlQaYag+GJRlEmKCZ0FQAdCA0c5sYRxLeytlI+YZhxtTCUbgrf68jpp16reVbX+UK80bpdxFMkZOSeXxCPXpEHuSZO0CCcpeSav5M3JnBfn3flYtBac5cwp+QPn8wfr+5Gb</latexit>

cos ✓2

Taxonomy of infinite distance limits

str.str.

<latexit sha1_base64="SF02Z1aNdhss89SumEZdEIeBn6s=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexKUU9S8CL0UsF+wHYp2TTbhmaTJZkVy9Kf4cWDIl79Nd78N6btHrT1wcDjvRlm5oWJ4AZc99sprK1vbG4Vt0s7u3v7B+XDo7ZRqaasRZVQuhsSwwSXrAUcBOsmmpE4FKwTjm9nfueRacOVfIBJwoKYDCWPOCVgJb8H7AmyRmPa9/rlilt158CrxMtJBeVo9stfvYGiacwkUEGM8T03gSAjGjgVbFrqpYYlhI7JkPmWShIzE2Tzk6f4zCoDHCltSwKeq78nMhIbM4lD2xkTGJllbyb+5/kpRNdBxmWSApN0sShKBQaFZ//jAdeMgphYQqjm9lZMR0QTCjalkg3BW355lbQvqt5ltXZfq9Rv8jiK6ASdonPkoStUR3eoiVqIIoWe0St6c8B5cd6dj0VrwclnjtEfOJ8/KeqRLA==</latexit>

KK1
<latexit sha1_base64="HhqcIFLfxUKTfvn6b0Xy/gYMT7M=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqeyWop6k4EXopYKthe1Ssmm2Dc0mSzIrlqU/w4sHRbz6a7z5b0zbPWjrg4HHezPMzAsTwQ247rdTWFvf2Nwqbpd2dvf2D8qHRx2jUk1ZmyqhdDckhgkuWRs4CNZNNCNxKNhDOL6Z+Q+PTBuu5D1MEhbEZCh5xCkBK/k9YE+QNZvTfq1frrhVdw68SrycVFCOVr/81RsomsZMAhXEGN9zEwgyooFTwaalXmpYQuiYDJlvqSQxM0E2P3mKz6wywJHStiTgufp7IiOxMZM4tJ0xgZFZ9mbif56fQnQVZFwmKTBJF4uiVGBQePY/HnDNKIiJJYRqbm/FdEQ0oWBTKtkQvOWXV0mnVvUuqvW7eqVxncdRRCfoFJ0jD12iBrpFLdRGFCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AStukS0=</latexit>

KK2

<latexit sha1_base64="SF02Z1aNdhss89SumEZdEIeBn6s=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexKUU9S8CL0UsF+wHYp2TTbhmaTJZkVy9Kf4cWDIl79Nd78N6btHrT1wcDjvRlm5oWJ4AZc99sprK1vbG4Vt0s7u3v7B+XDo7ZRqaasRZVQuhsSwwSXrAUcBOsmmpE4FKwTjm9nfueRacOVfIBJwoKYDCWPOCVgJb8H7AmyRmPa9/rlilt158CrxMtJBeVo9stfvYGiacwkUEGM8T03gSAjGjgVbFrqpYYlhI7JkPmWShIzE2Tzk6f4zCoDHCltSwKeq78nMhIbM4lD2xkTGJllbyb+5/kpRNdBxmWSApN0sShKBQaFZ//jAdeMgphYQqjm9lZMR0QTCjalkg3BW355lbQvqt5ltXZfq9Rv8jiK6ASdonPkoStUR3eoiVqIIoWe0St6c8B5cd6dj0VrwclnjtEfOJ8/KeqRLA==</latexit>

KK1

<latexit sha1_base64="SF02Z1aNdhss89SumEZdEIeBn6s=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexKUU9S8CL0UsF+wHYp2TTbhmaTJZkVy9Kf4cWDIl79Nd78N6btHrT1wcDjvRlm5oWJ4AZc99sprK1vbG4Vt0s7u3v7B+XDo7ZRqaasRZVQuhsSwwSXrAUcBOsmmpE4FKwTjm9nfueRacOVfIBJwoKYDCWPOCVgJb8H7AmyRmPa9/rlilt158CrxMtJBeVo9stfvYGiacwkUEGM8T03gSAjGjgVbFrqpYYlhI7JkPmWShIzE2Tzk6f4zCoDHCltSwKeq78nMhIbM4lD2xkTGJllbyb+5/kpRNdBxmWSApN0sShKBQaFZ//jAdeMgphYQqjm9lZMR0QTCjalkg3BW355lbQvqt5ltXZfq9Rv8jiK6ASdonPkoStUR3eoiVqIIoWe0St6c8B5cd6dj0VrwclnjtEfOJ8/KeqRLA==</latexit>

KK1

We recover the string theory result! 

str.str.

<latexit sha1_base64="SF02Z1aNdhss89SumEZdEIeBn6s=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexKUU9S8CL0UsF+wHYp2TTbhmaTJZkVy9Kf4cWDIl79Nd78N6btHrT1wcDjvRlm5oWJ4AZc99sprK1vbG4Vt0s7u3v7B+XDo7ZRqaasRZVQuhsSwwSXrAUcBOsmmpE4FKwTjm9nfueRacOVfIBJwoKYDCWPOCVgJb8H7AmyRmPa9/rlilt158CrxMtJBeVo9stfvYGiacwkUEGM8T03gSAjGjgVbFrqpYYlhI7JkPmWShIzE2Tzk6f4zCoDHCltSwKeq78nMhIbM4lD2xkTGJllbyb+5/kpRNdBxmWSApN0sShKBQaFZ//jAdeMgphYQqjm9lZMR0QTCjalkg3BW355lbQvqt5ltXZfq9Rv8jiK6ASdonPkoStUR3eoiVqIIoWe0St6c8B5cd6dj0VrwclnjtEfOJ8/KeqRLA==</latexit>

KK1
<latexit sha1_base64="HhqcIFLfxUKTfvn6b0Xy/gYMT7M=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqeyWop6k4EXopYKthe1Ssmm2Dc0mSzIrlqU/w4sHRbz6a7z5b0zbPWjrg4HHezPMzAsTwQ247rdTWFvf2Nwqbpd2dvf2D8qHRx2jUk1ZmyqhdDckhgkuWRs4CNZNNCNxKNhDOL6Z+Q+PTBuu5D1MEhbEZCh5xCkBK/k9YE+QNZvTfq1frrhVdw68SrycVFCOVr/81RsomsZMAhXEGN9zEwgyooFTwaalXmpYQuiYDJlvqSQxM0E2P3mKz6wywJHStiTgufp7IiOxMZM4tJ0xgZFZ9mbif56fQnQVZFwmKTBJF4uiVGBQePY/HnDNKIiJJYRqbm/FdEQ0oWBTKtkQvOWXV0mnVvUuqvW7eqVxncdRRCfoFJ0jD12iBrpFLdRGFCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AStukS0=</latexit>

KK2

<latexit sha1_base64="SF02Z1aNdhss89SumEZdEIeBn6s=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexKUU9S8CL0UsF+wHYp2TTbhmaTJZkVy9Kf4cWDIl79Nd78N6btHrT1wcDjvRlm5oWJ4AZc99sprK1vbG4Vt0s7u3v7B+XDo7ZRqaasRZVQuhsSwwSXrAUcBOsmmpE4FKwTjm9nfueRacOVfIBJwoKYDCWPOCVgJb8H7AmyRmPa9/rlilt158CrxMtJBeVo9stfvYGiacwkUEGM8T03gSAjGjgVbFrqpYYlhI7JkPmWShIzE2Tzk6f4zCoDHCltSwKeq78nMhIbM4lD2xkTGJllbyb+5/kpRNdBxmWSApN0sShKBQaFZ//jAdeMgphYQqjm9lZMR0QTCjalkg3BW355lbQvqt5ltXZfq9Rv8jiK6ASdonPkoStUR3eoiVqIIoWe0St6c8B5cd6dj0VrwclnjtEfOJ8/KeqRLA==</latexit>

KK1

<latexit sha1_base64="SF02Z1aNdhss89SumEZdEIeBn6s=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexKUU9S8CL0UsF+wHYp2TTbhmaTJZkVy9Kf4cWDIl79Nd78N6btHrT1wcDjvRlm5oWJ4AZc99sprK1vbG4Vt0s7u3v7B+XDo7ZRqaasRZVQuhsSwwSXrAUcBOsmmpE4FKwTjm9nfueRacOVfIBJwoKYDCWPOCVgJb8H7AmyRmPa9/rlilt158CrxMtJBeVo9stfvYGiacwkUEGM8T03gSAjGjgVbFrqpYYlhI7JkPmWShIzE2Tzk6f4zCoDHCltSwKeq78nMhIbM4lD2xkTGJllbyb+5/kpRNdBxmWSApN0sShKBQaFZ//jAdeMgphYQqjm9lZMR0QTCjalkg3BW355lbQvqt5ltXZfq9Rv8jiK6ASdonPkoStUR3eoiVqIIoWe0St6c8B5cd6dj0VrwclnjtEfOJ8/KeqRLA==</latexit>

KK1

Example: Consider a moduli space with a flat metric

Different asymptotic regimes are characterized by different leading 
towers of states, but the sum of all of the angles must be:

<latexit sha1_base64="wFSNDni0Z1EJV+wrQHzPGAZF0jk=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KUol6UghePFWwtNCFstpt26W4SdidiCf0rXjwo4tU/4s1/47bNQVsfDDzem2FmXpgKrsFxvq3S2vrG5lZ5u7Kzu7d/YB9WuzrJFGUdmohE9UKimeAx6wAHwXqpYkSGgj2E45uZ//DIlOZJfA+TlPmSDGMecUrASIFd9XQmsQcjBiTgVw0v5YFdc+rOHHiVuAWpoQLtwP7yBgnNJIuBCqJ133VS8HOigFPBphUv0ywldEyGrG9oTCTTfj6/fYpPjTLAUaJMxYDn6u+JnEitJzI0nZLASC97M/E/r59BdOnnPE4zYDFdLIoygSHBsyDwgCtGQUwMIVRxcyumI6IIBRNXxYTgLr+8SrqNunteb941a63rIo4yOkYn6Ay56AK10C1qow6i6Ak9o1f0Zk2tF+vd+li0lqxi5gj9gfX5A3o+lBM=</latexit>X
✓i = 2⇡

For a 2-dim moduli space in 9d:



We can characterize the different dualities of the moduli space in terms of a 
particular polytope (the convex hull of the towers)

M-th

Type IIA

Type IIB
S-IIB

S-IIA

Taxonomy of infinite distance limits



We can characterize the different dualities of the moduli space in terms of a 
particular polytope (the convex hull of the towers)

M-th

Type IIA

Type IIB
S-IIB

S-IIA

Taxonomy of infinite distance limits

Can we classify all possibilities from bottom-up?

In d=8:
.
.
.

[Etheredge,Heidenreich,McNamara,
Rudelius,Ruiz,IV’ongoing]

For lower SUSY setups: necessary to understand rules of jumping of states
[Etheredge,Heidenreich,McNamara,Rudelius,Ruiz,IV’23]

(the convex hull can change as we move in moduli space)

See Muldrow 
Etheredge’s poster



2) Universal pattern underlying all known string theory examples

1) Review of Distance Conjecture and drop-off of QG cut-off

3) Beyond moduli spaces: Implications for accelerated expansion 
and AdS scale separation

Non-perturbative test of DGKT AdS scale separated 
proposal

To sharpen the conjecture and provide a quantitative 
bound on the mass of the tower

Outline



2) Universal pattern underlying all known string theory examples

1) Review of Distance Conjecture and drop-off of QG cut-off

3) Beyond moduli spaces: Implications for accelerated expansion 
and AdS scale separation

Non-perturbative test of DGKT AdS scale separated 
proposal

To sharpen the conjecture and provide a quantitative 
bound on the mass of the tower

Outline



Family of AdS vacuaPositive runaway

Accelerated expansion? AdS scale separation?

Beyond Moduli Spaces
What happens in the presence of a potential?

If the infinite distance limit is not obstructed, there are two typical scenarios: 

<latexit sha1_base64="4hmu6m4ebyvoSY9tyOMT9mTtAZ0=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmkqCspuHFZwT6gieFmOmmHziRhZqKU0I0bf8WNC0Xc+g/u/Bunj4W2Hhg4nHMvd84JU86Udpxvq7C0vLK6VlwvbWxube/Yu3tNlWSS0AZJeCLbISjKWUwbmmlO26mkIEJOW+Hgauy37qlULIlv9TClvoBezCJGQBspsA+bgeMpJrAIck8KrJMHKkd3Xg+EgMAuOxVnArxI3Bkpoxnqgf3ldROSCRprwkGpjuuk2s9BakY4HZW8TNEUyAB6tGNoDIIqP5+kGOFjo3RxlEjzYo0n6u+NHIRSQxGaSQG6r+a9sfif18l0dOHnLE4zTWMyPRRl3GTF40pwl0lKNB8aAkQy81dM+iCBaFNcyZTgzkdeJM3TintWqd5Uy7XLWR1FdICO0Aly0TmqoWtURw1E0CN6Rq/ozXqyXqx362M6WrBmO/voD6zPH1vtmH8=</latexit>

V0 ⇠ m�
tower

<latexit sha1_base64="4hmu6m4ebyvoSY9tyOMT9mTtAZ0=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmkqCspuHFZwT6gieFmOmmHziRhZqKU0I0bf8WNC0Xc+g/u/Bunj4W2Hhg4nHMvd84JU86Udpxvq7C0vLK6VlwvbWxube/Yu3tNlWSS0AZJeCLbISjKWUwbmmlO26mkIEJOW+Hgauy37qlULIlv9TClvoBezCJGQBspsA+bgeMpJrAIck8KrJMHKkd3Xg+EgMAuOxVnArxI3Bkpoxnqgf3ldROSCRprwkGpjuuk2s9BakY4HZW8TNEUyAB6tGNoDIIqP5+kGOFjo3RxlEjzYo0n6u+NHIRSQxGaSQG6r+a9sfif18l0dOHnLE4zTWMyPRRl3GTF40pwl0lKNB8aAkQy81dM+iCBaFNcyZTgzkdeJM3TintWqd5Uy7XLWR1FdICO0Aly0TmqoWtURw1E0CN6Rq/ozXqyXqx362M6WrBmO/voD6zPH1vtmH8=</latexit>

V0 ⇠ m�
tower

��

<latexit sha1_base64="QwkcQDC/mpDR68EEn4kkmLcUnD8=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9mVop6k4MVjBfsB7VKyabYNzSYhyQpl6Y/w4kERr/4eb/4b03YP2vpg4PHeDDPzIsWZsb7/7a2tb2xubRd2irt7+weHpaPjlpGpJrRJJJe6E2FDORO0aZnltKM0xUnEaTsa38389hPVhknxaCeKhgkeChYzgq2T2q1KT43YRb9U9qv+HGiVBDkpQ45Gv/TVG0iSJlRYwrEx3cBXNsywtoxwOi32UkMVJmM8pF1HBU6oCbP5uVN07pQBiqV2JSyaq78nMpwYM0ki15lgOzLL3kz8z+umNr4JMyZUaqkgi0VxypGVaPY7GjBNieUTRzDRzN2KyAhrTKxLqOhCCJZfXiWty2pwVa091Mr12zyOApzCGVQggGuowz00oAkExvAMr/DmKe/Fe/c+Fq1rXj5zAn/gff4AhZqPCQ==</latexit>

V (�)

[Luest,Palti,Vafa’19][Ooguri et al’18]

��

<latexit sha1_base64="QwkcQDC/mpDR68EEn4kkmLcUnD8=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9mVop6k4MVjBfsB7VKyabYNzSYhyQpl6Y/w4kERr/4eb/4b03YP2vpg4PHeDDPzIsWZsb7/7a2tb2xubRd2irt7+weHpaPjlpGpJrRJJJe6E2FDORO0aZnltKM0xUnEaTsa38389hPVhknxaCeKhgkeChYzgq2T2q1KT43YRb9U9qv+HGiVBDkpQ45Gv/TVG0iSJlRYwrEx3cBXNsywtoxwOi32UkMVJmM8pF1HBU6oCbP5uVN07pQBiqV2JSyaq78nMpwYM0ki15lgOzLL3kz8z+umNr4JMyZUaqkgi0VxypGVaPY7GjBNieUTRzDRzN2KyAhrTKxLqOhCCJZfXiWty2pwVa091Mr12zyOApzCGVQggGuowz00oAkExvAMr/DmKe/Fe/c+Fq1rXj5zAn/gff4AhZqPCQ==</latexit>

V (�)

(also important for Dark Dimension scenario, Cumrun’s talk)



Positive runaway

Accelerated expansion if

Beyond Moduli Spaces
What happens in the presence of a potential?

<latexit sha1_base64="4hmu6m4ebyvoSY9tyOMT9mTtAZ0=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmkqCspuHFZwT6gieFmOmmHziRhZqKU0I0bf8WNC0Xc+g/u/Bunj4W2Hhg4nHMvd84JU86Udpxvq7C0vLK6VlwvbWxube/Yu3tNlWSS0AZJeCLbISjKWUwbmmlO26mkIEJOW+Hgauy37qlULIlv9TClvoBezCJGQBspsA+bgeMpJrAIck8KrJMHKkd3Xg+EgMAuOxVnArxI3Bkpoxnqgf3ldROSCRprwkGpjuuk2s9BakY4HZW8TNEUyAB6tGNoDIIqP5+kGOFjo3RxlEjzYo0n6u+NHIRSQxGaSQG6r+a9sfif18l0dOHnLE4zTWMyPRRl3GTF40pwl0lKNB8aAkQy81dM+iCBaFNcyZTgzkdeJM3TintWqd5Uy7XLWR1FdICO0Aly0TmqoWtURw1E0CN6Rq/ozXqyXqx362M6WrBmO/voD6zPH1vtmH8=</latexit>

V0 ⇠ m�
tower

<latexit sha1_base64="lvwcx0ra/FgtmBdiB+AUzgjdkSA="></latexit>�����
~rV0

V0

����� = �

�����
~rm

m

����� 
2p
d� 2

��

<latexit sha1_base64="QwkcQDC/mpDR68EEn4kkmLcUnD8=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9mVop6k4MVjBfsB7VKyabYNzSYhyQpl6Y/w4kERr/4eb/4b03YP2vpg4PHeDDPzIsWZsb7/7a2tb2xubRd2irt7+weHpaPjlpGpJrRJJJe6E2FDORO0aZnltKM0xUnEaTsa38389hPVhknxaCeKhgkeChYzgq2T2q1KT43YRb9U9qv+HGiVBDkpQ45Gv/TVG0iSJlRYwrEx3cBXNsywtoxwOi32UkMVJmM8pF1HBU6oCbP5uVN07pQBiqV2JSyaq78nMpwYM0ki15lgOzLL3kz8z+umNr4JMyZUaqkgi0VxypGVaPY7GjBNieUTRzDRzN2KyAhrTKxLqOhCCJZfXiWty2pwVa091Mr12zyOApzCGVQggGuowz00oAkExvAMr/DmKe/Fe/c+Fq1rXj5zAn/gff4AhZqPCQ==</latexit>

V (�)



Positive runaway

Accelerated expansion if

Beyond Moduli Spaces
What happens in the presence of a potential?

