
Neutral Naturalness

Ennio Salvioni 
Technical University of Munich

Beyond Standard Model: 
where do we go from here? 

GGI, Arcetri 

September 18, 2018



Motivation

•  So far, no signs of colored top partners at LHC 

• These bounds have caveats… 

• … but they make the following question worth taking seriously: 

    

What if the top partners do not have color charge?
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scalars fermions

see Friday’s discussion



Neutral Naturalness

•  Symmetry-based solutions to the little hierarchy problem  

    with color-less top partners 

•  Stabilize weak scale up to                            ,  

 large hierarchy cured by SUSY / compositeness / clockwork / … 

•  First and best-known example is the Twin Higgs 

• Phenomenology radically non-standard, challenges for collider experiments 

• Important interplay with other areas, especially cosmo

⇤ ⇠ 5 - 10 TeV
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Chacko, Goh,  
Harnik 2005
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The Twin Higgs

• Symmetry breaking pattern 

• Top Yukawa couplings 

• Quadratic corrections to Higgs potential

7 Goldstones
Chacko, Goh, Harnik 2005

L = ytQAHAtA + ŷtQBHBtB
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�V ⇠ H
†
H

<latexit sha1_base64="dqmCBcyQILcU7kZdHQak5VMniDQ=">AAACBHicbVC7TsNAEDyHVwgvA2WaEwkSVWSnAMpINCmDRB5SbKLzee2ccn7o7owUWSlo+BUaChCi5SPo+BsuiQtIGGml0cyudne8lDOpLOvbKG1sbm3vlHcre/sHh0fm8UlPJpmg0KUJT8TAIxI4i6GrmOIwSAWQyOPQ9yY3c7//AEKyJL5T0xTciIQxCxglSksjs1p3fOCK4B52JItw+97xSRiCwO36yKxZDWsBvE7sgtRQgc7I/HL8hGYRxIpyIuXQtlLl5kQoRjnMKk4mISV0QkIYahqTCKSbL56Y4XOt+DhIhK5Y4YX6eyInkZTTyNOdEVFjuerNxf+8YaaCazdncZopiOlyUZBxrBI8TwT7TABVfKoJoYLpWzEdE0Go0rlVdAj26svrpNds2FbDvm3WWpdFHGVURWfoAtnoCrVQG3VQF1H0iJ7RK3oznowX4934WLaWjGLmFP2B8fkDS+eWiA==</latexit><latexit sha1_base64="dqmCBcyQILcU7kZdHQak5VMniDQ=">AAACBHicbVC7TsNAEDyHVwgvA2WaEwkSVWSnAMpINCmDRB5SbKLzee2ccn7o7owUWSlo+BUaChCi5SPo+BsuiQtIGGml0cyudne8lDOpLOvbKG1sbm3vlHcre/sHh0fm8UlPJpmg0KUJT8TAIxI4i6GrmOIwSAWQyOPQ9yY3c7//AEKyJL5T0xTciIQxCxglSksjs1p3fOCK4B52JItw+97xSRiCwO36yKxZDWsBvE7sgtRQgc7I/HL8hGYRxIpyIuXQtlLl5kQoRjnMKk4mISV0QkIYahqTCKSbL56Y4XOt+DhIhK5Y4YX6eyInkZTTyNOdEVFjuerNxf+8YaaCazdncZopiOlyUZBxrBI8TwT7TABVfKoJoYLpWzEdE0Go0rlVdAj26svrpNds2FbDvm3WWpdFHGVURWfoAtnoCrVQG3VQF1H0iJ7RK3oznowX4934WLaWjGLmFP2B8fkDS+eWiA==</latexit><latexit sha1_base64="dqmCBcyQILcU7kZdHQak5VMniDQ=">AAACBHicbVC7TsNAEDyHVwgvA2WaEwkSVWSnAMpINCmDRB5SbKLzee2ccn7o7owUWSlo+BUaChCi5SPo+BsuiQtIGGml0cyudne8lDOpLOvbKG1sbm3vlHcre/sHh0fm8UlPJpmg0KUJT8TAIxI4i6GrmOIwSAWQyOPQ9yY3c7//AEKyJL5T0xTciIQxCxglSksjs1p3fOCK4B52JItw+97xSRiCwO36yKxZDWsBvE7sgtRQgc7I/HL8hGYRxIpyIuXQtlLl5kQoRjnMKk4mISV0QkIYahqTCKSbL56Y4XOt+DhIhK5Y4YX6eyInkZTTyNOdEVFjuerNxf+8YaaCazdncZopiOlyUZBxrBI8TwT7TABVfKoJoYLpWzEdE0Go0rlVdAj26svrpNds2FbDvm3WWpdFHGVURWfoAtnoCrVQG3VQF1H0iJ7RK3oznowX4934WLaWjGLmFP2B8fkDS+eWiA==</latexit><latexit sha1_base64="dqmCBcyQILcU7kZdHQak5VMniDQ=">AAACBHicbVC7TsNAEDyHVwgvA2WaEwkSVWSnAMpINCmDRB5SbKLzee2ccn7o7owUWSlo+BUaChCi5SPo+BsuiQtIGGml0cyudne8lDOpLOvbKG1sbm3vlHcre/sHh0fm8UlPJpmg0KUJT8TAIxI4i6GrmOIwSAWQyOPQ9yY3c7//AEKyJL5T0xTciIQxCxglSksjs1p3fOCK4B52JItw+97xSRiCwO36yKxZDWsBvE7sgtRQgc7I/HL8hGYRxIpyIuXQtlLl5kQoRjnMKk4mISV0QkIYahqTCKSbL56Y4XOt+DhIhK5Y4YX6eyInkZTTyNOdEVFjuerNxf+8YaaCazdncZopiOlyUZBxrBI8TwT7TABVfKoJoYLpWzEdE0Go0rlVdAj26svrpNds2FbDvm3WWpdFHGVURWfoAtnoCrVQG3VQF1H0iJ7RK3oznowX4934WLaWjGLmFP2B8fkDS+eWiA==</latexit>

