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Words are not enough

COSTAS



A short time line of our interaction

COSTAS

•   first met Costas in Paris in 2006

•   PhD at ENS, 2007-2011

•   3+1 joint papers



An extraordinary man of many passions

COSTAS

•   Cyprus, Greece, Family

•   Physics

•   Smoking :(

•   …



The first encounter

COSTAS

•  before Paris   

•  the “shy” Physicist

•  the famous blackboard & laptop



SUPER visor

COSTAS

•  you know nothing, I will teach you!

•  the lectures



“MSDS”

COSTAS
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Jacobi’s “abstrusa”    (SUSY)

an exercise you must solve!

V24 � S24 = 24
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COSTAS

The first paper

•   you didn’t prove it, I did !

•   the “trivial” stuff



Later memories

COSTAS

•  don’t tamper with my windings!

•   the unique model that solves everything

•   the smile



The last paper

Available online at www.sciencedirect.com

ScienceDirect

Nuclear Physics B 919 (2017) 41–73
www.elsevier.com/locate/nuclphysb
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Abstract

We consider a class of heterotic N = 2 → 0 super no-scale Z2-orbifold models. An appropriate stringy 
Scherk–Schwarz supersymmetry breaking induces tree level masses to all massless bosons of the twisted 
hypermultiplets and therefore stabilizes all twisted moduli. At high supersymmetry breaking scale, the 
tachyons that occur in the N = 4 → 0 parent theories are projected out, and no Hagedorn-like instability 
takes place in the N = 2 → 0 models (for small enough marginal deformations). At low supersymmetry 
breaking scale, the stability of the untwisted moduli is studied at the quantum level by taking into account 
both untwisted and twisted contributions to the 1-loop effective potential. The latter depends on the specific 
branch of the gauge theory along which the background can be deformed. We derive its expression in terms 
of all classical marginal deformations in the pure Coulomb phase, and in some mixed Coulomb/Higgs 
phases. In this class of models, the super no-scale condition requires having at the massless level equal 
numbers of untwisted bosonic and twisted fermionic degrees of freedom. Finally, we show that N = 1 → 0
super no-scale models are obtained by implementing a second Z2 orbifold twist on N = 2 → 0 super 
no-scale Z2-orbifold models.
© 2017 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.
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E-mail addresses: Costas.Kounnas@lpt.ens.fr (C. Kounnas), herve.partouche@polytechnique.edu (H. Partouche).
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Supersymmetry breaking in String Theory



Supersymmetry breaking in Heterotic Strings

effective 1-loop potential

hard breaking unbroken

coordinate-dependent 
compactifications

⇠ M4
s

<latexit sha1_base64="0GQLsq624VM2gIILQgq7jWtiVPI=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVgnorevEiVLAf2K4lm2bb0CS7JFmhLP0XXjwo4tV/481/Y7rdg7Y+GHi8N8PMvCDmTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKWjRBHaJBGPVCfAmnImadMww2knVhSLgNN2ML6e+e0nqjSL5L2ZxNQXeChZyAg2VnroaSbQbV8/1vrlilt1M6Bl4uWkAjka/fJXbxCRRFBpCMdadz03Nn6KlWGE02mpl2gaYzLGQ9q1VGJBtZ9mF0/RiVUGKIyULWlQpv6eSLHQeiIC2ymwGelFbyb+53UTE174KZNxYqgk80VhwpGJ0Ox9NGCKEsMnlmCimL0VkRFWmBgbUsmG4C2+vExaZ1WvVr28q1XqV3kcRTiCYzgFD86hDjfQgCYQkPAMr/DmaOfFeXc+5q0FJ585hD9wPn8A0C2QYA==</latexit>

= 0

<latexit sha1_base64="00ncXjZT6kQ5iTi5ouJ/cKWEgiI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHKvYD2lA22027dLMJuxOhhP4DLx4U8eo/8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hZXVtfaO4Wdra3tndK+8fNE2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo9up33ri2ohYPeI44X5EB0qEglG00sO12ytX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26YScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw0s/EypJkSs2XxSmkmBMpm+TvtCcoRxbQpkW9lbChlRThjackg3BW3x5mTTPqt559er+vFK7yeMowhEcwyl4cAE1uIM6NIBBCM/wCm/OyHlx3p2PeWvByWcO4Q+czx/+jo0H</latexit>

⇠ (nF � nB)m
4
3/2 + ↵m2

3/2M
2
s e�Ms/m3/2 + . . .