<latexit sha1_base64="4hmu6m4ebyvoSY9tyOMT9mTtAZ0=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmkqCspuHFZwT6gieFmOmmHziRhZqKU0I0bf8WNC0Xc+g/u/Bunj4W2Hhg4nHMvd84JU86Udpxvq7C0vLK6VlwvbWxube/Yu3tNlWSS0AZJeCLbISjKWUwbmmlO26mkIEJOW+Hgauy37qlULIlv9TClvoBezCJGQBspsA+bgeMpJrAIck8KrJMHKkd3Xg+EgMAuOxVnArxI3Bkpoxnqgf3ldROSCRprwkGpjuuk2s9BakY4HZW8TNEUyAB6tGNoDIIqP5+kGOFjo3RxlEjzYo0n6u+NHIRSQxGaSQG6r+a9sfif18l0dOHnLE4zTWMyPRRl3GTF40pwl0lKNB8aAkQy81dM+iCBaFNcyZTgzkdeJM3TintWqd5Uy7XLWR1FdICO0Aly0TmqoWtURw1E0CN6Rq/ozXqyXqx362M6WrBmO/voD6zPH1vtmH8=</latexit>

V0 ⇠ m�
tower

<latexit sha1_base64="lvwcx0ra/FgtmBdiB+AUzgjdkSA="></latexit>�����
~rV0

V0

����� = �

�����
~rm

m

����� 
2p
d� 2

��

<latexit sha1_base64="QwkcQDC/mpDR68EEn4kkmLcUnD8=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9mVop6k4MVjBfsB7VKyabYNzSYhyQpl6Y/w4kERr/4eb/4b03YP2vpg4PHeDDPzIsWZsb7/7a2tb2xubRd2irt7+weHpaPjlpGpJrRJJJe6E2FDORO0aZnltKM0xUnEaTsa38389hPVhknxaCeKhgkeChYzgq2T2q1KT43YRb9U9qv+HGiVBDkpQ45Gv/TVG0iSJlRYwrEx3cBXNsywtoxwOi32UkMVJmM8pF1HBU6oCbP5uVN07pQBiqV2JSyaq78nMpwYM0ki15lgOzLL3kz8z+umNr4JMyZUaqkgi0VxypGVaPY7GjBNieUTRzDRzN2KyAhrTKxLqOhCCJZfXiWty2pwVa091Mr12zyOApzCGVQggGuowz00oAkExvAMr/DmKe/Fe/c+Fq1rXj5zAn/gff4AhZqPCQ==</latexit>

V (�)

Many recent string theory checks of

we evade previous no-go’s for accel. exp. 
but still, no explicit examples

<latexit sha1_base64="eXgqRMkHKVU6aPow7ewWjn5ZA+E=">AAACEHicbVBNS8NAEN34WetX1KOXxSJ6KokU9SSCF48VbBWaEDbbSbu42YTdSaHE/gQv/hUvHhTx6tGb/8Zt7cGvBzM83pthd16cS2HQ8z6cmdm5+YXFylJ1eWV1bd3d2GybrNAcWjyTmb6OmQEpFLRQoITrXANLYwlX8c3Z2L8agDYiU5c4zCFMWU+JRHCGVorcvUBCgrdBohkvgwHwQLFYMtqOvFE5boEWvT7eRm7Nq3sT0L/En5IamaIZue9BN+NFCgq5ZMZ0fC/HsGQaBZcwqgaFgZzxG9aDjqWKpWDCcnLQiO5apUuTTNtSSCfq942SpcYM09hOpgz75rc3Fv/zOgUmx2EpVF4gKP71UFJIihkdp0O7QgNHObSEcS3sXynvM5sN2gyrNgT/98l/Sfug7h/WGxeN2unJNI4K2SY7ZJ/45IicknPSJC3CyR15IE/k2bl3Hp0X5/VrdMaZ7myRH3DePgFtDJ11</latexit>�����
~rV0

V0

�����
[Li,Grimm,IV’19][Valeixo et al’20] [Andriot et al’20-22] [Cicoli et al’21-22] 

[Calderon-Infante et al’22] [Shiu,Tonioni’23] [Cremonini et al’23]…



Positive runaway

Accelerated expansion if

Beyond Moduli Spaces
What happens in the presence of a potential?

<latexit sha1_base64="4hmu6m4ebyvoSY9tyOMT9mTtAZ0=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmkqCspuHFZwT6gieFmOmmHziRhZqKU0I0bf8WNC0Xc+g/u/Bunj4W2Hhg4nHMvd84JU86Udpxvq7C0vLK6VlwvbWxube/Yu3tNlWSS0AZJeCLbISjKWUwbmmlO26mkIEJOW+Hgauy37qlULIlv9TClvoBezCJGQBspsA+bgeMpJrAIck8KrJMHKkd3Xg+EgMAuOxVnArxI3Bkpoxnqgf3ldROSCRprwkGpjuuk2s9BakY4HZW8TNEUyAB6tGNoDIIqP5+kGOFjo3RxlEjzYo0n6u+NHIRSQxGaSQG6r+a9sfif18l0dOHnLE4zTWMyPRRl3GTF40pwl0lKNB8aAkQy81dM+iCBaFNcyZTgzkdeJM3TintWqd5Uy7XLWR1FdICO0Aly0TmqoWtURw1E0CN6Rq/ozXqyXqx362M6WrBmO/voD6zPH1vtmH8=</latexit>

V0 ⇠ m�
tower

<latexit sha1_base64="lvwcx0ra/FgtmBdiB+AUzgjdkSA="></latexit>�����
~rV0

V0

����� = �

�����
~rm

m

����� 
2p
d� 2

Why is it so difficult to have small

<latexit sha1_base64="eXgqRMkHKVU6aPow7ewWjn5ZA+E=">AAACEHicbVBNS8NAEN34WetX1KOXxSJ6KokU9SSCF48VbBWaEDbbSbu42YTdSaHE/gQv/hUvHhTx6tGb/8Zt7cGvBzM83pthd16cS2HQ8z6cmdm5+YXFylJ1eWV1bd3d2GybrNAcWjyTmb6OmQEpFLRQoITrXANLYwlX8c3Z2L8agDYiU5c4zCFMWU+JRHCGVorcvUBCgrdBohkvgwHwQLFYMtqOvFE5boEWvT7eRm7Nq3sT0L/En5IamaIZue9BN+NFCgq5ZMZ0fC/HsGQaBZcwqgaFgZzxG9aDjqWKpWDCcnLQiO5apUuTTNtSSCfq942SpcYM09hOpgz75rc3Fv/zOgUmx2EpVF4gKP71UFJIihkdp0O7QgNHObSEcS3sXynvM5sN2gyrNgT/98l/Sfug7h/WGxeN2unJNI4K2SY7ZJ/45IicknPSJC3CyR15IE/k2bl3Hp0X5/VrdMaZ7myRH3DePgFtDJ11</latexit>�����
~rV0

V0

����� ?

��

<latexit sha1_base64="QwkcQDC/mpDR68EEn4kkmLcUnD8=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9mVop6k4MVjBfsB7VKyabYNzSYhyQpl6Y/w4kERr/4eb/4b03YP2vpg4PHeDDPzIsWZsb7/7a2tb2xubRd2irt7+weHpaPjlpGpJrRJJJe6E2FDORO0aZnltKM0xUnEaTsa38389hPVhknxaCeKhgkeChYzgq2T2q1KT43YRb9U9qv+HGiVBDkpQ45Gv/TVG0iSJlRYwrEx3cBXNsywtoxwOi32UkMVJmM8pF1HBU6oCbP5uVN07pQBiqV2JSyaq78nMpwYM0ki15lgOzLL3kz8z+umNr4JMyZUaqkgi0VxypGVaPY7GjBNieUTRzDRzN2KyAhrTKxLqOhCCJZfXiWty2pwVa091Mr12zyOApzCGVQggGuowz00oAkExvAMr/DmKe/Fe/c+Fq1rXj5zAn/gff4AhZqPCQ==</latexit>

V (�)

Many recent string theory checks of

we evade previous no-go’s for accel. exp. 
but still, no explicit examples

<latexit sha1_base64="eXgqRMkHKVU6aPow7ewWjn5ZA+E=">AAACEHicbVBNS8NAEN34WetX1KOXxSJ6KokU9SSCF48VbBWaEDbbSbu42YTdSaHE/gQv/hUvHhTx6tGb/8Zt7cGvBzM83pthd16cS2HQ8z6cmdm5+YXFylJ1eWV1bd3d2GybrNAcWjyTmb6OmQEpFLRQoITrXANLYwlX8c3Z2L8agDYiU5c4zCFMWU+JRHCGVorcvUBCgrdBohkvgwHwQLFYMtqOvFE5boEWvT7eRm7Nq3sT0L/En5IamaIZue9BN+NFCgq5ZMZ0fC/HsGQaBZcwqgaFgZzxG9aDjqWKpWDCcnLQiO5apUuTTNtSSCfq942SpcYM09hOpgz75rc3Fv/zOgUmx2EpVF4gKP71UFJIihkdp0O7QgNHObSEcS3sXynvM5sN2gyrNgT/98l/Sfug7h/WGxeN2unJNI4K2SY7ZJ/45IicknPSJC3CyR15IE/k2bl3Hp0X5/VrdMaZ7myRH3DePgFtDJ11</latexit>�����
~rV0

V0

�����
[Li,Grimm,IV’19][Valeixo et al’20] [Andriot et al’20-22] [Cicoli et al’21-22] 

[Calderon-Infante et al’22] [Shiu,Tonioni’23] [Cremonini et al’23]…



Positive runaway

Accelerated expansion if

Beyond Moduli Spaces
What happens in the presence of a potential?

<latexit sha1_base64="4hmu6m4ebyvoSY9tyOMT9mTtAZ0=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmkqCspuHFZwT6gieFmOmmHziRhZqKU0I0bf8WNC0Xc+g/u/Bunj4W2Hhg4nHMvd84JU86Udpxvq7C0vLK6VlwvbWxube/Yu3tNlWSS0AZJeCLbISjKWUwbmmlO26mkIEJOW+Hgauy37qlULIlv9TClvoBezCJGQBspsA+bgeMpJrAIck8KrJMHKkd3Xg+EgMAuOxVnArxI3Bkpoxnqgf3ldROSCRprwkGpjuuk2s9BakY4HZW8TNEUyAB6tGNoDIIqP5+kGOFjo3RxlEjzYo0n6u+NHIRSQxGaSQG6r+a9sfif18l0dOHnLE4zTWMyPRRl3GTF40pwl0lKNB8aAkQy81dM+iCBaFNcyZTgzkdeJM3TintWqd5Uy7XLWR1FdICO0Aly0TmqoWtURw1E0CN6Rq/ozXqyXqx362M6WrBmO/voD6zPH1vtmH8=</latexit>

V0 ⇠ m�
tower

<latexit sha1_base64="lvwcx0ra/FgtmBdiB+AUzgjdkSA="></latexit>�����
~rV0

V0

����� = �

�����
~rm

m

����� 
2p
d� 2

Why is it so difficult to have small

<latexit sha1_base64="eXgqRMkHKVU6aPow7ewWjn5ZA+E=">AAACEHicbVBNS8NAEN34WetX1KOXxSJ6KokU9SSCF48VbBWaEDbbSbu42YTdSaHE/gQv/hUvHhTx6tGb/8Zt7cGvBzM83pthd16cS2HQ8z6cmdm5+YXFylJ1eWV1bd3d2GybrNAcWjyTmb6OmQEpFLRQoITrXANLYwlX8c3Z2L8agDYiU5c4zCFMWU+JRHCGVorcvUBCgrdBohkvgwHwQLFYMtqOvFE5boEWvT7eRm7Nq3sT0L/En5IamaIZue9BN+NFCgq5ZMZ0fC/HsGQaBZcwqgaFgZzxG9aDjqWKpWDCcnLQiO5apUuTTNtSSCfq942SpcYM09hOpgz75rc3Fv/zOgUmx2EpVF4gKP71UFJIihkdp0O7QgNHObSEcS3sXynvM5sN2gyrNgT/98l/Sfug7h/WGxeN2unJNI4K2SY7ZJ/45IicknPSJC3CyR15IE/k2bl3Hp0X5/VrdMaZ7myRH3DePgFtDJ11</latexit>�����
~rV0

V0

����� ?

��

<latexit sha1_base64="QwkcQDC/mpDR68EEn4kkmLcUnD8=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9mVop6k4MVjBfsB7VKyabYNzSYhyQpl6Y/w4kERr/4eb/4b03YP2vpg4PHeDDPzIsWZsb7/7a2tb2xubRd2irt7+weHpaPjlpGpJrRJJJe6E2FDORO0aZnltKM0xUnEaTsa38389hPVhknxaCeKhgkeChYzgq2T2q1KT43YRb9U9qv+HGiVBDkpQ45Gv/TVG0iSJlRYwrEx3cBXNsywtoxwOi32UkMVJmM8pF1HBU6oCbP5uVN07pQBiqV2JSyaq78nMpwYM0ki15lgOzLL3kz8z+umNr4JMyZUaqkgi0VxypGVaPY7GjBNieUTRzDRzN2KyAhrTKxLqOhCCJZfXiWty2pwVa091Mr12zyOApzCGVQggGuowz00oAkExvAMr/DmKe/Fe/c+Fq1rXj5zAn/gff4AhZqPCQ==</latexit>

V (�)

Many recent string theory checks of

we evade previous no-go’s for accel. exp. 
but still, no explicit examples

<latexit sha1_base64="eXgqRMkHKVU6aPow7ewWjn5ZA+E=">AAACEHicbVBNS8NAEN34WetX1KOXxSJ6KokU9SSCF48VbBWaEDbbSbu42YTdSaHE/gQv/hUvHhTx6tGb/8Zt7cGvBzM83pthd16cS2HQ8z6cmdm5+YXFylJ1eWV1bd3d2GybrNAcWjyTmb6OmQEpFLRQoITrXANLYwlX8c3Z2L8agDYiU5c4zCFMWU+JRHCGVorcvUBCgrdBohkvgwHwQLFYMtqOvFE5boEWvT7eRm7Nq3sT0L/En5IamaIZue9BN+NFCgq5ZMZ0fC/HsGQaBZcwqgaFgZzxG9aDjqWKpWDCcnLQiO5apUuTTNtSSCfq942SpcYM09hOpgz75rc3Fv/zOgUmx2EpVF4gKP71UFJIihkdp0O7QgNHObSEcS3sXynvM5sN2gyrNgT/98l/Sfug7h/WGxeN2unJNI4K2SY7ZJ/45IicknPSJC3CyR15IE/k2bl3Hp0X5/VrdMaZ7myRH3DePgFtDJ11</latexit>�����
~rV0

V0

�����
[Li,Grimm,IV’19][Valeixo et al’20] [Andriot et al’20-22] [Cicoli et al’21-22] 

[Calderon-Infante et al’22] [Shiu,Tonioni’23] [Cremonini et al’23]…

If the tower contains higher spin fields,
Higuchi bound implies

<latexit sha1_base64="21sGE3DRv84uWgqOXgwCfE+YgQs=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lKUU9S8OKxgm2FJpTJdpMu3d3E3Y1QQv+GFw+KePXPePPfuG1z0NYHA4/3ZpiZF6acaeO6305pbX1jc6u8XdnZ3ds/qB4edXWSKUI7JOGJeghBU84k7RhmOH1IFQURctoLxzczv/dElWaJvDeTlAYCYskiRsBYyfdjEAL8mD7ixqBac+vuHHiVeAWpoQLtQfXLHyYkE1QawkHrvuemJshBGUY4nVb8TNMUyBhi2rdUgqA6yOc3T/GZVYY4SpQtafBc/T2Rg9B6IkLbKcCM9LI3E//z+pmJroKcyTQzVJLFoijj2CR4FgAeMkWJ4RNLgChmb8VkBAqIsTFVbAje8surpNuoexf15l2z1rou4iijE3SKzpGHLlEL3aI26iCCUvSMXtGbkzkvzrvzsWgtOcXMMfoD5/MHYpKRQQ==</latexit>

� � 2 [Montero,Vafa,IV’22]
[Rudelius’22]



Positive runaway

Accelerated expansion if

Beyond Moduli Spaces
What happens in the presence of a potential?