SU(4)  
invariant

top partners are  
full SM singlets



Twin Higgs phenomenology

• At one loop, hidden color could be global symmetry. But at two loops 

              gauge it with                 , confines at scale                

h
<latexit sha1_base64="Z7cXxZJImbRnP9RrgG/loPYjScA=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4CrtB0GPAi8eI5gHJEmZne7NDZh/MzAphycEP8Kqf4E28+il+gb/hJNmDJhY0FFXddHd5qeBK2/aXtba+sbm1Xdop7+7tHxxWjo47KskkwzZLRCJ7HlUoeIxtzbXAXiqRRp7Arje+mfndR5SKJ/GDnqToRnQU84Azqo10Xwtrw0rVrttzkFXiFKQKBVrDyvfAT1gWYayZoEr1HTvVbk6l5kzgtDzIFKaUjekI+4bGNELl5vNTp+TcKD4JEmkq1mSu/p7IaaTUJPJMZ0R1qJa9mfivp8wpIfpL63Vw7eY8TjONMVtsDzJBdEJmYRCfS2RaTAyhTHLzAGEhlZRpE1nZJOMs57BKOo26Y9edu0a1eVlkVIJTOIMLcOAKmnALLWgDgxE8wwu8Wk/Wm/VufSxa16xi5gT+wPr8AW4ZlhE=</latexit><latexit sha1_base64="Z7cXxZJImbRnP9RrgG/loPYjScA=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4CrtB0GPAi8eI5gHJEmZne7NDZh/MzAphycEP8Kqf4E28+il+gb/hJNmDJhY0FFXddHd5qeBK2/aXtba+sbm1Xdop7+7tHxxWjo47KskkwzZLRCJ7HlUoeIxtzbXAXiqRRp7Arje+mfndR5SKJ/GDnqToRnQU84Azqo10Xwtrw0rVrttzkFXiFKQKBVrDyvfAT1gWYayZoEr1HTvVbk6l5kzgtDzIFKaUjekI+4bGNELl5vNTp+TcKD4JEmkq1mSu/p7IaaTUJPJMZ0R1qJa9mfivp8wpIfpL63Vw7eY8TjONMVtsDzJBdEJmYRCfS2RaTAyhTHLzAGEhlZRpE1nZJOMs57BKOo26Y9edu0a1eVlkVIJTOIMLcOAKmnALLWgDgxE8wwu8Wk/Wm/VufSxa16xi5gT+wPr8AW4ZlhE=</latexit><latexit sha1_base64="Z7cXxZJImbRnP9RrgG/loPYjScA=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4CrtB0GPAi8eI5gHJEmZne7NDZh/MzAphycEP8Kqf4E28+il+gb/hJNmDJhY0FFXddHd5qeBK2/aXtba+sbm1Xdop7+7tHxxWjo47KskkwzZLRCJ7HlUoeIxtzbXAXiqRRp7Arje+mfndR5SKJ/GDnqToRnQU84Azqo10Xwtrw0rVrttzkFXiFKQKBVrDyvfAT1gWYayZoEr1HTvVbk6l5kzgtDzIFKaUjekI+4bGNELl5vNTp+TcKD4JEmkq1mSu/p7IaaTUJPJMZ0R1qJa9mfivp8wpIfpL63Vw7eY8TjONMVtsDzJBdEJmYRCfS2RaTAyhTHLzAGEhlZRpE1nZJOMs57BKOo26Y9edu0a1eVlkVIJTOIMLcOAKmnALLWgDgxE8wwu8Wk/Wm/VufSxa16xi5gT+wPr8AW4ZlhE=</latexit><latexit sha1_base64="Z7cXxZJImbRnP9RrgG/loPYjScA=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4CrtB0GPAi8eI5gHJEmZne7NDZh/MzAphycEP8Kqf4E28+il+gb/hJNmDJhY0FFXddHd5qeBK2/aXtba+sbm1Xdop7+7tHxxWjo47KskkwzZLRCJ7HlUoeIxtzbXAXiqRRp7Arje+mfndR5SKJ/GDnqToRnQU84Azqo10Xwtrw0rVrttzkFXiFKQKBVrDyvfAT1gWYayZoEr1HTvVbk6l5kzgtDzIFKaUjekI+4bGNELl5vNTp+TcKD4JEmkq1mSu/p7IaaTUJPJMZ0R1qJa9mfivp8wpIfpL63Vw7eY8TjONMVtsDzJBdEJmYRCfS2RaTAyhTHLzAGEhlZRpE1nZJOMs57BKOo26Y9edu0a1eVlkVIJTOIMLcOAKmnALLWgDgxE8wwu8Wk/Wm/VufSxa16xi5gT+wPr8AW4ZlhE=</latexit>