<latexit sha1_base64="/D5MCplgoMEi3u9pDxgm2skYJ4M="></latexit>

m3/2 = 1/R
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still too large



“super no-scale” : extend no-scale structure to 1-loop
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exponentially suppressed at m3/2 << Ms

nB = nF
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massless boson-fermion degeneracy

“calibration” of hidden sector

in general, much richer structure Ve↵(TI , UI ,WI)
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Supersymmetry breaking in Heterotic Strings

chirality N = 1 ! 0
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moduli dependence from N=2 “sectors”, dominated by light KK modes
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<latexit sha1_base64="7Xn+YgxgkpOaUrif0NfxXGAvuTI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSIIQkmkoN6KXjxWNG2hDWWz3bRLN5uwOxFK6U/w4kERr/4ib/4bt20O2vpg4PHeDDPzwlQKg6777aysrq1vbBa2its7u3v7pYPDhkkyzbjPEpnoVkgNl0JxHwVK3ko1p3EoeTMc3k795hPXRiTqEUcpD2LaVyISjKKVHvxzr1squxV3BrJMvJyUIUe9W/rq9BKWxVwhk9SYtuemGIypRsEknxQ7meEpZUPa521LFY25CcazUyfk1Co9EiXalkIyU39PjGlszCgObWdMcWAWvan4n9fOMLoKxkKlGXLF5ouiTBJMyPRv0hOaM5QjSyjTwt5K2IBqytCmU7QheIsvL5PGRcWrVq7vq+XaTR5HAY7hBM7Ag0uowR3UwQcGfXiGV3hzpPPivDsf89YVJ585gj9wPn8AiyuNVQ==</latexit>

independent shifts along both non-trivial cycles
to shuffle all fixed points

3 generations



Supersymmetry breaking in Heterotic Strings

chirality N = 1 ! 0

<latexit sha1_base64="MfhJX6acwzaJrP+/+f0UUNKaJSE=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlEUBdC0Y0rqWAf0IQymU7aoZNJmJmIJfRX3LhQxK0/4s6/cdJmoa0HBg7n3Muce4KEM6Ud59sqrayurW+UNytb2zu7e/Z+ta3iVBLaIjGPZTfAinImaEszzWk3kRRHAaedYHyT+51HKhWLxYOeJNSP8FCwkBGsjdS3q16E9Yhgju6uXOTpGDl9u+bUnRnQMnELUoMCzb795Q1ikkZUaMKxUj3XSbSfYakZ4XRa8VJFE0zGeEh7hgocUeVns+xTdGyUAQpjaZ7QaKb+3shwpNQkCsxknlQtern4n9dLdXjhZ0wkqaaCzD8KU47MiXkRaMAkJZpPDMFEMpMVkRGWmGhTV8WU4C6evEzap3X3rH55f1ZrXBd1lOEQjuAEXDiHBtxCE1pA4Ame4RXerKn1Yr1bH/PRklXsHMAfWJ8/D8STLA==</latexit>

T 2 ⇥ T 2 ⇥ T 2/Z2 ⇥ Z2 ⇥ �

<latexit sha1_base64="bcECCyu2UYyVHVghx6yPSbaQmmM=">AAACKnicbVDLSsNAFJ3UV62vqEs3g0VwVZNSUHdVF7qs0Bc2MUym03boTBJmJkIJ/R43/oqbLpTi1g9x0kawrQcuHM65l3vv8SNGpbKsqZFbW9/Y3MpvF3Z29/YPzMOjpgxjgUkDhywUbR9JwmhAGooqRtqRIIj7jLT84V3qt16IkDQM6moUEZejfkB7FCOlJc+8qT+XHUU5kXCBXTgcqYHvwyfvV11RnHvEOfLMolWyZoCrxM5IEWSoeebE6YY45iRQmCEpO7YVKTdBQlHMyLjgxJJECA9Rn3Q0DZBe5SazV8fwTCtd2AuFrkDBmfp3IkFcyhH3dWd6rlz2UvE/rxOr3pWb0CCKFQnwfFEvZlCFMM0NdqkgWLGRJggLqm+FeIAEwkqnW9Ah2Msvr5JmuWRXStePlWL1NosjD07AKTgHNrgEVfAAaqABMHgF7+ADfBpvxsSYGl/z1pyRzRyDBRjfP9pWpl0=</latexit>

Ve↵ ⇠ � 1

(ImT )2
[(. . .)E?

