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Brief Review of a Realistic Heterotic M-Theory Vacuum

Horava-Witten Theory :

d=11 M-Theory compactified on an 
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S1/Z2

observable sector hidden sector

 an N=1  
<latexit sha1_base64="uwLgdm3C/bvB5t00l2a2letN7r0=">AAAB7HicbVBNS8NAEJ3Ur1q/qoIXL4tF8FQSEe2xVASPLZi20Iay2W7apZtN2N0IJfQ3ePGgiFdv/gt/gTcv/ha3aQ/a+mDg8d4MM/P8mDOlbfvLyq2srq1v5DcLW9s7u3vF/YOmihJJqEsiHsm2jxXlTFBXM81pO5YUhz6nLX90PfVb91QqFok7PY6pF+KBYAEjWBvJvemllUmvWLLLdga0TJw5KVWPGt/svfZR7xU/u/2IJCEVmnCsVMexY+2lWGpGOJ0UuomiMSYjPKAdQwUOqfLS7NgJOjVKHwWRNCU0ytTfEykOlRqHvukMsR6qRW8q/ud1Eh1UvJSJONFUkNmiIOFIR2j6OeozSYnmY0MwkczcisgQS0y0yadgQnAWX14mzfOyc1m+aJg0ajBDHo7hBM7AgSuowi3UwQUCDB7gCZ4tYT1aL9brrDVnzWcO4Q+stx9uZ5Im</latexit>

E8 supermultiplet 
on each of the two d=10 orbifold fixed planes



Observable Sector:    SU(4) Heterotic Compactification:

V , G = SU(4) “slope” stable holomorphic 
vector bundle

“Schoen” CY 

W , F = Z3 � Z3R4

N = 1 SUSY

G = SU(4)� E8 � Spin(10)

R4 Theory Gauge Group:

Choose the               Wilson lines to be Z3 � Z3

�T3R = eiYT3R
2�
3 , �B�L = eiYB�L

2�
3

h1,1 = 3          three Kähler moduli
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T i

3

homotopy
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X, d = 6



where the generators

the “canonical basis”. ⇒
Spin(10)� SU(3)C � SU(2)L� U(1)T3R � U(1)B�L

R4 Theory Spectrum:

nr = (h1(X, UR(V ))�R)Z3�Z3 .⇒ of quarks/leptons3 families 

and 1 pair of Higgs-Higgs conjugate fields

under

We refer to this theory as the B-L MSSM.
4
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YT3Rand arise “naturally” and is called



Wilson Line Breaking:

�1

�
X/(Z3 � Z3)

�
= Z3 � Z3⇒ 2 independent classes of 

non-contractible curves. ⇒ each Wilson line has a mass scale M�T3R
,M�B�L

 At a generic region of moduli space M�T3R
�M�B�L

�
� MU

�

which we henceforth assume.  We find that

MU = 3.15� 1016 GeV

At this scale, we statistically scatter the 24 soft supersymmetry
parameters in the range 

�M

f
,Mf

�

M = 2.7 TeV , f = 3.3

where, to make all sparticle
.

The RG scaling results are subjected to all present phenomenological 

constraints-- namely

A) B-L symmetry is radiatively broken at 

B) EW symmetry is radiatively broken at 

MB�L > 2.5 TeV

MZ = 91.2 GeV

masses CERN accessible, we choose

5

Soft Supersymmetry Breaking:



In addition, we will enforce that all sparticle masses exceed their
present experimental bounds. These are given by

We find that most of the RGE scaling behaviour is dominated by the 

two parameters 

C) The Higgs mass is given by MH0 = 125.36± 0.82 GeV

6



that out of 10 million random initial points in SUSY breaking parameter 

space, all points that break B-L symmetry with 

we can plot our results in a two-dimensional space.  We find

MB�L > 2.5 TeV are

Of these, there are 44,884 “valid” black points that satisfy all

phenomenological requirements.

⇒
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How does the B-L MSSM create those 24 soft SUSY breaking parameters?

Hidden Sector: For simplicity, we will assume the hidden sector vector bundle
consists of a single holomorphic line bundle given by

<latexit sha1_base64="y07pjiXu4Me3ueJzhb/9qn39Q9A="></latexit>

L = OX(2, 1, 3)

extended to   
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V = L� L
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SU(2)⇥ E7 ⇢ E8
the SU(2) of

It follows that the low energy gauge group is
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G = U(1)⇥ E7

and with respect to this group

One can explicitly compute the associated low energy spectrum using the  
Euler characteristic.
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The result is

Left chiral supermultiplets

Left chiral supermultiplets

Since the left chiral fields all have positive U(1) charges, it follows that the 
Abelian U(1) gauge group is anomalous. This is cancelled by the Green-Schwartz
mechanism which generates an inhomogeneous shift in the imaginary part of the 
dilaton and each Kahler modulus given by

, i=1,2,3

<latexit sha1_base64="1PF/p/trSRJDGqecuiBQWWTlVg8=">AAAB83icbVDLSgMxFM34rOOr6tJNsAiuyoyIuhGLblxWsQ/oDCWTZtrQTBKSjFKG/oYbF4q69TvcuxH/xkzbhbYeuHA4517uvSeSjGrjed/O3PzC4tJyYcVdXVvf2Cxubde1SBUmNSyYUM0IacIoJzVDDSNNqQhKIkYaUf8y9xt3RGkq+K0ZSBImqMtpTDEyVgqCG9rtGaSUuHfbxZJX9kaAs8SfkNL5h3smX7/carv4GXQEThPCDWZI65bvSRNmSBmKGRm6QaqJRLiPuqRlKUcJ0WE2unkI963SgbFQtriBI/X3RIYSrQdJZDsTZHp62svF/7xWauLTMKNcpoZwPF4UpwwaAfMAYIcqgg0bWIKwovZWiHtIIWxsTHkI/vTLs6R+WPaPy0fXXqlyAcYogF2wBw6AD05ABVyBKqgBDCR4AE/g2UmdR+fFeRu3zjmTmR3wB877DyxElMc=</latexit>) the imaginary part of the dilaton and of each Kahler modulus transforms like
an “axion”.
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can be satisfied for Kahler moduli in the “magenta” region given by

<latexit sha1_base64="y07pjiXu4Me3ueJzhb/9qn39Q9A="></latexit>

L = OX(2, 1, 3)
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E7

produces a non-perturbative superpotential
gauginos

where for the above matter spectrum
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bL = 6
10

<latexit sha1_base64="Raq+QL1+z5Fjy5IoNJjQrAjclFg="></latexit>

Wgc = M3
Uexp

�
� 6⇡

bL↵̂GUT
S
�

It can be shown that, for the hidden sector bundle , all physical
and mathematical constraints for the above explicit observable sector and the 
hidden sector (such as slope stable SU(4) bundle, polystable  
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L� L�1bundle, …. )



This superpotential spontaneously breaks N=1 supersymmetry and produces
the  24 soft SUSY breaking terms in the observable sector. For the Kahler moduli
in the “magenta” region, randomly scattering remaining parameters, we reproduce 
most of the “valid” black points shown above. That is, this B-L MSSM theory  
is physically realistic.

Henceforth, for simplicity, we will consider only the “universal” breathing modulus T
and ignore the other two Kahler moduli. That is, we consider the complex fields
 S and T only. The associated Kahler potentials are

Stabilizing Moduli and Axion Potentials:

The above inhomogeneous transformations become
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The Green-Schwartz mechanism also generates a mass for the U(1) gauge boson
given by

where

ReS
and

D-Term Potential: Ignoring the homogenous transformations on hidden matter, the 
inhomogeneous U(1) transformations on S and T lead to a D-term potential energy
given by <latexit sha1_base64="oUUzbXD+CKag4Ue1thASDdkTxmg="></latexit>

VD =
1

2ReS
P2

where

with <latexit sha1_base64="A57N1UqDHEhvCO7PhVzhEqaTl7M=">AAAB73icdVDLSgMxFM3UVx1fVZdugkVwNWRqW9tFsejGZX30Ae1QMmmmDc08TDJCGfoTblwoIrjyS9y7Ef/GtFVQ0QMXDufcyz33uhFnUiH0bqTm5hcWl9LL5srq2vpGZnOrIcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu8GTiN6+pkCwMLtUooo6P+wHzGMFKS61zelGREMJuJouschnl7TJEVgGhXKmoCTrIlQoFaFtoiuzRi1mJnt7MWjfz2umFJPZpoAjHUrZtFCknwUIxwunY7MSSRpgMcZ+2NQ2wT6WTTPOO4Z5WetALha5Awan6fSLBvpQj39WdPlYD+dubiH957Vh5JSdhQRQrGpDZIi/mUIVwcjzsMUGJ4iNNMBFMZ4VkgAUmSr/I1E/4uhT+Txo5yy5a+TOUrR6DGdJgB+yCfWCDQ1AFp6AG6oAADm7AHbg3roxb48F4nLWmjM+ZbfADxvMHPAaSdg==</latexit>

ReS = s and <latexit sha1_base64="wPssz2Kaw3vbmWK/iWm5GDJvP2A=">AAAB73icdVDLSgMxFM3UVx1fVZdugkVwNWRqW9tFsejGZZW+oB1KJs20oZmHSUYoQ3/CjQtFBFd+iXs34t+YtgoqeuDC4Zx7uedeN+JMKoTejdTC4tLySnrVXFvf2NzKbO80ZRgLQhsk5KFou1hSzgLaUExx2o4Exb7LacsdnU391jUVkoVBXY0j6vh4EDCPEay01L6k9YqCEPYyWWSVyyhvlyGyCgjlSkVN0FGuVChA20IzZE9ezEr09GbWepnXbj8ksU8DRTiWsmOjSDkJFooRTidmN5Y0wmSEB7SjaYB9Kp1klncCD7TSh14odAUKztTvEwn2pRz7ru70sRrK395U/MvrxMorOQkLoljRgMwXeTGHKoTT42GfCUoUH2uCiWA6KyRDLDBR+kWmfsLXpfB/0sxZdtHKX6Bs9RTMkQZ7YB8cAhscgyo4BzXQAARwcAPuwL1xZdwaD8bjvDVlfM7sgh8wnj8APxaSeA==</latexit>

ReT = t . Expanding s and t around their vevs leads to the
FI term

12



To preserve N=1 supersymmetry, one must set FI=0
<latexit sha1_base64="VvxmstV834ssHI0oTJmaie5YXpQ=">AAAB9HicbVDLSgNBEJz1GddX1KOXwSB4Crsi6kUMevEYxTwgWcLsZDYZMjuzzvRGQsh3ePGgBK/+hncv4t84eRw0saChqOqmuytMBDfged/OwuLS8spqZs1d39jc2s7u7JaNSjVlJaqE0tWQGCa4ZCXgIFg10YzEoWCVsHM98itdpg1X8h56CQti0pI84pSAlYL6HW+1gWitHjFuZHNe3hsDzxN/SnKXH+5FMvxyi43sZ72paBozCVQQY2q+l0DQJxo4FWzg1lPDEkI7pMVqlkoSMxP0x0cP8KFVmjhS2pYEPFZ/T/RJbEwvDm1nTKBtZr2R+J9XSyE6D/pcJikwSSeLolRgUHiUAG5yzSiIniWEam5vxbRNNKFgc3JtCP7sy/OkfJz3T/Mnt16ucIUmyKB9dICOkI/OUAHdoCIqIYoe0BN6Qa9O13l2hs7bpHXBmc7soT9w3n8Ap7uVBw==</latexit>)

Expanding
<latexit sha1_base64="zOxQ84aTbWbX3taZzAPQiAMm9eQ="></latexit>

S =< s > +�S, T =< t > +�T

one finds that the Lagrangian for <latexit sha1_base64="C+mVJ4IVeunhsO4vMcq6uV1+xMI=">AAAB/HicdVDLSgMxFM3UV62v0S4VCRbBhZSZ2mpnV3TjssW2FtqhZNK0Dc1khiQjDKXu/A43LhRxK/0Od36DP2H6EFT0wIXDOfdy7z1eyKhUlvVuJBYWl5ZXkquptfWNzS1ze6cug0hgUsMBC0TDQ5IwyklNUcVIIxQE+R4j197gYuJf3xAhacCrKg6J66Mep12KkdJS20y3OoQpBK+O4ZxVYdvMWFmnWCjkc9DKWpaTL5xo4jiOXbShrZUJMqW9ceXjbn9cbptvrU6AI59whRmSsmlboXKHSCiKGRmlWpEkIcID1CNNTTnyiXSH0+NH8FArHdgNhC6u4FT9PjFEvpSx7+lOH6m+/O1NxL+8ZqS6RXdIeRgpwvFsUTdiUAVwkgTsUEGwYrEmCAuqb4W4jwTCSueV0iF8fQr/J/Vc1j7N5is6jXMwQxLsggNwBGxwBkrgEpRBDWAQg3vwCJ6MW+PBeDZeZq0JYz6TBj9gvH4CN6+Xkw==</latexit>