h
<latexit sha1_base64="Z7cXxZJImbRnP9RrgG/loPYjScA=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4CrtB0GPAi8eI5gHJEmZne7NDZh/MzAphycEP8Kqf4E28+il+gb/hJNmDJhY0FFXddHd5qeBK2/aXtba+sbm1Xdop7+7tHxxWjo47KskkwzZLRCJ7HlUoeIxtzbXAXiqRRp7Arje+mfndR5SKJ/GDnqToRnQU84Azqo10Xwtrw0rVrttzkFXiFKQKBVrDyvfAT1gWYayZoEr1HTvVbk6l5kzgtDzIFKaUjekI+4bGNELl5vNTp+TcKD4JEmkq1mSu/p7IaaTUJPJMZ0R1qJa9mfivp8wpIfpL63Vw7eY8TjONMVtsDzJBdEJmYRCfS2RaTAyhTHLzAGEhlZRpE1nZJOMs57BKOo26Y9edu0a1eVlkVIJTOIMLcOAKmnALLWgDgxE8wwu8Wk/Wm/VufSxa16xi5gT+wPr8AW4ZlhE=</latexit><latexit sha1_base64="Z7cXxZJImbRnP9RrgG/loPYjScA=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4CrtB0GPAi8eI5gHJEmZne7NDZh/MzAphycEP8Kqf4E28+il+gb/hJNmDJhY0FFXddHd5qeBK2/aXtba+sbm1Xdop7+7tHxxWjo47KskkwzZLRCJ7HlUoeIxtzbXAXiqRRp7Arje+mfndR5SKJ/GDnqToRnQU84Azqo10Xwtrw0rVrttzkFXiFKQKBVrDyvfAT1gWYayZoEr1HTvVbk6l5kzgtDzIFKaUjekI+4bGNELl5vNTp+TcKD4JEmkq1mSu/p7IaaTUJPJMZ0R1qJa9mfivp8wpIfpL63Vw7eY8TjONMVtsDzJBdEJmYRCfS2RaTAyhTHLzAGEhlZRpE1nZJOMs57BKOo26Y9edu0a1eVlkVIJTOIMLcOAKmnALLWgDgxE8wwu8Wk/Wm/VufSxa16xi5gT+wPr8AW4ZlhE=</latexit><latexit sha1_base64="Z7cXxZJImbRnP9RrgG/loPYjScA=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4CrtB0GPAi8eI5gHJEmZne7NDZh/MzAphycEP8Kqf4E28+il+gb/hJNmDJhY0FFXddHd5qeBK2/aXtba+sbm1Xdop7+7tHxxWjo47KskkwzZLRCJ7HlUoeIxtzbXAXiqRRp7Arje+mfndR5SKJ/GDnqToRnQU84Azqo10Xwtrw0rVrttzkFXiFKQKBVrDyvfAT1gWYayZoEr1HTvVbk6l5kzgtDzIFKaUjekI+4bGNELl5vNTp+TcKD4JEmkq1mSu/p7IaaTUJPJMZ0R1qJa9mfivp8wpIfpL63Vw7eY8TjONMVtsDzJBdEJmYRCfS2RaTAyhTHLzAGEhlZRpE1nZJOMs57BKOo26Y9edu0a1eVlkVIJTOIMLcOAKmnALLWgDgxE8wwu8Wk/Wm/VufSxa16xi5gT+wPr8AW4ZlhE=</latexit><latexit sha1_base64="Z7cXxZJImbRnP9RrgG/loPYjScA=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4CrtB0GPAi8eI5gHJEmZne7NDZh/MzAphycEP8Kqf4E28+il+gb/hJNmDJhY0FFXddHd5qeBK2/aXtba+sbm1Xdop7+7tHxxWjo47KskkwzZLRCJ7HlUoeIxtzbXAXiqRRp7Arje+mfndR5SKJ/GDnqToRnQU84Azqo10Xwtrw0rVrttzkFXiFKQKBVrDyvfAT1gWYayZoEr1HTvVbk6l5kzgtDzIFKaUjekI+4bGNELl5vNTp+TcKD4JEmkq1mSu/p7IaaTUJPJMZ0R1qJa9mfivp8wpIfpL63Vw7eY8TjONMVtsDzJBdEJmYRCfS2RaTAyhTHLzAGEhlZRpE1nZJOMs57BKOo26Y9edu0a1eVlkVIJTOIMLcOAKmnALLWgDgxE8wwu8Wk/Wm/VufSxa16xi5gT+wPr8AW4ZlhE=</latexit>