1(3;U) + (. . .)E?
1(3; 2U)] + . . .

<latexit sha1_base64="LwchT10VpKAVozfqua1x085L4DY="></latexit>

E?
1(s; z) =

1

2
⇣?(2s)

X

c,d2Z
(2c,d)=1

(Imz)s

|2cz + d|2s

<latexit sha1_base64="+9CaLwpAmv1sOP5NfA0K7neQfno="></latexit>

(at least) two independent conditions 

M2 =
|m2 � Um1|2

ImT ImU

<latexit sha1_base64="xtZoNoyxdlfL8tx52KxBic0YpMs=">AAACGHicbZDLSsNAFIYn9V5vVZduBovgQmsSBHUhFN3oQlBo2kLThsl00g6dScLMRChpHsONr+LGhSJu3fk2Ti+Ctv4w8PGfczhzfj9mVCrT/DJyc/MLi0vLK/nVtfWNzcLWdlVGicDEwRGLRN1HkjAaEkdRxUg9FgRxn5Ga37sa1msPREgahRXVj0mTo05IA4qR0pZXOL5t2fACuoFAOB1wzz5yuGcNWnaWpq7g8IZnFffwB53MKxTNkjkSnAVrAkUw0Z1X+HTbEU44CRVmSMqGZcaqmSKhKGYky7uJJDHCPdQhDY0h4kQ209FhGdzXThsGkdAvVHDk/p5IEZeyz33dyZHqyuna0Pyv1khUcNZMaRgnioR4vChIGFQRHKYE21QQrFhfA8KC6r9C3EU6I6WzzOsQrOmTZ6Fql6yT0vn9SbF8OYljGeyCPXAALHAKyuAa3AEHYPAInsEreDOejBfj3fgYt+aMycwO+CPj8xvYoZ8X</latexit>

massless states accompanied by
infinite KK tower

nB = nF

<latexit sha1_base64="Nzt7JdFprdF3tPlgAzI+Da9KOss=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKQT0IpYJ4rGA/oF2WbJptQ7PZJckKZemP8OJBEa/+Hm/+G9N2D9r6YODx3gwz84JEcG0c5xsV1tY3NreK26Wd3b39g/LhUVvHqaKsRWMRq25ANBNcspbhRrBuohiJAsE6wfh25neemNI8lo9mkjAvIkPJQ06JsVJH+o0b6d/55YpTdebAq8TNSQVyNP3yV38Q0zRi0lBBtO65TmK8jCjDqWDTUj/VLCF0TIasZ6kkEdNeNj93is+sMsBhrGxJg+fq74mMRFpPosB2RsSM9LI3E//zeqkJr7yMyyQ1TNLFojAV2MR49jsecMWoERNLCFXc3orpiChCjU2oZENwl19eJe2LqlurXj/UKvVGHkcRTuAUzsGFS6jDPTShBRTG8Ayv8IYS9ILe0ceitYDymWP4A/T5A7FQjys=</latexit>

infinite KK tower
with mass gap

M2 =
|m2 +

1
2 � Um1|2

ImT ImU

<latexit sha1_base64="LCh8DBE1lTFbT+q+WFqylqQuoqo="></latexit>

n0
B = n0

F

<latexit sha1_base64="Sn0IRcXZ/WdKYQYHjV8KnHEVGDM=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSL1VHaloB6EUkE8VrAf0i5LNs22oUl2SbJCKf0VXjwo4tWf481/Y9ruQVsfDDzem2FmXphwpo3rfjsrq2vrG5u5rfz2zu7efuHgsKnjVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLyZ+q0nqjSL5YMZJdQXuC9ZxAg2VnqUQa10LYPbUlAoumV3BrRMvIwUIUM9KHx1ezFJBZWGcKx1x3MT44+xMoxwOsl3U00TTIa4TzuWSiyo9sezgyfo1Co9FMXKljRopv6eGGOh9UiEtlNgM9CL3lT8z+ukJrr0x0wmqaGSzBdFKUcmRtPvUY8pSgwfWYKJYvZWRAZYYWJsRnkbgrf48jJpnpe9SvnqvlKs1rI4cnAMJ3AGHlxAFe6gDg0gIOAZXuHNUc6L8+58zFtXnGzmCP7A+fwBdaqPjQ==</latexit>