�S, �T has off-diagonal kinetic energy and mass terms.
However, defining two complex scalar fields 

<latexit sha1_base64="qrcXaFg7abK3OmDxOdJGR4yy1pg=">AAAB+nicdVDLTgJBEJzFF+IL9KgxE4mJB7PZXRDwRvTiERJ5JLCS2WGACbOPzMyqZOXoZ3jxoDFePfAd3vwGf8JZ0ESNVtJJpao73V1OwKiQhvGmJebmFxaXksupldW19Y10ZrMu/JBjUsM+83nTQYIw6pGapJKRZsAJch1GGs7wNPYbl4QL6nvnchQQ20V9j/YoRlJJnXSmfU0vInMMD+GUWeNOOmvox6WCdWRBQzeMopUrxMQq5q0cNJUSI1vemVTfb3cnlU76td31cegST2KGhGiZRiDtCHFJMSPjVDsUJEB4iPqkpaiHXCLsaHr6GO4rpQt7PlflSThVv09EyBVi5Dqq00VyIH57sfiX1wplr2RH1AtCSTw8W9QLGZQ+jHOAXcoJlmykCMKcqlshHiCOsFRppVQIX5/C/0nd0s2Cnq+qNE7ADEmwDfbAATBBEZTBGaiAGsDgCtyBB/Co3Wj32pP2PGtNaJ8zW+AHtJcPgi2XPg==</latexit>

⇠1, ⇠2 by

diagonalizes both the kinetic energy and mass terms. Specifically, we find  
<latexit sha1_base64="ujywJdiJaC8arb1s8NcGBvV4TtQ=">AAAB8nicbVC7SgNBFJ2NrxhfUREEm8GgWIVdEbUM2lhGMA/YrGF2MpsMmccyMyuGZT/DxsIHtlaWfoadH2Lv5FFo9MCFwzn3cu89YcyoNq776eRmZufmF/KLhaXlldW14vpGXctEYVLDkknVDJEmjApSM9Qw0owVQTxkpBH2z4d+44YoTaW4MoOYBBx1BY0oRsZKPm+nrVt6nXpZ1i6W3LI7AvxLvAkpVfa/3t+2t56q7eJHqyNxwokwmCGtfc+NTZAiZShmJCu0Ek1ihPuoS3xLBeJEB+no5AzuWaUDI6lsCQNH6s+JFHGtBzy0nRyZnp72huJ/np+Y6DRIqYgTQwQeL4oSBo2Ew/9hhyqCDRtYgrCi9laIe0ghbGxKBRuCN/3yX1I/LHvH5aNLm8YZGCMPdsAuOAAeOAEVcAGqoAYwkOAOPIBHxzj3zrPzMm7NOZOZTfALzus3aZqVCQ==</latexit>m⇠1

<latexit sha1_base64="uW/jUfp0GJtzDG6WB9feeCN8g5A=">AAAB9HicdVDLSgMxFM3UV62vquDGTbAIrsp0Wtu6EErduGzBPqAdSiZN29AkMyaZQhn6HW5cKOJSv8IvcOfGbzHTKqjogQuHc+7l3nu8gFGlbfvNSiwtr6yuJddTG5tb2zvp3b2m8kOJSQP7zJdtDynCqCANTTUj7UASxD1GWt74IvZbEyIV9cWVngbE5Wgo6IBipI3knvNe1JUcIuHzWS+dsbNn5aJz6kA7a9slJ1+MiVMqOHmYM0qMTOWg/k6fqi+1Xvq12/dxyInQmCGlOjk70G6EpKaYkVmqGyoSIDxGQ9IxVCBOlBvNj57BY6P04cCXpoSGc/X7RIS4UlPumU6O9Ej99mLxL68T6kHZjagIQk0EXiwahAxqH8YJwD6VBGs2NQRhSc2tEI+QRFibnFImhK9P4f+k6WRzxWyhbtKoggWS4BAcgROQAyVQAZegBhoAg2twA+7AvTWxbq0H63HRmrA+Z/bBD1jPH+wIle0=</latexit>= manom

<latexit sha1_base64="9Krq+rjtOh+c5NxnqkRXxrF65pU=">AAAB+HicbVDLSsNAFJ3UV62PRkUQ3AwWxYWUpIi6EYpuXFawD2hjmEwndehMEmYmYg3xR9x0oYjbLv0Md36Ie6ePhbYeuHA4517uvceLGJXKsr6MzNz8wuJSdjm3srq2njc3NmsyjAUmVRyyUDQ8JAmjAakqqhhpRIIg7jFS97qXQ79+T4SkYXCjehFxOOoE1KcYKS25Zv7oibtJ64HeJqU0Pbdcs2AVrRHgLLEnpFA++P4Y7Gz3K6752WqHOOYkUJghKZu2FSknQUJRzEiaa8WSRAh3UYc0NQ0QJ9JJRoencF8rbeiHQleg4Ej9PZEgLmWPe7qTI3Unp72h+J/XjJV/5iQ0iGJFAjxe5McMqhAOU4BtKghWrKcJwoLqWyG+QwJhpbPK6RDs6ZdnSa1UtE+Kx9c6jQswRhbsgj1wCGxwCsrgClRAFWAQg2fwAl6NR6NvvBnv49aMMZnZAn9gDH4AL+eWeg==</latexit>

, m⇠2 = 0

That is
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<latexit sha1_base64="I0h7/KsyNFq1htwD43bEX8qDkAI="></latexit>

= .230F 4/3� < t >



Plugging in the B-L MSSM expressions values for , we find that 

Therefore, for 

both the U(1) vector boson and 
<latexit sha1_base64="pEM3eSOBWobuEQCtpelZjYsZRvY=">AAAB7nicdVDLSsNAFJ3UV62vqktFBovgKiRpbeuu6MZlC/YBbSyT6bQdOpmEmYlYQpd+gBsXirj1E/od7vwGf8JJq6CiBy4czrmXe+/xQkalsqw3I7WwuLS8kl7NrK1vbG5lt3caMogEJnUcsEC0PCQJo5zUFVWMtEJBkO8x0vRG54nfvCZC0oBfqnFIXB8NOO1TjJSWmp0behXbk242Z5mn5aJz4kDLtKySky8mxCkVnDy0tZIgV9mf1t5vD6bVbva10wtw5BOuMENStm0rVG6MhKKYkUmmE0kSIjxCA9LWlCOfSDeenTuBR1rpwX4gdHEFZ+r3iRj5Uo59T3f6SA3lby8R//LakeqX3ZjyMFKE4/mifsSgCmDyO+xRQbBiY00QFlTfCvEQCYSVTiijQ/j6FP5PGo5pF81CTadxBuZIgz1wCI6BDUqgAi5AFdQBBiNwBx7AoxEa98aT8TxvTRmfM7vgB4yXD5plk3g=</latexit>

⇠1 can be integrated out of the low energy
effective theory. We do this henceforth.

Inverting the previous field redefinition

we find that 
<latexit sha1_base64="iMO2++oEEZOJCM9yD0BYPKBWYeY=">AAAB7XicbZC7SgNBFIbPxltcb1FLm8Eg2Bh2RdRGDNpYRnCTQLKG2clsMmZ2Z5mZFcKSd7CxUMTGwkextxHfxsml0MQfBj7+/xzmnBMknCntON9Wbm5+YXEpv2yvrK6tbxQ2t6pKpJJQjwguZD3AinIWU08zzWk9kRRHAae1oHc5zGv3VCom4hvdT6gf4U7MQkawNlbVu80O3EGrUHRKzkhoFtwJFM8/7LPk7cuutAqfzbYgaURjTThWquE6ifYzLDUjnA7sZqpogkkPd2jDYIwjqvxsNO0A7RmnjUIhzYs1Grm/OzIcKdWPAlMZYd1V09nQ/C9rpDo89TMWJ6mmMRl/FKYcaYGGq6M2k5Ro3jeAiWRmVkS6WGKizYFscwR3euVZqB6W3OPS0bVTLF/AWHnYgV3YBxdOoAxXUAEPCNzBAzzBsyWsR+vFeh2X5qxJzzb8kfX+A2ZTkgU=</latexit>

U�1 in the B-L MSSM is given by
<latexit sha1_base64="YcoWLJrfqn+VfrNp7YjRLa5uDSA=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoOQKtyJaMqAjWUC5gOSEPY2c8mavb1jd0+IR1obGwtFbP1Jdrb+EjcfhSY+GHi8N8PMPD8WXBvX/XIya+sbm1vZ7dzO7t7+Qf7wqKGjRDGss0hEquVTjYJLrBtuBLZihTT0BTb90fXUb96j0jySt2YcYzekA8kDzqixUq3YyxfckjsDWSXeghQq5YfvR5UMq738Z6cfsSREaZigWrc9NzbdlCrDmcBJrpNojCkb0QG2LZU0RN1NZ4dOyJlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvam4n9eOzFBuZtyGScGJZsvChJBTESmX5M+V8iMGFtCmeL2VsKGVFFmbDY5G4K3/PIqaZyXvMvSRc2m0YI5snACp1AED66gAjdQhTowQHiCF3h17pxn5815n7dmnMXMMfyB8/EDYZKQcA==</latexit>

(
<latexit sha1_base64="f1ihT2kBYjeen5Q+7UQtyvuMy+Q=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoOgTbgT0ZQBG8sEzAckIext5pI1e3vH7p4Qj7Q2NhaK2PqT7Gz9JW4+Ck18MPB4b4aZeX4suDau++VkVlbX1jeym7mt7Z3dvfz+QV1HiWJYY5GIVNOnGgWXWDPcCGzGCmnoC2z4w+uJ37hHpXkkb80oxk5I+5IHnFFjpepZN19wi+4UZJl4c1Iolx6+H1UyqHTzn+1exJIQpWGCat3y3Nh0UqoMZwLHuXaiMaZsSPvYslTSEHUnnR46JidW6ZEgUrakIVP190RKQ61HoW87Q2oGetGbiP95rcQEpU7KZZwYlGy2KEgEMRGZfE16XCEzYmQJZYrbWwkbUEWZsdnkbAje4svLpH5e9C6LF1WbRhNmyMIRHMMpeHAFZbiBCtSAAcITvMCrc+c8O2/O+6w148xnDuEPnI8fYxaQcQ==</latexit>

)
<latexit sha1_base64="8nnvQm7exnv/0ynG0IcQXhBmNl8=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBjSWRoi60VAURQahg2kIbw2Q6aYdOHsxMhBICbvwG/8CNC0UEV/6EO//G6WOhrQcuHM65l3vvcSNGhTSMby0zNT0zO5edzy0sLi2v6KtrVRHGHBMLhyzkdRcJwmhALEklI/WIE+S7jNTc7lnfr90RLmgY3MheRGwftQPqUYykkhx9w7pNds30GDY9jnBCj2QpTa6cpJKmjp43CsYAcJKYI5Ivl86Ljx8nlxVH/2q2Qhz7JJCYISEaphFJO0FcUsxImmvGgkQId1GbNBQNkE+EnQx+SOG2UlrQC7mqQMKB+nsiQb4QPd9VnT6SHTHu9cX/vEYsvUM7oUEUSxLg4SIvZlCGsB8IbFFOsGQ9RRDmVN0KcQepMKSKLadCMMdfniTVvYK5XyheqzROwRBZsAm2wA4wwQEogwtQARbA4B48gRfwqj1oz9qb9j5szWijmXXwB9rnDw63mh4=</latexit>

U�1 =
i < t >

MP -2.880 -5.007
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<latexit sha1_base64="f3j68m77RAgALWEqt2Yr8r+mcno="></latexit>✏S , ✏R
<latexit sha1_base64="lntEvMNS7V3RIYmf1sXZMxAc040="></latexit>

manom =
� 3.39l

F�1/2

� MU

< t >3/2

<latexit sha1_base64="/evKehEF6XefutBC4mc94fcc5f8="></latexit>

< t >.
� 3.39l

F�1/2

�2/3 ) manom & MU

<latexit sha1_base64="UlCV7+UjXbvHEad3tRbpjau5D9M=">AAAB/nicbVDLSsNAFJ3UV42PRsWVm8Ei6KYmtag7C6K4rGAf0NQymU7aoZNJmJkIJQT8FTcuFHEr+Bfu/AT/wknbhVYPXDiccy/33uNFjEpl259Gbm5+YXEpv2yurK6tF6yNzYYMY4FJHYcsFC0PScIoJ3VFFSOtSBAUeIw0veF55jfviJA05DdqFJFOgPqc+hQjpaWute16flIu2fblbVI5PEpdjyiUdq2irbUM8C9xpqRYLXydHZjvF7Wu9eH2QhwHhCvMkJRtx45UJ0FCUcxIarqxJBHCQ9QnbU05CojsJOPzU7inlR70Q6GLKzhWf04kKJByFHi6M0BqIGe9TPzPa8fKP+0klEexIhxPFvkxgyqEWRawRwXBio00QVhQfSvEAyQQVjoxU4fgzL78lzTKJee4VLnWaVTABHmwA3bBPnDACaiCK1ADdYBBAh7AE3g27o1H48V4nbTmjOnMFvgF4+0bB0uXJA==</latexit>

