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In the mid 90’s Keith Dienes conjectured that a hidden 
misaligned supersymmetry is present in the string spectrum of 

non-tachyonic (non-supersymmetric) vacua

He argued that this misaligned supersymmetry be responsible for the 
finiteness of the one-loop vacuum energy of closed strings
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THE SPECTRUM OF CLOSED STRINGS

<latexit sha1_base64="o5/yaJUd7kjZJiQRIi5rW/q6YXQ="></latexit>
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ann are (signed) integers and count the number 
of degrees of freedom at the n-th mass level

Integer-valued matrix fixed 
by modular invariance

Characters of the RCFT



THE BASIC IDEA OF MISALIGNED SUPERSYMMETRY

The exponential growth is determined by the central charge of the CFT

<latexit sha1_base64="ibHckJfCIKIbf4l8nyU36R6ZiSE="></latexit>
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<latexit sha1_base64="dYGBBJAudS2YJvavnevaXM9UwQw="></latexit>
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THE BASIC IDEA OF MISALIGNED SUPERSYMMETRY

K. Dienes proved that, when tachyons are absent,

with
<latexit sha1_base64="PjfkjN18avj9/1BnMSbITGY8o3w=">AAACBHicbVC7SgNBFJ2NrxhfUcs0g0GwCrsiamERSGMZwTwgCcvs5G4yZPbBzF0xLFvY+Cs2ForY+hF2/o2Th6CJBy6cOede5t7jxVJotO0vK7eyura+kd8sbG3v7O4V9w+aOkoUhwaPZKTaHtMgRQgNFCihHStggSeh5Y1qE791B0qLKLzFcQy9gA1C4QvO0EhusVRzuwj3mILvZ/SK/jwxwswtlu2KPQVdJs6clMkcdbf42e1HPAkgRC6Z1h3HjrGXMoWCS8gK3URDzPiIDaBjaMgC0L10ekRGj43Sp36kTIVIp+rviZQFWo8Dz3QGDId60ZuI/3mdBP3LXirCOEEI+ewjP5EUIzpJhPaFAo5ybAjjSphdKR8yxTia3AomBGfx5GXSPK0455Wzm7NytTaPI09K5IicEIdckCq5JnXSIJw8kCfyQl6tR+vZerPeZ605az5zSP7A+vgG1B6YPQ==</latexit>

Ce↵ < Ctot

He then conjectured that 

<latexit sha1_base64="ZhkcLMvYHFcaMT4AubOw0rTNdWc=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKuiHoRArl4jGAekCxhdtKbDJl9MNMrxiVf4sWDIl79FG/+jZNkD5pY0FBUddPd5SdSaHScb6uwtr6xuVXcLu3s7u2X7YPDlo5TxaHJYxmrjs80SBFBEwVK6CQKWOhLaPvj+sxvP4DSIo7ucZKAF7JhJALBGRqpb5fr/R7CI2YQBFN64/TtilN15qCrxM1JheRo9O2v3iDmaQgRcsm07rpOgl7GFAouYVrqpRoSxsdsCF1DIxaC9rL54VN6apQBDWJlKkI6V39PZCzUehL6pjNkONLL3kz8z+umGFx7mYiSFCHii0VBKinGdJYCHQgFHOXEEMaVMLdSPmKKcTRZlUwI7vLLq6R1XnUvqxd3F5VaPY+jSI7JCTkjLrkiNXJLGqRJOEnJM3klb9aT9WK9Wx+L1oKVzxyRP7A+fwAlWJLE</latexit>

Ce↵ = 0 [Dienes 1994]

<latexit sha1_base64="iUO52nB7U+j8I26N7LqrpCn9Zgg="></latexit>
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THE BASIC IDEA OF MISALIGNED SUPERSYMMETRY

What is the right trademark for the absence of tachyons?

He argued that
<latexit sha1_base64="PjfkjN18avj9/1BnMSbITGY8o3w=">AAACBHicbVC7SgNBFJ2NrxhfUcs0g0GwCrsiamERSGMZwTwgCcvs5G4yZPbBzF0xLFvY+Cs2ForY+hF2/o2Th6CJBy6cOede5t7jxVJotO0vK7eyura+kd8sbG3v7O4V9w+aOkoUhwaPZKTaHtMgRQgNFCihHStggSeh5Y1qE791B0qLKLzFcQy9gA1C4QvO0EhusVRzuwj3mILvZ/SK/jwxwswtlu2KPQVdJs6clMkcdbf42e1HPAkgRC6Z1h3HjrGXMoWCS8gK3URDzPiIDaBjaMgC0L10ekRGj43Sp36kTIVIp+rviZQFWo8Dz3QGDId60ZuI/3mdBP3LXirCOEEI+ewjP5EUIzpJhPaFAo5ybAjjSphdKR8yxTia3AomBGfx5GXSPK0455Wzm7NytTaPI09K5IicEIdckCq5JnXSIJw8kCfyQl6tR+vZerPeZ605az5zSP7A+vgG1B6YPQ==</latexit>

Ce↵ < Ctot implies oscillations in the string spectrum
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What is the right trademark for the absence of tachyons?

To (try to) answer this question, we have studied all 
non-supersymmetric theories in ten dimensions, 

and their freely-acting deformation in nine dimensions

A clear pattern emerges from this analysis



NON-SUPERSYMMETRIC STRING VACUA

In D=10 there are 8 non-supersymmetric vacua

<latexit sha1_base64="Cpd7NjkjfgYHI90ZhqBuqiDduRo="></latexit>

Z16⇥16 = V8(Ō16Ō16 + S̄16S̄16)� S8(Ō16S̄16 + S̄16Ō16)

+O8(V̄16C̄16 + C̄16V̄16)� C8(V̄16V̄16 + C̄16C̄16)

<latexit sha1_base64="svcHrazNyeQwAS8XiL6uqJzGyTg="></latexit>

Z32 = V8 Ō32 � S8 S̄32 +O8 V̄32 � C8 C̄32

<latexit sha1_base64="nxRXucGRYtJTRiJK3ptPihHBlbs=">AAAB/HicbVDLTgIxFO3gC/E1ytJNIzGBDZkhRFmSsHEnRnkkMCGd0oGGziPtHZPJBH/FjQuNceuHuPNvLDALBU/S5Nxz7s29PW4kuALL+jZyW9s7u3v5/cLB4dHxiXl61lVhLCnr0FCEsu8SxQQPWAc4CNaPJCO+K1jPnbUWfu+RScXD4AGSiDk+mQTc45SAlkZm8f62XKtX8BC4zxTWVaMyMktW1VoCbxI7IyWUoT0yv4bjkMY+C4AKotTAtiJwUiKBU8HmhWGsWETojEzYQNOA6FVOujx+ji+1MsZeKPULAC/V3xMp8ZVKfFd3+gSmat1biP95gxi8hpPyIIqBBXS1yIsFhhAvksBjLhkFkWhCqOT6VkynRBIKOq+CDsFe//Im6daq9lW1flcvNVtZHHl0ji5QGdnoGjXRDWqjDqIoQc/oFb0ZT8aL8W58rFpzRjZTRH9gfP4AbQeStQ==</latexit>

SO(24)⇥ SO(8)
<latexit sha1_base64="ujwxicd2gKG+Ox1IMRcSIblzPcY=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZQkFOuyUASXFU1baNMwmU7boZNJmJkINRR/xY0LRdz6H+78G6dtFtp64MLhnHu5954gZlQqy/o2cmvrG5tb+e3Czu7e/oF5eNSUUSIwcXHEItEOkCSMcuIqqhhpx4KgMGCkFYzrM7/1QISkEb9Xk5h4IRpyOqAYKS355smdW3Iueg7sKhoSCa/9as/xzaJVtuaAq8TOSBFkaPjmV7cf4SQkXGGGpOzYVqy8FAlFMSPTQjeRJEZ4jIakoylHepWXzq+fwnOt9OEgErq4gnP190SKQiknYaA7Q6RGctmbif95nUQNrryU8jhRhOPFokHCoIrgLArYp4JgxSaaICyovhXiERIIKx1YQYdgL7+8SppO2b4sV24rxVo9iyMPTsEZKAEbVEEN3IAGcAEGj+AZvII348l4Md6Nj0VrzshmjsEfGJ8/jpGTYQ==</latexit>