�m2
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t g
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4⇡4 ⇤2
<latexit sha1_base64="XLVERuYUunKI0zciuJ2lbgGM9UU="></latexit><latexit sha1_base64="XLVERuYUunKI0zciuJ2lbgGM9UU="></latexit><latexit sha1_base64="XLVERuYUunKI0zciuJ2lbgGM9UU="></latexit><latexit sha1_base64="XLVERuYUunKI0zciuJ2lbgGM9UU="></latexit>

��1 ⇠ 10% for ⇤ = 5 TeV
<latexit sha1_base64="AL3211rZqz29TJIsQ6l0mtuvdpU="></latexit><latexit sha1_base64="AL3211rZqz29TJIsQ6l0mtuvdpU="></latexit><latexit sha1_base64="AL3211rZqz29TJIsQ6l0mtuvdpU="></latexit><latexit sha1_base64="AL3211rZqz29TJIsQ6l0mtuvdpU="></latexit>

gAs ⇠ gBs
<latexit sha1_base64="agqKxyKOyY9X+f/ONZVqOdpzHNI=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4Ot4KokBdFl1Y3LCvYCbQyT6aQdOpmEmYlYSl/FjQtF3Poi7nwbJ20W2vrDwMd/zuGc+YOEM6Ud59sqrK1vbG4Vt0s7u3v7B/Zhua3iVBLaIjGPZTfAinImaEszzWk3kRRHAaedYHyT1TuPVCoWi3s9SagX4aFgISNYG8u3y9Whrx6uUF+xCGV4XfXtilNz5kKr4OZQgVxN3/7qD2KSRlRowrFSPddJtDfFUjPC6azUTxVNMBnjIe0ZFDiiypvOb5+hU+MMUBhL84RGc/f3xBRHSk2iwHRGWI/Uci0z/6v1Uh1eelMmklRTQRaLwpQjHaMsCDRgkhLNJwYwkczcisgIS0y0iatkQnCXv7wK7XrNdWruXb3SOM/jKMIxnMAZuHABDbiFJrSAwBM8wyu8WTPrxXq3PhatBSufOYI/sj5/AC+fky4=</latexit><latexit sha1_base64="agqKxyKOyY9X+f/ONZVqOdpzHNI=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4Ot4KokBdFl1Y3LCvYCbQyT6aQdOpmEmYlYSl/FjQtF3Poi7nwbJ20W2vrDwMd/zuGc+YOEM6Ud59sqrK1vbG4Vt0s7u3v7B/Zhua3iVBLaIjGPZTfAinImaEszzWk3kRRHAaedYHyT1TuPVCoWi3s9SagX4aFgISNYG8u3y9Whrx6uUF+xCGV4XfXtilNz5kKr4OZQgVxN3/7qD2KSRlRowrFSPddJtDfFUjPC6azUTxVNMBnjIe0ZFDiiypvOb5+hU+MMUBhL84RGc/f3xBRHSk2iwHRGWI/Uci0z/6v1Uh1eelMmklRTQRaLwpQjHaMsCDRgkhLNJwYwkczcisgIS0y0iatkQnCXv7wK7XrNdWruXb3SOM/jKMIxnMAZuHABDbiFJrSAwBM8wyu8WTPrxXq3PhatBSufOYI/sj5/AC+fky4=</latexit><latexit sha1_base64="agqKxyKOyY9X+f/ONZVqOdpzHNI=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4Ot4KokBdFl1Y3LCvYCbQyT6aQdOpmEmYlYSl/FjQtF3Poi7nwbJ20W2vrDwMd/zuGc+YOEM6Ud59sqrK1vbG4Vt0s7u3v7B/Zhua3iVBLaIjGPZTfAinImaEszzWk3kRRHAaedYHyT1TuPVCoWi3s9SagX4aFgISNYG8u3y9Whrx6uUF+xCGV4XfXtilNz5kKr4OZQgVxN3/7qD2KSRlRowrFSPddJtDfFUjPC6azUTxVNMBnjIe0ZFDiiypvOb5+hU+MMUBhL84RGc/f3xBRHSk2iwHRGWI/Uci0z/6v1Uh1eelMmklRTQRaLwpQjHaMsCDRgkhLNJwYwkczcisgIS0y0iatkQnCXv7wK7XrNdWruXb3SOM/jKMIxnMAZuHABDbiFJrSAwBM8wyu8WTPrxXq3PhatBSufOYI/sj5/AC+fky4=</latexit><latexit sha1_base64="agqKxyKOyY9X+f/ONZVqOdpzHNI=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4Ot4KokBdFl1Y3LCvYCbQyT6aQdOpmEmYlYSl/FjQtF3Poi7nwbJ20W2vrDwMd/zuGc+YOEM6Ud59sqrK1vbG4Vt0s7u3v7B/Zhua3iVBLaIjGPZTfAinImaEszzWk3kRRHAaedYHyT1TuPVCoWi3s9SagX4aFgISNYG8u3y9Whrx6uUF+xCGV4XfXtilNz5kKr4OZQgVxN3/7qD2KSRlRowrFSPddJtDfFUjPC6azUTxVNMBnjIe0ZFDiiypvOb5+hU+MMUBhL84RGc/f3xBRHSk2iwHRGWI/Uci0z/6v1Uh1eelMmklRTQRaLwpQjHaMsCDRgkhLNJwYwkczcisgIS0y0iatkQnCXv7wK7XrNdWruXb3SOM/jKMIxnMAZuHABDbiFJrSAwBM8wyu8WTPrxXq3PhatBSufOYI/sj5/AC+fky4=</latexit>