2.00F4/3�
<latexit sha1_base64="WjHkjgY4HfZMkPCSZEVpgO89Zvc=">AAACAXicbVDLSsNAFJ3UV42PRt0IbgaLoAtjovWxsyCKywr2AU0sk+mkHTp5MDMRSogbf8WNC0Xc9i/c+Qn+hdPHQq0HLhzOuZd77/FiRoW0rE8tNzM7N7+QX9SXlldWC8baek1ECcekiiMW8YaHBGE0JFVJJSONmBMUeIzUvd7F0K/fEy5oFN7KfkzcAHVC6lOMpJJaxqbj+TDdt037+OouLR0cZY5HJIJZyyhapjUCnCb2hBTLha/zPX1wWWkZH047wklAQokZEqJpW7F0U8QlxYxkupMIEiPcQx3SVDREARFuOvoggztKaUM/4qpCCUfqz4kUBUL0A091Bkh2xV9vKP7nNRPpn7kpDeNEkhCPF/kJgzKCwzhgm3KCJesrgjCn6laIu4gjLFVougrB/vvyNKkdmvaJWbpRaZTAGHmwBbbBLrDBKSiDa1ABVYDBA3gCL+BVe9SetTftfdya0yYzG+AXtME3MwOXtA==</latexit>

�1.15F4/3�



Writing
<latexit sha1_base64="x4iq3SmvjibY1NTjd0IKGp/uG6o="></latexit>

�S = �s+ i� , �T = �t+ i�
 defining

it follows that

F-Term Potential: The same sign charges of the matter chiral superfields disallow
a perturbative superpotential in the hidden sector. However, non-perturbative  
superpotentials can occur for the complex structure moduli, the dilaton and the 
Kahler moduli.

(1) Complex Structure: There is a flux induced superpotential, <latexit sha1_base64="5KYZkXnAvK2Qvpst4ma5EYQHgiQ=">AAAB83icdVDLSsNAFJ34rPVVFdy4GSyCq5DUVptdqRuXLdgHNKFMppN26OTBPMQS+htuXCjitn/hF7hz47c4aRVU9MCFwzn3cu89fsKokJb1Ziwtr6yurec28ptb2zu7hb39togVx6SFYxbzro8EYTQiLUklI92EExT6jHT88WXmd24IFzSOruUkIV6IhhENKEZSS26nn7o8hAFTt9N+oWiZTrVSKZegZVqWU66caeI4jl21oa2VDMXaYfOdzuovjX7h1R3EWIUkkpghIXq2lUgvRVxSzMg07ypBEoTHaEh6mkYoJMJL5zdP4YlWBjCIua5Iwrn6fSJFoRCT0NedIZIj8dvLxL+8npJB1UtplChJIrxYFCgGZQyzAOCAcoIlm2iCMKf6VohHiCMsdUx5HcLXp/B/0i6Z9rlZbuo06mCBHDgCx+AU2OAC1MAVaIAWwCABd+ABPBrKuDeejOdF65LxOXMAfsCYfQCEtJW7</latexit>

Wflux , for the complex
structure moduli. Suffice it here to say that one can solve this for local minima that do 
not break supersymmetry. These depend on three real parameters A,B and 15

<latexit sha1_base64="ATg+ZNld7YJy9giWwCNp3n8Jrcc="></latexit>

� = � < t > 1.15F 4/3�⌘̃ , � = � < t > 5.00⌘̃

<latexit sha1_base64="cODw7pP4Hy2j15KolQeKnyvZRs4="></latexit>

s =< s > + < t > 1.12F 4/3��̃ , t =< t > + < t > 5.00�̃

<latexit sha1_base64="eHLQQfUFHylvBNdY50IqSuXW4Ck="></latexit>

⇠2

MP
= ⌘̃ + i�̃

<latexit sha1_base64="OdgXUGvjScJbo55PgLKr1/ez7aY=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiuCozIupCtOjGZQV7gXYomTTThiaZIckIZegruHGhiFtfyJ2P4s7MtAtt/SHw8f/nkHNOEHOmjet+OYWl5ZXVteJ6aWNza3unvLvX1FGiCG2QiEeqHWBNOZO0YZjhtB0rikXAaSsY3WZ565EqzSL5YMYx9QUeSBYygk1mXZKraq9ccatuLrQI3gwq199hrnqv/NntRyQRVBrCsdYdz42Nn2JlGOF0UuommsaYjPCAdixKLKj203zWCTqyTh+FkbJPGpS7vztSLLQei8BWCmyGej7LzP+yTmLCCz9lMk4MlWT6UZhwZCKULY76TFFi+NgCJorZWREZYoWJsecp2SN48ysvQvOk6p1VT+/dSu0GpirCARzCMXhwDjW4gzo0gMAQnuAFXh3hPDtvzvu0tODMevbhj5yPHxPbkU4=</latexit>

< c > .



(2) Dilaton: As already mentioned, condensation of the gauginos associated with
<latexit sha1_base64="mMepnraqo5R3gwf+6N8vEA8Ex0w=">AAAB7HicbVBNS8NAEJ3Ur1q/qoIXL4tF8FQSEeuxVASPLZi20Iay2W7apZtN2N0IJfQ3ePGgiFdv/gt/gTcv/ha3aQ/a+mDg8d4MM/P8mDOlbfvLyq2srq1v5DcLW9s7u3vF/YOmihJJqEsiHsm2jxXlTFBXM81pO5YUhz6nLX90PfVb91QqFok7PY6pF+KBYAEjWBvJvemllUmvWLLLdga0TJw5KVWPGt/svfZR7xU/u/2IJCEVmnCsVMexY+2lWGpGOJ0UuomiMSYjPKAdQwUOqfLS7NgJOjVKHwWRNCU0ytTfEykOlRqHvukMsR6qRW8q/ud1Eh1ceSkTcaKpILNFQcKRjtD0c9RnkhLNx4ZgIpm5FZEhlphok0/BhOAsvrxMmudl57J80TBp1GCGPBzDCZyBAxWowi3UwQUCDB7gCZ4tYT1aL9brrDVnzWcO4Q+stx9s4pIl</latexit>

E7

induces a non-perturbative superpotential        in the hidden sector given by<latexit sha1_base64="pgEvBsENNITdfL/J3X7jYeK3awE=">AAAB7XicdVDLSsNAFJ3UV219VF26GayCq5DUVptd0Y3LCvYBbSiT6aQdO5mEmUmhhP6DGxeKuPUP/AH/wJ0fomsnrYKKHrhwOOde7r3HixiVyrJejczC4tLySnY1l19b39gsbG03ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOWNzlK/NSZC0pBfqklE3AANOPUpRkpLzVYvGeBpr1C0TKdaqZRL0DItyylXjjRxHMeu2tDWSopibf/t6Xmcf6/3Ci/dfojjgHCFGZKyY1uRchMkFMWMTHPdWJII4REakI6mHAVEusns2ik80Eof+qHQxRWcqd8nEhRIOQk83RkgNZS/vVT8y+vEyq+6CeVRrAjH80V+zKAKYfo67FNBsGITTRAWVN8K8RAJhJUOKKdD+PoU/k+aJdM+NssXOo1TMEcW7II9cAhscAJq4BzUQQNgcAWuwS24M0Ljxrg3HuatGeNzZgf8gPH4AfVAk9c=</latexit>

Wgc

(3) Kahler Modulus: String worldsheets wrapping isolated holomorphic curves can
produce a non-perturbative “instanton” superpotential, <latexit sha1_base64="Fbs/38Ucx3wYJYrfVMBMCpY66ho=">AAAB7HicdVDLSsNAFJ3UV62vquDGzWARXIWkttrsSt3orgXTCm0ok+mkHTqZhJmJUEK/wY0LRdy68y/8Andu/BYnrYKKHrhwOOde7r3HjxmVyrLejNzC4tLySn61sLa+sblV3N5pyygRmLg4YpG48pEkjHLiKqoYuYoFQaHPSMcfn2V+55oISSN+qSYx8UI05DSgGCktuZ1+ejHtF0uW6dSq1UoZWqZlOZXqsSaO49g1G9payVCq77Xe6XPjpdkvvvYGEU5CwhVmSMqubcXKS5FQFDMyLfQSSWKEx2hIuppyFBLppbNjp/BQKwMYREIXV3Cmfp9IUSjlJPR1Z4jUSP72MvEvr5uooOallMeJIhzPFwUJgyqC2edwQAXBik00QVhQfSvEIyQQVjqfgg7h61P4P2mXTfvErLR0Gg0wRx7sgwNwBGxwCurgHDSBCzCg4AbcgXuDG7fGg/E4b80ZnzO74AeMpw8nj5Kk</latexit>

WI
<latexit sha1_base64="nmPODw7pjDfyrm+MqxTfiD2GEVg=">AAAB7XicdZDLSsNAFIYn9VbjrerSzWARXIUkrW1diMVuXFawF2hDmUyn7dhJJsxMhBL6Dm5cKOLGhY/i3o34Nk5aBRX9YeDn+89hzjl+xKhUtv1uZBYWl5ZXsqvm2vrG5lZue6cpeSwwaWDOuGj7SBJGQ9JQVDHSjgRBgc9Iyx/X0rx1TYSkPLxUk4h4ARqGdEAxUho1uxgxWOvl8rZ1XCm5Ry60Ldsuu4VSatxy0S1AR5NU+dMX8yR6ejPrvdxrt89xHJBQYYak7Dh2pLwECUUxI1OzG0sSITxGQ9LRNkQBkV4ym3YKDzTpwwEX+oUKzuj3jgQFUk4CX1cGSI3k7yyFf2WdWA0qXkLDKFYkxPOPBjGDisN0ddingmDFJtogLKieFeIREggrfSBTH+FrU/i/abqWU7KKF3a+egbmyoI9sA8OgQPKoArOQR00AAZX4AbcgXuDG7fGg/E4L80Ynz274IeM5w+iKpIv</latexit>

C this has the form

For the B-L MSSM

“Reasonable” values for n and <latexit sha1_base64="LiBFlxQMoVQEPTLd4ax1zj6DfOg=">AAAB7nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmRKobsejGZQV7gXYomTTThmYyIckIZehDuHGhiAs3vol7N+LbmF4W2vpD4OP/zyHnnFBypo3nfTu5peWV1bX8uruxubW9U9jdq+skVYTWSMIT1QyxppwJWjPMcNqUiuI45LQRDq7HeeOeKs0ScWeGkgYx7gkWMYKNtRptgnlWHXUKRa/kTYQWwZ9B8fLDvZBvX261U/hsdxOSxlQYwrHWLd+TJsiwMoxwOnLbqaYSkwHu0ZZFgWOqg2wy7ggdWaeLokTZJwyauL87MhxrPYxDWxlj09fz2dj8L2ulJjoPMiZkaqgg04+ilCOToPHuqMsUJYYPLWCimJ0VkT5WmBh7IdcewZ9feRHqJyW/XDq99YqVK5gqDwdwCMfgwxlU4AaqUAMCA3iAJ3h2pPPovDiv09KcM+vZhz9y3n8AwgSS2g==</latexit>

P are

Note: the Beasley-Witten theorem does not apply because of the <latexit sha1_base64="jkNQ3I70BCRO5N1anvl9SPqDnB0="></latexit>

Z3 ⇥ Z3 isometry.
Using these non-perturbative superpotentials, one can compute the F-term potential
energy <latexit sha1_base64="heLP5LfPzJxbBjqSJZeuz3hrscg=">AAAB7HicdVBNS8NAEJ3Ur1q/qoIXL4tF8FSSIrW9lQrisQXTFtpQNtttu3SzCbsboYT+Bi8eFPHqzX/hL/Dmxd/iplVQ0QcDj/dmmJnnR5wpbdtvVmZpeWV1Lbue29jc2t7J7+61VBhLQl0S8lB2fKwoZ4K6mmlOO5GkOPA5bfuT89RvX1OpWCiu9DSiXoBHgg0ZwdpIbqufXMz6+YJdtA3KZZQSp2I7hlSrlVKpipy5ZduF2kHznT3XXxr9/GtvEJI4oEITjpXqOnakvQRLzQins1wvVjTCZIJHtGuowAFVXjI/doaOjTJAw1CaEhrN1e8TCQ6Umga+6QywHqvfXir+5XVjPax4CRNRrKkgi0XDmCMdovRzNGCSEs2nhmAimbkVkTGWmGiTT86E8PUp+p+0SkWnXDxtmjTqsEAWDuEITsCBM6jBJTTABQIMbuAO7i1h3VoP1uOiNWN9zuzDD1hPH/T6koI=</latexit>