<latexit sha1_base64="4hmu6m4ebyvoSY9tyOMT9mTtAZ0=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmkqCspuHFZwT6gieFmOmmHziRhZqKU0I0bf8WNC0Xc+g/u/Bunj4W2Hhg4nHMvd84JU86Udpxvq7C0vLK6VlwvbWxube/Yu3tNlWSS0AZJeCLbISjKWUwbmmlO26mkIEJOW+Hgauy37qlULIlv9TClvoBezCJGQBspsA+bgeMpJrAIck8KrJMHKkd3Xg+EgMAuOxVnArxI3Bkpoxnqgf3ldROSCRprwkGpjuuk2s9BakY4HZW8TNEUyAB6tGNoDIIqP5+kGOFjo3RxlEjzYo0n6u+NHIRSQxGaSQG6r+a9sfif18l0dOHnLE4zTWMyPRRl3GTF40pwl0lKNB8aAkQy81dM+iCBaFNcyZTgzkdeJM3TintWqd5Uy7XLWR1FdICO0Aly0TmqoWtURw1E0CN6Rq/ozXqyXqx362M6WrBmO/voD6zPH1vtmH8=</latexit>

V0 ⇠ m�
tower

<latexit sha1_base64="lvwcx0ra/FgtmBdiB+AUzgjdkSA="></latexit>�����
~rV0

V0

����� = �

�����
~rm

m

����� 
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d� 2

Why is it so difficult to have small

<latexit sha1_base64="eXgqRMkHKVU6aPow7ewWjn5ZA+E=">AAACEHicbVBNS8NAEN34WetX1KOXxSJ6KokU9SSCF48VbBWaEDbbSbu42YTdSaHE/gQv/hUvHhTx6tGb/8Zt7cGvBzM83pthd16cS2HQ8z6cmdm5+YXFylJ1eWV1bd3d2GybrNAcWjyTmb6OmQEpFLRQoITrXANLYwlX8c3Z2L8agDYiU5c4zCFMWU+JRHCGVorcvUBCgrdBohkvgwHwQLFYMtqOvFE5boEWvT7eRm7Nq3sT0L/En5IamaIZue9BN+NFCgq5ZMZ0fC/HsGQaBZcwqgaFgZzxG9aDjqWKpWDCcnLQiO5apUuTTNtSSCfq942SpcYM09hOpgz75rc3Fv/zOgUmx2EpVF4gKP71UFJIihkdp0O7QgNHObSEcS3sXynvM5sN2gyrNgT/98l/Sfug7h/WGxeN2unJNI4K2SY7ZJ/45IicknPSJC3CyR15IE/k2bl3Hp0X5/VrdMaZ7myRH3DePgFtDJ11</latexit>�����
~rV0

V0

����� ?

��

<latexit sha1_base64="QwkcQDC/mpDR68EEn4kkmLcUnD8=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9mVop6k4MVjBfsB7VKyabYNzSYhyQpl6Y/w4kERr/4eb/4b03YP2vpg4PHeDDPzIsWZsb7/7a2tb2xubRd2irt7+weHpaPjlpGpJrRJJJe6E2FDORO0aZnltKM0xUnEaTsa38389hPVhknxaCeKhgkeChYzgq2T2q1KT43YRb9U9qv+HGiVBDkpQ45Gv/TVG0iSJlRYwrEx3cBXNsywtoxwOi32UkMVJmM8pF1HBU6oCbP5uVN07pQBiqV2JSyaq78nMpwYM0ki15lgOzLL3kz8z+umNr4JMyZUaqkgi0VxypGVaPY7GjBNieUTRzDRzN2KyAhrTKxLqOhCCJZfXiWty2pwVa091Mr12zyOApzCGVQggGuowz00oAkExvAMr/DmKe/Fe/c+Fq1rXj5zAn/gff4AhZqPCQ==</latexit>

V (�)

Many recent string theory checks of

we evade previous no-go’s for accel. exp. 
but still, no explicit examples

<latexit sha1_base64="eXgqRMkHKVU6aPow7ewWjn5ZA+E=">AAACEHicbVBNS8NAEN34WetX1KOXxSJ6KokU9SSCF48VbBWaEDbbSbu42YTdSaHE/gQv/hUvHhTx6tGb/8Zt7cGvBzM83pthd16cS2HQ8z6cmdm5+YXFylJ1eWV1bd3d2GybrNAcWjyTmb6OmQEpFLRQoITrXANLYwlX8c3Z2L8agDYiU5c4zCFMWU+JRHCGVorcvUBCgrdBohkvgwHwQLFYMtqOvFE5boEWvT7eRm7Nq3sT0L/En5IamaIZue9BN+NFCgq5ZMZ0fC/HsGQaBZcwqgaFgZzxG9aDjqWKpWDCcnLQiO5apUuTTNtSSCfq942SpcYM09hOpgz75rc3Fv/zOgUmx2EpVF4gKP71UFJIihkdp0O7QgNHObSEcS3sXynvM5sN2gyrNgT/98l/Sfug7h/WGxeN2unJNI4K2SY7ZJ/45IicknPSJC3CyR15IE/k2bl3Hp0X5/VrdMaZ7myRH3DePgFtDJ11</latexit>�����
~rV0

V0

�����
[Li,Grimm,IV’19][Valeixo et al’20] [Andriot et al’20-22] [Cicoli et al’21-22] 

[Calderon-Infante et al’22] [Shiu,Tonioni’23] [Cremonini et al’23]…

If the tower contains higher spin fields,
Higuchi bound implies

<latexit sha1_base64="21sGE3DRv84uWgqOXgwCfE+YgQs=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lKUU9S8OKxgm2FJpTJdpMu3d3E3Y1QQv+GFw+KePXPePPfuG1z0NYHA4/3ZpiZF6acaeO6305pbX1jc6u8XdnZ3ds/qB4edXWSKUI7JOGJeghBU84k7RhmOH1IFQURctoLxzczv/dElWaJvDeTlAYCYskiRsBYyfdjEAL8mD7ixqBac+vuHHiVeAWpoQLtQfXLHyYkE1QawkHrvuemJshBGUY4nVb8TNMUyBhi2rdUgqA6yOc3T/GZVYY4SpQtafBc/T2Rg9B6IkLbKcCM9LI3E//z+pmJroKcyTQzVJLFoijj2CR4FgAeMkWJ4RNLgChmb8VkBAqIsTFVbAje8surpNuoexf15l2z1rou4iijE3SKzpGHLlEL3aI26iCCUvSMXtGbkzkvzrvzsWgtOcXMMfoD5/MHYpKRQQ==</latexit>

� � 2 [Montero,Vafa,IV’22]
[Rudelius’22]

implies

<latexit sha1_base64="6N5al2uV2RzDsuvYR5mLKcJKGP8="></latexit>�����
~rV0

V0

����� �
2p
d� 2

which combined with 
<latexit sha1_base64="deqq12zaWZ+OQv0S2DjCM7y1l3I=">AAACI3icbVDLSgMxFM3Ud31VXboJFsGNZaYUFRciuHGpYFXolJJJ77TBJDNN7ghlnH9x46+4caGIGxf+i2ntwteBwOGcc7m5J0qlsOj7715panpmdm5+oby4tLyyWllbv7RJZjg0eSITcx0xC1JoaKJACdepAaYiCVfRzcnIv7oFY0WiL3CYQluxnhax4Ayd1KkchhJivAtjw3ge3gIPNYsko6rIVREa0es7swcDOk4EeWgHBvPubr0oOpWqX/PHoH9JMCFVMsFZp/IadhOeKdDIJbO2FfgptnNmUHAJRTnMLKSM37AetBzVTIFt5+MbC7rtlC6NE+OeRjpWv0/kTFk7VJFLKoZ9+9sbif95rQzjg3YudJohaP61KM4kxYSOCqNdYYCjHDrCuBHur5T3mSsDXa1lV0Lw++S/5LJeC/ZqjfNG9fhoUsc82SRbZIcEZJ8ck1NyRpqEk3vySJ7Ji/fgPXmv3ttXtORNZjbID3gfn3hqpf4=</latexit>�����
~rm

m

����� �
1p
d� 2

(no asymptotic 
accelerated expansion)

[Rudelius’22][Bedroya,Vafa’19]



Family of AdS vacua

AdS scale separation if

Beyond Moduli Spaces
What happens in the presence of a potential?

<latexit sha1_base64="4hmu6m4ebyvoSY9tyOMT9mTtAZ0=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmkqCspuHFZwT6gieFmOmmHziRhZqKU0I0bf8WNC0Xc+g/u/Bunj4W2Hhg4nHMvd84JU86Udpxvq7C0vLK6VlwvbWxube/Yu3tNlWSS0AZJeCLbISjKWUwbmmlO26mkIEJOW+Hgauy37qlULIlv9TClvoBezCJGQBspsA+bgeMpJrAIck8KrJMHKkd3Xg+EgMAuOxVnArxI3Bkpoxnqgf3ldROSCRprwkGpjuuk2s9BakY4HZW8TNEUyAB6tGNoDIIqP5+kGOFjo3RxlEjzYo0n6u+NHIRSQxGaSQG6r+a9sfif18l0dOHnLE4zTWMyPRRl3GTF40pwl0lKNB8aAkQy81dM+iCBaFNcyZTgzkdeJM3TintWqd5Uy7XLWR1FdICO0Aly0TmqoWtURw1E0CN6Rq/ozXqyXqx362M6WrBmO/voD6zPH1vtmH8=</latexit>

V0 ⇠ m�
tower

<latexit sha1_base64="21sGE3DRv84uWgqOXgwCfE+YgQs=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lKUU9S8OKxgm2FJpTJdpMu3d3E3Y1QQv+GFw+KePXPePPfuG1z0NYHA4/3ZpiZF6acaeO6305pbX1jc6u8XdnZ3ds/qB4edXWSKUI7JOGJeghBU84k7RhmOH1IFQURctoLxzczv/dElWaJvDeTlAYCYskiRsBYyfdjEAL8mD7ixqBac+vuHHiVeAWpoQLtQfXLHyYkE1QawkHrvuemJshBGUY4nVb8TNMUyBhi2rdUgqA6yOc3T/GZVYY4SpQtafBc/T2Rg9B6IkLbKcCM9LI3E//z+pmJroKcyTQzVJLFoijj2CR4FgAeMkWJ4RNLgChmb8VkBAqIsTFVbAje8surpNuoexf15l2z1rou4iijE3SKzpGHLlEL3aI26iCCUvSMXtGbkzkvzrvzsWgtOcXMMfoD5/MHYpKRQQ==</latexit>

� � 2

��

<latexit sha1_base64="QwkcQDC/mpDR68EEn4kkmLcUnD8=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9mVop6k4MVjBfsB7VKyabYNzSYhyQpl6Y/w4kERr/4eb/4b03YP2vpg4PHeDDPzIsWZsb7/7a2tb2xubRd2irt7+weHpaPjlpGpJrRJJJe6E2FDORO0aZnltKM0xUnEaTsa38389hPVhknxaCeKhgkeChYzgq2T2q1KT43YRb9U9qv+HGiVBDkpQ45Gv/TVG0iSJlRYwrEx3cBXNsywtoxwOi32UkMVJmM8pF1HBU6oCbP5uVN07pQBiqV2JSyaq78nMpwYM0ki15lgOzLL3kz8z+umNr4JMyZUaqkgi0VxypGVaPY7GjBNieUTRzDRzN2KyAhrTKxLqOhCCJZfXiWty2pwVa091Mr12zyOApzCGVQggGuowz00oAkExvAMr/DmKe/Fe/c+Fq1rXj5zAn/gff4AhZqPCQ==</latexit>

V (�)



Family of AdS vacua

AdS scale separation if

Beyond Moduli Spaces
What happens in the presence of a potential?

<latexit sha1_base64="4hmu6m4ebyvoSY9tyOMT9mTtAZ0=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmkqCspuHFZwT6gieFmOmmHziRhZqKU0I0bf8WNC0Xc+g/u/Bunj4W2Hhg4nHMvd84JU86Udpxvq7C0vLK6VlwvbWxube/Yu3tNlWSS0AZJeCLbISjKWUwbmmlO26mkIEJOW+Hgauy37qlULIlv9TClvoBezCJGQBspsA+bgeMpJrAIck8KrJMHKkd3Xg+EgMAuOxVnArxI3Bkpoxnqgf3ldROSCRprwkGpjuuk2s9BakY4HZW8TNEUyAB6tGNoDIIqP5+kGOFjo3RxlEjzYo0n6u+NHIRSQxGaSQG6r+a9sfif18l0dOHnLE4zTWMyPRRl3GTF40pwl0lKNB8aAkQy81dM+iCBaFNcyZTgzkdeJM3TintWqd5Uy7XLWR1FdICO0Aly0TmqoWtURw1E0CN6Rq/ozXqyXqx362M6WrBmO/voD6zPH1vtmH8=</latexit>

V0 ⇠ m�
tower

Known holographic SUSY examples have

(no scale separation between AdS length and 
internal dimensions)

<latexit sha1_base64="DG6uA9YX3H5bz+ttP3kqeaWQ31g=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKeyGoF6UgBePEcwDkiX0TmaTITOz68ysEEJ+wosHRbz6O978GyfJHjSxoKGo6qa7K0w408bzvp3c2vrG5lZ+u7Czu7d/UDw8auo4VYQ2SMxj1Q5RU84kbRhmOG0niqIIOW2Fo9uZ33qiSrNYPphxQgOBA8kiRtBYqd0doBB4XekVS17Zm8NdJX5GSpCh3it+dfsxSQWVhnDUuuN7iQkmqAwjnE4L3VTTBMkIB7RjqURBdTCZ3zt1z6zSd6NY2ZLGnau/JyYotB6L0HYKNEO97M3E/7xOaqKrYMJkkhoqyWJRlHLXxO7sebfPFCWGjy1Bopi91SVDVEiMjahgQ/CXX14lzUrZvyhX76ul2k0WRx5O4BTOwYdLqMEd1KEBBDg8wyu8OY/Oi/PufCxac042cwx/4Hz+AH/Jj50=</latexit>

� = 2

<latexit sha1_base64="21sGE3DRv84uWgqOXgwCfE+YgQs=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lKUU9S8OKxgm2FJpTJdpMu3d3E3Y1QQv+GFw+KePXPePPfuG1z0NYHA4/3ZpiZF6acaeO6305pbX1jc6u8XdnZ3ds/qB4edXWSKUI7JOGJeghBU84k7RhmOH1IFQURctoLxzczv/dElWaJvDeTlAYCYskiRsBYyfdjEAL8mD7ixqBac+vuHHiVeAWpoQLtQfXLHyYkE1QawkHrvuemJshBGUY4nVb8TNMUyBhi2rdUgqA6yOc3T/GZVYY4SpQtafBc/T2Rg9B6IkLbKcCM9LI3E//z+pmJroKcyTQzVJLFoijj2CR4FgAeMkWJ4RNLgChmb8VkBAqIsTFVbAje8surpNuoexf15l2z1rou4iijE3SKzpGHLlEL3aI26iCCUvSMXtGbkzkvzrvzsWgtOcXMMfoD5/MHYpKRQQ==</latexit>

� � 2

��

<latexit sha1_base64="QwkcQDC/mpDR68EEn4kkmLcUnD8=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9mVop6k4MVjBfsB7VKyabYNzSYhyQpl6Y/w4kERr/4eb/4b03YP2vpg4PHeDDPzIsWZsb7/7a2tb2xubRd2irt7+weHpaPjlpGpJrRJJJe6E2FDORO0aZnltKM0xUnEaTsa38389hPVhknxaCeKhgkeChYzgq2T2q1KT43YRb9U9qv+HGiVBDkpQ45Gv/TVG0iSJlRYwrEx3cBXNsywtoxwOi32UkMVJmM8pF1HBU6oCbP5uVN07pQBiqV2JSyaq78nMpwYM0ki15lgOzLL3kz8z+umNr4JMyZUaqkgi0VxypGVaPY7GjBNieUTRzDRzN2KyAhrTKxLqOhCCJZfXiWty2pwVa091Mr12zyOApzCGVQggGuowz00oAkExvAMr/DmKe/Fe/c+Fq1rXj5zAn/gff4AhZqPCQ==</latexit>

V (�)



Family of AdS vacua

AdS scale separation if

Beyond Moduli Spaces
What happens in the presence of a potential?

<latexit sha1_base64="4hmu6m4ebyvoSY9tyOMT9mTtAZ0=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmkqCspuHFZwT6gieFmOmmHziRhZqKU0I0bf8WNC0Xc+g/u/Bunj4W2Hhg4nHMvd84JU86Udpxvq7C0vLK6VlwvbWxube/Yu3tNlWSS0AZJeCLbISjKWUwbmmlO26mkIEJOW+Hgauy37qlULIlv9TClvoBezCJGQBspsA+bgeMpJrAIck8KrJMHKkd3Xg+EgMAuOxVnArxI3Bkpoxnqgf3ldROSCRprwkGpjuuk2s9BakY4HZW8TNEUyAB6tGNoDIIqP5+kGOFjo3RxlEjzYo0n6u+NHIRSQxGaSQG6r+a9sfif18l0dOHnLE4zTWMyPRRl3GTF40pwl0lKNB8aAkQy81dM+iCBaFNcyZTgzkdeJM3TintWqd5Uy7XLWR1FdICO0Aly0TmqoWtURw1E0CN6Rq/ozXqyXqx362M6WrBmO/voD6zPH1vtmH8=</latexit>

V0 ⇠ m�
tower

Known holographic SUSY examples have

(no scale separation between AdS length and 
internal dimensions)

<latexit sha1_base64="DG6uA9YX3H5bz+ttP3kqeaWQ31g=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKeyGoF6UgBePEcwDkiX0TmaTITOz68ysEEJ+wosHRbz6O978GyfJHjSxoKGo6qa7K0w408bzvp3c2vrG5lZ+u7Czu7d/UDw8auo4VYQ2SMxj1Q5RU84kbRhmOG0niqIIOW2Fo9uZ33qiSrNYPphxQgOBA8kiRtBYqd0doBB4XekVS17Zm8NdJX5GSpCh3it+dfsxSQWVhnDUuuN7iQkmqAwjnE4L3VTTBMkIB7RjqURBdTCZ3zt1z6zSd6NY2ZLGnau/JyYotB6L0HYKNEO97M3E/7xOaqKrYMJkkhoqyWJRlHLXxO7sebfPFCWGjy1Bopi91SVDVEiMjahgQ/CXX14lzUrZvyhX76ul2k0WRx5O4BTOwYdLqMEd1KEBBDg8wyu8OY/Oi/PufCxac042cwx/4Hz+AH/Jj50=</latexit>

� = 2

But DGKT-like proposals (with not known 
CFT dual) have

<latexit sha1_base64="AcPr9S70KgN2QlCNng58lMPZ66w=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKeyGoJ5CwIvHCOYByRJ6J7PJkJnZdWZWCCE/4cWDIl79HW/+jZNkD5pY0FBUddPdFSacaeN5305uY3Nreye/W9jbPzg8Kh6ftHScKkKbJOax6oSoKWeSNg0znHYSRVGEnLbD8e3cbz9RpVksH8wkoYHAoWQRI2is1OkNUQisVfrFklf2FnDXiZ+REmRo9ItfvUFMUkGlIRy17vpeYoIpKsMIp7NCL9U0QTLGIe1aKlFQHUwX987cC6sM3ChWtqRxF+rviSkKrScitJ0CzUivenPxP6+bmugmmDKZpIZKslwUpdw1sTt/3h0wRYnhE0uQKGZvdckIFRJjIyrYEPzVl9dJq1L2r8rV+2qpXsviyMMZnMMl+HANdbiDBjSBAIdneIU359F5cd6dj2VrzslmTuEPnM8fgU6Png==</latexit>

� > 2

No explicit 10d uplift

<latexit sha1_base64="21sGE3DRv84uWgqOXgwCfE+YgQs=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lKUU9S8OKxgm2FJpTJdpMu3d3E3Y1QQv+GFw+KePXPePPfuG1z0NYHA4/3ZpiZF6acaeO6305pbX1jc6u8XdnZ3ds/qB4edXWSKUI7JOGJeghBU84k7RhmOH1IFQURctoLxzczv/dElWaJvDeTlAYCYskiRsBYyfdjEAL8mD7ixqBac+vuHHiVeAWpoQLtQfXLHyYkE1QawkHrvuemJshBGUY4nVb8TNMUyBhi2rdUgqA6yOc3T/GZVYY4SpQtafBc/T2Rg9B6IkLbKcCM9LI3E//z+pmJroKcyTQzVJLFoijj2CR4FgAeMkWJ4RNLgChmb8VkBAqIsTFVbAje8surpNuoexf15l2z1rou4iijE3SKzpGHLlEL3aI26iCCUvSMXtGbkzkvzrvzsWgtOcXMMfoD5/MHYpKRQQ==</latexit>

� � 2

��

<latexit sha1_base64="QwkcQDC/mpDR68EEn4kkmLcUnD8=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9mVop6k4MVjBfsB7VKyabYNzSYhyQpl6Y/w4kERr/4eb/4b03YP2vpg4PHeDDPzIsWZsb7/7a2tb2xubRd2irt7+weHpaPjlpGpJrRJJJe6E2FDORO0aZnltKM0xUnEaTsa38389hPVhknxaCeKhgkeChYzgq2T2q1KT43YRb9U9qv+HGiVBDkpQ45Gv/TVG0iSJlRYwrEx3cBXNsywtoxwOi32UkMVJmM8pF1HBU6oCbP5uVN07pQBiqV2JSyaq78nMpwYM0ki15lgOzLL3kz8z+umNr4JMyZUaqkgi0VxypGVaPY7GjBNieUTRzDRzN2KyAhrTKxLqOhCCJZfXiWty2pwVa091Mr12zyOApzCGVQggGuowz00oAkExvAMr/DmKe/Fe/c+Fq1rXj5zAn/gff4AhZqPCQ==</latexit>

V (�)



Family of AdS vacua

AdS scale separation if

Beyond Moduli Spaces
What happens in the presence of a potential?