g
<latexit sha1_base64="CsE8jzhBMJxm7Kix3FwdzY/q7wQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURI8FLx4r2g9oQ9lsJ+nSzSbsboRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBVcG9f9dgobm1vbO8Xd0t7+weFR+fikrZNMMWyxRCSqG1CNgktsGW4EdlOFNA4EdoLx7dzvPKHSPJGPZpKiH9NI8pAzaqz0UI2qg3LFrbkLkHXi5aQCOZqD8ld/mLAsRmmYoFr3PDc1/pQqw5nAWamfaUwpG9MIe5ZKGqP2p4tTZ+TCKkMSJsqWNGSh/p6Y0ljrSRzYzpiakV715uJ/Xi8z4Y0/5TLNDEq2XBRmgpiEzP8mQ66QGTGxhDLF7a2EjaiizNh0SjYEb/XlddKu1zy35t3XK42rPI4inME5XIIH19CAO2hCCxhE8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwB/lI04</latexit><latexit sha1_base64="CsE8jzhBMJxm7Kix3FwdzY/q7wQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURI8FLx4r2g9oQ9lsJ+nSzSbsboRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBVcG9f9dgobm1vbO8Xd0t7+weFR+fikrZNMMWyxRCSqG1CNgktsGW4EdlOFNA4EdoLx7dzvPKHSPJGPZpKiH9NI8pAzaqz0UI2qg3LFrbkLkHXi5aQCOZqD8ld/mLAsRmmYoFr3PDc1/pQqw5nAWamfaUwpG9MIe5ZKGqP2p4tTZ+TCKkMSJsqWNGSh/p6Y0ljrSRzYzpiakV715uJ/Xi8z4Y0/5TLNDEq2XBRmgpiEzP8mQ66QGTGxhDLF7a2EjaiizNh0SjYEb/XlddKu1zy35t3XK42rPI4inME5XIIH19CAO2hCCxhE8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwB/lI04</latexit><latexit sha1_base64="CsE8jzhBMJxm7Kix3FwdzY/q7wQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURI8FLx4r2g9oQ9lsJ+nSzSbsboRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBVcG9f9dgobm1vbO8Xd0t7+weFR+fikrZNMMWyxRCSqG1CNgktsGW4EdlOFNA4EdoLx7dzvPKHSPJGPZpKiH9NI8pAzaqz0UI2qg3LFrbkLkHXi5aQCOZqD8ld/mLAsRmmYoFr3PDc1/pQqw5nAWamfaUwpG9MIe5ZKGqP2p4tTZ+TCKkMSJsqWNGSh/p6Y0ljrSRzYzpiakV715uJ/Xi8z4Y0/5TLNDEq2XBRmgpiEzP8mQ66QGTGxhDLF7a2EjaiizNh0SjYEb/XlddKu1zy35t3XK42rPI4inME5XIIH19CAO2hCCxhE8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwB/lI04</latexit><latexit sha1_base64="CsE8jzhBMJxm7Kix3FwdzY/q7wQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURI8FLx4r2g9oQ9lsJ+nSzSbsboRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBVcG9f9dgobm1vbO8Xd0t7+weFR+fikrZNMMWyxRCSqG1CNgktsGW4EdlOFNA4EdoLx7dzvPKHSPJGPZpKiH9NI8pAzaqz0UI2qg3LFrbkLkHXi5aQCOZqD8ld/mLAsRmmYoFr3PDc1/pQqw5nAWamfaUwpG9MIe5ZKGqP2p4tTZ+TCKkMSJsqWNGSh/p6Y0ljrSRzYzpiakV715uJ/Xi8z4Y0/5TLNDEq2XBRmgpiEzP8mQ66QGTGxhDLF7a2EjaiizNh0SjYEb/XlddKu1zy35t3XK42rPI4inME5XIIH19CAO2hCCxhE8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwB/lI04</latexit>