VF .
16

. Summing over the isolated
curves in the universal cohomology class     associated with T, 

<latexit sha1_base64="Raq+QL1+z5Fjy5IoNJjQrAjclFg="></latexit>

Wgc = M3
Uexp

�
� 6⇡

bL↵̂GUT
S
�

<latexit sha1_base64="DonnyMWMoIwrE25Xu4X3YeCB++k="></latexit>

WI = Pe�⌧T where P =
Xn[C]

i=1
Pi

<latexit sha1_base64="DiaHwMXSWxiCOUfesdbFyrJFZ9M="></latexit>

⌧ = 61.618
vC
v1/3

, P = pei✓p

<latexit sha1_base64="rhcM7UhMGLDpx43uGrLi7tqEbtQ="></latexit>

10�2 . vC
v1/3

. 1 , 3.368 . p . 3.368⇥ 102

Assuming ,              we find<latexit sha1_base64="USjmbmXjIMSOEtH3MaVHdeByhPU=">AAAB63icdZBNS0JBFIbPtS+zL6tlmyEJWsl4NbVFJARSO4M0QS8ydxx1cO4HM3MDEaFf0KZFEW37N7Vp179p7pWgol4Y5uV5zzDnHDcUXGmMP6zUwuLS8kp6NbO2vrG5ld3eaakgkpQ1aSAC2XaJYoL7rKm5FqwdSkY8V7Brd3wW59c3TCoe+Fd6EjLHI0OfDzglOkb1ixPcy+Zw/rhato9shPMYV+xiOTZ2pWQXUcGQWLnT10RvjV72vdsPaOQxX1NBlOoUcKidKZGaU8FmmW6kWEjomAxZx1ifeEw506TXGTowpI8GgTTH1yih319MiafUxHNNpUf0SP3OYvhX1on0oOpMuR9Gmvl0/tEgEkgHKB4c9blkVIuJMYRKbnpFdEQkodqsJ2OW8DUp+t+07HyhnC9d4lytfguJ0rAH+3AIBahADc6hAU2gMII7eIBHy7PurSfreV6asuY37MIPWS+fgNaUPw==</latexit>

FI = 0

<latexit sha1_base64="/WmXNvaC71MowlPNSsRO9LmXXSI="></latexit>

 � Gromov �Witten invariant
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<latexit sha1_base64="Ym2M4g4MQc8vOyZZ/BUEFUp0Eyw=">AAAB9XicdVDLSgMxFM34rOOr6tJNsAiuynRa27oQi25cVrAPaMeSSTNtaCYZkoyllP6HGxc+cOtnuHcj/o2ZVkFFD1w4nHMv997jR4wq7Tjv1tz8wuLScmrFXl1b39hMb23XlYglJjUsmJBNHynCKCc1TTUjzUgSFPqMNPzBWeI3rolUVPBLPYqIF6IepwHFSBvpqs0E7zESaCSlGHbSGSd7VC66hy50so5TcvPFhLilgpuHOaMkyJy82MfRw5td7aRf212B45BwjRlSqpVzIu2NkdQUMzKx27EiEcID1CMtQzkKifLG06sncN8oXRgIaYprOFW/T4xRqNQo9E1niHRf/fYS8S+vFeug7I0pj2JNOJ4tCmIGtYBJBLBLJcGajQxBWFJzK8R9JBHWJijbhPD1Kfyf1N1srpgtXDiZyimYIQV2wR44ADlQAhVwDqqgBjCQ4AbcgXtraN1aj9bTrHXO+pzZAT9gPX8A5niWcg==</latexit> �

<latexit sha1_base64="Ym2M4g4MQc8vOyZZ/BUEFUp0Eyw=">AAAB9XicdVDLSgMxFM34rOOr6tJNsAiuynRa27oQi25cVrAPaMeSSTNtaCYZkoyllP6HGxc+cOtnuHcj/o2ZVkFFD1w4nHMv997jR4wq7Tjv1tz8wuLScmrFXl1b39hMb23XlYglJjUsmJBNHynCKCc1TTUjzUgSFPqMNPzBWeI3rolUVPBLPYqIF6IepwHFSBvpqs0E7zESaCSlGHbSGSd7VC66hy50so5TcvPFhLilgpuHOaMkyJy82MfRw5td7aRf212B45BwjRlSqpVzIu2NkdQUMzKx27EiEcID1CMtQzkKifLG06sncN8oXRgIaYprOFW/T4xRqNQo9E1niHRf/fYS8S+vFeug7I0pj2JNOJ4tCmIGtYBJBLBLJcGajQxBWFJzK8R9JBHWJijbhPD1Kfyf1N1srpgtXDiZyimYIQV2wR44ADlQAhVwDqqgBjCQ4AbcgXtraN1aj9bTrHXO+pzZAT9gPX8A5niWcg==</latexit> �

<latexit sha1_base64="Ym2M4g4MQc8vOyZZ/BUEFUp0Eyw=">AAAB9XicdVDLSgMxFM34rOOr6tJNsAiuynRa27oQi25cVrAPaMeSSTNtaCYZkoyllP6HGxc+cOtnuHcj/o2ZVkFFD1w4nHMv997jR4wq7Tjv1tz8wuLScmrFXl1b39hMb23XlYglJjUsmJBNHynCKCc1TTUjzUgSFPqMNPzBWeI3rolUVPBLPYqIF6IepwHFSBvpqs0E7zESaCSlGHbSGSd7VC66hy50so5TcvPFhLilgpuHOaMkyJy82MfRw5td7aRf212B45BwjRlSqpVzIu2NkdQUMzKx27EiEcID1CMtQzkKifLG06sncN8oXRgIaYprOFW/T4xRqNQo9E1niHRf/fYS8S+vFeug7I0pj2JNOJ4tCmIGtYBJBLBLJcGajQxBWFJzK8R9JBHWJijbhPD1Kfyf1N1srpgtXDiZyimYIQV2wR44ADlQAhVwDqqgBjCQ4AbcgXtraN1aj9bTrHXO+pzZAT9gPX8A5niWcg==</latexit> �
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This complicated expression can be simplified by recognizing the following. 

<latexit sha1_base64="cODw7pP4Hy2j15KolQeKnyvZRs4="></latexit>

s =< s > + < t > 1.12F 4/3��̃ , t =< t > + < t > 5.00�̃

that a non-zero value of 
<latexit sha1_base64="LC4y86EwsKRh4Ca3tbxuPkr2SRM=">AAAB83icbVDLSsNAFL2pr1pfVRcudDFaBFclEVGXBUFcVrAPaEKZTCbt0MkkzEyEEgriN4gbF4q49Wfc+R3+gNPUhbYeuNzDOfcyd46fcKa0bX9ahbn5hcWl4nJpZXVtfaO8udVUcSoJbZCYx7LtY0U5E7Shmea0nUiKI5/Tlj+4GPutWyoVi8WNHibUi3BPsJARrI3kuprxgGZu0mejbrliV+0caJY4P6RS2/+yH/bud+rd8ocbxCSNqNCEY6U6jp1oL8NSM8LpqOSmiiaYDHCPdgwVOKLKy/KbR+jQKAEKY2lKaJSrvzcyHCk1jHwzGWHdV9PeWPzP66Q6PPcyJpJUU0EmD4UpRzpG4wBQwCQlmg8NwUQycysifSwx0SamkgnBmf7yLGkeV53T6sm1SePyDnIUYRcO4AgcOIMaXEEdGkAggUd4hhcrtZ6sV+ttMlqwJh224Q+s929pV5VL</latexit>

�̃ simply raises the value of <latexit sha1_base64="YUZJI58kSIRfZ5RTtTuSfu847A8=">AAAB7HicbVDLSgNBEOzxGeMrxovgZUgQPIVdEfUYMAePEdwkkCxhdjKbDJmdXWZmhbDkG7x4UMRr/sI/8OTNv3HyOGhiQUNR1U13V5AIro3jfKO19Y3Nre3cTn53b//gsHBUbOg4VZR5NBaxagVEM8El8ww3grUSxUgUCNYMhrdTv/nIlOaxfDCjhPkR6UseckqMlbxGN6uNu4WyU3FmwKvEXZBy9eTzo1iblOrdwlenF9M0YtJQQbRuu05i/Iwow6lg43wn1SwhdEj6rG2pJBHTfjY7dozPrNLDYaxsSYNn6u+JjERaj6LAdkbEDPSyNxX/89qpCW/8jMskNUzS+aIwFdjEePo57nHFqBEjSwhV3N6K6YAoQo3NJ29DcJdfXiWNi4p7Vbm8t2nUYI4cnEIJzsGFa6jCHdTBAwocnuAFXpFEz+gNvc9b19Bi5hj+AE1+AMPokaM=</latexit>

VD above zero. Hence, we can take

<latexit sha1_base64="FyPXTcLqAHp5o1ZQ+nZ3Qg6xwGU=">AAAB7HicbVDLSsNAFL2pr1pfsW4EN0OL4KokIuqyYBGXFUxbaEOZTCft0MkkzEyEEvoNblwo4rZ/4R+4cuffOH0stPXAhcM593LvPUHCmdKO823l1tY3Nrfy24Wd3b39A/uw2FBxKgn1SMxj2QqwopwJ6mmmOW0lkuIo4LQZDG+mfvORSsVi8aBHCfUj3BcsZARrI3mNbnY77tplp+LMgFaJuyDl6vHnR7E2KdW79lenF5M0okITjpVqu06i/QxLzQin40InVTTBZIj7tG2owBFVfjY7doxOjdJDYSxNCY1m6u+JDEdKjaLAdEZYD9SyNxX/89qpDq/9jIkk1VSQ+aIw5UjHaPo56jFJieYjQzCRzNyKyABLTLTJp2BCcJdfXiWN84p7Wbm4N2nUYI48nEAJzsCFK6jCHdTBAwIMnuAFXi1hPVtv1vu8NWctZo7gD6zJD8bykaU=</latexit>

VF

1) It follows from

<latexit sha1_base64="8IpRJpOa+nmJ8gkqRUMJct8hR5g=">AAAB+XicdVDLSgMxFL1TX7W+Rl240EW0CK6GTCnVhUpBEJcVbC20pWTStA3NPEgyhTIUxG9w6caFIm79E3d+hz9gpkVQ0QOXezjnhtx7vEhwpTF+tzIzs3PzC9nF3NLyyuqavb5RU2EsKavSUISy7hHFBA9YVXMtWD2SjPieYNfe4Cz1r4dMKh4GV3oUsZZPegHvckq0kdq2fdzUXHRY0oz6fHx6gtt2HjslbOAi7BTTXjCkMFVcB0+QL+9+4Lud261K235rdkIa+yzQVBClGi6OdCshUnMq2DjXjBWLCB2QHmsYGhCfqVYy2XyM9o3SQd1Qmgo0mqjfXyTEV2rke2bSJ7qvfnup+JfXiHX3qJXwIIo1C+j0o24skA5RGgPqcMmoFiNDCJXc7Ipon0hCtQkrZ0L4uhT9T2oFxy05xUuTxvkNTJCFbdiDA3DhEMpwARWoAoUh3MMjPFmJ9WA9Wy/T0Yw17bAJP2C9fgL/cJac</latexit>

< �̃ >= 0

2) For the physical values of 
<latexit sha1_base64="3M3tFF1OdSidiBCfWRHwXKIA2OU=">AAAB+HicdVDLSgNBEOz1GeMr6sGDHkZF8CBhNkhMbgEheIxgVEiWMDuZ6JDZBzO9QgyC+A3evHhQxKuf4s3v8Aec3SCoaEHTRVUP011+rKRBSt+dsfGJyanp3Ex+dm5+YbGwtHxiokRz0eSRivSZz4xQMhRNlKjEWawFC3wlTv3+QeqfXgptZBQe4yAWXsDOQ9mTnKGVOoXF+i5p+wKZbciSfKewRYvUolwmKXEr1LWkWq2USlXiZhalW7WND3q3frva6BTe2t2IJ4EIkStmTMulMXpDplFyJa7z7cSImPE+OxctS0MWCOMNs8WvybZVuqQXaVshkkz9/mLIAmMGgW8nA4YX5reXin95rQR7FW8owzhBEfLRR71EEYxImgLpSi04qoEljGtpdyX8gmnG0WaVhvB1KfmfnJSKbrm4d2TTqN9AhhyswSbsgAv7UINDaEATOCRwD4/w5Fw5D86z8zIaHXNGHVbgB5zXT+2hlVo=</latexit>