<latexit sha1_base64="4hmu6m4ebyvoSY9tyOMT9mTtAZ0=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmkqCspuHFZwT6gieFmOmmHziRhZqKU0I0bf8WNC0Xc+g/u/Bunj4W2Hhg4nHMvd84JU86Udpxvq7C0vLK6VlwvbWxube/Yu3tNlWSS0AZJeCLbISjKWUwbmmlO26mkIEJOW+Hgauy37qlULIlv9TClvoBezCJGQBspsA+bgeMpJrAIck8KrJMHKkd3Xg+EgMAuOxVnArxI3Bkpoxnqgf3ldROSCRprwkGpjuuk2s9BakY4HZW8TNEUyAB6tGNoDIIqP5+kGOFjo3RxlEjzYo0n6u+NHIRSQxGaSQG6r+a9sfif18l0dOHnLE4zTWMyPRRl3GTF40pwl0lKNB8aAkQy81dM+iCBaFNcyZTgzkdeJM3TintWqd5Uy7XLWR1FdICO0Aly0TmqoWtURw1E0CN6Rq/ozXqyXqx362M6WrBmO/voD6zPH1vtmH8=</latexit>

V0 ⇠ m�
tower

Known holographic SUSY examples have

(no scale separation between AdS length and 
internal dimensions)

<latexit sha1_base64="DG6uA9YX3H5bz+ttP3kqeaWQ31g=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKeyGoF6UgBePEcwDkiX0TmaTITOz68ysEEJ+wosHRbz6O978GyfJHjSxoKGo6qa7K0w408bzvp3c2vrG5lZ+u7Czu7d/UDw8auo4VYQ2SMxj1Q5RU84kbRhmOG0niqIIOW2Fo9uZ33qiSrNYPphxQgOBA8kiRtBYqd0doBB4XekVS17Zm8NdJX5GSpCh3it+dfsxSQWVhnDUuuN7iQkmqAwjnE4L3VTTBMkIB7RjqURBdTCZ3zt1z6zSd6NY2ZLGnau/JyYotB6L0HYKNEO97M3E/7xOaqKrYMJkkhoqyWJRlHLXxO7sebfPFCWGjy1Bopi91SVDVEiMjahgQ/CXX14lzUrZvyhX76ul2k0WRx5O4BTOwYdLqMEd1KEBBDg8wyu8OY/Oi/PufCxac042cwx/4Hz+AH/Jj50=</latexit>

� = 2

But DGKT-like proposals (with not known 
CFT dual) have

<latexit sha1_base64="AcPr9S70KgN2QlCNng58lMPZ66w=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKeyGoJ5CwIvHCOYByRJ6J7PJkJnZdWZWCCE/4cWDIl79HW/+jZNkD5pY0FBUddPdFSacaeN5305uY3Nreye/W9jbPzg8Kh6ftHScKkKbJOax6oSoKWeSNg0znHYSRVGEnLbD8e3cbz9RpVksH8wkoYHAoWQRI2is1OkNUQisVfrFklf2FnDXiZ+REmRo9ItfvUFMUkGlIRy17vpeYoIpKsMIp7NCL9U0QTLGIe1aKlFQHUwX987cC6sM3ChWtqRxF+rviSkKrScitJ0CzUivenPxP6+bmugmmDKZpIZKslwUpdw1sTt/3h0wRYnhE0uQKGZvdckIFRJjIyrYEPzVl9dJq1L2r8rV+2qpXsviyMMZnMMl+HANdbiDBjSBAIdneIU359F5cd6dj2VrzslmTuEPnM8fgU6Png==</latexit>

� > 2

No explicit 10d uplift

<latexit sha1_base64="21sGE3DRv84uWgqOXgwCfE+YgQs=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lKUU9S8OKxgm2FJpTJdpMu3d3E3Y1QQv+GFw+KePXPePPfuG1z0NYHA4/3ZpiZF6acaeO6305pbX1jc6u8XdnZ3ds/qB4edXWSKUI7JOGJeghBU84k7RhmOH1IFQURctoLxzczv/dElWaJvDeTlAYCYskiRsBYyfdjEAL8mD7ixqBac+vuHHiVeAWpoQLtQfXLHyYkE1QawkHrvuemJshBGUY4nVb8TNMUyBhi2rdUgqA6yOc3T/GZVYY4SpQtafBc/T2Rg9B6IkLbKcCM9LI3E//z+pmJroKcyTQzVJLFoijj2CR4FgAeMkWJ4RNLgChmb8VkBAqIsTFVbAje8surpNuoexf15l2z1rou4iijE3SKzpGHLlEL3aI26iCCUvSMXtGbkzkvzrvzsWgtOcXMMfoD5/MHYpKRQQ==</latexit>

� � 2

New results regarding consistency of the vacuum
[Montero,Valenzuela ’ongoing]

��

<latexit sha1_base64="QwkcQDC/mpDR68EEn4kkmLcUnD8=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9mVop6k4MVjBfsB7VKyabYNzSYhyQpl6Y/w4kERr/4eb/4b03YP2vpg4PHeDDPzIsWZsb7/7a2tb2xubRd2irt7+weHpaPjlpGpJrRJJJe6E2FDORO0aZnltKM0xUnEaTsa38389hPVhknxaCeKhgkeChYzgq2T2q1KT43YRb9U9qv+HGiVBDkpQ45Gv/TVG0iSJlRYwrEx3cBXNsywtoxwOi32UkMVJmM8pF1HBU6oCbP5uVN07pQBiqV2JSyaq78nMpwYM0ki15lgOzLL3kz8z+umNr4JMyZUaqkgi0VxypGVaPY7GjBNieUTRzDRzN2KyAhrTKxLqOhCCJZfXiWty2pwVa091Mr12zyOApzCGVQggGuowz00oAkExvAMr/DmKe/Fe/c+Fq1rXj5zAn/gff4AhZqPCQ==</latexit>

V (�)



4d N=1 AdS vacuum arising from compactifying massive Type IIA on a 
CY3 with O6-planes and fluxes for

AdS4xCY3
<latexit sha1_base64="iRZfjP44MjEWNlgCimQEMj7O8LM=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KCXRop6kIJQeK9gPSEPYbDft0s0m7G6EEvozvHhQxKu/xpv/xm2bg7Y+GHi8N8PMvCDhTGnb/rbW1jc2t7YLO8Xdvf2Dw9LRcUfFqSS0TWIey16AFeVM0LZmmtNeIimOAk67wfh+5nefqFQsFo96klAvwkPBQkawNpLb8O1Kw69Vmv6VXyrbVXsOtEqcnJQhR8svffUHMUkjKjThWCnXsRPtZVhqRjidFvupogkmYzykrqECR1R52fzkKTo3ygCFsTQlNJqrvycyHCk1iQLTGWE9UsveTPzPc1Md3noZE0mqqSCLRWHKkY7R7H80YJISzSeGYCKZuRWREZaYaJNS0YTgLL+8SjqXVee6Wnuolet3eRwFOIUzuAAHbqAOTWhBGwjE8Ayv8GZp68V6tz4WrWtWPnMCf2B9/gANuI/N</latexit>

F0, F4, H3

There is one unconstrained flux that does not appear on the tadpole:
Z

!4

F4 = N
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[De Wolfe, Giddings, Kachru, Taylor ’05]

DGKT vacuum



4d N=1 AdS vacuum arising from compactifying massive Type IIA on a 
CY3 with O6-planes and fluxes for

AdS4xCY3
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F0, F4, H3

There is one unconstrained flux that does not appear on the tadpole:
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[De Wolfe, Giddings, Kachru, Taylor ’05]

DGKT vacuum

By solving the 4d eoms, one finds a family of AdS vacua with
✓
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So this solution is scale-separated in the large N limit.
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V0 ⇠ N9/2
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The consistency of the solution is not clear because we only solved 4d 
equations of motion (zero mode of 10d eoms on CY3)

Lot of recent progress, everything seems fine so far, but no conclusive answer.

DGKT vacuum

[Andriot, Apers, Casas, Castellano, Collins, Cribiori, Dall’Agata, De Luca, Emelin, Farakos, Graña, Herraez, Hoter, Ibañez, 
Junghans, Lust (x2), Marchesano, Marconnet, Montella, Morittu, Ning, Palti, Plauschinn, Prieto, Quirant, Revello, Shiu, Shukla, 

Tomasiello, Tonioni, Toulikas, Tringas, Tsimpis, Vafa, Van Hemelryck, Van Riet, Walcher, Wiesner, Wrasse, Xu, Yau, Zatti,…]



The consistency of the solution is not clear because we only solved 4d 
equations of motion (zero mode of 10d eoms on CY3)

Lot of recent progress, everything seems fine so far, but no conclusive answer.

DGKT vacuum

[Andriot, Apers, Casas, Castellano, Collins, Cribiori, Dall’Agata, De Luca, Emelin, Farakos, Graña, Herraez, Hoter, Ibañez, 
Junghans, Lust (x2), Marchesano, Marconnet, Montella, Morittu, Ning, Palti, Plauschinn, Prieto, Quirant, Revello, Shiu, Shukla, 

Tomasiello, Tonioni, Toulikas, Tringas, Tsimpis, Vafa, Van Hemelryck, Van Riet, Walcher, Wiesner, Wrasse, Xu, Yau, Zatti,…]

We will assume everything is OK, and study the fate of branes on 
DGKT vacuum, to perform a non-perturbative consistency check

[Montero,Valenzuela ’ongoing]



R @AdS
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Z

!4

F4 = N � 1
<latexit sha1_base64="fausLNJTSLOhrfVuJ79pY0WdH6w=">AAACD3icbZDLSgMxGIUz9VbrbdSFCzfBIrixzEhBN0JREFdSwV6gMwyZ9J82NHMhyQhlmIfwGdzq2p249RFc+iamdRa29axO/nNC8n9+wplUlvVllJaWV1bXyuuVjc2t7R1zd68t41RQaNGYx6LrEwmcRdBSTHHoJgJI6HPo+KPrSd55BCFZHD2ocQJuSAYRCxglSo8888BhkfIyJw5hQLx6jm+8+uXdqe2ZVatmTYUXjV2YKirU9Mxvpx/TNIRIUU6k7NlWotyMCMUoh7zipBISQkdkAD1tIxKCdLPpAjk+DmKB1RDw9Py3m5FQynHo605I1FDOZ5Phf1kvVcGFm7EoSRVEVFd0FqQcqxhPOOA+E0AVH2tDqGD6l5gOiSBUaVozr0i9zhD6eUUzsecJLJr2Wc22avZ9vdq4KuiU0SE6QifIRueogW5RE7UQRTl6Ri/o1Xgy3ox34+O3WjKKO/toRsbnDyRNm9c=</latexit><latexit sha1_base64="fausLNJTSLOhrfVuJ79pY0WdH6w=">AAACD3icbZDLSgMxGIUz9VbrbdSFCzfBIrixzEhBN0JREFdSwV6gMwyZ9J82NHMhyQhlmIfwGdzq2p249RFc+iamdRa29axO/nNC8n9+wplUlvVllJaWV1bXyuuVjc2t7R1zd68t41RQaNGYx6LrEwmcRdBSTHHoJgJI6HPo+KPrSd55BCFZHD2ocQJuSAYRCxglSo8888BhkfIyJw5hQLx6jm+8+uXdqe2ZVatmTYUXjV2YKirU9Mxvpx/TNIRIUU6k7NlWotyMCMUoh7zipBISQkdkAD1tIxKCdLPpAjk+DmKB1RDw9Py3m5FQynHo605I1FDOZ5Phf1kvVcGFm7EoSRVEVFd0FqQcqxhPOOA+E0AVH2tDqGD6l5gOiSBUaVozr0i9zhD6eUUzsecJLJr2Wc22avZ9vdq4KuiU0SE6QifIRueogW5RE7UQRTl6Ri/o1Xgy3ox34+O3WjKKO/toRsbnDyRNm9c=</latexit><latexit sha1_base64="fausLNJTSLOhrfVuJ79pY0WdH6w=">AAACD3icbZDLSgMxGIUz9VbrbdSFCzfBIrixzEhBN0JREFdSwV6gMwyZ9J82NHMhyQhlmIfwGdzq2p249RFc+iamdRa29axO/nNC8n9+wplUlvVllJaWV1bXyuuVjc2t7R1zd68t41RQaNGYx6LrEwmcRdBSTHHoJgJI6HPo+KPrSd55BCFZHD2ocQJuSAYRCxglSo8888BhkfIyJw5hQLx6jm+8+uXdqe2ZVatmTYUXjV2YKirU9Mxvpx/TNIRIUU6k7NlWotyMCMUoh7zipBISQkdkAD1tIxKCdLPpAjk+DmKB1RDw9Py3m5FQynHo605I1FDOZ5Phf1kvVcGFm7EoSRVEVFd0FqQcqxhPOOA+E0AVH2tDqGD6l5gOiSBUaVozr0i9zhD6eUUzsecJLJr2Wc22avZ9vdq4KuiU0SE6QifIRueogW5RE7UQRTl6Ri/o1Xgy3ox34+O3WjKKO/toRsbnDyRNm9c=</latexit><latexit sha1_base64="fausLNJTSLOhrfVuJ79pY0WdH6w=">AAACD3icbZDLSgMxGIUz9VbrbdSFCzfBIrixzEhBN0JREFdSwV6gMwyZ9J82NHMhyQhlmIfwGdzq2p249RFc+iamdRa29axO/nNC8n9+wplUlvVllJaWV1bXyuuVjc2t7R1zd68t41RQaNGYx6LrEwmcRdBSTHHoJgJI6HPo+KPrSd55BCFZHD2ocQJuSAYRCxglSo8888BhkfIyJw5hQLx6jm+8+uXdqe2ZVatmTYUXjV2YKirU9Mxvpx/TNIRIUU6k7NlWotyMCMUoh7zipBISQkdkAD1tIxKCdLPpAjk+DmKB1RDw9Py3m5FQynHo605I1FDOZ5Phf1kvVcGFm7EoSRVEVFd0FqQcqxhPOOA+E0AVH2tDqGD6l5gOiSBUaVozr0i9zhD6eUUzsecJLJr2Wc22avZ9vdq4KuiU0SE6QifIRueogW5RE7UQRTl6Ri/o1Xgy3ox34+O3WjKKO/toRsbnDyRNm9c=</latexit>

Consider a D4-brane wrarpping a holomorphic 2-cycle dual to the 
large N flux Z

!4

F4 = N
<latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit><latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit><latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit><latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit>

In principle, it is BPS, so the position of the brane is a modulus

Test of DGKT vacuum

(see also [Aharony,Antebi,Berkooz ’08])