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<latexit sha1_base64="ngHJ3KeWQwzKeIfU0yHW3iJyjmw=">AAACBHicbVDLSgMxFM3UV62vUZfdBFvBVZkpiC4LdeHCRQv2AZ1hyGTSNjTJDElGKEMXbvwVNy4UcetHuPNvTNtZaOuBwOGce7i5J0wYVdpxvq3CxubW9k5xt7S3f3B4ZB+fdFWcSkw6OGax7IdIEUYF6WiqGeknkiAeMtILJ82533sgUtFY3OtpQnyORoIOKUbaSIFdrnojbWwOvTuTilCQeZLDdvNmVg3silNzFoDrxM1JBeRoBfaXF8U45URozJBSA9dJtJ8hqSlmZFbyUkUShCdoRAaGCsSJ8rPFETN4bpQIDmNpntBwof5OZIgrNeWhmeRIj9WqNxf/8wapHl77GRVJqonAy0XDlEEdw3kjMKKSYM2mhiAsqfkrxGMkEdamt5IpwV09eZ106zXXqbnteqVxmddRBGVwBi6AC65AA9yCFugADB7BM3gFb9aT9WK9Wx/L0YKVZ07BH1ifP05nlys=</latexit><latexit sha1_base64="ngHJ3KeWQwzKeIfU0yHW3iJyjmw=">AAACBHicbVDLSgMxFM3UV62vUZfdBFvBVZkpiC4LdeHCRQv2AZ1hyGTSNjTJDElGKEMXbvwVNy4UcetHuPNvTNtZaOuBwOGce7i5J0wYVdpxvq3CxubW9k5xt7S3f3B4ZB+fdFWcSkw6OGax7IdIEUYF6WiqGeknkiAeMtILJ82533sgUtFY3OtpQnyORoIOKUbaSIFdrnojbWwOvTuTilCQeZLDdvNmVg3silNzFoDrxM1JBeRoBfaXF8U45URozJBSA9dJtJ8hqSlmZFbyUkUShCdoRAaGCsSJ8rPFETN4bpQIDmNpntBwof5OZIgrNeWhmeRIj9WqNxf/8wapHl77GRVJqonAy0XDlEEdw3kjMKKSYM2mhiAsqfkrxGMkEdamt5IpwV09eZ106zXXqbnteqVxmddRBGVwBi6AC65AA9yCFugADB7BM3gFb9aT9WK9Wx/L0YKVZ07BH1ifP05nlys=</latexit><latexit sha1_base64="ngHJ3KeWQwzKeIfU0yHW3iJyjmw=">AAACBHicbVDLSgMxFM3UV62vUZfdBFvBVZkpiC4LdeHCRQv2AZ1hyGTSNjTJDElGKEMXbvwVNy4UcetHuPNvTNtZaOuBwOGce7i5J0wYVdpxvq3CxubW9k5xt7S3f3B4ZB+fdFWcSkw6OGax7IdIEUYF6WiqGeknkiAeMtILJ82533sgUtFY3OtpQnyORoIOKUbaSIFdrnojbWwOvTuTilCQeZLDdvNmVg3silNzFoDrxM1JBeRoBfaXF8U45URozJBSA9dJtJ8hqSlmZFbyUkUShCdoRAaGCsSJ8rPFETN4bpQIDmNpntBwof5OZIgrNeWhmeRIj9WqNxf/8wapHl77GRVJqonAy0XDlEEdw3kjMKKSYM2mhiAsqfkrxGMkEdamt5IpwV09eZ106zXXqbnteqVxmddRBGVwBi6AC65AA9yCFugADB7BM3gFb9aT9WK9Wx/L0YKVZ07BH1ifP05nlys=</latexit><latexit sha1_base64="ngHJ3KeWQwzKeIfU0yHW3iJyjmw=">AAACBHicbVDLSgMxFM3UV62vUZfdBFvBVZkpiC4LdeHCRQv2AZ1hyGTSNjTJDElGKEMXbvwVNy4UcetHuPNvTNtZaOuBwOGce7i5J0wYVdpxvq3CxubW9k5xt7S3f3B4ZB+fdFWcSkw6OGax7IdIEUYF6WiqGeknkiAeMtILJ82533sgUtFY3OtpQnyORoIOKUbaSIFdrnojbWwOvTuTilCQeZLDdvNmVg3silNzFoDrxM1JBeRoBfaXF8U45URozJBSA9dJtJ8hqSlmZFbyUkUShCdoRAaGCsSJ8rPFETN4bpQIDmNpntBwof5OZIgrNeWhmeRIj9WqNxf/8wapHl77GRVJqonAy0XDlEEdw3kjMKKSYM2mhiAsqfkrxGMkEdamt5IpwV09eZ106zXXqbnteqVxmddRBGVwBi6AC65AA9yCFugADB7BM3gFb9aT9WK9Wx/L0YKVZ07BH1ifP05nlys=</latexit>