SU(2)2 ⇥ E2
7

<latexit sha1_base64="xuo5mdqmMB67w+vB+8NXuWU1hJI=">AAAB+XicbVBNS8NAEN34WetX1KOXxSLUS0mk1B4LRfBmRfsBbSib7aZdutmE3UmhhP4TLx4U8eo/8ea/cdvmoK0PBh7vzTAzz48F1+A439bG5tb2zm5uL79/cHh0bJ+ctnSUKMqaNBKR6vhEM8ElawIHwTqxYiT0BWv74/rcb0+Y0jySTzCNmReSoeQBpwSM1Lftx/uiW7nqAQ+Zxrf9at8uOCVnAbxO3IwUUIZG3/7qDSKahEwCFUTrruvE4KVEAaeCzfK9RLOY0DEZsq6hkphFXrq4fIYvjTLAQaRMScAL9fdESkKtp6FvOkMCI73qzcX/vG4CQdVLuYwTYJIuFwWJwBDheQx4wBWjIKaGEKq4uRXTEVGEggkrb0JwV19eJ63rklsplR/KhVo9iyOHztEFKiIX3aAaukMN1EQUTdAzekVvVmq9WO/Wx7J1w8pmztAfWJ8/SkKSKQ==</latexit>

SO(16)⇥ E8
<latexit sha1_base64="8C0BcgHHLcm6gjBg8QEHeJ7WqM0=">AAAB+nicbZDNTgIxFIXv4B/i36BLN43EBDZkxhB0ScLGJUYBE5iQTulAQ6czaTsaMvIoblxojFufxJ1vY4FZKHiSJl/OvTf39vgxZ0o7zreV29jc2t7J7xb29g8Oj+zicUdFiSS0TSIeyXsfK8qZoG3NNKf3saQ49Dnt+pPmvN59oFKxSNzpaUy9EI8ECxjB2lgDu3jbLrv1Sl+zkCpkuDKwS07VWQitg5tBCTK1BvZXfxiRJKRCE46V6rlOrL0US80Ip7NCP1E0xmSCR7RnUGCzyUsXp8/QuXGGKIikeUKjhft7IsWhUtPQN50h1mO1Wpub/9V6iQ6uvJSJONFUkOWiIOFIR2ieAxoySYnmUwOYSGZuRWSMJSbapFUwIbirX16HzkXVrVdrN7VSo5nFkYdTOIMyuHAJDbiGFrSBwCM8wyu8WU/Wi/VufSxbc1Y2cwJ/ZH3+AHXQkjQ=</latexit>

SU(16)⇥ U(1)

tachyon free

tachyonic

[0A and 0B theories are purely bosonic]



OSCILLATIONS IN THE STRING SPECTRUM

20 40 60 80 100

-60

-40

-20

20

40

60

20 40 60 80 100

-60

-40

-20

20

40

<latexit sha1_base64="MY6ucvXlN2odGwWxobjHtOUFbSE=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSLUTUmkVJeFbtxZwT6gDWUynbRDJ5MwMxFL6K+4caGIW3/EnX/jNM1CWw8MnHvOvdw7x485U9pxvq2Nza3tnd3CXnH/4PDo2D4pdVSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrT5sLv/tIpWKReNCzmHohHgsWMIK1kYZ26a7i1i/RQLOQKpQVQ7vsVJ0MaJ24OSlDjtbQ/hqMIpKEVGjCsVJ914m1l2KpGeF0XhwkisaYTPGY9g0V2Kzy0uz2ObowyggFkTRPaJSpvydSHCo1C33TGWI9UaveQvzP6yc6uPFSJuJEU0GWi4KEIx2hRRBoxCQlms8MwUQycysiEywx0SauognBXf3yOulcVd16tXZfKzeaeRwFOINzqIAL19CAW2hBGwg8wTO8wps1t16sd+tj2bph5TOn8AfW5w+OvZI1</latexit>

O(16)⇥O(16)
<latexit sha1_base64="cVT+L4/ayN5yeBImgd2ij/WjYwk=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmKCF7KLRD2ScPEmRvlIYEO6pQuVbrtpuyaE8B+8eNAYr/4fb/4bC+xBwZdM8vLeTGbmBTFn2rjut5NZW9/Y3Mpu53Z29/YP8odHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gVJv5rSeqNJPiwYxj6kd4IFjICDZWat7fFi/K5718wS25c6BV4qWkACnqvfxXty9JElFhCMdadzw3Nv4EK8MIp9NcN9E0xmSEB7RjqcAR1f5kfu0UnVmlj0KpbAmD5urviQmOtB5Hge2MsBnqZW8m/ud1EhNe+xMm4sRQQRaLwoQjI9HsddRnihLDx5Zgopi9FZEhVpgYG1DOhuAtv7xKmuWSd1mq3FUK1VoaRxZO4BSK4MEVVOEG6tAAAo/wDK/w5kjnxXl3PhatGSedOYY/cD5/APmFjhg=</latexit>

SO(32)

[tachyon free] [tachyonic]



A MORE QUANTITATIVE ANALYSIS OF THE SPECTRUM

<latexit sha1_base64="8VdqG71Yr168cz0ngVdASpKOFeg=">AAACFHicbVDLSsNAFJ34rPVVdelmsAgtlZJIUTdCoZsuK9gHNGmYTCft0MkknZkIJfQj3Pgrblwo4taFO//GaZuFth64cDjnXu69x4sYlco0v4219Y3Nre3MTnZ3b//gMHd03JJhLDBp4pCFouMhSRjlpKmoYqQTCYICj5G2N6rN/PYDEZKG/F5NIuIEaMCpTzFSWnJzJRsPqUthYVyEt9CWceByiFzeSwq0OIX2BRz3El6CdZdO3VzeLJtzwFVipSQPUjTc3JfdD3EcEK4wQ1J2LTNSToKEopiRadaOJYkQHqEB6WrKUUCkk8yfmsJzrfShHwpdXMG5+nsiQYGUk8DTnQFSQ7nszcT/vG6s/BsnoTyKFeF4sciPGVQhnCUE+1QQrNhEE4QF1bdCPEQCYaVzzOoQrOWXV0nrsmxdlSt3lXy1lsaRAafgDBSABa5BFdRBAzQBBo/gGbyCN+PJeDHejY9F65qRzpyAPzA+fwD/cJxO</latexit>

�i(q) =
X

n

a(i)
n

qn+Hi <latexit sha1_base64="O3zQaxYsj7nSW6I/ah6F+Swk0TA=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBHcWJNS1IVCwU2XFewD2hAm00k7dDIJM5NCCf0TNy4UceufuPNvnLZZaOuBezmccy9z5wQJZ0o7zre1tr6xubVd2Cnu7u0fHNpHxy0Vp5LQJol5LDsBVpQzQZuaaU47iaQ4CjhtB6OHmd8eU6lYLJ70JKFehAeChYxgbSTftus+Q/doaPolIleVqm+XnLIzB1olbk5KkKPh21+9fkzSiApNOFaq6zqJ9jIsNSOcTou9VNEEkxEe0K6hAkdUedn88ik6N0ofhbE0JTSaq783MhwpNYkCMxlhPVTL3kz8z+umOrz1MiaSVFNBFg+FKUc6RrMYUJ9JSjSfGIKJZOZWRIZYYqJNWEUTgrv85VXSqpTd63L1sVqq3eVxFOAUzuACXLiBGtShAU0gMIZneIU3K7NerHfrYzG6ZuU7J/AH1ucPOQGRcA==</latexit>