However, at low energies the worldvolume theory is 3dN = 1
<latexit sha1_base64="s7uSD4MpilikCfvMiEC7OwenrC0=">AAACCnicbVC7TsMwFHXKq5RXKCOLRYXEgKoEkGBBqmBhQkWiD6mpKse9aaw6D9kOooryB3wDK8xsiJWfYORPcEoG2nKmc+85Vz4+bsyZVJb1ZZSWlldW18rrlY3Nre0dc7fallEiKLRoxCPRdYkEzkJoKaY4dGMBJHA5dNzxda53HkBIFoX3ahJDPyCjkHmMEqVXA7N6OnSOsRMQ5VPC09vs0h6YNatuTYEXiV2QGirQHJjfzjCiSQChopxI2bOtWPVTIhSjHLKKk0iICR2TEfQ0DUkAsp9Os2f40IsEVj7g6fzXm5JAykngak8eT85r+fI/rZco76KfsjBOFIRUW7TmJRyrCOcV4CETQBWfaEKoYDolpj4RhCpd1MwrUn/Hh2FW0Z3Y8w0skvZJ3bbq9t1ZrXFVtFNG++gAHSEbnaMGukFN1EIUPaJn9IJejSfjzXg3Pn6tJaO42UMzMD5/AJTCmfY=</latexit><latexit sha1_base64="s7uSD4MpilikCfvMiEC7OwenrC0=">AAACCnicbVC7TsMwFHXKq5RXKCOLRYXEgKoEkGBBqmBhQkWiD6mpKse9aaw6D9kOooryB3wDK8xsiJWfYORPcEoG2nKmc+85Vz4+bsyZVJb1ZZSWlldW18rrlY3Nre0dc7fallEiKLRoxCPRdYkEzkJoKaY4dGMBJHA5dNzxda53HkBIFoX3ahJDPyCjkHmMEqVXA7N6OnSOsRMQ5VPC09vs0h6YNatuTYEXiV2QGirQHJjfzjCiSQChopxI2bOtWPVTIhSjHLKKk0iICR2TEfQ0DUkAsp9Os2f40IsEVj7g6fzXm5JAykngak8eT85r+fI/rZco76KfsjBOFIRUW7TmJRyrCOcV4CETQBWfaEKoYDolpj4RhCpd1MwrUn/Hh2FW0Z3Y8w0skvZJ3bbq9t1ZrXFVtFNG++gAHSEbnaMGukFN1EIUPaJn9IJejSfjzXg3Pn6tJaO42UMzMD5/AJTCmfY=</latexit><latexit sha1_base64="s7uSD4MpilikCfvMiEC7OwenrC0=">AAACCnicbVC7TsMwFHXKq5RXKCOLRYXEgKoEkGBBqmBhQkWiD6mpKse9aaw6D9kOooryB3wDK8xsiJWfYORPcEoG2nKmc+85Vz4+bsyZVJb1ZZSWlldW18rrlY3Nre0dc7fallEiKLRoxCPRdYkEzkJoKaY4dGMBJHA5dNzxda53HkBIFoX3ahJDPyCjkHmMEqVXA7N6OnSOsRMQ5VPC09vs0h6YNatuTYEXiV2QGirQHJjfzjCiSQChopxI2bOtWPVTIhSjHLKKk0iICR2TEfQ0DUkAsp9Os2f40IsEVj7g6fzXm5JAykngak8eT85r+fI/rZco76KfsjBOFIRUW7TmJRyrCOcV4CETQBWfaEKoYDolpj4RhCpd1MwrUn/Hh2FW0Z3Y8w0skvZJ3bbq9t1ZrXFVtFNG++gAHSEbnaMGukFN1EIUPaJn9IJejSfjzXg3Pn6tJaO42UMzMD5/AJTCmfY=</latexit><latexit sha1_base64="s7uSD4MpilikCfvMiEC7OwenrC0=">AAACCnicbVC7TsMwFHXKq5RXKCOLRYXEgKoEkGBBqmBhQkWiD6mpKse9aaw6D9kOooryB3wDK8xsiJWfYORPcEoG2nKmc+85Vz4+bsyZVJb1ZZSWlldW18rrlY3Nre0dc7fallEiKLRoxCPRdYkEzkJoKaY4dGMBJHA5dNzxda53HkBIFoX3ahJDPyCjkHmMEqVXA7N6OnSOsRMQ5VPC09vs0h6YNatuTYEXiV2QGirQHJjfzjCiSQChopxI2bOtWPVTIhSjHLKKk0iICR2TEfQ0DUkAsp9Os2f40IsEVj7g6fzXm5JAykngak8eT85r+fI/rZco76KfsjBOFIRUW7TmJRyrCOcV4CETQBWfaEKoYDolpj4RhCpd1MwrUn/Hh2FW0Z3Y8w0skvZJ3bbq9t1ZrXFVtFNG++gAHSEbnaMGukFN1EIUPaJn9IJejSfjzXg3Pn6tJaO42UMzMD5/AJTCmfY=</latexit>

This is so little SUSY that there are no protected quantities

The superpotential can receive corrections (unless there is a parity symmetry)

[Gaiotto-Komargodski-Wu '18]

Test of DGKT vacuum



However, at low energies the worldvolume theory is 3dN = 1
<latexit sha1_base64="s7uSD4MpilikCfvMiEC7OwenrC0=">AAACCnicbVC7TsMwFHXKq5RXKCOLRYXEgKoEkGBBqmBhQkWiD6mpKse9aaw6D9kOooryB3wDK8xsiJWfYORPcEoG2nKmc+85Vz4+bsyZVJb1ZZSWlldW18rrlY3Nre0dc7fallEiKLRoxCPRdYkEzkJoKaY4dGMBJHA5dNzxda53HkBIFoX3ahJDPyCjkHmMEqVXA7N6OnSOsRMQ5VPC09vs0h6YNatuTYEXiV2QGirQHJjfzjCiSQChopxI2bOtWPVTIhSjHLKKk0iICR2TEfQ0DUkAsp9Os2f40IsEVj7g6fzXm5JAykngak8eT85r+fI/rZco76KfsjBOFIRUW7TmJRyrCOcV4CETQBWfaEKoYDolpj4RhCpd1MwrUn/Hh2FW0Z3Y8w0skvZJ3bbq9t1ZrXFVtFNG++gAHSEbnaMGukFN1EIUPaJn9IJejSfjzXg3Pn6tJaO42UMzMD5/AJTCmfY=</latexit><latexit sha1_base64="s7uSD4MpilikCfvMiEC7OwenrC0=">AAACCnicbVC7TsMwFHXKq5RXKCOLRYXEgKoEkGBBqmBhQkWiD6mpKse9aaw6D9kOooryB3wDK8xsiJWfYORPcEoG2nKmc+85Vz4+bsyZVJb1ZZSWlldW18rrlY3Nre0dc7fallEiKLRoxCPRdYkEzkJoKaY4dGMBJHA5dNzxda53HkBIFoX3ahJDPyCjkHmMEqVXA7N6OnSOsRMQ5VPC09vs0h6YNatuTYEXiV2QGirQHJjfzjCiSQChopxI2bOtWPVTIhSjHLKKk0iICR2TEfQ0DUkAsp9Os2f40IsEVj7g6fzXm5JAykngak8eT85r+fI/rZco76KfsjBOFIRUW7TmJRyrCOcV4CETQBWfaEKoYDolpj4RhCpd1MwrUn/Hh2FW0Z3Y8w0skvZJ3bbq9t1ZrXFVtFNG++gAHSEbnaMGukFN1EIUPaJn9IJejSfjzXg3Pn6tJaO42UMzMD5/AJTCmfY=</latexit><latexit sha1_base64="s7uSD4MpilikCfvMiEC7OwenrC0=">AAACCnicbVC7TsMwFHXKq5RXKCOLRYXEgKoEkGBBqmBhQkWiD6mpKse9aaw6D9kOooryB3wDK8xsiJWfYORPcEoG2nKmc+85Vz4+bsyZVJb1ZZSWlldW18rrlY3Nre0dc7fallEiKLRoxCPRdYkEzkJoKaY4dGMBJHA5dNzxda53HkBIFoX3ahJDPyCjkHmMEqVXA7N6OnSOsRMQ5VPC09vs0h6YNatuTYEXiV2QGirQHJjfzjCiSQChopxI2bOtWPVTIhSjHLKKk0iICR2TEfQ0DUkAsp9Os2f40IsEVj7g6fzXm5JAykngak8eT85r+fI/rZco76KfsjBOFIRUW7TmJRyrCOcV4CETQBWfaEKoYDolpj4RhCpd1MwrUn/Hh2FW0Z3Y8w0skvZJ3bbq9t1ZrXFVtFNG++gAHSEbnaMGukFN1EIUPaJn9IJejSfjzXg3Pn6tJaO42UMzMD5/AJTCmfY=</latexit><latexit sha1_base64="s7uSD4MpilikCfvMiEC7OwenrC0=">AAACCnicbVC7TsMwFHXKq5RXKCOLRYXEgKoEkGBBqmBhQkWiD6mpKse9aaw6D9kOooryB3wDK8xsiJWfYORPcEoG2nKmc+85Vz4+bsyZVJb1ZZSWlldW18rrlY3Nre0dc7fallEiKLRoxCPRdYkEzkJoKaY4dGMBJHA5dNzxda53HkBIFoX3ahJDPyCjkHmMEqVXA7N6OnSOsRMQ5VPC09vs0h6YNatuTYEXiV2QGirQHJjfzjCiSQChopxI2bOtWPVTIhSjHLKKk0iICR2TEfQ0DUkAsp9Os2f40IsEVj7g6fzXm5JAykngak8eT85r+fI/rZco76KfsjBOFIRUW7TmJRyrCOcV4CETQBWfaEKoYDolpj4RhCpd1MwrUn/Hh2FW0Z3Y8w0skvZJ3bbq9t1ZrXFVtFNG++gAHSEbnaMGukFN1EIUPaJn9IJejSfjzXg3Pn6tJaO42UMzMD5/AJTCmfY=</latexit>

This is so little SUSY that there are no protected quantities

The superpotential can receive corrections (unless there is a parity symmetry)

[Gaiotto-Komargodski-Wu '18]

Test of DGKT vacuum

In DGKT, the fluxes break the parity symmetries

By explicit computation, we show that a superpotential is generated

(SUSY is broken spontaneously on the brane)

[Montero,Valenzuela ’ongoing]



However, at low energies the worldvolume theory is 3dN = 1
<latexit sha1_base64="s7uSD4MpilikCfvMiEC7OwenrC0=">AAACCnicbVC7TsMwFHXKq5RXKCOLRYXEgKoEkGBBqmBhQkWiD6mpKse9aaw6D9kOooryB3wDK8xsiJWfYORPcEoG2nKmc+85Vz4+bsyZVJb1ZZSWlldW18rrlY3Nre0dc7fallEiKLRoxCPRdYkEzkJoKaY4dGMBJHA5dNzxda53HkBIFoX3ahJDPyCjkHmMEqVXA7N6OnSOsRMQ5VPC09vs0h6YNatuTYEXiV2QGirQHJjfzjCiSQChopxI2bOtWPVTIhSjHLKKk0iICR2TEfQ0DUkAsp9Os2f40IsEVj7g6fzXm5JAykngak8eT85r+fI/rZco76KfsjBOFIRUW7TmJRyrCOcV4CETQBWfaEKoYDolpj4RhCpd1MwrUn/Hh2FW0Z3Y8w0skvZJ3bbq9t1ZrXFVtFNG++gAHSEbnaMGukFN1EIUPaJn9IJejSfjzXg3Pn6tJaO42UMzMD5/AJTCmfY=</latexit><latexit sha1_base64="s7uSD4MpilikCfvMiEC7OwenrC0=">AAACCnicbVC7TsMwFHXKq5RXKCOLRYXEgKoEkGBBqmBhQkWiD6mpKse9aaw6D9kOooryB3wDK8xsiJWfYORPcEoG2nKmc+85Vz4+bsyZVJb1ZZSWlldW18rrlY3Nre0dc7fallEiKLRoxCPRdYkEzkJoKaY4dGMBJHA5dNzxda53HkBIFoX3ahJDPyCjkHmMEqVXA7N6OnSOsRMQ5VPC09vs0h6YNatuTYEXiV2QGirQHJjfzjCiSQChopxI2bOtWPVTIhSjHLKKk0iICR2TEfQ0DUkAsp9Os2f40IsEVj7g6fzXm5JAykngak8eT85r+fI/rZco76KfsjBOFIRUW7TmJRyrCOcV4CETQBWfaEKoYDolpj4RhCpd1MwrUn/Hh2FW0Z3Y8w0skvZJ3bbq9t1ZrXFVtFNG++gAHSEbnaMGukFN1EIUPaJn9IJejSfjzXg3Pn6tJaO42UMzMD5/AJTCmfY=</latexit><latexit sha1_base64="s7uSD4MpilikCfvMiEC7OwenrC0=">AAACCnicbVC7TsMwFHXKq5RXKCOLRYXEgKoEkGBBqmBhQkWiD6mpKse9aaw6D9kOooryB3wDK8xsiJWfYORPcEoG2nKmc+85Vz4+bsyZVJb1ZZSWlldW18rrlY3Nre0dc7fallEiKLRoxCPRdYkEzkJoKaY4dGMBJHA5dNzxda53HkBIFoX3ahJDPyCjkHmMEqVXA7N6OnSOsRMQ5VPC09vs0h6YNatuTYEXiV2QGirQHJjfzjCiSQChopxI2bOtWPVTIhSjHLKKk0iICR2TEfQ0DUkAsp9Os2f40IsEVj7g6fzXm5JAykngak8eT85r+fI/rZco76KfsjBOFIRUW7TmJRyrCOcV4CETQBWfaEKoYDolpj4RhCpd1MwrUn/Hh2FW0Z3Y8w0skvZJ3bbq9t1ZrXFVtFNG++gAHSEbnaMGukFN1EIUPaJn9IJejSfjzXg3Pn6tJaO42UMzMD5/AJTCmfY=</latexit><latexit sha1_base64="s7uSD4MpilikCfvMiEC7OwenrC0=">AAACCnicbVC7TsMwFHXKq5RXKCOLRYXEgKoEkGBBqmBhQkWiD6mpKse9aaw6D9kOooryB3wDK8xsiJWfYORPcEoG2nKmc+85Vz4+bsyZVJb1ZZSWlldW18rrlY3Nre0dc7fallEiKLRoxCPRdYkEzkJoKaY4dGMBJHA5dNzxda53HkBIFoX3ahJDPyCjkHmMEqVXA7N6OnSOsRMQ5VPC09vs0h6YNatuTYEXiV2QGirQHJjfzjCiSQChopxI2bOtWPVTIhSjHLKKk0iICR2TEfQ0DUkAsp9Os2f40IsEVj7g6fzXm5JAykngak8eT85r+fI/rZco76KfsjBOFIRUW7TmJRyrCOcV4CETQBWfaEKoYDolpj4RhCpd1MwrUn/Hh2FW0Z3Y8w0skvZJ3bbq9t1ZrXFVtFNG++gAHSEbnaMGukFN1EIUPaJn9IJejSfjzXg3Pn6tJaO42UMzMD5/AJTCmfY=</latexit>

This is so little SUSY that there are no protected quantities

The superpotential can receive corrections (unless there is a parity symmetry)

[Gaiotto-Komargodski-Wu '18]

Test of DGKT vacuum

In DGKT, the fluxes break the parity symmetries

By explicit computation, we show that a superpotential is generated

(SUSY is broken spontaneously on the brane)

[Montero,Valenzuela ’ongoing]

the position of D4 is not a modulus

(it feels an attractive force)
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which would imply an instability of the DGKT vacuum

According to the WGC, a non-BPS brane should be repulsive 

No SUSY AdS scale-separated vacuum

Test of DGKT vacuum

The result is in tension with the Weak Gravity Conjecture (WGC)
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which would imply an instability of the DGKT vacuum

According to the WGC, a non-BPS brane should be repulsive 

No SUSY AdS scale-separated vacuum

Test of DGKT vacuum

Stay tuned

Ongoing work!

We are exploring the implications of this clash between DGKT vacuum 
and the WGC for membranes

[Montero,Valenzuela ’ongoing]

The result is in tension with the Weak Gravity Conjecture (WGC)



We are entering an era of precision in the Swampland program

Fix all “order one” factors

Conclusions
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We are entering an era of precision in the Swampland program

Fix all “order one” factors

Conclusions
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⇤ ⇠ Mp exp(����)

We found a universal pattern between the leading tower of states and 
the quantum gravity cut-off underlying all string theory examples

• It provides a quantitative bound for the exponential rate of the tower

• It constraints the possible towers and how different limits fit together in 
the moduli space
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• Implications for asymptotic accelerated expansion and AdS scale separation



We are entering an era of precision in the Swampland program

Fix all “order one” factors
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• It constraints the possible towers and how different limits fit together in 
the moduli space
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• Implications for asymptotic accelerated expansion and AdS scale separation

We perform a non-perturbative check of DGKT and the result is in 
tension with the Weak Gravity Conjecture



Thank you!
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Scalar WGC

Can we reformulate the Distance Conjecture as a sharp local condition that the 
spectra of the theory must satisfy at a given point of the moduli space?

(in analogy to the Weak Gravity Conjecture                  )
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The Distance Conjecture (a drop-off of the cut-off) resembles the “magnetic version” 
of the WGC, is there an analogous “electric version” for the Distance Conjecture? 

* [Grimm,Palti,IV’18]
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The Distance Conjecture (a drop-off of the cut-off) resembles the “magnetic version” 
of the WGC, is there an analogous “electric version” for the Distance Conjecture? 

* [Grimm,Palti,IV’18]



Scalar WGC

Can we reformulate the Distance Conjecture as a sharp local condition that the 
spectra of the theory must satisfy at a given point of the moduli space?

(in analogy to the Weak Gravity Conjecture                  )
<latexit sha1_base64="77pb0Zbr5/tS1I4PCkAXH04BwhI=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBVUmkqCspuumyBfuAJoTJdJIOnUnizEQoIUs3/oobF4q49RPc+TdO2yy09cCFwzn3cu89fsKoVJb1bZRWVtfWN8qbla3tnd09c/+gK+NUYNLBMYtF30eSMBqRjqKKkX4iCOI+Iz1/fDv1ew9ESBpHd2qSEJejMKIBxUhpyTOPnUAgnLXzjOdOSO6hEyLOkZc5gsObZu6ZVatmzQCXiV2QKijQ8swvZxjjlJNIYYakHNhWotwMCUUxI3nFSSVJEB6jkAw0jRAn0s1mj+TwVCtDGMRCV6TgTP09kSEu5YT7upMjNZKL3lT8zxukKrhyMxolqSIRni8KUgZVDKepwCEVBCs20QRhQfWtEI+QTkbp7Co6BHvx5WXSPa/ZF7V6u15tXBdxlMEROAFnwAaXoAGaoAU6AINH8AxewZvxZLwY78bHvLVkFDOH4A+Mzx/jwpng</latexit>
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scalar charge

Moduli (massless scalars) induce Yukawa scalar forces:

modulus

Notice!