F,�, ⌧ in the B-L MSSM, the exponential prefactors 

in the second, third and fourth terms in <latexit sha1_base64="Q7sixNluaWhIINlpM8l7/26HQfI=">AAAB7HicbVBNSwMxEJ2tX7V+VT32EiyCp7Iroh4LQvHYgtsW2lKyabYNTbJLkhXKUhD8AV48KOLVs7/Fmwev/g7TrQetPhjm8d6EzLwg5kwb1313ckvLK6tr+fXCxubW9k5xd6+po0QR6pOIR6odYE05k9Q3zHDajhXFIuC0FYwvZn7rmirNInllJjHtCTyULGQEGyv5zX5am/aLZbfiZkB/ifdNytXSZ0O8ftzW+8W37iAiiaDSEI617nhubHopVoYRTqeFbqJpjMkYD2nHUokF1b00W3aKDq0yQGGkbEmDMvXnixQLrScisJMCm5Fe9Gbif14nMeF5L2UyTgyVZP5RmHBkIjS7HA2YosTwiSWYKGZ3RWSEFSbG5lOwIXiLJ/8lzeOKd1o5adg0ajeQIQ8lOIAj8OAMqnAJdfCBAIM7eIBHRzr3zpPzPB/NOfMO+/ALzssXWP6TNw==</latexit>

VF are strongly exponentially supressed

relative to the first, fifth and sixth terms.

ignore these three suppressed terms

Hence, we can

<latexit sha1_base64="Q7sixNluaWhIINlpM8l7/26HQfI=">AAAB7HicbVBNSwMxEJ2tX7V+VT32EiyCp7Iroh4LQvHYgtsW2lKyabYNTbJLkhXKUhD8AV48KOLVs7/Fmwev/g7TrQetPhjm8d6EzLwg5kwb1313ckvLK6tr+fXCxubW9k5xd6+po0QR6pOIR6odYE05k9Q3zHDajhXFIuC0FYwvZn7rmirNInllJjHtCTyULGQEGyv5zX5am/aLZbfiZkB/ifdNytXSZ0O8ftzW+8W37iAiiaDSEI617nhubHopVoYRTqeFbqJpjMkYD2nHUokF1b00W3aKDq0yQGGkbEmDMvXnixQLrScisJMCm5Fe9Gbif14nMeF5L2UyTgyVZP5RmHBkIjS7HA2YosTwiSWYKGZ3RWSEFSbG5lOwIXiLJ/8lzeOKd1o5adg0ajeQIQ8lOIAj8OAMqnAJdfCBAIM7eIBHRzr3zpPzPB/NOfMO+/ALzssXWP6TNw==</latexit>

VF then simplifies to
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<latexit sha1_base64="LqE6G1fLGfPrHbNCfUBgJBCKLkg=">AAACAHicbVDLSgNBEOz1bXxFPXjwshgUBQm7KupBJCAEjwomBrIhzE46ZnD2wUyvEJYF8Ve8eFDEq5/hze/wB5xsPPgqaLqo6mamy4+l0OQ479bI6Nj4xOTUdGFmdm5+obi4VNdRojjWeCQj1fCZRilCrJEgiY1YIQt8iZf+9cnAv7xBpUUUXlA/xlbArkLRFZyRkdrFlXo7rWabR3S87ZGQHUw9JJZttYslp+zksP8S94uUKhsfuwOctYtvXifiSYAhccm0brpOTK2UKRJcYlbwEo0x49fsCpuGhixA3UrzAzJ73SgduxspUyHZufp9I2WB1v3AN5MBo57+7Q3E/7xmQt3DVirCOCEM+fChbiJtiuxBGnZHKOQk+4YwroT5q817TDFOJrOCCcH9ffJfUt8pu/vlvXOTRvUWckzBKqzBJrhwABU4hTOoAYcM7uERnqw768F6tl6GoyPWsMMy/ID1+gkrCJjM</latexit>

VF (< t >, ⌘̃)

<latexit sha1_base64="JS2pkfkZSd+/pklN0DbZikdNqVw=">AAAB/HicbZDLSgMxFIbP1Futt9Eu3QSLUjdlRkVdVgRxWcFeoB1KJk3b0ExmSDLCMFR8EzcuFHHrg7jzOXwB06kLbf0h5OM/55CT3484U9pxPq3cwuLS8kp+tbC2vrG5ZW/vNFQYS0LrJOShbPlYUc4ErWumOW1FkuLA57Tpjy4n9eYdlYqF4lYnEfUCPBCszwjWxuraxbTDNFIDMUblDC/Gh1275FScTGge3B8oVQ++jieqde2PTi8kcUCFJhwr1XadSHsplpoRTseFTqxohMkID2jboMABVV6aLT9G+8bpoX4ozREaZe7viRQHSiWBbzoDrIdqtjYx/6u1Y90/91ImolhTQaYP9WOOdIgmSaAek5RonhjARDKzKyJDLDHRJq+CCcGd/fI8NI4q7mnl5MakcfUAmfKwC3tQBhfOoArXUIM6EEjgEZ7hxbq3nqxX623amrOmNxThj6z3b9flluY=</latexit>

sgn(A)

3) Note that if we choose
<latexit sha1_base64="S0SKTIzL2vcggKVSiPRRUCqg3gM=">AAAB/XicdVDLSgMxFL3j2/qqj52bYFF0U2Zqq52NKIK4VLBaaIeSSdM2NJMZkoxQh6Kf4saFIm79D3d+hz9gZoqgogcu93DOveTm+BFnStv2uzU2PjE5NT0zm5ubX1hcyi+vXKowloTWSMhDWfexopwJWtNMc1qPJMWBz+mV3z9O/atrKhULxYUeRNQLcFewDiNYG6mVX0uaTCPVFcPtjB0Ndw7sVr5gF91qpVIuIbto2265smuI67pO1UGOUVIUDrc+dlOctfJvzXZI4oAKTThWquHYkfYSLDUjnA5zzVjRCJM+7tKGoQIHVHlJdv0QbRqljTqhNCU0ytTvGwkOlBoEvpkMsO6p314q/uU1Yt2pegkTUaypIKOHOjFHOkRpFKjNJCWaDwzBRDJzKyI9LDHRJrCcCeHrp+h/clkqOnvF8rlJ4+QOMszAOmzANjiwD4dwCmdQAwI3cA+P8GTdWg/Ws/UyGh2zRh1W4Qes10//hJeZ</latexit>

sgn(A) > 0

the minus sign in the last term ensures  <latexit sha1_base64="Q7sixNluaWhIINlpM8l7/26HQfI=">AAAB7HicbVBNSwMxEJ2tX7V+VT32EiyCp7Iroh4LQvHYgtsW2lKyabYNTbJLkhXKUhD8AV48KOLVs7/Fmwev/g7TrQetPhjm8d6EzLwg5kwb1313ckvLK6tr+fXCxubW9k5xd6+po0QR6pOIR6odYE05k9Q3zHDajhXFIuC0FYwvZn7rmirNInllJjHtCTyULGQEGyv5zX5am/aLZbfiZkB/ifdNytXSZ0O8ftzW+8W37iAiiaDSEI617nhubHopVoYRTqeFbqJpjMkYD2nHUokF1b00W3aKDq0yQGGkbEmDMvXnixQLrScisJMCm5Fe9Gbif14nMeF5L2UyTgyVZP5RmHBkIjS7HA2YosTwiSWYKGZ3RWSEFSbG5lOwIXiLJ/8lzeOKd1o5adg0ajeQIQ8lOIAj8OAMqnAJdfCBAIM7eIBHRzr3zpPzPB/NOfMO+/ALzssXWP6TNw==</latexit>

VF will be minimized by choosing the 
<latexit sha1_base64="xD+NUuT8NcwRzXHyINqletTPCPE=">AAAB7XicdVDLSgMxFM3UV1urVl26CRZBEIZMabUboWAXLivYB7RDyaSZNjYzGZKMUIYu3btxoYhbf8NvcOffmGkrqOiBkMM593LvPV7EmdIIfViZldW19Y1sLr9Z2NreKe7utZWIJaEtIriQXQ8ryllIW5ppTruRpDjwOO14k4vU79xSqZgIr/U0om6ARyHzGcHaSG0i1PmJMyiWkF1FBmWI7PSvVOFSqUJnriBUqhcatexd7q05KL73h4LEAQ014VipnoMi7SZYakY4neX7saIRJhM8oj1DQxxQ5SbzbWfwyChD6AtpXqjhXP3ekeBAqWngmcoA67H67aXiX14v1n7NTVgYxZqGZDHIjznUAqanwyGTlGg+NQQTycyukIyxxESbgPImhK9L4f+kXbadU7tyZdJogAWy4AAcgmPggDNQB5egCVqAgBtwDx7BkyWsB+vZelmUZqxlzz74Aev1E8J8kNM=</latexit>

cos = +1
It follows that

<latexit sha1_base64="aZwW9jENcsp2idsqtflki7B1j8o="></latexit>

< ⌘̃ >=
2⇡n+ arctan(B/A)� ✓p

5.00⌧ < t >

<latexit sha1_base64="+S7Bm5TTylFx3cDCwaDBUzASpfU=">AAACAHicdVC7SgNBFJ2NrxhfqxYWFg4GIYUsuyFEC4uAFpYRzAOTJcxOJsmQ2dl1ZlYIyzZ2foeNhSK2foadn2DvBzibVVDRA5c5nHMvc+/xQkalsu1XIzczOze/kF8sLC2vrK6Z6xtNGUQCkwYOWCDaHpKEUU4aiipG2qEgyPcYaXnj49RvXREhacDP1SQkro+GnA4oRkpLPXNrv3sZoT7ksEt1+UiNPC++SHpm0baqtoYDbauSvmVNypniWPYUxdrO29HNe6FU75kv3X6AI59whRmSsuPYoXJjJBTFjCSFbiRJiPAYDUlHU458It14ekAC97TSh4NA6OIKTtXvEzHypZz4nu5MN5S/vVT8y+tEanDoxpSHkSIcZx8NIgZVANM0YJ8KghWbaIKwoHpXiEdIIKx0ZgUdwtel8H/SLFtO1aqc6TROQIY82Aa7oAQccABq4BTUQQNgkIBbcA8ejGvjzng0nrLWnPE5swl+wHj+ADCNmSw=</latexit>

, n 2 Z

Using this, 
<latexit sha1_base64="FyPXTcLqAHp5o1ZQ+nZ3Qg6xwGU=">AAAB7HicbVDLSsNAFL2pr1pfsW4EN0OL4KokIuqyYBGXFUxbaEOZTCft0MkkzEyEEvoNblwo4rZ/4R+4cuffOH0stPXAhcM593LvPUHCmdKO823l1tY3Nrfy24Wd3b39A/uw2FBxKgn1SMxj2QqwopwJ6mmmOW0lkuIo4LQZDG+mfvORSsVi8aBHCfUj3BcsZARrI3mNbnY77tplp+LMgFaJuyDl6vHnR7E2KdW79lenF5M0okITjpVqu06i/QxLzQin40InVTTBZIj7tG2owBFVfjY7doxOjdJDYSxNCY1m6u+JDEdKjaLAdEZYD9SyNxX/89qpDq/9jIkk1VSQ+aIw5UjHaPo56jFJieYjQzCRzNyKyABLTLTJp2BCcJdfXiWN84p7Wbm4N2nUYI48nEAJzsCFK6jCHdTBAwIMnuAFXi1hPVtv1vu8NWctZo7gD6zJD8bykaU=</latexit>

VF then simplifies to

<latexit sha1_base64="Ym2M4g4MQc8vOyZZ/BUEFUp0Eyw=">AAAB9XicdVDLSgMxFM34rOOr6tJNsAiuynRa27oQi25cVrAPaMeSSTNtaCYZkoyllP6HGxc+cOtnuHcj/o2ZVkFFD1w4nHMv997jR4wq7Tjv1tz8wuLScmrFXl1b39hMb23XlYglJjUsmJBNHynCKCc1TTUjzUgSFPqMNPzBWeI3rolUVPBLPYqIF6IepwHFSBvpqs0E7zESaCSlGHbSGSd7VC66hy50so5TcvPFhLilgpuHOaMkyJy82MfRw5td7aRf212B45BwjRlSqpVzIu2NkdQUMzKx27EiEcID1CMtQzkKifLG06sncN8oXRgIaYprOFW/T4xRqNQo9E1niHRf/fYS8S+vFeug7I0pj2JNOJ4tCmIGtYBJBLBLJcGajQxBWFJzK8R9JBHWJijbhPD1Kfyf1N1srpgtXDiZyimYIQV2wR44ADlQAhVwDqqgBjCQ4AbcgXtraN1aj9bTrHXO+pzZAT9gPX8A5niWcg==</latexit> �
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<latexit sha1_base64="Jd+EIF32f81fuVN3YIlXcPvGHck=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBXqpSQi6kGkoIjHCvYD21A22027dLMJuxOhhP4LLx4U8eq/8ea/cZv2oK0PBh7vzTAzz48F1+g439bC4tLyympuLb++sbm1XdjZresoUZTVaCQi1fSJZoJLVkOOgjVjxUjoC9bwB9djv/HElOaRfMBhzLyQ9CQPOCVopMd6J70dlS7x6rhTKDplJ4M9T9wpKVYOgwzVTuGr3Y1oEjKJVBCtW64To5cShZwKNsq3E81iQgekx1qGShIy7aXZxSP7yChdO4iUKYl2pv6eSEmo9TD0TWdIsK9nvbH4n9dKMLjwUi7jBJmkk0VBImyM7PH7dpcrRlEMDSFUcXOrTftEEYompLwJwZ19eZ7UT8ruWfn03qRxAxPkYB8OoAQunEMF7qAKNaAg4Rle4c3S1ov1bn1MWhes6cwe/IH1+QMkL5Lf</latexit>