Hi = hi � c/24

<latexit sha1_base64="mu/c0ArZd6opb1JYAIJJWZPV+2g="></latexit>
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The circle method of Hardy-Ramanujan yields the asymptotic growth

[Kani, Vafa 1990]

Characters with negative Hj contribute to the exponential growth,
<latexit sha1_base64="pU8aU3RXx74NOf6CvWULab/bTas=">AAAB/HicbZDLSsNAFIZP6q3WW7RLN4NFcGNJpKjLQjfqqoK9QBvCZDpth04mYWYihFBfxY0LRdz6IO58G6dtFtr6w8DHf85hzvmDmDOlHefbKqytb2xuFbdLO7t7+wf24VFbRYkktEUiHslugBXlTNCWZprTbiwpDgNOO8GkMat3HqlULBIPOo2pF+KRYENGsDaWb5fv/Gxy7k5RX0fodsG+XXGqzlxoFdwcKpCr6dtf/UFEkpAKTThWquc6sfYyLDUjnE5L/UTRGJMJHtGeQYFDqrxsvvwUnRpngIaRNE9oNHd/T2Q4VCoNA9MZYj1Wy7WZ+V+tl+jhtZcxESeaCrL4aJhwZA6dJYEGTFKieWoAE8nMroiMscREm7xKJgR3+eRVaF9U3ctq7b5WqTfyOIpwDCdwBi5cQR1uoAktIJDCM7zCm/VkvVjv1seitWDlM2X4I+vzBxL+k8U=</latexit>

Jk�1 ! Ik�1

A CFT can have many characters with negative Hj

The most negative one plays the role of the identity



A MORE QUANTITATIVE ANALYSIS OF THE SPECTRUM

Taking into account only the tachyonic contributions (this with Hj<0)

The contribution of the identity is universal

<latexit sha1_base64="gqZA5dVXLZvpXcF2raNCck1yNlk=">AAACCXicbZDLSgMxFIYz9VbrbdSlm2ARWoQyI0UFFQpuXFawF2iHkklP29BMZkgyQinduvFV3LhQxK1v4M63MdPOorb+EPj4zzmcnN+POFPacX6szMrq2vpGdjO3tb2zu2fvH9RVGEsKNRryUDZ9ooAzATXNNIdmJIEEPoeGP7xN6o1HkIqF4kGPIvAC0hesxyjRxurYuIoLbeAcX2FxmkAR38x7xY6dd0rOVHgZ3BTyKFW1Y3+3uyGNAxCacqJUy3Ui7Y2J1IxymOTasYKI0CHpQ8ugIAEobzy9ZIJPjNPFvVCaJzSeuvMTYxIoNQp80xkQPVCLtcT8r9aKde/SGzMRxRoEnS3qxRzrECex4C6TQDUfGSBUMvNXTAdEEqpNeDkTgrt48jLUz0rueal8X85XrtM4sugIHaMCctEFqqA7VEU1RNETekFv6N16tl6tD+tz1pqx0plD9EfW1y//n5a1</latexit>

P (`;n+ `) = P (`;n)
<latexit sha1_base64="croaU3Q8lXi5jxXlj4XuxfCJ+rU=">AAACDHicbVDLSgMxFM3UV62vqks3wSLUhWVGigpaKLhxWcE+oDOWTJppQ5PMkGSEMswHuPFX3LhQxK0f4M6/MZ12oa0HAodzzuXmHj9iVGnb/rZyS8srq2v59cLG5tb2TnF3r6XCWGLSxCELZcdHijAqSFNTzUgnkgRxn5G2P7qe+O0HIhUNxZ0eR8TjaCBoQDHSRuoVS66KeS8RNTu9T1zCGDxxUtiA5YxfimNYs03KrtgZ4CJxZqQEZmj0il9uP8QxJ0JjhpTqOnakvQRJTTEjacGNFYkQHqEB6RoqECfKS7JjUnhklD4MQmme0DBTf08kiCs15r5JcqSHat6biP953VgHF15CRRRrIvB0URAzqEM4aQb2qSRYs7EhCEtq/grxEEmEtemvYEpw5k9eJK3TinNWqd5WS/WrWR15cAAOQRk44BzUwQ1ogCbA4BE8g1fwZj1ZL9a79TGN5qzZzD74A+vzB0bSmSw=</latexit>

`�1X

n=0

P (`;n) = 0

<latexit sha1_base64="ZlKAmni1j4G480hUNMqiP+ZK9mQ="></latexit>
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THE GROWTH OF THE DEGREES OF FREEDOM

This occurs for all non-supersymmetric heterotic theories in D=10

Therefore, whenever
<latexit sha1_base64="gxMsWHE4V9nFWu4SLsEazKWUE3o=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFcSEmkqBuh0I0rqWAf0IQwmU7aaSeTMDMRSsjOjb/ixoUibv0Fd/6NkzYLbT1w4XDOvdx7jx8zKpVlfRtLyyura+uljfLm1vbOrrm335ZRIjBp4YhFousjSRjlpKWoYqQbC4JCn5GOP27kfueBCEkjfq8mMXFDNOA0oBgpLXnmkSOT0Evp2ShLnRCpIUYM3mZaGWXw2vLMilW1poCLxC5IBRRoeuaX049wEhKuMENS9mwrVm6KhKKYkazsJJLECI/RgPQ05Sgk0k2nf2TwRCt9GERCF1dwqv6eSFEo5ST0dWd+qpz3cvE/r5eo4MpNKY8TRTieLQoSBlUE81BgnwqCFZtogrCg+laIh0ggrHR0ZR2CPf/yImmfV+2Lau2uVqk3ijhK4BAcg1Ngg0tQBzegCVoAg0fwDF7Bm/FkvBjvxsesdckoZg7AHxifP8FUmTs=</latexit>X

i,j

Nij = 0

<latexit sha1_base64="PjfkjN18avj9/1BnMSbITGY8o3w=">AAACBHicbVC7SgNBFJ2NrxhfUcs0g0GwCrsiamERSGMZwTwgCcvs5G4yZPbBzF0xLFvY+Cs2ForY+hF2/o2Th6CJBy6cOede5t7jxVJotO0vK7eyura+kd8sbG3v7O4V9w+aOkoUhwaPZKTaHtMgRQgNFCihHStggSeh5Y1qE791B0qLKLzFcQy9gA1C4QvO0EhusVRzuwj3mILvZ/SK/jwxwswtlu2KPQVdJs6clMkcdbf42e1HPAkgRC6Z1h3HjrGXMoWCS8gK3URDzPiIDaBjaMgC0L10ekRGj43Sp36kTIVIp+rviZQFWo8Dz3QGDId60ZuI/3mdBP3LXirCOEEI+ewjP5EUIzpJhPaFAo5ybAjjSphdKR8yxTia3AomBGfx5GXSPK0455Wzm7NytTaPI09K5IicEIdckCq5JnXSIJw8kCfyQl6tR+vZerPeZ605az5zSP7A+vgG1B6YPQ==</latexit>

Ce↵ < Ctot

What about the sub-leading exponentials?