Attempt: Scalar Weak Gravity Conjecture (SWGC) [Palti’16]
<latexit sha1_base64="1c0G7KI/2lB/F71pijZCm9oeLGw=">AAACGnicbVBNSwMxEM36bf2qevQSLIKnsiuinkTw4lHBaqFbymw624Ym2TXJFsq6v8OLf8WLB0W8iRf/jWntQVsfzPB4b4ZkXpQKbqzvf3kzs3PzC4tLy6WV1bX1jfLm1o1JMs2wxhKR6HoEBgVXWLPcCqynGkFGAm+j3vnQv+2jNjxR13aQYlNCR/GYM7BOapWDUGBs78NYA8vDPrqmIBJQyCKXRah5p+vcDt7REETahZbfKlf8qj8CnSbBmFTIGJet8kfYTlgmUVkmwJhG4Ke2mYO2nAksSmFmMAXWgw42HFUg0TTz0WkF3XNKm8aJdqUsHam/N3KQxgxk5CYl2K6Z9Ibif14js/FJM+cqzSwq9vNQnAlqEzrMiba5RmbFwBFgmru/UtYFl5J1aZZcCMHkydPk5qAaHFUPrw4rZ6fjOJbIDtkl+yQgx+SMXJBLUiOMPJAn8kJevUfv2Xvz3n9GZ7zxzjb5A+/zG5Maoms=</latexit>�����
~rm

m

����� � ↵0some state with
<latexit sha1_base64="s4qkv1oUu4+eaxo+BNAqfdbDs1I=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pmO2mXbjZhdyOW0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++xGV5rF8MJME/YgOJQ85o8ZK7R4+2R26X664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj93Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+50MuEJmxMQSyhS3txI2oooyYxMq2RC85ZdXSeui6l1Wa/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZjeIZXeHMS58V5dz4WrQUnnzmGP3A+fwCeWo/B</latexit>
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The Distance Conjecture (a drop-off of the cut-off) resembles the “magnetic version” 
of the WGC, is there an analogous “electric version” for the Distance Conjecture? 

* [Grimm,Palti,IV’18]



Scalar WGC

Can we reformulate the Distance Conjecture as a sharp local condition that the 
spectra of the theory must satisfy at a given point of the moduli space?

(in analogy to the Weak Gravity Conjecture                  )
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Attempt: Scalar Weak Gravity Conjecture (SWGC)
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9

scalar charge-to-mass ratios:

<latexit sha1_base64="iT9XT1yD5jJyXeG0rFybteQZZDU=">AAACEXicbVA9SwNBEN3zM8avqKXNYhBsDHcS1EoCNpYKxgi5EOY2c7q4u3fu7gXicX/Bxr9iY6GIrZ2d/8bNR+HXg4HHezPMzItSwY31/U9vanpmdm6+tFBeXFpeWa2srV+YJNMMmywRib6MwKDgCpuWW4GXqUaQkcBWdHM89Ft91IYn6twOUuxIuFI85gysk7qVnbCPLLxDCyHeZrxPd8NYA8uHch4qiAQUsshl0a1U/Zo/Av1LggmpkglOu5WPsJewTKKyTIAx7cBPbScHbTkTWJTDzGAK7AausO2oAommk48+Kui2U3o0TrQrZelI/T6RgzRmICPXKcFem9/eUPzPa2c2PuzkXKWZRcXGi+JMUJvQYTy0xzUyKwaOANPc3UrZNbhErAux7EIIfr/8l1zs1YL9Wv2sXm0cTeIokU2yRXZIQA5Ig5yQU9IkjNyTR/JMXrwH78l79d7GrVPeZGaD/ID3/gUIEJ5r</latexit>

~⇣ ⌘ �
~rm

m

If applied to towers of states decaying exponentially:
<latexit sha1_base64="dLysj9ekCe8KM3L09o6ETvQMZIg=">AAACCXicbVA9SwNBEN2L3/ErammzGASrcCdBbZSAjaWCUSF3hLm9SbJk74PduUA80tr4V2wsFLH1H9j5b9zEFH49GHi8N8PMvDBT0pDrfjilmdm5+YXFpfLyyuraemVj88qkuRbYFKlK9U0IBpVMsEmSFN5kGiEOFV6H/dOxfz1AbWSaXNIwwyCGbiI7UgBZqV3hPqisB8f+AIV/iwS+iFLifg+o8AnyUbtSdWvuBPwv8aakyqY4b1fe/SgVeYwJCQXGtDw3o6AATVIoHJX93GAGog9dbFmaQIwmKCafjPiuVSLeSbWthPhE/T5RQGzMMA5tZwzUM7+9sfif18qpcxQUMslywkR8LerkilPKx7HwSGoUpIaWgNDS3spFDzQIsuGVbQje75f/kqv9mndQq1/Uq42TaRyLbJvtsD3msUPWYGfsnDWZYHfsgT2xZ+feeXRenNev1pIzndliP+C8fQIUo5qW</latexit>

↵ = ~⇣ · ⌧̂

exponential rate 
of the tower

unit tangent 
geodesic vector

[Palti’16]

The Distance Conjecture (a drop-off of the cut-off) resembles the “magnetic version” 
of the WGC, is there an analogous “electric version” for the Distance Conjecture? 

* [Grimm,Palti,IV’18]



[Calderon-Infante,Uranga,IV’20]

The Distance Conjecture can be formulated as a convex hull SWGC 
applied to towers:

Convex Hull Distance Conjecture

convex hull of         of light towers

<latexit sha1_base64="tJZdlshqxgLqRfchqgn6PquWWm8=">AAACAHicbVDLSsNAFL2pr1pfURcu3ASL4KokUtSVFNy4rGAf0IQymU7aoTOTMDMplJCNv+LGhSJu/Qx3/o3TNgttPXAvh3PuZeaeMGFUadf9tkpr6xubW+Xtys7u3v6BfXjUVnEqMWnhmMWyGyJFGBWkpalmpJtIgnjISCcc3838zoRIRWPxqKcJCTgaChpRjLSR+vaJH0mEM39CTBMoZCjnecbzvl11a+4czirxClKFAs2+/eUPYpxyIjRmSKme5yY6yJDUFDOSV/xUkQThMRqSnqECcaKCbH5A7pwbZeBEsTQltDNXf29kiCs15aGZ5EiP1LI3E//zeqmOboKMiiTVRODFQ1HKHB07szScAZUEazY1BGFJzV8dPEImEW0yq5gQvOWTV0n7suZd1eoP9WrjtoijDKdwBhfgwTU04B6a0AIMOTzDK7xZT9aL9W59LEZLVrFzDH9gff4A7FuXRA==</latexit>

~rm

m

remains outside ball of radius <latexit sha1_base64="HWJcLeZTekEmTTIP/ty8jeCULEY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pku2mXbjZxdyOU0D/hxYMiXv073vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nirImjUWsOgFqJrhkTcONYJ1EMYwCwdrB+Hbmt5+Y0jyWD2aSMD/CoeQhp2is1OmhSEbYd/vlilt15yCrxMtJBXI0+uWv3iCmacSkoQK17npuYvwMleFUsGmpl2qWIB3jkHUtlRgx7Wfze6fkzCoDEsbKljRkrv6eyDDSehIFtjNCM9LL3kz8z+umJrz2My6T1DBJF4vCVBATk9nzZMAVo0ZMLEGquL2V0BEqpMZGVLIheMsvr5LWRdW7rNbua5X6TR5HEU7gFM7Bgyuowx00oAkUBDzDK7w5j86L8+58LFoLTj5zDH/gfP4AtQePwA==</latexit>↵0

Distance conjecture with 
exponential rate

<latexit sha1_base64="CkkDCRbbbhylTBwakXH5Qn8Nx+I=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuCqJFHUlBTcuK9gLNCFMpift0MkkzkyEUOqruHGhiFsfxJ1v47TNQlt/GPj4zzmcM3+Ycqa043xbpbX1jc2t8nZlZ3dv/8A+POqoJJMU2jThieyFRAFnAtqaaQ69VAKJQw7dcHwzq3cfQSqWiHudp+DHZChYxCjRxgrsqkd4OiLeEB7wAgMnsGtO3ZkLr4JbQA0VagX2lzdIaBaD0JQTpfquk2p/QqRmlMO04mUKUkLHZAh9g4LEoPzJ/PgpPjXOAEeJNE9oPHd/T0xIrFQeh6YzJnqklmsz879aP9PRlT9hIs00CLpYFGUc6wTPksADJoFqnhsgVDJzK6YjIgnVJq+KCcFd/vIqdM7r7kW9cdeoNa+LOMroGJ2gM+SiS9REt6iF2oiiHD2jV/RmPVkv1rv1sWgtWcVMFf2R9fkDM/2Ueg==</latexit>
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Max-alpha plot

It becomes sharp and powerful if 
combined with

<latexit sha1_base64="BNSjiIgKkfMkMLY7G7esvWbdg9c=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgxpKUoq6k4MZlBfuAJpSb6aQdOnl0ZiKUkJUbf8WNC0Xc+g3u/BunbRbaeuDC4Zx7ufceL+ZMKsv6Ngorq2vrG8XN0tb2zu6euX/QklEiCG2SiEei44GknIW0qZjitBMLCoHHadsb3Uz99gMVkkXhvZrE1A1gEDKfEVBa6pnHDvB4CM6AjrHjCyB26sixUGn/vJplPbNsVawZ8DKxc1JGORo988vpRyQJaKgIBym7thUrNwWhGOE0KzmJpDGQEQxoV9MQAirddPZGhk+10sd+JHSFCs/U3xMpBFJOAk93BqCGctGbiv953UT5V27KwjhRNCTzRX7CsYrwNBPcZ4ISxSeaABFM34rJEHQYSidX0iHYiy8vk1a1Yl9Uane1cv06j6OIjtAJOkM2ukR1dIsaqIkIekTP6BW9GU/Gi/FufMxbC0Y+c4j+wPj8ASucmO8=</latexit>

↵ � 1p
d� 2

[Etheredge et al’22]
<latexit sha1_base64="3fZZLTYxQwO/GzZ6dKAek49LJx8=">AAAB+HicbVDJSgNBEO2JW4xLRj16aQyCpzAjop4k4MVjBLNAZhh6OjVJk57FXgJxyJd48aCIVz/Fm39jJ5mDJj4oeLxXRVW9MONMKsf5tkpr6xubW+Xtys7u3n7VPjhsy1QLCi2a8lR0QyKBswRaiikO3UwAiUMOnXB0O/M7YxCSpcmDmmTgx2SQsIhRoowU2FUPHjUbY4/wbEgCJ7BrTt2ZA68StyA1VKAZ2F9eP6U6hkRRTqTsuU6m/JwIxSiHacXTEjJCR2QAPUMTEoP08/nhU3xqlD6OUmEqUXiu/p7ISSzlJA5NZ0zUUC57M/E/r6dVdO3nLMm0goQuFkWaY5XiWQq4zwRQxSeGECqYuRXTIRGEKpNVxYTgLr+8StrndfeyfnF/UWvcFHGU0TE6QWfIRVeoge5QE7UQRRo9o1f0Zj1ZL9a79bFoLVnFzBH6A+vzB1Eykt0=</latexit>⌘ ↵0

<latexit sha1_base64="HWJcLeZTekEmTTIP/ty8jeCULEY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pku2mXbjZxdyOU0D/hxYMiXv073vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nirImjUWsOgFqJrhkTcONYJ1EMYwCwdrB+Hbmt5+Y0jyWD2aSMD/CoeQhp2is1OmhSEbYd/vlilt15yCrxMtJBXI0+uWv3iCmacSkoQK17npuYvwMleFUsGmpl2qWIB3jkHUtlRgx7Wfze6fkzCoDEsbKljRkrv6eyDDSehIFtjNCM9LL3kz8z+umJrz2My6T1DBJF4vCVBATk9nzZMAVo0ZMLEGquL2V0BEqpMZGVLIheMsvr5LWRdW7rNbua5X6TR5HEU7gFM7Bgyuowx00oAkUBDzDK7w5j86L8+58LFoLTj5zDH/gfP4AtQePwA==</latexit>↵0

[Calderon-Infante,Uranga,IV’20]
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Convex Hull Distance Conjecture
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<latexit sha1_base64="tJZdlshqxgLqRfchqgn6PquWWm8=">AAACAHicbVDLSsNAFL2pr1pfURcu3ASL4KokUtSVFNy4rGAf0IQymU7aoTOTMDMplJCNv+LGhSJu/Qx3/o3TNgttPXAvh3PuZeaeMGFUadf9tkpr6xubW+Xtys7u3v6BfXjUVnEqMWnhmMWyGyJFGBWkpalmpJtIgnjISCcc3838zoRIRWPxqKcJCTgaChpRjLSR+vaJH0mEM39CTBMoZCjnecbzvl11a+4czirxClKFAs2+/eUPYpxyIjRmSKme5yY6yJDUFDOSV/xUkQThMRqSnqECcaKCbH5A7pwbZeBEsTQltDNXf29kiCs15aGZ5EiP1LI3E//zeqmOboKMiiTVRODFQ1HKHB07szScAZUEazY1BGFJzV8dPEImEW0yq5gQvOWTV0n7suZd1eoP9WrjtoijDKdwBhfgwTU04B6a0AIMOTzDK7xZT9aL9W59LEZLVrFzDH9gff4A7FuXRA==</latexit>

~rm

m

remains outside ball of radius <latexit sha1_base64="HWJcLeZTekEmTTIP/ty8jeCULEY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pku2mXbjZxdyOU0D/hxYMiXv073vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nirImjUWsOgFqJrhkTcONYJ1EMYwCwdrB+Hbmt5+Y0jyWD2aSMD/CoeQhp2is1OmhSEbYd/vlilt15yCrxMtJBXI0+uWv3iCmacSkoQK17npuYvwMleFUsGmpl2qWIB3jkHUtlRgx7Wfze6fkzCoDEsbKljRkrv6eyDDSehIFtjNCM9LL3kz8z+umJrz2My6T1DBJF4vCVBATk9nzZMAVo0ZMLEGquL2V0BEqpMZGVLIheMsvr5LWRdW7rNbua5X6TR5HEU7gFM7Bgyuowx00oAkUBDzDK7w5j86L8+58LFoLTj5zDH/gfP4AtQePwA==</latexit>↵0
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Max-alpha plot

It becomes sharp and powerful if 
combined with
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[Etheredge et al’22]
<latexit sha1_base64="3fZZLTYxQwO/GzZ6dKAek49LJx8=">AAAB+HicbVDJSgNBEO2JW4xLRj16aQyCpzAjop4k4MVjBLNAZhh6OjVJk57FXgJxyJd48aCIVz/Fm39jJ5mDJj4oeLxXRVW9MONMKsf5tkpr6xubW+Xtys7u3n7VPjhsy1QLCi2a8lR0QyKBswRaiikO3UwAiUMOnXB0O/M7YxCSpcmDmmTgx2SQsIhRoowU2FUPHjUbY4/wbEgCJ7BrTt2ZA68StyA1VKAZ2F9eP6U6hkRRTqTsuU6m/JwIxSiHacXTEjJCR2QAPUMTEoP08/nhU3xqlD6OUmEqUXiu/p7ISSzlJA5NZ0zUUC57M/E/r6dVdO3nLMm0goQuFkWaY5XiWQq4zwRQxSeGECqYuRXTIRGEKpNVxYTgLr+8StrndfeyfnF/UWvcFHGU0TE6QWfIRVeoge5QE7UQRRo9o1f0Zj1ZL9a79bFoLVnFzBH6A+vzB1Eykt0=</latexit>⌘ ↵0

<latexit sha1_base64="HWJcLeZTekEmTTIP/ty8jeCULEY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pku2mXbjZxdyOU0D/hxYMiXv073vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nirImjUWsOgFqJrhkTcONYJ1EMYwCwdrB+Hbmt5+Y0jyWD2aSMD/CoeQhp2is1OmhSEbYd/vlilt15yCrxMtJBXI0+uWv3iCmacSkoQK17npuYvwMleFUsGmpl2qWIB3jkHUtlRgx7Wfze6fkzCoDEsbKljRkrv6eyDDSehIFtjNCM9LL3kz8z+umJrz2My6T1DBJF4vCVBATk9nzZMAVo0ZMLEGquL2V0BEqpMZGVLIheMsvr5LWRdW7rNbua5X6TR5HEU7gFM7Bgyuowx00oAkUBDzDK7w5j86L8+58LFoLTj5zDH/gfP4AtQePwA==</latexit>↵0

[Calderon-Infante,Uranga,IV’20]

The Distance Conjecture can be formulated as a convex hull SWGC 
applied to towers:

Convex Hull Distance Conjecture

convex hull of         of light towers

<latexit sha1_base64="tJZdlshqxgLqRfchqgn6PquWWm8=">AAACAHicbVDLSsNAFL2pr1pfURcu3ASL4KokUtSVFNy4rGAf0IQymU7aoTOTMDMplJCNv+LGhSJu/Qx3/o3TNgttPXAvh3PuZeaeMGFUadf9tkpr6xubW+Xtys7u3v6BfXjUVnEqMWnhmMWyGyJFGBWkpalmpJtIgnjISCcc3838zoRIRWPxqKcJCTgaChpRjLSR+vaJH0mEM39CTBMoZCjnecbzvl11a+4czirxClKFAs2+/eUPYpxyIjRmSKme5yY6yJDUFDOSV/xUkQThMRqSnqECcaKCbH5A7pwbZeBEsTQltDNXf29kiCs15aGZ5EiP1LI3E//zeqmOboKMiiTVRODFQ1HKHB07szScAZUEazY1BGFJzV8dPEImEW0yq5gQvOWTV0n7suZd1eoP9WrjtoijDKdwBhfgwTU04B6a0AIMOTzDK7xZT9aL9W59LEZLVrFzDH9gff4A7FuXRA==</latexit>

~rm

m

remains outside ball of radius <latexit sha1_base64="HWJcLeZTekEmTTIP/ty8jeCULEY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pku2mXbjZxdyOU0D/hxYMiXv073vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nirImjUWsOgFqJrhkTcONYJ1EMYwCwdrB+Hbmt5+Y0jyWD2aSMD/CoeQhp2is1OmhSEbYd/vlilt15yCrxMtJBXI0+uWv3iCmacSkoQK17npuYvwMleFUsGmpl2qWIB3jkHUtlRgx7Wfze6fkzCoDEsbKljRkrv6eyDDSehIFtjNCM9LL3kz8z+umJrz2My6T1DBJF4vCVBATk9nzZMAVo0ZMLEGquL2V0BEqpMZGVLIheMsvr5LWRdW7rNbua5X6TR5HEU7gFM7Bgyuowx00oAkUBDzDK7w5j86L8+58LFoLTj5zDH/gfP4AtQePwA==</latexit>↵0

Distance conjecture with 
exponential rate

<latexit sha1_base64="CkkDCRbbbhylTBwakXH5Qn8Nx+I=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuCqJFHUlBTcuK9gLNCFMpift0MkkzkyEUOqruHGhiFsfxJ1v47TNQlt/GPj4zzmcM3+Ycqa043xbpbX1jc2t8nZlZ3dv/8A+POqoJJMU2jThieyFRAFnAtqaaQ69VAKJQw7dcHwzq3cfQSqWiHudp+DHZChYxCjRxgrsqkd4OiLeEB7wAgMnsGtO3ZkLr4JbQA0VagX2lzdIaBaD0JQTpfquk2p/QqRmlMO04mUKUkLHZAh9g4LEoPzJ/PgpPjXOAEeJNE9oPHd/T0xIrFQeh6YzJnqklmsz879aP9PRlT9hIs00CLpYFGUc6wTPksADJoFqnhsgVDJzK6YjIgnVJq+KCcFd/vIqdM7r7kW9cdeoNa+LOMroGJ2gM+SiS9REt6iF2oiiHD2jV/RmPVkv1rv1sWgtWcVMFf2R9fkDM/2Ueg==</latexit>

↵ � ↵0

What if

<latexit sha1_base64="tJZdlshqxgLqRfchqgn6PquWWm8=">AAACAHicbVDLSsNAFL2pr1pfURcu3ASL4KokUtSVFNy4rGAf0IQymU7aoTOTMDMplJCNv+LGhSJu/Qx3/o3TNgttPXAvh3PuZeaeMGFUadf9tkpr6xubW+Xtys7u3v6BfXjUVnEqMWnhmMWyGyJFGBWkpalmpJtIgnjISCcc3838zoRIRWPxqKcJCTgaChpRjLSR+vaJH0mEM39CTBMoZCjnecbzvl11a+4czirxClKFAs2+/eUPYpxyIjRmSKme5yY6yJDUFDOSV/xUkQThMRqSnqECcaKCbH5A7pwbZeBEsTQltDNXf29kiCs15aGZ5EiP1LI3E//zeqmOboKMiiTVRODFQ1HKHB07szScAZUEazY1BGFJzV8dPEImEW0yq5gQvOWTV0n7suZd1eoP9WrjtoijDKdwBhfgwTU04B6a0AIMOTzDK7xZT9aL9W59LEZLVrFzDH9gff4A7FuXRA==</latexit>

~rm

m
change as we move in moduli space?