VF (< t >)

We take, without loss of generality
<latexit sha1_base64="VwaVFHiCJlYfHNBVlu3r2AH8MJs="></latexit>

A = 1/3, B = A/
p
3, < c >= 1/

p
3, F = 1.5

which can be shown to give a complex structure vacuum state that preserves 
N=1 supersymmetry. Additionally, the B-L MSSM vacuum requires one to choose 

<latexit sha1_base64="5ogcQdzXsEzAzwoFBjcE6imXcgo="></latexit>

l = 1 and � = 6.42



in this example
<latexit sha1_base64="66oNcYBgRbgUgqOItnkyhq7S2GE=">AAAB8nicbZDLSsNAFIZPvNZ6q7p0EyyCq5KIqDsLgrisYi+QhjKZTtqhk0yYOVFKKPgSblwo4tZH0Y0738Zp6kJbfxjm4//PMOecIBFco+N8WXPzC4tLy4WV4ura+sZmaWu7oWWqKKtTKaRqBUQzwWNWR46CtRLFSBQI1gwG5+O8ecuU5jK+wWHC/Ij0Yh5yStBYXvua9/pIlJJ3nVLZqTi57Flwf6B89p7ro9Ypfba7kqYRi5EKorXnOgn6GVHIqWCjYjvVLCF0QHrMMxiTiGk/y1se2fvG6dqhVObEaOfu7xcZibQeRoGpjAj29XQ2Nv/LvBTDUz/jcZIii+nkozAVNkp7PL/d5YpRFEMDhCpuerVpnyhC0WypaJbgTo88C43DintcObpyytWLe8hVgF3YgwNw4QSqcAk1qAMFCQ/wBM8WWo/Wi/U6KZ2zJjfswB9Zb9+QTpfK</latexit>)

<latexit sha1_base64="kcYeJUeMsbV7snBWhXf3CVYm5/o="></latexit>

< t >.< t >bound= 0.925

<latexit sha1_base64="9LVCyT/IHEGxEzO9lYcgBU9uxuM=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYFHqpsyoqAuRglBcVrAPbIeSSTNtaCYzJBmhDAU/wo0LRdz6N+78Dn/AzNSFth643MM5N+Te40WcKW3bn9bc/MLi0nJuJb+6tr6xWdjabqgwloTWSchD2fKwopwJWtdMc9qKJMWBx2nTG16lfvOeSsVCcatHEXUD3BfMZwRrI901ukl1XLrQl4fdQtEu2xnQLHF+SLFy8HWcotYtfHR6IYkDKjThWKm2Y0faTbDUjHA6zndiRSNMhrhP24YKHFDlJtnGY7RvlB7yQ2lKaJSpv18kOFBqFHhmMsB6oKa9VPzPa8faP3cTJqJYU0EmH/kxRzpE6fmoxyQlmo8MwUQysysiAywx0SakvAnBmT55ljSOys5p+eTGpFF9gAw52IU9KIEDZ1CBa6hBHQgIeIRneLGU9WS9Wm+T0Tlr0mEH/sB6/wa2WZLx</latexit>

VF (< t >)Having chosen these parameters, still is a function of <latexit sha1_base64="MrM0cyz4kQ68gEacodNLE31F+Bg=">AAAB63icdVDJSgNBEK2JW4xb1KOXxiB4GnpiEpOTAUE8RjALJCH0dDpJk56F7h4hDAG/wIsHRbz6N3rx5t/YM0FQ0QdFPd6rohY3FFxpjD+szNLyyupadj23sbm1vZPf3WupIJKUNWkgAtlxiWKC+6ypuRasE0pGPFewtjs9T/z2DZOKB/61noWs75Gxz0ecEp1IPU2iQb6A7VoNl5wawnYZ42K1Ygg+KVbLZeTYOEXh7DXFW2OQf+8NAxp5zNdUEKW6Dg51PyZScyrYPNeLFAsJnZIx6xrqE4+pfpzuOkdHRhmiUSBN+Bql6veOmHhKzTzXVHpET9RvLxH/8rqRHlX7MffDSDOfLgaNIoF0gJLD0ZBLRrWYGUKo5GZXRCdEEqrNe3LmCV+Xov9Jq2g7Fbt0hQv1i1tIkYUDOIRjcOAU6nAJDWgChQncwQM8Wp51bz1Zz4vSjLXIsA8/YL18Ao6XlPE=</latexit>⌧ and <latexit sha1_base64="utsuOMlm6JQgN9rio+O1ShB0avI=">AAAB6HicdVBNS0JBFL3Pvsy+rBYtajElQavHPFPTnRBES4U0QR8ybxx1ct4HM/MCESHatmlhRNt+Urt+R3+gUQkq6sDlHs65w9x7vEhwpTF+txILi0vLK8nV1Nr6xuZWenunrsJYUlajoQhlwyOKCR6wmuZasEYkGfE9wa69wfnUv75lUvEwuNLDiLk+6QW8yynRRqpG7XQG26USzjklhO08xtliwRB8mi3m88ix8QyZ8uEHnhzc71Xa6bdWJ6SxzwJNBVGq6eBIuyMiNaeCjVOtWLGI0AHpsaahAfGZckezRcfo2Cgd1A2lqUCjmfr9xYj4Sg19z0z6RPfVb28q/uU1Y90tuiMeRLFmAZ1/1I0F0iGaXo06XDKqxdAQQiU3uyLaJ5JQbbJJmRC+LkX/k3rWdgp2rmrSuLiDGZKwD0dwAg6cQRkuoQI1oMDgASbwZN1Yj9az9TIfTVjzDrvwA9brJzcJkJY=</latexit>p .
Choosing, as an example,

<latexit sha1_base64="i9H4dTeUv4j+y32zQrODw1jdAWE=">AAAB7XicdVDLSsNAFJ3UV42vqks3g0VwFZJaqpti0Y3LCvYBbSiT6aQdncyEmYlQQv/BjQtF3LjwU9y7Ef/GSaOgogcu93DOvdxHEDOqtOu+W4W5+YXFpeKyvbK6tr5R2txqK5FITFpYMCG7AVKEUU5ammpGurEkKAoY6QRXp5nfuSZSUcEv9CQmfoRGnIYUI22kdl+jpH4wKJVdp+YaeNB1qlmuGFLJFc9xZygfv9j1+OnNbg5Kr/2hwElEuMYMKdXz3Fj7KZKaYkamdj9RJEb4Co1Iz1COIqL8dLbtFO4ZZQhDIU1wDWfq944URUpNosBURkiP1W8vE//yeokOj/yU8jjRhON8UJgwqAXMTodDKgnWbGIIwpKaXSEeI4mwNg+yzRO+LoX/k3bF8WpO9dwtN05AjiLYAbtgH3jgEDTAGWiCFsDgEtyAO3BvCevWerAe89KC9dmzDX7Aev4Ak6GSIw==</latexit>

⌧ = 3

we find that

<latexit sha1_base64="/evKehEF6XefutBC4mc94fcc5f8="></latexit>

< t >.
� 3.39l

F�1/2

�2/3 ) manom & MU

Recall that

and five different values for p given by

<latexit sha1_base64="MaUu/a80A/ae23EzNZeFSZVNjs8=">AAAB63icbVBNSwMxEJ2tX7V+VT16CS1CQSi7IupFKHrxWMF+QLuUbJq2oUl2SbLCsvQveFFQxKt/yFv/jdm2B219MPB4b4aZeUHEmTauO3Vya+sbm1v57cLO7t7+QfHwqKnDWBHaICEPVTvAmnImacMww2k7UhSLgNNWML7L/NYTVZqF8tEkEfUFHko2YASbTIpuKqhXLLtVdwa0SrwFKddK3bPXaS2p94rf3X5IYkGlIRxr3fHcyPgpVoYRTieFbqxphMkYD2nHUokF1X46u3WCTq3SR4NQ2ZIGzdTfEykWWicisJ0Cm5Fe9jLxP68Tm8G1nzIZxYZKMl80iDkyIcoeR32mKDE8sQQTxeytiIywwsTYeAo2BG/55VXSPK96l9WLB5vGLcyRhxMoQQU8uIIa3EMdGkBgBM/wBu+OcF6cD+dz3ppzFjPH8AfO1w8yBpCr</latexit>

p = (
<latexit sha1_base64="e9tQu/NSdwH4HcIFsIK/xaRjo8A=">AAAB6XicbVDLSgNBEOyNrxhfUY9ehgRBEcKuiHoMevEYxTwgWcLsZDYZMjuzzMwKy5I/8CKoiFf/yFv+xsnjoIkFDUVVN91dQcyZNq47dnIrq2vrG/nNwtb2zu5ecf+goWWiCK0TyaVqBVhTzgStG2Y4bcWK4ijgtBkMbyd+84kqzaR4NGlM/Qj3BQsZwcZKD6eoWyy7FXcKtEy8OSlXS52z13E1rXWL352eJElEhSEca9323Nj4GVaGEU5HhU6iaYzJEPdp21KBI6r9bHrpCB1bpYdCqWwJg6bq74kMR1qnUWA7I2wGetGbiP957cSE137GRJwYKshsUZhwZCSavI16TFFieGoJJorZWxEZYIWJseEUbAje4svLpHFe8S4rF/c2jRuYIQ9HUIIT8OAKqnAHNagDgRCe4Q3enaHz4nw4n7PWnDOfOYQ/cL5+AOGhj+s=</latexit>

)
<latexit sha1_base64="RTLe5yFrNyI+4zNKzgCGSjleqiw=">AAAB6nicdZDLSgMxFIYz9VbHW9Wlm2ARXJXMoLVdiEU3LivaC7RDyaSZNjSTGZKMUIY+ghsXirjUd3HvRnwbM62Civ4Q+Pj/c8g5x485Uxqhdys3N7+wuJRftldW19Y3CptbTRUlktAGiXgk2z5WlDNBG5ppTtuxpDj0OW35o7Msb11TqVgkrvQ4pl6IB4IFjGBtrEv3EPUKRVRCRuUyzMCpIMdAtVpx3Sp0phFCxZMX+zh+erPrvcJrtx+RJKRCE46V6jgo1l6KpWaE04ndTRSNMRnhAe0YFDikykuno07gnnH6MIikeULDqfu9I8WhUuPQN5Uh1kP1O8vMv7JOooOKlzIRJ5oKMvsoSDjUEcz2hn0mKdF8bAATycyskAyxxESb69jmCF+bwv+h6ZaccungAhVrp2CmPNgBu2AfOOAI1MA5qIMGIGAAbsAduLe4dWs9WI+z0pz12bMNfsh6/gAZcJCy</latexit>

250
<latexit sha1_base64="lssdoRZxBK7Bsh++bchZWTlJlN0=">AAAB6nicdZDLSgMxFIbPeK3jrerSTbAIroZMadWNWHTjsqK9QDuUTJppQzMXkoxQSh/BjQtFXOq7uHcjvo2ZtoKKHgj5+f5zOBc/EVxpjD+sufmFxaXl3Iq9ura+sZnf2q6rOJWU1WgsYtn0iWKCR6ymuRasmUhGQl+whj84z/zGDZOKx9G1HibMC0kv4gGnRBt0VcS4ky9gp4xNFBF2sr9URjNSRu6EYFw4fbVPkud3u9rJv7W7MU1DFmkqiFItFyfaGxGpORVsbLdTxRJCB6THWkZGJGTKG01GHaN9Q7ooiKV5kUYT+r1iREKlhqFvMkOi++q3l8G/vFaqg2NvxKMk1Syi00ZBKpCOUbY36nLJqBZDIwiV3MyKaJ9IQrW5jm2O8LUp+l/Ui4576JQucaFyBtPIwS7swQG4cAQVuIAq1IBCD27hHh4sYd1Zj9bTNHXOmtXswI+wXj4B3/6Qig==</latexit>