<latexit sha1_base64="dZ0ZXdINALSZM0VeRp79Kf+WYIM="></latexit>X

i,j

�̄i(q̄)Nij�j(q) ) hanni ⇠
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e4⇡
p

|HL
min|n Nij e

4⇡
p

|HR
min|n



THE GROWTH OF THE DEGREES OF FREEDOM

For the heterotic string in D=10 it was “shown” that
<latexit sha1_base64="2LEpZPfR2N7Q8zloS4ne9w8u1kM=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8Ei1E1JpFSXhW7cWcFeoA1lMp20QyeTMHOilNpHceNCEbc+iTvfxmmahbb+MPDxn3M4Z34/FlyD43xbuY3Nre2d/G5hb//g8MguHrd1lCjKWjQSker6RDPBJWsBB8G6sWIk9AXr+JPGot55YErzSN7DNGZeSEaSB5wSMNbALt6W3dpFH3jINE55YJecipMKr4ObQQllag7sr/4woknIJFBBtO65TgzejCjgVLB5oZ9oFhM6ISPWMyiJWeXN0tPn+Nw4QxxEyjwJOHV/T8xIqPU09E1nSGCsV2sL879aL4Hg2ptxGSfAJF0uChKBIcKLHPCQK0ZBTA0Qqri5FdMxUYSCSatgQnBXv7wO7cuKW6tU76qleiOLI49O0RkqIxddoTq6QU3UQhQ9omf0it6sJ+vFerc+lq05K5s5QX9kff4ANpOSCw==</latexit>

O(16)⇥O(16)

<latexit sha1_base64="ZhkcLMvYHFcaMT4AubOw0rTNdWc=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKuiHoRArl4jGAekCxhdtKbDJl9MNMrxiVf4sWDIl79FG/+jZNkD5pY0FBUddPd5SdSaHScb6uwtr6xuVXcLu3s7u2X7YPDlo5TxaHJYxmrjs80SBFBEwVK6CQKWOhLaPvj+sxvP4DSIo7ucZKAF7JhJALBGRqpb5fr/R7CI2YQBFN64/TtilN15qCrxM1JheRo9O2v3iDmaQgRcsm07rpOgl7GFAouYVrqpRoSxsdsCF1DIxaC9rL54VN6apQBDWJlKkI6V39PZCzUehL6pjNkONLL3kz8z+umGFx7mYiSFCHii0VBKinGdJYCHQgFHOXEEMaVMLdSPmKKcTRZlUwI7vLLq6R1XnUvqxd3F5VaPY+jSI7JCTkjLrkiNXJLGqRJOEnJM3klb9aT9WK9Wx+L1oKVzxyRP7A+fwAlWJLE</latexit>

Ce↵ = 0 [Cribiori et al 2021]

[plot from Cribiori et al 2021]



THE GROWTH OF THE DEGREES OF FREEDOM

leading R tachyonic 
character (O8)

For the heterotic string in D=10 instead
<latexit sha1_base64="cVT+L4/ayN5yeBImgd2ij/WjYwk=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmKCF7KLRD2ScPEmRvlIYEO6pQuVbrtpuyaE8B+8eNAYr/4fb/4bC+xBwZdM8vLeTGbmBTFn2rjut5NZW9/Y3Mpu53Z29/YP8odHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gVJv5rSeqNJPiwYxj6kd4IFjICDZWat7fFi/K5718wS25c6BV4qWkACnqvfxXty9JElFhCMdadzw3Nv4EK8MIp9NcN9E0xmSEB7RjqcAR1f5kfu0UnVmlj0KpbAmD5urviQmOtB5Hge2MsBnqZW8m/ud1EhNe+xMm4sRQQRaLwoQjI9HsddRnihLDx5Zgopi9FZEhVpgYG1DOhuAtv7xKmuWSd1mq3FUK1VoaRxZO4BSK4MEVVOEG6tAAAo/wDK/w5kjnxXl3PhatGSedOYY/cD5/APmFjhg=</latexit>

SO(32)

<latexit sha1_base64="mck5LXPSbdbNX5idsIOcHHwmjmY="></latexit>

hanni ⇠ 2 e4⇡
p

n/2 e4⇡
p

n/2 + e
4⇡
2

p
n/2 e

4⇡
2

p
n/2 + 4 e

4⇡
3

p
n/2 e

4⇡
3

p
n/2

sub-leading L tachyonic 
character (V8)

<latexit sha1_base64="JCmzQnKa5rTpRWKAN6dOCk1/zXA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BItQQUoiRT0oFLx4rGA/sA1ls520SzebsLsRSui/8OJBEa/+G2/+G7dtDtr6YODx3gwz8/yYM6Ud59vKrayurW/kNwtb2zu7e8X9g6aKEkmxQSMeybZPFHImsKGZ5tiOJZLQ59jyR7dTv/WEUrFIPOhxjF5IBoIFjBJtpMcucn5Tds/c016x5FScGexl4makBBnqveJXtx/RJEShKSdKdVwn1l5KpGaU46TQTRTGhI7IADuGChKi8tLZxRP7xCh9O4ikKaHtmfp7IiWhUuPQN50h0UO16E3F/7xOooMrL2UiTjQKOl8UJNzWkT193+4ziVTzsSGESmZutemQSEK1CalgQnAXX14mzfOKe1Gp3ldLtessjjwcwTGUwYVLqMEd1KEBFAQ8wyu8Wcp6sd6tj3lrzspmDuEPrM8fpzGPlg==</latexit>

` = (1, 1)
<latexit sha1_base64="YE+vUjG/thNEAEec0gbyXuHv7sU=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBEqSElKUQ8KBS8eK9gPbEPZbCft0s0m7G6EEvovvHhQxKv/xpv/xm2bg7Y+GHi8N8PMPD/mTGnH+bZWVtfWNzZzW/ntnd29/cLBYVNFiaTYoBGPZNsnCjkT2NBMc2zHEknoc2z5o9up33pCqVgkHvQ4Ri8kA8ECRok20mMXOb8pVc4rZ71C0Sk7M9jLxM1IETLUe4Wvbj+iSYhCU06U6rhOrL2USM0ox0m+myiMCR2RAXYMFSRE5aWziyf2qVH6dhBJU0LbM/X3REpCpcahbzpDoodq0ZuK/3mdRAdXXspEnGgUdL4oSLitI3v6vt1nEqnmY0MIlczcatMhkYRqE1LehOAuvrxMmpWye1Gu3leLtessjhwcwwmUwIVLqMEd1KEBFAQ8wyu8Wcp6sd6tj3nripXNHMEfWJ8/qj2PmA==</latexit>

` = (2, 2)
<latexit sha1_base64="FOkkajRiWxO6GRAx59WNJ3UK71k=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BItQQUpii3pQKHjxWMF+YBvKZjttl242YXcjlNB/4cWDIl79N978N27bHLT1wcDjvRlm5vkRZ0o7zreVWVldW9/Ibua2tnd29/L7Bw0VxpJinYY8lC2fKORMYF0zzbEVSSSBz7Hpj26nfvMJpWKheNDjCL2ADATrM0q0kR47yPlNsXxWPu3mC07JmcFeJm5KCpCi1s1/dXohjQMUmnKiVNt1Iu0lRGpGOU5ynVhhROiIDLBtqCABKi+ZXTyxT4zSs/uhNCW0PVN/TyQkUGoc+KYzIHqoFr2p+J/XjnX/ykuYiGKNgs4X9WNu69Cevm/3mESq+dgQQiUzt9p0SCSh2oSUMyG4iy8vk8Z5yb0oVe4rhep1GkcWjuAYiuDCJVThDmpQBwoCnuEV3ixlvVjv1se8NWOlM4fwB9bnD61Jj5o=</latexit>

` = (3, 3)

<latexit sha1_base64="6ZKRp9nqWSaaT355tANT3KkRA5c=">AAACIHicbVDLSgMxFM3Ud31VXboJFkEQ6kwp1oVCoRuXFawKbSmZ9I6GZh4md8QyzKe48VfcuFBEd/o1pnVEbT0QODnnXJJ73EgKjbb9buWmpmdm5+YX8otLyyurhbX1Mx3GikOThzJUFy7TIEUATRQo4SJSwHxXwrnbrw/98xtQWoTBKQ4i6PjsMhCe4AyN1C1U6902wi0m4HkpPaJl2tbXChNnr5zSQ+rs/lyPvqMYYtotFO2SPQKdJE5GiiRDo1t4a/dCHvsQIJdM65ZjR9hJmELBJaT5dqwhYrzPLqFlaMB80J1ktGBKt43So16ozAmQjtTfEwnztR74rkn6DK/0uDcU//NaMXoHnUQEUYwQ8K+HvFhSDOmwLdoTCjjKgSGMK2H+SvkVU4yj6TRvSnDGV54kZ+WSs1+qnFSKtXpWxzzZJFtkhzikSmrkmDRIk3ByRx7IE3m27q1H68V6/YrmrGxmg/yB9fEJsCeiHQ==</latexit>