Craig, Katz, Strassler,  
Sundrum 2015



Twin Higgs phenomenology

• At one loop, hidden color could be global symmetry. But at two loops 

              gauge it with                 , confines at scale                  

•  All new particles are full SM singlets 

 Only connection between hidden and visible sector is the Higgs 

•  Modifications of couplings to SM 

•   Couplings to light hidden states
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<latexit sha1_base64="Z7cXxZJImbRnP9RrgG/loPYjScA=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4CrtB0GPAi8eI5gHJEmZne7NDZh/MzAphycEP8Kqf4E28+il+gb/hJNmDJhY0FFXddHd5qeBK2/aXtba+sbm1Xdop7+7tHxxWjo47KskkwzZLRCJ7HlUoeIxtzbXAXiqRRp7Arje+mfndR5SKJ/GDnqToRnQU84Azqo10Xwtrw0rVrttzkFXiFKQKBVrDyvfAT1gWYayZoEr1HTvVbk6l5kzgtDzIFKaUjekI+4bGNELl5vNTp+TcKD4JEmkq1mSu/p7IaaTUJPJMZ0R1qJa9mfivp8wpIfpL63Vw7eY8TjONMVtsDzJBdEJmYRCfS2RaTAyhTHLzAGEhlZRpE1nZJOMs57BKOo26Y9edu0a1eVlkVIJTOIMLcOAKmnALLWgDgxE8wwu8Wk/Wm/VufSxa16xi5gT+wPr8AW4ZlhE=</latexit><latexit sha1_base64="Z7cXxZJImbRnP9RrgG/loPYjScA=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4CrtB0GPAi8eI5gHJEmZne7NDZh/MzAphycEP8Kqf4E28+il+gb/hJNmDJhY0FFXddHd5qeBK2/aXtba+sbm1Xdop7+7tHxxWjo47KskkwzZLRCJ7HlUoeIxtzbXAXiqRRp7Arje+mfndR5SKJ/GDnqToRnQU84Azqo10Xwtrw0rVrttzkFXiFKQKBVrDyvfAT1gWYayZoEr1HTvVbk6l5kzgtDzIFKaUjekI+4bGNELl5vNTp+TcKD4JEmkq1mSu/p7IaaTUJPJMZ0R1qJa9mfivp8wpIfpL63Vw7eY8TjONMVtsDzJBdEJmYRCfS2RaTAyhTHLzAGEhlZRpE1nZJOMs57BKOo26Y9edu0a1eVlkVIJTOIMLcOAKmnALLWgDgxE8wwu8Wk/Wm/VufSxa16xi5gT+wPr8AW4ZlhE=</latexit><latexit sha1_base64="Z7cXxZJImbRnP9RrgG/loPYjScA=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4CrtB0GPAi8eI5gHJEmZne7NDZh/MzAphycEP8Kqf4E28+il+gb/hJNmDJhY0FFXddHd5qeBK2/aXtba+sbm1Xdop7+7tHxxWjo47KskkwzZLRCJ7HlUoeIxtzbXAXiqRRp7Arje+mfndR5SKJ/GDnqToRnQU84Azqo10Xwtrw0rVrttzkFXiFKQKBVrDyvfAT1gWYayZoEr1HTvVbk6l5kzgtDzIFKaUjekI+4bGNELl5vNTp+TcKD4JEmkq1mSu/p7IaaTUJPJMZ0R1qJa9mfivp8wpIfpL63Vw7eY8TjONMVtsDzJBdEJmYRCfS2RaTAyhTHLzAGEhlZRpE1nZJOMs57BKOo26Y9edu0a1eVlkVIJTOIMLcOAKmnALLWgDgxE8wwu8Wk/Wm/VufSxa16xi5gT+wPr8AW4ZlhE=</latexit><latexit