Max-alpha plot

It becomes sharp and powerful if 
combined with

<latexit sha1_base64="BNSjiIgKkfMkMLY7G7esvWbdg9c=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgxpKUoq6k4MZlBfuAJpSb6aQdOnl0ZiKUkJUbf8WNC0Xc+g3u/BunbRbaeuDC4Zx7ufceL+ZMKsv6Ngorq2vrG8XN0tb2zu6euX/QklEiCG2SiEei44GknIW0qZjitBMLCoHHadsb3Uz99gMVkkXhvZrE1A1gEDKfEVBa6pnHDvB4CM6AjrHjCyB26sixUGn/vJplPbNsVawZ8DKxc1JGORo988vpRyQJaKgIBym7thUrNwWhGOE0KzmJpDGQEQxoV9MQAirddPZGhk+10sd+JHSFCs/U3xMpBFJOAk93BqCGctGbiv953UT5V27KwjhRNCTzRX7CsYrwNBPcZ4ISxSeaABFM34rJEHQYSidX0iHYiy8vk1a1Yl9Uane1cv06j6OIjtAJOkM2ukR1dIsaqIkIekTP6BW9GU/Gi/FufMxbC0Y+c4j+wPj8ASucmO8=</latexit>

↵ � 1p
d� 2

[Etheredge et al’22]
<latexit sha1_base64="3fZZLTYxQwO/GzZ6dKAek49LJx8=">AAAB+HicbVDJSgNBEO2JW4xLRj16aQyCpzAjop4k4MVjBLNAZhh6OjVJk57FXgJxyJd48aCIVz/Fm39jJ5mDJj4oeLxXRVW9MONMKsf5tkpr6xubW+Xtys7u3n7VPjhsy1QLCi2a8lR0QyKBswRaiikO3UwAiUMOnXB0O/M7YxCSpcmDmmTgx2SQsIhRoowU2FUPHjUbY4/wbEgCJ7BrTt2ZA68StyA1VKAZ2F9eP6U6hkRRTqTsuU6m/JwIxSiHacXTEjJCR2QAPUMTEoP08/nhU3xqlD6OUmEqUXiu/p7ISSzlJA5NZ0zUUC57M/E/r6dVdO3nLMm0goQuFkWaY5XiWQq4zwRQxSeGECqYuRXTIRGEKpNVxYTgLr+8StrndfeyfnF/UWvcFHGU0TE6QWfIRVeoge5QE7UQRRo9o1f0Zj1ZL9a79bFoLVnFzBH6A+vzB1Eykt0=</latexit>⌘ ↵0

<latexit sha1_base64="HWJcLeZTekEmTTIP/ty8jeCULEY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pku2mXbjZxdyOU0D/hxYMiXv073vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nirImjUWsOgFqJrhkTcONYJ1EMYwCwdrB+Hbmt5+Y0jyWD2aSMD/CoeQhp2is1OmhSEbYd/vlilt15yCrxMtJBXI0+uWv3iCmacSkoQK17npuYvwMleFUsGmpl2qWIB3jkHUtlRgx7Wfze6fkzCoDEsbKljRkrv6eyDDSehIFtjNCM9LL3kz8z+umJrz2My6T1DBJF4vCVBATk9nzZMAVo0ZMLEGquL2V0BEqpMZGVLIheMsvr5LWRdW7rNbua5X6TR5HEU7gFM7Bgyuowx00oAkUBDzDK7w5j86L8+58LFoLTj5zDH/gfP4AtQePwA==</latexit>↵0

[Calderon-Infante,Uranga,IV’20]

The Distance Conjecture can be formulated as a convex hull SWGC 
applied to towers:

Convex Hull Distance Conjecture

convex hull of         of light towers

<latexit sha1_base64="tJZdlshqxgLqRfchqgn6PquWWm8=">AAACAHicbVDLSsNAFL2pr1pfURcu3ASL4KokUtSVFNy4rGAf0IQymU7aoTOTMDMplJCNv+LGhSJu/Qx3/o3TNgttPXAvh3PuZeaeMGFUadf9tkpr6xubW+Xtys7u3v6BfXjUVnEqMWnhmMWyGyJFGBWkpalmpJtIgnjISCcc3838zoRIRWPxqKcJCTgaChpRjLSR+vaJH0mEM39CTBMoZCjnecbzvl11a+4czirxClKFAs2+/eUPYpxyIjRmSKme5yY6yJDUFDOSV/xUkQThMRqSnqECcaKCbH5A7pwbZeBEsTQltDNXf29kiCs15aGZ5EiP1LI3E//zeqmOboKMiiTVRODFQ1HKHB07szScAZUEazY1BGFJzV8dPEImEW0yq5gQvOWTV0n7suZd1eoP9WrjtoijDKdwBhfgwTU04B6a0AIMOTzDK7xZT9aL9W59LEZLVrFzDH9gff4A7FuXRA==</latexit>

~rm

m

remains outside ball of radius <latexit sha1_base64="HWJcLeZTekEmTTIP/ty8jeCULEY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pku2mXbjZxdyOU0D/hxYMiXv073vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nirImjUWsOgFqJrhkTcONYJ1EMYwCwdrB+Hbmt5+Y0jyWD2aSMD/CoeQhp2is1OmhSEbYd/vlilt15yCrxMtJBXI0+uWv3iCmacSkoQK17npuYvwMleFUsGmpl2qWIB3jkHUtlRgx7Wfze6fkzCoDEsbKljRkrv6eyDDSehIFtjNCM9LL3kz8z+umJrz2My6T1DBJF4vCVBATk9nzZMAVo0ZMLEGquL2V0BEqpMZGVLIheMsvr5LWRdW7rNbua5X6TR5HEU7gFM7Bgyuowx00oAkUBDzDK7w5j86L8+58LFoLTj5zDH/gfP4AtQePwA==</latexit>↵0

Distance conjecture with 
exponential rate

<latexit sha1_base64="CkkDCRbbbhylTBwakXH5Qn8Nx+I=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuCqJFHUlBTcuK9gLNCFMpift0MkkzkyEUOqruHGhiFsfxJ1v47TNQlt/GPj4zzmcM3+Ycqa043xbpbX1jc2t8nZlZ3dv/8A+POqoJJMU2jThieyFRAFnAtqaaQ69VAKJQw7dcHwzq3cfQSqWiHudp+DHZChYxCjRxgrsqkd4OiLeEB7wAgMnsGtO3ZkLr4JbQA0VagX2lzdIaBaD0JQTpfquk2p/QqRmlMO04mUKUkLHZAh9g4LEoPzJ/PgpPjXOAEeJNE9oPHd/T0xIrFQeh6YzJnqklmsz879aP9PRlT9hIs00CLpYFGUc6wTPksADJoFqnhsgVDJzK6YjIgnVJq+KCcFd/vIqdM7r7kW9cdeoNa+LOMroGJ2gM+SiS9REt6iF2oiiHD2jV/RmPVkv1rv1sWgtWcVMFf2R9fkDM/2Ueg==</latexit>

↵ � ↵0

What if

<latexit sha1_base64="tJZdlshqxgLqRfchqgn6PquWWm8=">AAACAHicbVDLSsNAFL2pr1pfURcu3ASL4KokUtSVFNy4rGAf0IQymU7aoTOTMDMplJCNv+LGhSJu/Qx3/o3TNgttPXAvh3PuZeaeMGFUadf9tkpr6xubW+Xtys7u3v6BfXjUVnEqMWnhmMWyGyJFGBWkpalmpJtIgnjISCcc3838zoRIRWPxqKcJCTgaChpRjLSR+vaJH0mEM39CTBMoZCjnecbzvl11a+4czirxClKFAs2+/eUPYpxyIjRmSKme5yY6yJDUFDOSV/xUkQThMRqSnqECcaKCbH5A7pwbZeBEsTQltDNXf29kiCs15aGZ5EiP1LI3E//zeqmOboKMiiTVRODFQ1HKHB07szScAZUEazY1BGFJzV8dPEImEW0yq5gQvOWTV0n7suZd1eoP9WrjtoijDKdwBhfgwTU04B6a0AIMOTzDK7xZT9aL9W59LEZLVrFzDH9gff4A7FuXRA==</latexit>

~rm

m
change as we move in moduli space?

(global) (local)



Max-alpha plot

It becomes sharp and powerful if 
combined with

<latexit sha1_base64="BNSjiIgKkfMkMLY7G7esvWbdg9c=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgxpKUoq6k4MZlBfuAJpSb6aQdOnl0ZiKUkJUbf8WNC0Xc+g3u/BunbRbaeuDC4Zx7ufceL+ZMKsv6Ngorq2vrG8XN0tb2zu6euX/QklEiCG2SiEei44GknIW0qZjitBMLCoHHadsb3Uz99gMVkkXhvZrE1A1gEDKfEVBa6pnHDvB4CM6AjrHjCyB26sixUGn/vJplPbNsVawZ8DKxc1JGORo988vpRyQJaKgIBym7thUrNwWhGOE0KzmJpDGQEQxoV9MQAirddPZGhk+10sd+JHSFCs/U3xMpBFJOAk93BqCGctGbiv953UT5V27KwjhRNCTzRX7CsYrwNBPcZ4ISxSeaABFM34rJEHQYSidX0iHYiy8vk1a1Yl9Uane1cv06j6OIjtAJOkM2ukR1dIsaqIkIekTP6BW9GU/Gi/FufMxbC0Y+c4j+wPj8ASucmO8=</latexit>

↵ � 1p
d� 2

[Etheredge et al’22]
<latexit sha1_base64="3fZZLTYxQwO/GzZ6dKAek49LJx8=">AAAB+HicbVDJSgNBEO2JW4xLRj16aQyCpzAjop4k4MVjBLNAZhh6OjVJk57FXgJxyJd48aCIVz/Fm39jJ5mDJj4oeLxXRVW9MONMKsf5tkpr6xubW+Xtys7u3n7VPjhsy1QLCi2a8lR0QyKBswRaiikO3UwAiUMOnXB0O/M7YxCSpcmDmmTgx2SQsIhRoowU2FUPHjUbY4/wbEgCJ7BrTt2ZA68StyA1VKAZ2F9eP6U6hkRRTqTsuU6m/JwIxSiHacXTEjJCR2QAPUMTEoP08/nhU3xqlD6OUmEqUXiu/p7ISSzlJA5NZ0zUUC57M/E/r6dVdO3nLMm0goQuFkWaY5XiWQq4zwRQxSeGECqYuRXTIRGEKpNVxYTgLr+8StrndfeyfnF/UWvcFHGU0TE6QWfIRVeoge5QE7UQRRo9o1f0Zj1ZL9a79bFoLVnFzBH6A+vzB1Eykt0=</latexit>⌘ ↵0

<latexit sha1_base64="HWJcLeZTekEmTTIP/ty8jeCULEY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pku2mXbjZxdyOU0D/hxYMiXv073vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nirImjUWsOgFqJrhkTcONYJ1EMYwCwdrB+Hbmt5+Y0jyWD2aSMD/CoeQhp2is1OmhSEbYd/vlilt15yCrxMtJBXI0+uWv3iCmacSkoQK17npuYvwMleFUsGmpl2qWIB3jkHUtlRgx7Wfze6fkzCoDEsbKljRkrv6eyDDSehIFtjNCM9LL3kz8z+umJrz2My6T1DBJF4vCVBATk9nzZMAVo0ZMLEGquL2V0BEqpMZGVLIheMsvr5LWRdW7rNbua5X6TR5HEU7gFM7Bgyuowx00oAkUBDzDK7w5j86L8+58LFoLTj5zDH/gfP4AtQePwA==</latexit>↵0

[Calderon-Infante,Uranga,IV’20]

The Distance Conjecture can be formulated as a convex hull SWGC 
applied to towers:

Convex Hull Distance Conjecture

convex hull of         of light towers

<latexit sha1_base64="tJZdlshqxgLqRfchqgn6PquWWm8=">AAACAHicbVDLSsNAFL2pr1pfURcu3ASL4KokUtSVFNy4rGAf0IQymU7aoTOTMDMplJCNv+LGhSJu/Qx3/o3TNgttPXAvh3PuZeaeMGFUadf9tkpr6xubW+Xtys7u3v6BfXjUVnEqMWnhmMWyGyJFGBWkpalmpJtIgnjISCcc3838zoRIRWPxqKcJCTgaChpRjLSR+vaJH0mEM39CTBMoZCjnecbzvl11a+4czirxClKFAs2+/eUPYpxyIjRmSKme5yY6yJDUFDOSV/xUkQThMRqSnqECcaKCbH5A7pwbZeBEsTQltDNXf29kiCs15aGZ5EiP1LI3E//zeqmOboKMiiTVRODFQ1HKHB07szScAZUEazY1BGFJzV8dPEImEW0yq5gQvOWTV0n7suZd1eoP9WrjtoijDKdwBhfgwTU04B6a0AIMOTzDK7xZT9aL9W59LEZLVrFzDH9gff4A7FuXRA==</latexit>

~rm

m

remains outside ball of radius <latexit sha1_base64="HWJcLeZTekEmTTIP/ty8jeCULEY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pku2mXbjZxdyOU0D/hxYMiXv073vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nirImjUWsOgFqJrhkTcONYJ1EMYwCwdrB+Hbmt5+Y0jyWD2aSMD/CoeQhp2is1OmhSEbYd/vlilt15yCrxMtJBXI0+uWv3iCmacSkoQK17npuYvwMleFUsGmpl2qWIB3jkHUtlRgx7Wfze6fkzCoDEsbKljRkrv6eyDDSehIFtjNCM9LL3kz8z+umJrz2My6T1DBJF4vCVBATk9nzZMAVo0ZMLEGquL2V0BEqpMZGVLIheMsvr5LWRdW7rNbua5X6TR5HEU7gFM7Bgyuowx00oAkUBDzDK7w5j86L8+58LFoLTj5zDH/gfP4AtQePwA==</latexit>↵0

Distance conjecture with 
exponential rate

<latexit sha1_base64="CkkDCRbbbhylTBwakXH5Qn8Nx+I=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuCqJFHUlBTcuK9gLNCFMpift0MkkzkyEUOqruHGhiFsfxJ1v47TNQlt/GPj4zzmcM3+Ycqa043xbpbX1jc2t8nZlZ3dv/8A+POqoJJMU2jThieyFRAFnAtqaaQ69VAKJQw7dcHwzq3cfQSqWiHudp+DHZChYxCjRxgrsqkd4OiLeEB7wAgMnsGtO3ZkLr4JbQA0VagX2lzdIaBaD0JQTpfquk2p/QqRmlMO04mUKUkLHZAh9g4LEoPzJ/PgpPjXOAEeJNE9oPHd/T0xIrFQeh6YzJnqklmsz879aP9PRlT9hIs00CLpYFGUc6wTPksADJoFqnhsgVDJzK6YjIgnVJq+KCcFd/vIqdM7r7kW9cdeoNa+LOMroGJ2gM+SiS9REt6iF2oiiHD2jV/RmPVkv1rv1sWgtWcVMFf2R9fkDM/2Ueg==</latexit>

↵ � ↵0

What if

<latexit sha1_base64="tJZdlshqxgLqRfchqgn6PquWWm8=">AAACAHicbVDLSsNAFL2pr1pfURcu3ASL4KokUtSVFNy4rGAf0IQymU7aoTOTMDMplJCNv+LGhSJu/Qx3/o3TNgttPXAvh3PuZeaeMGFUadf9tkpr6xubW+Xtys7u3v6BfXjUVnEqMWnhmMWyGyJFGBWkpalmpJtIgnjISCcc3838zoRIRWPxqKcJCTgaChpRjLSR+vaJH0mEM39CTBMoZCjnecbzvl11a+4czirxClKFAs2+/eUPYpxyIjRmSKme5yY6yJDUFDOSV/xUkQThMRqSnqECcaKCbH5A7pwbZeBEsTQltDNXf29kiCs15aGZ5EiP1LI3E//zeqmOboKMiiTVRODFQ1HKHB07szScAZUEazY1BGFJzV8dPEImEW0yq5gQvOWTV0n7suZd1eoP9WrjtoijDKdwBhfgwTU04B6a0AIMOTzDK7xZT9aL9W59LEZLVrFzDH9gff4A7FuXRA==</latexit>

~rm

m
change as we move in moduli space? This formulation can fail

(global) (local)