Ce↵ = 2
p

1/2 < 1 +
p

1/2 = Ctotand thus



NINE-DIMENSIONAL FREELY ACTING CONSTRUCTIONS

All non-supersymmetric vacua can be built from supersymmetric 
ones via an involution which contains fermion number

Combining this involution with a shift along a compact direction 
implies that supersymmetry is broken spontaneously

For instance,

<latexit sha1_base64="Clb6ONQ+lrvZjG6P+ntKYz522Y4=">AAACMXicbVBLSwMxGMzWV62vVY9egkUqiGW3FvXQQ8FLj1XsA7pLyaZpG5rNrklWKMv+JS/+E/HSgyJe/ROm7YK2OhCYzMxH8o0XMiqVZU2MzMrq2vpGdjO3tb2zu2fuHzRlEAlMGjhggWh7SBJGOWkoqhhph4Ig32Ok5Y1upn7rkQhJA36vxiFxfTTgtE8xUlrqmjVHPggVlxzEwiEqJHB+vzgvpUaSwMpdZSEFC0maOvtJdc28VbRmgH+JnZI8SFHvmi9OL8CRT7jCDEnZsa1QuTESimJGkpwTSRIiPEID0tGUI59IN55tnMATrfRgPxD6cAVn6u+JGPlSjn1PJ32khnLZm4r/eZ1I9a/dmPIwUoTj+UP9iEEVwGl9sEcFwYqNNUFYUP1XiIdIIKx0yTldgr288l/SLBXty2L5tpyvVtI6suAIHINTYIMrUAU1UAcNgMETeAVv4N14NibGh/E5j2aMdOYQLMD4+gZtaqpY</latexit>p
2↵0

q
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p
2 < R <

p
2↵0
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p
2tachyonic for

<latexit sha1_base64="OPfRVKnzPIeVqVsTkqPXmIyA4V4="></latexit>
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<latexit sha1_base64="y7e/RolJjSDYUpcyYyZCfqur7ew=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyip5JIUQ8KBS8eq9gPaEKZbLft0s0m7m6UEvtTvHhQxKu/xJv/xm2bg7Y+GHi8N8PMvCDmTGnH+bZyS8srq2v59cLG5tb2jl3cbagokYTWScQj2QpAUc4ErWumOW3FkkIYcNoMhlcTv/lApWKRuNOjmPoh9AXrMQLaSB27eHvpqXup04oHPB7A0bhjl5yyMwVeJG5GSihDrWN/ed2IJCEVmnBQqu06sfZTkJoRTscFL1E0BjKEPm0bKiCkyk+np4/xoVG6uBdJU0Ljqfp7IoVQqVEYmM4Q9EDNexPxP6+d6N65nzIRJ5oKMlvUSzjWEZ7kgLtMUqL5yBAgkplbMRmABKJNWgUTgjv/8iJpnJTd03LlplKqXmRx5NE+OkDHyEVnqIquUQ3VEUGP6Bm9ojfryXqx3q2PWWvOymb20B9Ynz/k/pPC</latexit>

R =
p
4↵0

non-tachyonic region

non-tachyonic region

<latexit sha1_base64="MY6ucvXlN2odGwWxobjHtOUFbSE=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSLUTUmkVJeFbtxZwT6gDWUynbRDJ5MwMxFL6K+4caGIW3/EnX/jNM1CWw8MnHvOvdw7x485U9pxvq2Nza3tnd3CXnH/4PDo2D4pdVSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrT5sLv/tIpWKReNCzmHohHgsWMIK1kYZ26a7i1i/RQLOQKpQVQ7vsVJ0MaJ24OSlDjtbQ/hqMIpKEVGjCsVJ914m1l2KpGeF0XhwkisaYTPGY9g0V2Kzy0uz2ObowyggFkTRPaJSpvydSHCo1C33TGWI9UaveQvzP6yc6uPFSJuJEU0GWi4KEIx2hRRBoxCQlms8MwUQycysiEywx0SauognBXf3yOulcVd16tXZfKzeaeRwFOINzqIAL19CAW2hBGwg8wTO8wps1t16sd+tj2bph5TOn8AfW5w+OvZI1</latexit>

O(16)⇥O(16)NINE-DIMENSIONAL FREELY-ACTING REALISATION
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<latexit sha1_base64="+QeGDhiVDXMA7NNh5YgvcjjBP9g=">AAAB+nicbVBNS8NAEN34WetXqkcvi0X0VJJS1INCwYvHKvYDmlA22227dLOJuxOlxP4ULx4U8eov8ea/cdvmoK0PBh7vzTAzL4gF1+A439bS8srq2npuI7+5tb2zaxf2GjpKFGV1GolItQKimeCS1YGDYK1YMRIGgjWD4dXEbz4wpXkk72AUMz8kfcl7nBIwUscu3F56+l5BWvaIiAfkeNyxi07JmQIvEjcjRZSh1rG/vG5Ek5BJoIJo3XadGPyUKOBUsHHeSzSLCR2SPmsbKknItJ9OTx/jI6N0cS9SpiTgqfp7IiWh1qMwMJ0hgYGe9ybif147gd65n3IZJ8AknS3qJQJDhCc54C5XjIIYGUKo4uZWTAdEEQomrbwJwZ1/eZE0yiX3tFS5qRSrF1kcOXSADtEJctEZqqJrVEN1RNEjekav6M16sl6sd+tj1rpkZTP76A+szx/h5pPA</latexit>

R =
p
2↵0

<latexit sha1_base64="epP5/VFMbamQm8tNEre817SOTXY=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16CRbRU0lKUQ8KBS8eq9gPaELZbDft0s0m7m7EEvJXvHhQxKt/xJv/xm2bg7Y+GHi8N8PMPD9mVCrb/jYKK6tr6xvFzdLW9s7unrlfbssoEZi0cMQi0fWRJIxy0lJUMdKNBUGhz0jHH19P/c4jEZJG/F5NYuKFaMhpQDFSWuqb5bsrVz4IlTo1F7F4hE6yvlmxq/YM1jJxclKBHM2++eUOIpyEhCvMkJQ9x46VlyKhKGYkK7mJJDHCYzQkPU05Con00tntmXWslYEVREIXV9ZM/T2RolDKSejrzhCpkVz0puJ/Xi9RwYWXUh4ninA8XxQkzFKRNQ3CGlBBsGITTRAWVN9q4RESCCsdV0mH4Cy+vEzatapzVq3f1iuNyzyOIhzCEZyCA+fQgBtoQgswPMEzvMKbkRkvxrvxMW8tGPnMAfyB8fkDVkWT+w==</latexit>

R =
p
12↵0

<latexit sha1_base64="tS8EAHcgYqomPrl9MyWPubHD+R8=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRbRU0mkVA8KBS8eq9gPaELZbDft0s0m7k7EEvJXvHhQxKt/xJv/xm2bg7Y+GHi8N8PMPD/mTIFtfxuFldW19Y3iZmlre2d3z9wvt1WUSEJbJOKR7PpYUc4EbQEDTruxpDj0Oe344+up33mkUrFI3MMkpl6Ih4IFjGDQUt8s31256kFC6tRdzOMRPsn6ZsWu2jNYy8TJSQXlaPbNL3cQkSSkAgjHSvUcOwYvxRIY4TQruYmiMSZjPKQ9TQUOqfLS2e2ZdayVgRVEUpcAa6b+nkhxqNQk9HVniGGkFr2p+J/XSyC48FIm4gSoIPNFQcItiKxpENaASUqATzTBRDJ9q0VGWGICOq6SDsFZfHmZtM+qTr1au61VGpd5HEV0iI7QKXLQOWqgG9RELUTQE3pGr+jNyIwX4934mLcWjHzmAP2B8fkDXHWT/w==</latexit>