200
<latexit sha1_base64="15OdL130jbjVz2OELz7bGvc7i0o=">AAAB6nicdVDLSgMxFM3UVx1fVZdugkVwNWT6dBZi0Y3LivYB7VAyaaYNzTxIMkIZ+gluXCjiUv/FvRvxb0xbBRU9cOFwzr3cc68XcyYVQu9GZmFxaXklu2qurW9sbuW2d5oySgShDRLxSLQ9LClnIW0opjhtx4LiwOO05Y3Opn7rmgrJovBKjWPqBngQMp8RrLR0aVfLvVweWXbRLqICRJbjOBWnqgkqFMtOCdoWmiF/8mIex09vZr2Xe+32I5IENFSEYyk7NoqVm2KhGOF0YnYTSWNMRnhAO5qGOKDSTWdRJ/BAK33oR0JXqOBM/T6R4kDKceDpzgCrofztTcW/vE6i/CM3ZWGcKBqS+SI/4VBFcHo37DNBieJjTTARTGeFZIgFJkp/x9RP+LoU/k+aBcuuWKULlK+dgjmyYA/sg0NggyqogXNQBw1AwADcgDtwb3Dj1ngwHuetGeNzZhf8gPH8AUFtkM0=</latexit>

175
<latexit sha1_base64="QSECRKUGaOseNFyJIZ0hQ8klGdo=">AAAB6nicdZDLSgMxFIYz9VbHW9Wlm2ARXA2Z0npZiEU3LivaC7RDyaSZNjSTGZKMUIY+ghsXirjUd3HvRnwbM20FFT0Q8vP953AufsyZ0gh9WLm5+YXFpfyyvbK6tr5R2NxqqCiRhNZJxCPZ8rGinAla10xz2oolxaHPadMfnmd+84ZKxSJxrUcx9ULcFyxgBGuDrtzjUrdQRE4FmShB5GR/uQJnpALdCUGoePpqn8TP73atW3jr9CKShFRowrFSbRfF2kux1IxwOrY7iaIxJkPcp20jBQ6p8tLJqGO4Z0gPBpE0T2g4od8rUhwqNQp9kxliPVC/vQz+5bUTHRx5KRNxoqkg00ZBwqGOYLY37DFJieYjIzCRzMwKyQBLTLS5jm2O8LUp/F80So574JQvUbF6BqaRBztgF+wDFxyCKrgANVAHBPTBLbgHDxa37qxH62mamrNmNdvgR1gvn+8tkJQ=</latexit>

192
<latexit sha1_base64="wtLCx1LWrofzrIQ2hjRO8GInMzg=">AAAB6nicdZDLSgMxFIYz9VbHW9Wlm2ARXA2ZaW3rQiy6cVnRtkI7lEyaaUMzF5KMUIY+ghsXirjUd3HvRnwbM62Civ4Q+Pn+c8g5x4s5kwqhdyM3N7+wuJRfNldW19Y3CptbLRklgtAmiXgkrjwsKWchbSqmOL2KBcWBx2nbG51mefuaCsmi8FKNY+oGeBAynxGsNLpwbNQrFJF1WKs4Bw5EFkJVp1TJjFMtOyVoa5KpePxiHsVPb2ajV3jt9iOSBDRUhGMpOzaKlZtioRjhdGJ2E0ljTEZ4QDvahjig0k2no07gniZ96EdCv1DBKf3ekeJAynHg6coAq6H8nWXwr6yTKL/mpiyME0VDMvvITzhUEcz2hn0mKFF8rA0mgulZIRligYnS1zH1Eb42hf+blmPZFat8jor1EzBTHuyAXbAPbFAFdXAGGqAJCBiAG3AH7g1u3BoPxuOsNGd89myDHzKePwAfAJC1</latexit>

210, , , ,
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The values of <latexit sha1_base64="b8sMgEGLaxZ0mX+e2bpA64VJUpA=">AAAB83icbVDLSgNBEOyNrxhfUcGLl8EgeAq7IuoxxIvHBMwDskuYncwmQ2Zml5lZISz5DS8eFPGav/ALvHnxW5w8DppY0FBUddPdFSacaeO6X05ubX1jcyu/XdjZ3ds/KB4eNXWcKkIbJOaxaodYU84kbRhmOG0nimIRctoKh3dTv/VIlWaxfDCjhAYC9yWLGMHGSr7oZr4SCMtYjLvFklt2Z0CrxFuQUuWk/s0m1Y9at/jp92KSCioN4VjrjucmJsiwMoxwOi74qaYJJkPcpx1LJRZUB9ns5jE6t0oPRbGyJQ2aqb8nMiy0HonQdgpsBnrZm4r/eZ3URLdBxmSSGirJfFGUcmRiNA0A9ZiixPCRJZgoZm9FZIAVJsbGVLAheMsvr5LmZdm7Ll/VbRpVmCMPp3AGF+DBDVTgHmrQAAIJPMELvDqp8+y8Oe/z1pyzmDmGP3AmPwTVlWI=</latexit>manom
<latexit sha1_base64="49Z6RlRoBgLtwrIm5A8+uuX8v/k=">AAAB+XicbVDLSsNAFJ1Uq7W+oi7dDBbBVUlE1GXRhS4r2Ac0IUwmk3bozCTMTAol5Af8BjcuFHEl+At+gTv/xuljoa0HLhzOuZd77wlTRpV2nG+rtLJaXluvbFQ3t7Z3du29/bZKMolJCycskd0QKcKoIC1NNSPdVBLEQ0Y64fB64ndGRCqaiHs9TonPUV/QmGKkjRTYNg9yT1MWkdxLB7QoArvm1J0p4DJx56TWcG7eP7sP5WZgf3lRgjNOhMYMKdVznVT7OZKaYkaKqpcpkiI8RH3SM1QgTpSfTy8v4LFRIhgn0pTQcKr+nsgRV2rMQ9PJkR6oRW8i/uf1Mh1f+jkVaaaJwLNFccagTuAkBhhRSbBmY0MQltTcCvEASYS1CatqQnAXX14m7dO6e14/uzNpXIEZKuAQHIET4IIL0AC3oAlaAIMReATP4MXKrSfr1XqbtZas+cwB+APr4wduBZcp</latexit>m�̃

<latexit sha1_base64="m5agDgPEOr8hsPgaOOqGiJKLMCE=">AAAB+XicbVDJSgNBEO1xjYnLqEcvjVHwFGZE1GPQi8cIZoEkDD09laRJz0J3TSAM+RMvHhTxKvgD/oE3P0TPdpaDJj4oeLxXRVU9P5FCo+N8WkvLK6tr67mNfGFza3vH3t2r6ThVHKo8lrFq+EyDFBFUUaCERqKAhb6Eut+/Hvv1ASgt4ugOhwm0Q9aNREdwhkbybDv0shYKGUDWAmSjkWcXnZIzAV0k7owUy0dfb++DwnfFsz9aQczTECLkkmnddJ0E2xlTKLiEUb6VakgY77MuNA2NWAi6nU0uH9FjowS0EytTEdKJ+nsiY6HWw9A3nSHDnp73xuJ/XjPFzmU7E1GSIkR8uqiTSooxHcdAA6GAoxwawrgS5lbKe0wxjiasvAnBnX95kdROS+556ezWpHFFpsiRA3JITohLLkiZ3JAKqRJOBuSePJInK7MerGfrZdq6ZM1m9skfWK8/BKKYWQ==</latexit>m⌘̃and , at the minima of the blue red and purple curves 
are found to be
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It is important to note that the          curve (and most curves for a wide range of p)
<latexit sha1_base64="qbOMRCRvIBGaigMy/wP8ZHOd9mo=">AAAB8XicdZDLSgMxFIYzXut4q7p0EyyCq5IpUtuFWHTjsoK9YDuUTJppQ5PMkGSEMvQt3LhQRJc+iHs34tuYaRVU9IfAx/+fQ845QcyZNgi9O3PzC4tLy7kVd3VtfWMzv7Xd1FGiCG2QiEeqHWBNOZO0YZjhtB0rikXAaSsYnWV565oqzSJ5acYx9QUeSBYygo21rrpKwDTgCZ308gVURFblMszAqyDPQrVaKZWq0JtGCBVOXtzj+OnNrffyr91+RBJBpSEca93xUGz8FCvDCKcTt5toGmMywgPasSixoNpPpxNP4L51+jCMlH3SwKn7vSPFQuuxCGylwGaof2eZ+VfWSUxY8VMm48RQSWYfhQmHJoLZ+rDPFCWGjy1gopidFZIhVpgYeyTXHuFrU/g/NEtFr1w8vECF2imYKQd2wR44AB44AjVwDuqgAQiQ4AbcgXtHO7fOg/M4K51zPnt2wA85zx9QTJRc</latexit>

blue

have a negative cosmological constant. However, as exemplified by the  
<latexit sha1_base64="w58zXldbD+aLfRgfQnscKRyWC3E=">AAAB8HicdZDLSsNAFIYnXmu8VV26GSyCq5Ckta0LsejGZQV7kTaUyWTaDp1JwsxEKKFP4caFIuLOF3HvRnwbJ62Civ4w8PP95zDnHD9mVCrbfjfm5hcWl5ZzK+bq2vrGZn5ruymjRGDSwBGLRNtHkjAakoaiipF2LAjiPiMtf3SW5a1rIiSNwks1jonH0SCkfYqR0uiqKzhMBQkmvXzBto6qZffQhbZl2xW3WM6MWym5Rehokqlw8mIex09vZr2Xf+0GEU44CRVmSMqOY8fKS5FQFDMyMbuJJDHCIzQgHW1DxIn00unAE7ivSQD7kdAvVHBKv3ekiEs55r6u5EgN5e8sg39lnUT1q15KwzhRJMSzj/oJgyqC2fYwoIJgxcbaICyonhXiIRIIK30jUx/ha1P4v2m6llO2Shd2oXYKZsqBXbAHDoADKqAGzkEdNAAGHNyAO3BvCOPWeDAeZ6VzxmfPDvgh4/kDjkyT7A==</latexit>

red

curves, a small number have a vanishing or positive cosmological constant
and

<latexit sha1_base64="6iCs3W5v7ct9vXyYO81GK4dfrgM=">AAAB83icdVDLSgMxFM3UV62vqktFgkVwNcyUVl0W3bhswT6gM5RMmmlDM5mQZIQydOkvuHGhiFv3/Q53foM/YaatoKIHQg7n3HtzcwLBqNKO827llpZXVtfy64WNza3tneLuXkvFicSkiWMWy06AFGGUk6ammpGOkARFASPtYHSV+e1bIhWN+Y0eC+JHaMBpSDHSRvI8GcFUJFIwMukVS45ddQzK0LGzu1KFC6UK3ZniOKXa4bTxcXc0rfeKb14/xklEuMYMKdV1HaH9FElNsZlX8BJFBMIjNCBdQzmKiPLT2c4TeGKUPgxjaQ7XcKZ+70hRpNQ4CkxlhPRQ/fYy8S+vm+jwwk8pF4kmHM8fChMGdQyzAGCfSoI1GxuCsKRmV4iHSCKsTUwFE8LXT+H/pFW23TO70jBpXII58uAAHINT4IJzUAPXoA6aAAMB7sEjeLIS68F6tl7mpTlr0bMPfsB6/QRqhpWn</latexit>

purple

and, hence, de Sitter vacua ! <latexit sha1_base64="2qbJ6wrXB4ToZ+T52CYlGbC+9Ms=">AAAB8nicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZEXUjFt24rGIvMB1KJs20oZlkSM4opfQx3LhQpFvfw70b8W1MLwut/hD4+P9zyDknSgU34HlfTm5hcWl5Jb/qrq1vbG4VtndqRmWasipVQulGRAwTXLIqcBCskWpGkkiwetS7Guf1e6YNV/IO+ikLE9KRPOaUgLWC5i3vdIForR5ahaJX8ibCf8GfQfHi3T1PR59upVX4aLYVzRImgQpiTOB7KYQDooFTwYZuMzMsJbRHOiywKEnCTDiYjDzEB9Zp41hp+yTgifuzY0ASY/pJZCsTAl0zn43N/7Igg/gsHHCZZsAknX4UZwKDwuP9cZtrRkH0LRCquZ0V0y7RhIK9kmuP4M+v/BdqRyX/pHR84xXLl2iqPNpD++gQ+egUldE1qqAqokihR/SMXhxwnpxXZzQtzTmznl30S87bN/OQlLM=</latexit>)
potential violation of one of the Swampland conjectures !

However, our results are consistent with another of the Swampland conjectures, namely
the well-established Transplanckian Censorship Conjecture (TCC). This postulates, that  

For large values of the moduli fields, with canonically normalized kinetic energy,
there is a positive lower bound on the gradient of the potential when V>0, namely

in four-dimensional spacetime.