Supersymmetry breaking in Heterotic Strings

chirality N = 1 ! 0

<latexit sha1_base64="MfhJX6acwzaJrP+/+f0UUNKaJSE=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlEUBdC0Y0rqWAf0IQymU7aoZNJmJmIJfRX3LhQxK0/4s6/cdJmoa0HBg7n3Muce4KEM6Ud59sqrayurW+UNytb2zu7e/Z+ta3iVBLaIjGPZTfAinImaEszzWk3kRRHAaedYHyT+51HKhWLxYOeJNSP8FCwkBGsjdS3q16E9Yhgju6uXOTpGDl9u+bUnRnQMnELUoMCzb795Q1ikkZUaMKxUj3XSbSfYakZ4XRa8VJFE0zGeEh7hgocUeVns+xTdGyUAQpjaZ7QaKb+3shwpNQkCsxknlQtern4n9dLdXjhZ0wkqaaCzD8KU47MiXkRaMAkJZpPDMFEMpMVkRGWmGhTV8WU4C6evEzap3X3rH55f1ZrXBd1lOEQjuAEXDiHBtxCE1pA4Ame4RXerKn1Yr1bH/PRklXsHMAfWJ8/D8STLA==</latexit>

T 2 ⇥ T 2 ⇥ T 2/Z2 ⇥ Z2 ⇥ �

<latexit sha1_base64="bcECCyu2UYyVHVghx6yPSbaQmmM=">AAACKnicbVDLSsNAFJ3UV62vqEs3g0VwVZNSUHdVF7qs0Bc2MUym03boTBJmJkIJ/R43/oqbLpTi1g9x0kawrQcuHM65l3vv8SNGpbKsqZFbW9/Y3MpvF3Z29/YPzMOjpgxjgUkDhywUbR9JwmhAGooqRtqRIIj7jLT84V3qt16IkDQM6moUEZejfkB7FCOlJc+8qT+XHUU5kXCBXTgcqYHvwyfvV11RnHvEOfLMolWyZoCrxM5IEWSoeebE6YY45iRQmCEpO7YVKTdBQlHMyLjgxJJECA9Rn3Q0DZBe5SazV8fwTCtd2AuFrkDBmfp3IkFcyhH3dWd6rlz2UvE/rxOr3pWb0CCKFQnwfFEvZlCFMM0NdqkgWLGRJggLqm+FeIAEwkqnW9Ah2Msvr5JmuWRXStePlWL1NosjD07AKTgHNrgEVfAAaqABMHgF7+ADfBpvxsSYGl/z1pyRzRyDBRjfP9pWpl0=</latexit>

M2 =
|m2 +

H

2 � Um1|2

ImT ImU
+ . . .

<latexit sha1_base64="0z4pPcIwcsttadr3Bk/x4ZhuSwI="></latexit>

Ve↵ ⇠ �
Z

dt

t2
Str(�1)Q e�⇡tM2

+ . . .

<latexit sha1_base64="t3hVpx34UqwtPBHcOMOyVciirLg="></latexit>

super no-scale condition: massive but light KK states must enjoy 
separate boson-fermion matching

Ve↵(TI , UI ,WI)

<latexit sha1_base64="7oSSyX5h/3p9l9KBIiZpTogbcxI=">AAACAXicbVBNSwMxEM3Wr1q/Vr0IXoJFqCBlVwrqrejF3ip020JblmyabUOT7JJkhbLUi3/FiwdFvPovvPlvTNs9aOuDgcd7M8zMC2JGlXacbyu3srq2vpHfLGxt7+zu2fsHTRUlEhMPRyyS7QApwqggnqaakXYsCeIBI61gdDv1Ww9EKhqJhh7HpMfRQNCQYqSN5NtHTT/tSg5JGE5KDb927plq+bUz3y46ZWcGuEzcjBRBhrpvf3X7EU44ERozpFTHdWLdS5HUFDMyKXQTRWKER2hAOoYKxInqpbMPJvDUKH0YRtKU0HCm/p5IEVdqzAPTyZEeqkVvKv7ndRIdXvVSKuJEE4Hni8KEQR3BaRywTyXBmo0NQVhScyvEQyQR1ia0ggnBXXx5mTQvym6lfH1fKVZvsjjy4BicgBJwwSWogjtQBx7A4BE8g1fwZj1ZL9a79TFvzVnZzCH4A+vzB0hOlYE=</latexit>



Lessons and inspiration for years to come