R =
p
16↵0



NINE-DIMENSIONAL FREELY-ACTING REALISATION
<latexit sha1_base64="cVT+L4/ayN5yeBImgd2ij/WjYwk=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmKCF7KLRD2ScPEmRvlIYEO6pQuVbrtpuyaE8B+8eNAYr/4fb/4bC+xBwZdM8vLeTGbmBTFn2rjut5NZW9/Y3Mpu53Z29/YP8odHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gVJv5rSeqNJPiwYxj6kd4IFjICDZWat7fFi/K5718wS25c6BV4qWkACnqvfxXty9JElFhCMdadzw3Nv4EK8MIp9NcN9E0xmSEB7RjqcAR1f5kfu0UnVmlj0KpbAmD5urviQmOtB5Hge2MsBnqZW8m/ud1EhNe+xMm4sRQQRaLwoQjI9HsddRnihLDx5Zgopi9FZEhVpgYG1DOhuAtv7xKmuWSd1mq3FUK1VoaRxZO4BSK4MEVVOEG6tAAAo/wDK/w5kjnxXl3PhatGSedOYY/cD5/APmFjhg=</latexit>

SO(32)
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<latexit sha1_base64="y7e/RolJjSDYUpcyYyZCfqur7ew=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyip5JIUQ8KBS8eq9gPaEKZbLft0s0m7m6UEvtTvHhQxKu/xJv/xm2bg7Y+GHi8N8PMvCDmTGnH+bZyS8srq2v59cLG5tb2jl3cbagokYTWScQj2QpAUc4ErWumOW3FkkIYcNoMhlcTv/lApWKRuNOjmPoh9AXrMQLaSB27eHvpqXup04oHPB7A0bhjl5yyMwVeJG5GSihDrWN/ed2IJCEVmnBQqu06sfZTkJoRTscFL1E0BjKEPm0bKiCkyk+np4/xoVG6uBdJU0Ljqfp7IoVQqVEYmM4Q9EDNexPxP6+d6N65nzIRJ5oKMlvUSzjWEZ7kgLtMUqL5yBAgkplbMRmABKJNWgUTgjv/8iJpnJTd03LlplKqXmRx5NE+OkDHyEVnqIquUQ3VEUGP6Bm9ojfryXqx3q2PWWvOymb20B9Ynz/k/pPC</latexit>

R =
p
4↵0

<latexit sha1_base64="+QeGDhiVDXMA7NNh5YgvcjjBP9g=">AAAB+nicbVBNS8NAEN34WetXqkcvi0X0VJJS1INCwYvHKvYDmlA22227dLOJuxOlxP4ULx4U8eov8ea/cdvmoK0PBh7vzTAzL4gF1+A439bS8srq2npuI7+5tb2zaxf2GjpKFGV1GolItQKimeCS1YGDYK1YMRIGgjWD4dXEbz4wpXkk72AUMz8kfcl7nBIwUscu3F56+l5BWvaIiAfkeNyxi07JmQIvEjcjRZSh1rG/vG5Ek5BJoIJo3XadGPyUKOBUsHHeSzSLCR2SPmsbKknItJ9OTx/jI6N0cS9SpiTgqfp7IiWh1qMwMJ0hgYGe9ybif147gd65n3IZJ8AknS3qJQJDhCc54C5XjIIYGUKo4uZWTAdEEQomrbwJwZ1/eZE0yiX3tFS5qRSrF1kcOXSADtEJctEZqqJrVEN1RNEjekav6M16sl6sd+tj1rpkZTP76A+szx/h5pPA</latexit>

R =
p
2↵0

<latexit sha1_base64="epP5/VFMbamQm8tNEre817SOTXY=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16CRbRU0lKUQ8KBS8eq9gPaELZbDft0s0m7m7EEvJXvHhQxKt/xJv/xm2bg7Y+GHi8N8PMPD9mVCrb/jYKK6tr6xvFzdLW9s7unrlfbssoEZi0cMQi0fWRJIxy0lJUMdKNBUGhz0jHH19P/c4jEZJG/F5NYuKFaMhpQDFSWuqb5bsrVz4IlTo1F7F4hE6yvlmxq/YM1jJxclKBHM2++eUOIpyEhCvMkJQ9x46VlyKhKGYkK7mJJDHCYzQkPU05Con00tntmXWslYEVREIXV9ZM/T2RolDKSejrzhCpkVz0puJ/Xi9RwYWXUh4ninA8XxQkzFKRNQ3CGlBBsGITTRAWVN9q4RESCCsdV0mH4Cy+vEzatapzVq3f1iuNyzyOIhzCEZyCA+fQgBtoQgswPMEzvMKbkRkvxrvxMW8tGPnMAfyB8fkDVkWT+w==</latexit>

R =
p
12↵0

<latexit sha1_base64="tS8EAHcgYqomPrl9MyWPubHD+R8=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRbRU0mkVA8KBS8eq9gPaELZbDft0s0m7k7EEvJXvHhQxKt/xJv/xm2bg7Y+GHi8N8PMPD/mTIFtfxuFldW19Y3iZmlre2d3z9wvt1WUSEJbJOKR7PpYUc4EbQEDTruxpDj0Oe344+up33mkUrFI3MMkpl6Ih4IFjGDQUt8s31256kFC6tRdzOMRPsn6ZsWu2jNYy8TJSQXlaPbNL3cQkSSkAgjHSvUcOwYvxRIY4TQruYmiMSZjPKQ9TQUOqfLS2e2ZdayVgRVEUpcAa6b+nkhxqNQk9HVniGGkFr2p+J/XSyC48FIm4gSoIPNFQcItiKxpENaASUqATzTBRDJ9q0VGWGICOq6SDsFZfHmZtM+qTr1au61VGpd5HEV0iI7QKXLQOWqgG9RELUTQE3pGr+jNyIwX4934mLcWjHzmAP2B8fkDXHWT/w==</latexit>

R =
p
16↵0



NINE-DIMENSIONAL FREELY-ACTING REALISATION

<latexit sha1_base64="aEq7c2nMgxP52ku4xjMA3O2WXPE=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY8kXDyCkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj2txvP6HSPJYPZpKgH9Gh5CFn1Fipcd8vltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia89adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWldl77pcaVRK1VoWRx7O4BwuwYMbqMId1KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AK/cjOA=</latexit>

R

<latexit sha1_base64="aEq7c2nMgxP52ku4xjMA3O2WXPE=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY8kXDyCkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj2txvP6HSPJYPZpKgH9Gh5CFn1Fipcd8vltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia89adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWldl77pcaVRK1VoWRx7O4BwuwYMbqMId1KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AK/cjOA=</latexit>

R

<latexit sha1_base64="Takv0BiqVTBcdOG8MiQbKeFHBzQ=">AAACCHicbVA9SwNBEN3zM8avqKWFi0GwCnciamEhpLGMYD4gCcfeZk4X9/bO3TkxHClt/Cs2ForY+hPs/DdukhM08cHA2/dm2JkXJFIYdN0vZ2Z2bn5hsbBUXF5ZXVsvbWw2TJxqDnUey1i3AmZACgV1FCihlWhgUSChGdxUh37zDrQRsbrEfgLdiF0pEQrO0Ep+acftKLilVb+DcI8ZhOHg9OeBMQ78UtmtuCPQaeLlpExy1PzSZ6cX8zQChVwyY9qem2A3YxoFlzAodlIDCeM37AralioWgelmo0MGdM8qPRrG2pZCOlJ/T2QsMqYfBbYzYnhtJr2h+J/XTjE86WZCJSmC4uOPwlRSjOkwFdoTGjjKviWMa2F3pfyaacbRZle0IXiTJ0+TxkHFO6ocXhyWz6p5HAWyTXbJPvHIMTkj56RG6oSTB/JEXsir8+g8O2/O+7h1xslntsgfOB/fIAOaFQ==</latexit>