<latexit sha1_base64="Rx2+R6eSAyBXebHCsoZeZPD6pW4="></latexit>

|5 V |
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Our previous expression for <latexit sha1_base64="xt/UbZ8tw8plwMS9EccMHuZadwg=">AAAB7HicbVDLSgNBEOzxGeMrKnjxMhgET2FXRD2GCOIxATcJJEuYncwmQ2Znl5lZISz5Bi8eFPHqzb/wC7x58VucPA6aWNBQVHXT3RUkgmvjOF9oaXlldW09t5Hf3Nre2S3s7dd1nCrKPBqLWDUDopngknmGG8GaiWIkCgRrBIPrsd+4Z0rzWN6ZYcL8iPQkDzklxkpevZPdjDqFolNyJsCLxJ2RYvmw9s3fKx/VTuGz3Y1pGjFpqCBat1wnMX5GlOFUsFG+nWqWEDogPdayVJKIaT+bHDvCJ1bp4jBWtqTBE/X3REYirYdRYDsjYvp63huL/3mt1IRXfsZlkhom6XRRmApsYjz+HHe5YtSIoSWEKm5vxbRPFKHG5pO3IbjzLy+S+lnJvSid12waFZgiB0dwDKfgwiWU4Raq4AEFDg/wBM9Iokf0gl6nrUtoNnMAf4DefgCdtZJF</latexit>

VF is only valid for 
<latexit sha1_base64="/evKehEF6XefutBC4mc94fcc5f8="></latexit>

< t >.
� 3.39l

F�1/2

�2/3 ) manom & MU .
Therefore, to consider large values of t we have to consider the generic form of  

<latexit sha1_base64="xt/UbZ8tw8plwMS9EccMHuZadwg=">AAAB7HicbVDLSgNBEOzxGeMrKnjxMhgET2FXRD2GCOIxATcJJEuYncwmQ2Znl5lZISz5Bi8eFPHqzb/wC7x58VucPA6aWNBQVHXT3RUkgmvjOF9oaXlldW09t5Hf3Nre2S3s7dd1nCrKPBqLWDUDopngknmGG8GaiWIkCgRrBIPrsd+4Z0rzWN6ZYcL8iPQkDzklxkpevZPdjDqFolNyJsCLxJ2RYvmw9s3fKx/VTuGz3Y1pGjFpqCBat1wnMX5GlOFUsFG+nWqWEDogPdayVJKIaT+bHDvCJ1bp4jBWtqTBE/X3REYirYdRYDsjYvp63huL/3mt1IRXfsZlkhom6XRRmApsYjz+HHe5YtSIoSWEKm5vxbRPFKHG5pO3IbjzLy+S+lnJvSid12waFZgiB0dwDKfgwiWU4Raq4AEFDg/wBM9Iokf0gl6nrUtoNnMAf4DefgCdtZJF</latexit>

VF

given for by

Taking 
<latexit sha1_base64="WCJ/evWN3sx7MXFr5WtcCB25pkU="></latexit>

s = .230F 4/3�t sets 
<latexit sha1_base64="GJwIjrbRhjWbL8FPMJfIqu35/tU=">AAAB7nicdVDLSgNBEOz1GeMrKnjxMhgET2E2SEwOQogePCZgHpAsYXYymwyZfTAzK4QlH+HFgyJevfgXfoE3L36Ls4mCihY0FFXddHe5keBKY/xmLSwuLa+sZtay6xubW9u5nd2WCmNJWZOGIpQdlygmeMCammvBOpFkxHcFa7vj89RvXzOpeBhc6UnEHJ8MA+5xSrSR2q1+cjE9w/1cHhewQamEUmKXsW1IpVIuFivInlkY56v7jXf+XHup93OvvUFIY58FmgqiVNfGkXYSIjWngk2zvVixiNAxGbKuoQHxmXKS2blTdGSUAfJCaSrQaKZ+n0iIr9TEd02nT/RI/fZS8S+vG2uv7CQ8iGLNAjpf5MUC6RClv6MBl4xqMTGEUMnNrYiOiCRUm4SyJoSvT9H/pFUs2KXCScOkUYM5MnAAh3AMNpxCFS6hDk2gMIYbuIN7K7JurQfrcd66YH3O7MEPWE8f5SyTAQ==</latexit>

VD = 0 . Then, except for the first term, all other  
terms in <latexit sha1_base64="xt/UbZ8tw8plwMS9EccMHuZadwg=">AAAB7HicbVDLSgNBEOzxGeMrKnjxMhgET2FXRD2GCOIxATcJJEuYncwmQ2Znl5lZISz5Bi8eFPHqzb/wC7x58VucPA6aWNBQVHXT3RUkgmvjOF9oaXlldW09t5Hf3Nre2S3s7dd1nCrKPBqLWDUDopngknmGG8GaiWIkCgRrBIPrsd+4Z0rzWN6ZYcL8iPQkDzklxkpevZPdjDqFolNyJsCLxJ2RYvmw9s3fKx/VTuGz3Y1pGjFpqCBat1wnMX5GlOFUsFG+nWqWEDogPdayVJKIaT+bHDvCJ1bp4jBWtqTBE/X3REYirYdRYDsjYvp63huL/3mt1IRXfsZlkhom6XRRmApsYjz+HHe5YtSIoSWEKm5vxbRPFKHG5pO3IbjzLy+S+lnJvSid12waFZgiB0dwDKfgwiWU4Raq4AEFDg/wBM9Iokf0gl6nrUtoNnMAf4DefgCdtZJF</latexit>

VF are strongly suppressed by a factor of
<latexit sha1_base64="KyObxwnoY+zSfJ8PDEGRL3cAtHo=">AAAB9XicdVDLSgMxFM3UVx1fVZdugkVwY8kUqe1CLLpxWcE+oJ2WTJppQzOZIckoZZj/cOPCB279DPduxL8xbRVU9MCFwzn3cu89XsSZ0gi9W5m5+YXFpeyyvbK6tr6R29xqqDCWhNZJyEPZ8rCinAla10xz2ookxYHHadMbnU385hWVioXiUo8j6gZ4IJjPCNZG6tJucpB0PB+SFOq0l8ujAjIoleCEOGXkGFKplIvFCnSmFkL5kxf7OHp4s2u93GunH5I4oEITjpVqOyjSboKlZoTT1O7EikaYjPCAtg0VOKDKTaZXp3DPKH3oh9KU0HCqfp9IcKDUOPBMZ4D1UP32JuJfXjvWftlNmIhiTQWZLfJjDnUIJxHAPpOUaD42BBPJzK2QDLHERJugbBPC16fwf9IoFpxS4fAC5aunYIYs2AG7YB844AhUwTmogTogQIIbcAfurWvr1nq0nmatGetzZhv8gPX8Aaj1laQ=</latexit>

e�ct for differing positive

coefficients <latexit sha1_base64="fHD9EQgRMfdWGfY0abjEUqyEvWM=">AAAB7XicbZDLSgMxFIbP1Fsdb1WXboJFcFVmRNSNWHTjsoK9QDuUTJppYzPJkGSEMvQd3LhQxI0LH8W9G/FtTC8Lbf0h8PH/55BzTphwpo3nfTu5hcWl5ZX8qru2vrG5VdjeqWmZKkKrRHKpGiHWlDNBq4YZThuJojgOOa2H/atRXr+nSjMpbs0goUGMu4JFjGBjrVorjDIybBeKXskbC82DP4XixYd7nrx9uZV24bPVkSSNqTCEY62bvpeYIMPKMMLp0G2lmiaY9HGXNi0KHFMdZONph+jAOh0USWWfMGjs/u7IcKz1IA5tZYxNT89mI/O/rJma6CzImEhSQwWZfBSlHBmJRqujDlOUGD6wgIlidlZEelhhYuyBXHsEf3bleagdlfyT0vGNVyxfwkR52IN9OAQfTqEM11CBKhC4gwd4gmdHOo/Oi/M6Kc05055d+CPn/QcZ/JJ7</latexit>c .
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Therefore, in the large t limit
<latexit sha1_base64="yZLWuZvkaVVUY0ibEV5jEzPvejQ=">AAACBnicbVDLSsNAFJ34rPUVdSEiwmARXJVEinZZFMRlBfuAJobJdNIOnWTCzEQoISs3/oobF4q49RPEnW7c+hlOHwttPTBwOOde7pzjx4xKZVkfxszs3PzCYm4pv7yyurZubmzWJU8EJjXMGRdNH0nCaERqiipGmrEgKPQZafi9s4HfuCFCUh5dqX5M3BB1IhpQjJSWPHOv7qXnGXRiwWPFoRMIhFM7S9V1WsoyzyxYRWsIOE3sMSlUyl9v25/fO1XPfHfaHCchiRRmSMqWbcXKTZFQFDOS5Z1EkhjhHuqQlqYRCol002GMDB5opQ0DLvSLFByqvzdSFErZD309GSLVlZPeQPzPayUqKLspjeJEkQiPDgUJgzrwoBPYpoJgxfqaICyo/ivEXaSbULq5vC7Bnow8TepHRfu4WLrUbZyCEXJgF+yDQ2CDE1ABF6AKagCDW3APHsGTcWc8GM/Gy2h0xhjvbIE/MF5/APGznTU=</latexit>

VF / 1

t4

with a positive constant of proportionality. However, the kinetic energy for t is given by

To rewrite the kinetic energy in terms of a canonically normalized field, define

Then the kinetic energy for
<latexit sha1_base64="jcvhFlTEGy1tjZhpdbmeds7iXZk=">AAAB63icbZDLSgMxFIbPeK3jrerSTbAIrsqMiLoRi25cVrAXaIeSSTNtaJIZkoxQhr6CGxeKuBOfxb0b8W3MtF1o6w+Bj/8/h5xzwoQzbTzv21lYXFpeWS2suesbm1vbxZ3duo5TRWiNxDxWzRBrypmkNcMMp81EUSxCThvh4DrPG/dUaRbLOzNMaCBwT7KIEWxyq13ts06x5JW9sdA8+FMoXX64F8nbl1vtFD/b3ZikgkpDONa65XuJCTKsDCOcjtx2qmmCyQD3aMuixILqIBvPOkKH1umiKFb2SYPG7u+ODAuthyK0lQKbvp7NcvO/rJWa6DzImExSQyWZfBSlHJkY5YujLlOUGD60gIlidlZE+lhhYux5XHsEf3bleagfl/3T8smtV6pcwUQF2IcDOAIfzqACN1CFGhDowwM8wbMjnEfnxXmdlC440549+CPn/QdFPZFl</latexit>

� is

and <latexit sha1_base64="xt/UbZ8tw8plwMS9EccMHuZadwg=">AAAB7HicbVDLSgNBEOzxGeMrKnjxMhgET2FXRD2GCOIxATcJJEuYncwmQ2Znl5lZISz5Bi8eFPHqzb/wC7x58VucPA6aWNBQVHXT3RUkgmvjOF9oaXlldW09t5Hf3Nre2S3s7dd1nCrKPBqLWDUDopngknmGG8GaiWIkCgRrBIPrsd+4Z0rzWN6ZYcL8iPQkDzklxkpevZPdjDqFolNyJsCLxJ2RYvmw9s3fKx/VTuGz3Y1pGjFpqCBat1wnMX5GlOFUsFG+nWqWEDogPdayVJKIaT+bHDvCJ1bp4jBWtqTBE/X3REYirYdRYDsjYvp63huL/3mt1IRXfsZlkhom6XRRmApsYjz+HHe5YtSIoSWEKm5vxbRPFKHG5pO3IbjzLy+S+lnJvSid12waFZgiB0dwDKfgwiWU4Raq4AEFDg/wBM9Iokf0gl6nrUtoNnMAf4DefgCdtZJF</latexit>

VF becomes
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It follows that

Hence our theory exceeds the lower bound of 
<latexit sha1_base64="SNItY/SBremWxl4kC0ex/73pwUo=">AAAB73icbVA9SwNBEJ3zM4lfUUubwyBYhbsgKtgEbSwjmA9IjrC32UuW7O1ddueEcKS3trFQgq1/xiKd/8bNR6GJDwYe780wM8+PBdfoON/W2vrG5tZ2Jpvb2d3bP8gfHtV0lCjKqjQSkWr4RDPBJasiR8EasWIk9AWr+/27qV9/YkrzSD7iMGZeSLqSB5wSNFKjpQcK09KonS84RWcGe5W4C1IoZ8eT56/4ptLOT1qdiCYhk0gF0brpOjF6KVHIqWCjXCvRLCa0T7qsaagkIdNeOrt3ZJ8ZpWMHkTIl0Z6pvydSEmo9DH3TGRLs6WVvKv7nNRMMrr2UyzhBJul8UZAIGyN7+rzd4YpRFENDCFXc3GrTHlGEookoZ0Jwl19eJbVS0b0sXjyYNG5hjgycwCmcgwtXUIZ7qEAVKAh4gTd4twbWqzW2Puata9Zi5hj+wPr8AUjDk9k=</latexit>p
2 in the large field limit. Hence,

Our theory is consistent with the Swampland TCC conjecture !