Max-alpha plot

It becomes sharp and powerful if 
combined with

<latexit sha1_base64="BNSjiIgKkfMkMLY7G7esvWbdg9c=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgxpKUoq6k4MZlBfuAJpSb6aQdOnl0ZiKUkJUbf8WNC0Xc+g3u/BunbRbaeuDC4Zx7ufceL+ZMKsv6Ngorq2vrG8XN0tb2zu6euX/QklEiCG2SiEei44GknIW0qZjitBMLCoHHadsb3Uz99gMVkkXhvZrE1A1gEDKfEVBa6pnHDvB4CM6AjrHjCyB26sixUGn/vJplPbNsVawZ8DKxc1JGORo988vpRyQJaKgIBym7thUrNwWhGOE0KzmJpDGQEQxoV9MQAirddPZGhk+10sd+JHSFCs/U3xMpBFJOAk93BqCGctGbiv953UT5V27KwjhRNCTzRX7CsYrwNBPcZ4ISxSeaABFM34rJEHQYSidX0iHYiy8vk1a1Yl9Uane1cv06j6OIjtAJOkM2ukR1dIsaqIkIekTP6BW9GU/Gi/FufMxbC0Y+c4j+wPj8ASucmO8=</latexit>

↵ � 1p
d� 2

[Etheredge et al’22]
<latexit sha1_base64="3fZZLTYxQwO/GzZ6dKAek49LJx8=">AAAB+HicbVDJSgNBEO2JW4xLRj16aQyCpzAjop4k4MVjBLNAZhh6OjVJk57FXgJxyJd48aCIVz/Fm39jJ5mDJj4oeLxXRVW9MONMKsf5tkpr6xubW+Xtys7u3n7VPjhsy1QLCi2a8lR0QyKBswRaiikO3UwAiUMOnXB0O/M7YxCSpcmDmmTgx2SQsIhRoowU2FUPHjUbY4/wbEgCJ7BrTt2ZA68StyA1VKAZ2F9eP6U6hkRRTqTsuU6m/JwIxSiHacXTEjJCR2QAPUMTEoP08/nhU3xqlD6OUmEqUXiu/p7ISSzlJA5NZ0zUUC57M/E/r6dVdO3nLMm0goQuFkWaY5XiWQq4zwRQxSeGECqYuRXTIRGEKpNVxYTgLr+8StrndfeyfnF/UWvcFHGU0TE6QWfIRVeoge5QE7UQRRo9o1f0Zj1ZL9a79bFoLVnFzBH6A+vzB1Eykt0=</latexit>⌘ ↵0

<latexit sha1_base64="HWJcLeZTekEmTTIP/ty8jeCULEY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pku2mXbjZxdyOU0D/hxYMiXv073vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nirImjUWsOgFqJrhkTcONYJ1EMYwCwdrB+Hbmt5+Y0jyWD2aSMD/CoeQhp2is1OmhSEbYd/vlilt15yCrxMtJBXI0+uWv3iCmacSkoQK17npuYvwMleFUsGmpl2qWIB3jkHUtlRgx7Wfze6fkzCoDEsbKljRkrv6eyDDSehIFtjNCM9LL3kz8z+umJrz2My6T1DBJF4vCVBATk9nzZMAVo0ZMLEGquL2V0BEqpMZGVLIheMsvr5LWRdW7rNbua5X6TR5HEU7gFM7Bgyuowx00oAkUBDzDK7w5j86L8+58LFoLTj5zDH/gfP4AtQePwA==</latexit>↵0

[Calderon-Infante,Uranga,IV’20]

The Distance Conjecture can be formulated as a convex hull SWGC 
applied to towers:

Convex Hull Distance Conjecture

convex hull of         of light towers

<latexit sha1_base64="tJZdlshqxgLqRfchqgn6PquWWm8=">AAACAHicbVDLSsNAFL2pr1pfURcu3ASL4KokUtSVFNy4rGAf0IQymU7aoTOTMDMplJCNv+LGhSJu/Qx3/o3TNgttPXAvh3PuZeaeMGFUadf9tkpr6xubW+Xtys7u3v6BfXjUVnEqMWnhmMWyGyJFGBWkpalmpJtIgnjISCcc3838zoRIRWPxqKcJCTgaChpRjLSR+vaJH0mEM39CTBMoZCjnecbzvl11a+4czirxClKFAs2+/eUPYpxyIjRmSKme5yY6yJDUFDOSV/xUkQThMRqSnqECcaKCbH5A7pwbZeBEsTQltDNXf29kiCs15aGZ5EiP1LI3E//zeqmOboKMiiTVRODFQ1HKHB07szScAZUEazY1BGFJzV8dPEImEW0yq5gQvOWTV0n7suZd1eoP9WrjtoijDKdwBhfgwTU04B6a0AIMOTzDK7xZT9aL9W59LEZLVrFzDH9gff4A7FuXRA==</latexit>

~rm

m

remains outside ball of radius <latexit sha1_base64="HWJcLeZTekEmTTIP/ty8jeCULEY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pku2mXbjZxdyOU0D/hxYMiXv073vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nirImjUWsOgFqJrhkTcONYJ1EMYwCwdrB+Hbmt5+Y0jyWD2aSMD/CoeQhp2is1OmhSEbYd/vlilt15yCrxMtJBXI0+uWv3iCmacSkoQK17npuYvwMleFUsGmpl2qWIB3jkHUtlRgx7Wfze6fkzCoDEsbKljRkrv6eyDDSehIFtjNCM9LL3kz8z+umJrz2My6T1DBJF4vCVBATk9nzZMAVo0ZMLEGquL2V0BEqpMZGVLIheMsvr5LWRdW7rNbua5X6TR5HEU7gFM7Bgyuowx00oAkUBDzDK7w5j86L8+58LFoLTj5zDH/gfP4AtQePwA==</latexit>↵0

Distance conjecture with 
exponential rate

<latexit sha1_base64="CkkDCRbbbhylTBwakXH5Qn8Nx+I=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuCqJFHUlBTcuK9gLNCFMpift0MkkzkyEUOqruHGhiFsfxJ1v47TNQlt/GPj4zzmcM3+Ycqa043xbpbX1jc2t8nZlZ3dv/8A+POqoJJMU2jThieyFRAFnAtqaaQ69VAKJQw7dcHwzq3cfQSqWiHudp+DHZChYxCjRxgrsqkd4OiLeEB7wAgMnsGtO3ZkLr4JbQA0VagX2lzdIaBaD0JQTpfquk2p/QqRmlMO04mUKUkLHZAh9g4LEoPzJ/PgpPjXOAEeJNE9oPHd/T0xIrFQeh6YzJnqklmsz879aP9PRlT9hIs00CLpYFGUc6wTPksADJoFqnhsgVDJzK6YjIgnVJq+KCcFd/vIqdM7r7kW9cdeoNa+LOMroGJ2gM+SiS9REt6iF2oiiHD2jV/RmPVkv1rv1sWgtWcVMFf2R9fkDM/2Ueg==</latexit>

↵ � ↵0

What if

<latexit sha1_base64="tJZdlshqxgLqRfchqgn6PquWWm8=">AAACAHicbVDLSsNAFL2pr1pfURcu3ASL4KokUtSVFNy4rGAf0IQymU7aoTOTMDMplJCNv+LGhSJu/Qx3/o3TNgttPXAvh3PuZeaeMGFUadf9tkpr6xubW+Xtys7u3v6BfXjUVnEqMWnhmMWyGyJFGBWkpalmpJtIgnjISCcc3838zoRIRWPxqKcJCTgaChpRjLSR+vaJH0mEM39CTBMoZCjnecbzvl11a+4czirxClKFAs2+/eUPYpxyIjRmSKme5yY6yJDUFDOSV/xUkQThMRqSnqECcaKCbH5A7pwbZeBEsTQltDNXf29kiCs15aGZ5EiP1LI3E//zeqmOboKMiiTVRODFQ1HKHB07szScAZUEazY1BGFJzV8dPEImEW0yq5gQvOWTV0n7suZd1eoP9WrjtoijDKdwBhfgwTU04B6a0AIMOTzDK7xZT9aL9W59LEZLVrFzDH9gff4A7FuXRA==</latexit>

~rm

m
change as we move in moduli space? This formulation can fail

(global) (local)

…does it?



Let us check these ideas in 9 dimensional theories with 16 supercharges

(e.g. circle compactification of heterotic string theory)

SWGC plot Max-alpha plot

decompactification to running solutions
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SWGC plot Max-alpha plot

decompactification to running solutions

<latexit sha1_base64="iT9XT1yD5jJyXeG0rFybteQZZDU=">AAACEXicbVA9SwNBEN3zM8avqKXNYhBsDHcS1EoCNpYKxgi5EOY2c7q4u3fu7gXicX/Bxr9iY6GIrZ2d/8bNR+HXg4HHezPMzItSwY31/U9vanpmdm6+tFBeXFpeWa2srV+YJNMMmywRib6MwKDgCpuWW4GXqUaQkcBWdHM89Ft91IYn6twOUuxIuFI85gysk7qVnbCPLLxDCyHeZrxPd8NYA8uHch4qiAQUsshl0a1U/Zo/Av1LggmpkglOu5WPsJewTKKyTIAx7cBPbScHbTkTWJTDzGAK7AausO2oAommk48+Kui2U3o0TrQrZelI/T6RgzRmICPXKcFem9/eUPzPa2c2PuzkXKWZRcXGi+JMUJvQYTy0xzUyKwaOANPc3UrZNbhErAux7EIIfr/8l1zs1YL9Wv2sXm0cTeIokU2yRXZIQA5Ig5yQU9IkjNyTR/JMXrwH78l79d7GrVPeZGaD/ID3/gUIEJ5r</latexit>

~⇣ ⌘ �
~rm

m



Let us check these ideas in 9 dimensional theories with 16 supercharges

(e.g. circle compactification of heterotic string theory)

SWGC plot Max-alpha plot

decompactification to running solutions

exponential rate 
of leading tower

<latexit sha1_base64="iT9XT1yD5jJyXeG0rFybteQZZDU=">AAACEXicbVA9SwNBEN3zM8avqKXNYhBsDHcS1EoCNpYKxgi5EOY2c7q4u3fu7gXicX/Bxr9iY6GIrZ2d/8bNR+HXg4HHezPMzItSwY31/U9vanpmdm6+tFBeXFpeWa2srV+YJNMMmywRib6MwKDgCpuWW4GXqUaQkcBWdHM89Ft91IYn6twOUuxIuFI85gysk7qVnbCPLLxDCyHeZrxPd8NYA8uHch4qiAQUsshl0a1U/Zo/Av1LggmpkglOu5WPsJewTKKyTIAx7cBPbScHbTkTWJTDzGAK7AausO2oAommk48+Kui2U3o0TrQrZelI/T6RgzRmICPXKcFem9/eUPzPa2c2PuzkXKWZRcXGi+JMUJvQYTy0xzUyKwaOANPc3UrZNbhErAux7EIIfr/8l1zs1YL9Wv2sXm0cTeIokU2yRXZIQA5Ig5yQU9IkjNyTR/JMXrwH78l79d7GrVPeZGaD/ID3/gUIEJ5r</latexit>

~⇣ ⌘ �
~rm

m



SO(32) slice

self-dual line
<latexit sha1_base64="TC2tZumNAWpJ2J7NG8Lr5oXDgxo=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BIvgqexKUU9S8OKxgv2Q7lKy6WwbmmSXJFuoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKgpNGvNYdUKigTMJTcMMh06igIiQQzsc3c789hiUZrF8MJMEAkEGkkWMEmOlR38M1H8CQ3rlilt158CrxMtJBeVo9Mpffj+mqQBpKCdadz03MUFGlGGUw7TkpxoSQkdkAF1LJRGgg2x+8BSfWaWPo1jZkgbP1d8TGRFaT0RoOwUxQ73szcT/vG5qousgYzJJDUi6WBSlHJsYz77HfaaAGj6xhFDF7K2YDoki1NiMSjYEb/nlVdK6qHqX1dp9rVK/yeMoohN0is6Rh65QHd2hBmoiigR6Rq/ozVHOi/PufCxaC04+c4z+wPn8AfXwkIM=</latexit>

~⇣



SO(32) slice

self-dual line
<latexit sha1_base64="TC2tZumNAWpJ2J7NG8Lr5oXDgxo=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BIvgqexKUU9S8OKxgv2Q7lKy6WwbmmSXJFuoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKgpNGvNYdUKigTMJTcMMh06igIiQQzsc3c789hiUZrF8MJMEAkEGkkWMEmOlR38M1H8CQ3rlilt158CrxMtJBeVo9Mpffj+mqQBpKCdadz03MUFGlGGUw7TkpxoSQkdkAF1LJRGgg2x+8BSfWaWPo1jZkgbP1d8TGRFaT0RoOwUxQ73szcT/vG5qousgYzJJDUi6WBSlHJsYz77HfaaAGj6xhFDF7K2YDoki1NiMSjYEb/nlVdK6qHqX1dp9rVK/yeMoohN0is6Rh65QHd2hBmoiigR6Rq/ozVHOi/PufCxaC04+c4z+wPn8AfXwkIM=</latexit>

~⇣Nothing here, the    -vectors of the towers change as we move in 
the moudli space!



SO(32) slice



E8xE8 slice

Jumping occurs in opposite direction than the SO(32) case



E8xE8 sliceSO(32) slice

This contains the essential information to derive the “quantum gravity 
resolution” / UV completion

(i.e. whether we reach an string theory, a higher dimensional theory, etc.) 

M-theoryType I

Each asymptotic region is associated to a concrete species scale

(see also [Bedroya,Raman,Tarazi’23])



WGC and SDC from Entropy Bounds

g(�1) ! 0 A(�1) ! 0If then Small BH:

Take Einstein-Maxwell-Dilaton theory:

S =

Z
d4x

p
�g


R+ 2|d�|2 + 1

2g(�)2
|F |2

�
g(�) ! 0 � ! 1s.t. as

There are electrically charged BH solutions with classical zero area (small BHs)



WGC and SDC from Entropy Bounds

g(�1) ! 0 A(�1) ! 0If then Small BH:

Take Einstein-Maxwell-Dilaton theory:

S =

Z
d4x

p
�g


R+ 2|d�|2 + 1

2g(�)2
|F |2

�
g(�) ! 0 � ! 1s.t. as

There are electrically charged BH solutions with classical zero area (small BHs)

BH induces a running of the scalar field and gauge coupling as 
approaching the horizon leading to:

⌧ = �1 ⌧ = 0

large field range!
small gauge coupling!

<latexit sha1_base64="rMzD9jHWzC4oGAK8xwLcp7xNknE=">AAAB8XicdVBNS8NAEJ3Ur1q/qh69LBahXkpSQ1svUvDisYJtxaaUzXbTLt1swu5GKKH/wosHRbz6b7z5b9y0FVT0wcDjvRlm5vkxZ0rb9oeVW1ldW9/Ibxa2tnd294r7Bx0VJZLQNol4JG99rChngrY105zexpLi0Oe0608uM797T6VikbjR05j2QzwSLGAEayPdefGYlT2Nk9NBsWRXzhu1qltDdsW2607VyUi17p65yDFKhhIs0RoU371hRJKQCk04Vqrn2LHup1hqRjidFbxE0RiTCR7RnqECh1T10/nFM3RilCEKImlKaDRXv0+kOFRqGvqmM8R6rH57mfiX10t00OinTMSJpoIsFgUJRzpC2ftoyCQlmk8NwUQycysiYywx0Sakggnh61P0P+lUK06t4l67pebFMo48HMExlMGBOjThClrQBgICHuAJni1lPVov1uuiNWctZw7hB6y3T1v8kLk=</latexit>

�(⌧)
<latexit sha1_base64="z/IRCRTrf/PcxznZa2AsNVFSDfw=">AAAB7nicdVDJSgNBEO2JW4xb1KOXxiDEy9ATsl4k4MVjBLNAMoSeTk/SpGehu0YIIR/hxYMiXv0eb/6NPUkEFX1Q8Hiviqp6XiyFBkI+rMzG5tb2TnY3t7d/cHiUPz7p6ChRjLdZJCPV86jmUoS8DQIk78WK08CTvOtNr1O/e8+VFlF4B7OYuwEdh8IXjIKRuuPiAGhyOcwXiF2qkEatjoldIU6jXDKEkHqjSrBjSIoCWqM1zL8PRhFLAh4Ck1TrvkNicOdUgWCSL3KDRPOYsikd876hIQ24dufLcxf4wigj7EfKVAh4qX6fmNNA61ngmc6AwkT/9lLxL6+fgF935yKME+AhWy3yE4khwunveCQUZyBnhlCmhLkVswlVlIFJKGdC+PoU/086Jdup2uXbcqF5tY4ji87QOSoiB9VQE92gFmojhqboAT2hZyu2Hq0X63XVmrHWM6foB6y3Txoyj24=</latexit>

g(⌧)

(horizon)



WGC and SDC from Entropy Bounds

Small BHs lead to a violation of the Bekenstein bound, unless the EFT 
cutoff decreases as dictated by the SDC / WGC

A = L2
A region of size    cannot have more entropy than 
a Schwarzschild black hole of the same area

Entropy Bound: L

Nspecies = Qmax . L2 = A
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Small BHs lead to a violation of the Bekenstein bound, unless the EFT 
cutoff decreases as dictated by the SDC / WGC

A = L2
A region of size    cannot have more entropy than 
a Schwarzschild black hole of the same area

Entropy Bound: L

Nspecies = Qmax . L2 = A

<latexit sha1_base64="v9iOJHDCAznacgBzTrgyCmcprV0=">AAACAHicbVC7TsMwFHV4lvIKMDCwWFRITFVSVcCEKrEwMBSJPqQmrRzHaa3aTmQ7SFXahV9hYQAhVj6Djb/BbTNAy5EsHZ1zj67vCRJGlXacb2tldW19Y7OwVdze2d3btw8OmypOJSYNHLNYtgOkCKOCNDTVjLQTSRAPGGkFw5up33okUtFYPOhRQnyO+oJGFCNtpJ59PA69ZEDH3YqnKIfenYmGqFvp2SWn7MwAl4mbkxLIUe/ZX14Y45QToTFDSnVcJ9F+hqSmmJFJ0UsVSRAeoj7pGCoQJ8rPZgdM4JlRQhjF0jyh4Uz9ncgQV2rEAzPJkR6oRW8q/ud1Uh1d+RkVSaqJwPNFUcqgjuG0DRhSSbBmI0MQltT8FeIBkghr01nRlOAunrxMmpWye1Gu3ldLteu8jgI4AafgHLjgEtTALaiDBsBgAp7BK3iznqwX6936mI+uWHnmCPyB9fkDFViWEQ==</latexit>

|d�|2 ⇠ ⇤2Using extremality condition and that EFT breaks down at

⇤ . g in Planck units

due to an infinite tower of states