0 6= Ce↵ < Ctot

<latexit sha1_base64="tjdnBBEOCT1DyppSS0b0r1kx2AQ=">AAAB+nicbVDJSgNBEO2JW4xbokcvjUHwFGYkqBchkIvHCGaBZBh6OjVJk56F7ho1jPkULx4U8eqXePNv7CwHTXxQ8Hiviqp6fiKFRtv+tnJr6xubW/ntws7u3v5BsXTY0nGqODR5LGPV8ZkGKSJookAJnUQBC30JbX9Un/rte1BaxNEdjhNwQzaIRCA4QyN5xRKtez2ER8wgCCb0mtpesWxX7BnoKnEWpEwWaHjFr14/5mkIEXLJtO46doJuxhQKLmFS6KUaEsZHbABdQyMWgnaz2ekTemqUPg1iZSpCOlN/T2Qs1Hoc+qYzZDjUy95U/M/rphhcuZmIkhQh4vNFQSopxnSaA+0LBRzl2BDGlTC3Uj5kinE0aRVMCM7yy6ukdV5xLirV22q5Vl/EkSfH5IScEYdckhq5IQ3SJJw8kGfySt6sJ+vFerc+5q05azFzRP7A+vwB2AGTGA==</latexit>

Ce↵ = 0

<latexit sha1_base64="tjdnBBEOCT1DyppSS0b0r1kx2AQ=">AAAB+nicbVDJSgNBEO2JW4xbokcvjUHwFGYkqBchkIvHCGaBZBh6OjVJk56F7ho1jPkULx4U8eqXePNv7CwHTXxQ8Hiviqp6fiKFRtv+tnJr6xubW/ntws7u3v5BsXTY0nGqODR5LGPV8ZkGKSJookAJnUQBC30JbX9Un/rte1BaxNEdjhNwQzaIRCA4QyN5xRKtez2ER8wgCCb0mtpesWxX7BnoKnEWpEwWaHjFr14/5mkIEXLJtO46doJuxhQKLmFS6KUaEsZHbABdQyMWgnaz2ekTemqUPg1iZSpCOlN/T2Qs1Hoc+qYzZDjUy95U/M/rphhcuZmIkhQh4vNFQSopxnSaA+0LBRzl2BDGlTC3Uj5kinE0aRVMCM7yy6ukdV5xLirV22q5Vl/EkSfH5IScEYdckhq5IQ3SJJw8kGfySt6sJ+vFerc+5q05azFzRP7A+vwB2AGTGA==</latexit>

Ce↵ = 0

<latexit sha1_base64="2LEpZPfR2N7Q8zloS4ne9w8u1kM=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8Ei1E1JpFSXhW7cWcFeoA1lMp20QyeTMHOilNpHceNCEbc+iTvfxmmahbb+MPDxn3M4Z34/FlyD43xbuY3Nre2d/G5hb//g8MguHrd1lCjKWjQSker6RDPBJWsBB8G6sWIk9AXr+JPGot55YErzSN7DNGZeSEaSB5wSMNbALt6W3dpFH3jINE55YJecipMKr4ObQQllag7sr/4woknIJFBBtO65TgzejCjgVLB5oZ9oFhM6ISPWMyiJWeXN0tPn+Nw4QxxEyjwJOHV/T8xIqPU09E1nSGCsV2sL879aL4Hg2ptxGSfAJF0uChKBIcKLHPCQK0ZBTA0Qqri5FdMxUYSCSatgQnBXv7wO7cuKW6tU76qleiOLI49O0RkqIxddoTq6QU3UQhQ9omf0it6sJ+vFerc+lq05K5s5QX9kff4ANpOSCw==</latexit>

O(16)⇥O(16)

<latexit sha1_base64="cVT+L4/ayN5yeBImgd2ij/WjYwk=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmKCF7KLRD2ScPEmRvlIYEO6pQuVbrtpuyaE8B+8eNAYr/4fb/4bC+xBwZdM8vLeTGbmBTFn2rjut5NZW9/Y3Mpu53Z29/YP8odHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gVJv5rSeqNJPiwYxj6kd4IFjICDZWat7fFi/K5718wS25c6BV4qWkACnqvfxXty9JElFhCMdadzw3Nv4EK8MIp9NcN9E0xmSEB7RjqcAR1f5kfu0UnVmlj0KpbAmD5urviQmOtB5Hge2MsBnqZW8m/ud1EhNe+xMm4sRQQRaLwoQjI9HsddRnihLDx5Zgopi9FZEhVpgYG1DOhuAtv7xKmuWSd1mq3FUK1VoaRxZO4BSK4MEVVOEG6tAAAo/wDK/w5kjnxXl3PhatGSedOYY/cD5/APmFjhg=</latexit>

SO(32)
non-tachyonic region

tachyonic 
region

non-tachyonic region

non-tachyonic region

<latexit sha1_base64="tjdnBBEOCT1DyppSS0b0r1kx2AQ=">AAAB+nicbVDJSgNBEO2JW4xbokcvjUHwFGYkqBchkIvHCGaBZBh6OjVJk56F7ho1jPkULx4U8eqXePNv7CwHTXxQ8Hiviqp6fiKFRtv+tnJr6xubW/ntws7u3v5BsXTY0nGqODR5LGPV8ZkGKSJookAJnUQBC30JbX9Un/rte1BaxNEdjhNwQzaIRCA4QyN5xRKtez2ER8wgCCb0mtpesWxX7BnoKnEWpEwWaHjFr14/5mkIEXLJtO46doJuxhQKLmFS6KUaEsZHbABdQyMWgnaz2ekTemqUPg1iZSpCOlN/T2Qs1Hoc+qYzZDjUy95U/M/rphhcuZmIkhQh4vNFQSopxnSaA+0LBRzl2BDGlTC3Uj5kinE0aRVMCM7yy6ukdV5xLirV22q5Vl/EkSfH5IScEYdckhq5IQ3SJJw8kGfySt6sJ+vFerc+5q05azFzRP7A+vwB2AGTGA==</latexit>

Ce↵ = 0



NINE-DIMENSIONAL FREELY-ACTING REALISATION

The analysis is much more complicated because of the presence of 
many tachyonic characters in the RCFT

For instance, at the point 
<latexit sha1_base64="3nptTAZqFdqoP8T5AFcWVDHF/g0=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovoqiRSqhuh0I3LKvYBTSiT6aQdOnk4cyOWkF9x40IRt/6IO//GaZuFth64cDjnXu69x4sFV2BZ30ZhbX1jc6u4XdrZ3ds/MA/LHRUlkrI2jUQkex5RTPCQtYGDYL1YMhJ4gnW9SXPmdx+ZVDwK72EaMzcgo5D7nBLQ0sAs31076kFCatcdIuIxOcsGZsWqWnPgVWLnpIJytAbmlzOMaBKwEKggSvVtKwY3JRI4FSwrOYliMaETMmJ9TUMSMOWm89szfKqVIfYjqSsEPFd/T6QkUGoaeLozIDBWy95M/M/rJ+BfuSkP4wRYSBeL/ERgiPAsCDzkklEQU00IlVzfiumYSEJBx1XSIdjLL6+SzkXVrldrt7VKo5nHUUTH6ASdIxtdoga6QS3URhQ9oWf0it6MzHgx3o2PRWvByGeO0B8Ynz9ekJQG</latexit>

R =
p
16↵0 there are 32 characters

<latexit sha1_base64="llh8Pqq+pVrropDXDT60AVP7N5M="></latexit>

H1 = �1 H2 = � 63
64 H3 = � 15

16 H4 = � 55
64 H5 = � 3

4

<latexit sha1_base64="P4Uk2v0cNjLL753FQeehA92n35o="></latexit>

H6 = � 39
64 H7 = � 7

16 H8 = � 15
64 H26 = � 15

64 H27 = � 7
16

<latexit sha1_base64="wPTXPDyvZyog4BkSzCzfpAQdQiw="></latexit>

H28 = � 39
64 H29 = � 3

4 H30 = � 55
64 H31 = � 15

16 H32 = � 63
64

<latexit sha1_base64="NZ96EL0de2mVEN6j94i6Q9j80wg=">AAACH3icbZBNS8MwGMdTX+d8q3r0EhyCl412js2Dg4GXHSe4F9jGSNN0C0vTmqTCKP0mXvwqXjwoIt72bcy6HnTzgcA//9/zkDx/J2RUKsuaGxubW9s7u7m9/P7B4dGxeXLakUEkMGnjgAWi5yBJGOWkrahipBcKgnyHka4zvVvw7hMRkgb8Qc1CMvTRmFOPYqS0NTKrzVFslxNYLw6UJxCOa0lcrSRw8BghFy6gvtRhEWa4fJ3ykVmwSlZacF3YmSiArFoj83vgBjjyCVeYISn7thWqYYyEopiRJD+IJAkRnqIx6WvJkU/kME73S+CldlzoBUIfrmDq/p6IkS/lzHd0p4/URK6yhfkf60fKuxnGlIeRIhwvH/IiBlUAF2FBlwqCFZtpgbCg+q8QT5DOQelI8zoEe3XlddEpl+xqqXJfKTRuszhy4BxcgCtggxpogCZogTbA4Bm8gnfwYbwYb8an8bVs3TCymTPwp4z5DyoCoJM=</latexit>

H12 = � 7
64 H14 = � 23

64

<latexit sha1_base64="U3QA2WPlF+n893b6Dj0P8YrXgeE=">AAACIHicbZDLSsNAFIYnXmu9RV26GSyCm5ZES9uFQsFNlxXsBZoQJpNJO3RycWYilJBHceOruHGhiO70aZy2WdjWAwM//3cOZ87vxowKaRjf2tr6xubWdmGnuLu3f3CoHx13RZRwTDo4YhHvu0gQRkPSkVQy0o85QYHLSM8d305575FwQaPwXk5iYgdoGFKfYiSV5ej1lpOatQzelC3pc4TTKzNLa9UMWg8J8uCUNhSFZbjIHb1kVIxZwVVh5qIE8mo7+pflRTgJSCgxQ0IMTCOWdoq4pJiRrGglgsQIj9GQDJQMUUCEnc4OzOC5cjzoR1y9UMKZ+3ciRYEQk8BVnQGSI7HMpuZ/bJBIv2GnNIwTSUI8X+QnDMoITtOCHuUESzZRAmFO1V8hHiGVg1SZFlUI5vLJq6J7WTFrlepdtdS8zuMogFNwBi6ACeqgCVqgDToAgyfwAt7Au/asvWof2ue8dU3LZ07AQmk/v6t6oNE=</latexit>

H16 = � 31
64 H18 = � 31

64

<latexit sha1_base64="p5b+64sPDd91nBhcm6DgFmmpSlw=">AAACH3icbZDLSsNAFIYn9VbrLerSzWAR3LQktbQuFApuuqxgL9CWMJlM2qGTSZyZCCXkTdz4Km5cKCLu+jZO2yy09cDAz/+dw5nzuxGjUlnWzMhtbG5t7+R3C3v7B4dH5vFJR4axwKSNQxaKnoskYZSTtqKKkV4kCApcRrru5G7Ou09ESBryBzWNyDBAI059ipHSlmPWmk5SsVJ4WxooXyCcVK7SpFZN4eAxRh6c04qmsAQzXl9gxyxaZWtRcF3YmSiCrFqO+T3wQhwHhCvMkJR924rUMEFCUcxIWhjEkkQIT9CI9LXkKCBymCzuS+GFdjzoh0I/ruDC/T2RoEDKaeDqzgCpsVxlc/M/1o+Vfz1MKI9iRTheLvJjBlUI52FBjwqCFZtqgbCg+q8Qj5GOQelICzoEe/XkddGplO1auXpfLTZusjjy4Aycg0tggzpogCZogTbA4Bm8gnfwYbwYb8an8bVszRnZzCn4U8bsByI4oJE=</latexit>

H20 = � 23
64 H22 = � 7

64

Left sector Right sector



CONCLUSIONS AND OUTLOOK

Oscillations are a universal feature of generic string vacua

Absence of tachyons (classical stability) seems to imply
<latexit sha1_base64="ZhkcLMvYHFcaMT4AubOw0rTNdWc=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKuiHoRArl4jGAekCxhdtKbDJl9MNMrxiVf4sWDIl79FG/+jZNkD5pY0FBUddPd5SdSaHScb6uwtr6xuVXcLu3s7u2X7YPDlo5TxaHJYxmrjs80SBFBEwVK6CQKWOhLaPvj+sxvP4DSIo7ucZKAF7JhJALBGRqpb5fr/R7CI2YQBFN64/TtilN15qCrxM1JheRo9O2v3iDmaQgRcsm07rpOgl7GFAouYVrqpRoSxsdsCF1DIxaC9rL54VN6apQBDWJlKkI6V39PZCzUehL6pjNkONLL3kz8z+umGFx7mYiSFCHii0VBKinGdJYCHQgFHOXEEMaVMLdSPmKKcTRZlUwI7vLLq6R1XnUvqxd3F5VaPY+jSI7JCTkjLrkiNXJLGqRJOEnJM3klb9aT9WK9Wx+L1oKVzxyRP7A+fwAlWJLE</latexit>

Ce↵ = 0

What is the connection with the results of Kutasov and Seiberg 
and C.A., Cardella, Elitzur  and Rabinovici?

[Kutasov, Seiberg 1991]

[C.A., Cardella, Elitzur, 
Rabinovici 1991]



CONCLUSIONS AND OUTLOOK

What is the connection with the results of Kutasov and Seiberg 
and C.A., Cardella, Elitzur  and Rabinovici?

<latexit sha1_base64="tfQhe3DiKcoCiMAUQMeDSPaRVd4="></latexit> X

{m2}

d(m2)e�4⇡m2/⇤2

=
3

⇡
⇤2�D⌦ +

X

⇣⇤(⇢)=0

C⇢ ⇤
⇢�D

(finite) vacuum energy
oscillations

<latexit sha1_base64="qtBXvjQjw7dAYPI/gT7TcpFlwUg="></latexit>

Cm ⇤�m�D cos(�m log⇤+ �m)

<latexit sha1_base64="7PeuIYJKURPkA3AfKfD2IzsYNc8=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFEIQyI0VdKBTcuKxgL9AZhkyaaUNzGZKMUEo3bnwVNy4Uces7uPNtTNtZaOsPgY//nMPJ+eOUUW0879spLC2vrK4V10sbm1vbO+7uXlPLTGHSwJJJ1Y6RJowK0jDUMNJOFUE8ZqQVD24m9dYDUZpKcW+GKQk56gmaUIyMtSL3MFB9GXF4DYOYGGTplMKghzi3HLllr+JNBRfBz6EMctUj9yvoSpxxIgxmSOuO76UmHCFlKGZkXAoyTVKEB6hHOhYF4kSHo+kVY3hsnS5MpLJPGDh1f0+MENd6yGPbyZHp6/naxPyv1slMchmOqEgzQwSeLUoyBo2Ek0hglyqCDRtaQFhR+1eI+0ghbGxwJRuCP3/yIjTPKv55pXpXLdeu8jiK4AAcgRPggwtQA7egDhoAg0fwDF7Bm/PkvDjvzsesteDkM/vgj5zPH8Rwl3c=</latexit>

⇢m = �m + i�m

degrees of freedom of 
the physical spectrum 

at mass m2

[C.A., Cardella, Elitzur, 
Rabinovici 1991]



THANK YOU