sha1_base64="Z7cXxZJImbRnP9RrgG/loPYjScA=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4CrtB0GPAi8eI5gHJEmZne7NDZh/MzAphycEP8Kqf4E28+il+gb/hJNmDJhY0FFXddHd5qeBK2/aXtba+sbm1Xdop7+7tHxxWjo47KskkwzZLRCJ7HlUoeIxtzbXAXiqRRp7Arje+mfndR5SKJ/GDnqToRnQU84Azqo10Xwtrw0rVrttzkFXiFKQKBVrDyvfAT1gWYayZoEr1HTvVbk6l5kzgtDzIFKaUjekI+4bGNELl5vNTp+TcKD4JEmkq1mSu/p7IaaTUJPJMZ0R1qJa9mfivp8wpIfpL63Vw7eY8TjONMVtsDzJBdEJmYRCfS2RaTAyhTHLzAGEhlZRpE1nZJOMs57BKOo26Y9edu0a1eVlkVIJTOIMLcOAKmnALLWgDgxE8wwu8Wk/Wm/VufSxa16xi5gT+wPr8AW4ZlhE=</latexit>
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<latexit sha1_base64="Z7cXxZJImbRnP9RrgG/loPYjScA=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4CrtB0GPAi8eI5gHJEmZne7NDZh/MzAphycEP8Kqf4E28+il+gb/hJNmDJhY0FFXddHd5qeBK2/aXtba+sbm1Xdop7+7tHxxWjo47KskkwzZLRCJ7HlUoeIxtzbXAXiqRRp7Arje+mfndR5SKJ/GDnqToRnQU84Azqo10Xwtrw0rVrttzkFXiFKQKBVrDyvfAT1gWYayZoEr1HTvVbk6l5kzgtDzIFKaUjekI+4bGNELl5vNTp+TcKD4JEmkq1mSu/p7IaaTUJPJMZ0R1qJa9mfivp8wpIfpL63Vw7eY8TjONMVtsDzJBdEJmYRCfS2RaTAyhTHLzAGEhlZRpE1nZJOMs57BKOo26Y9edu0a1eVlkVIJTOIMLcOAKmnALLWgDgxE8wwu8Wk/Wm/VufSxa16xi5gT+wPr8AW4ZlhE=</latexit><latexit sha1_base64="Z7cXxZJImbRnP9RrgG/loPYjScA=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4CrtB0GPAi8eI5gHJEmZne7NDZh/MzAphycEP8Kqf4E28+il+gb/hJNmDJhY0FFXddHd5qeBK2/aXtba+sbm1Xdop7+7tHxxWjo47KskkwzZLRCJ7HlUoeIxtzbXAXiqRRp7Arje+mfndR5SKJ/GDnqToRnQU84Azqo10Xwtrw0rVrttzkFXiFKQKBVrDyvfAT1gWYayZoEr1HTvVbk6l5kzgtDzIFKaUjekI+4bGNELl5vNTp+TcKD4JEmkq1mSu/p7IaaTUJPJMZ0R1qJa9mfivp8wpIfpL63Vw7eY8TjONMVtsDzJBdEJmYRCfS2RaTAyhTHLzAGEhlZRpE1nZJOMs57BKOo26Y9edu0a1eVlkVIJTOIMLcOAKmnALLWgDgxE8wwu8Wk/Wm/VufSxa16xi5gT+wPr8AW4ZlhE=</latexit><latexit sha1_base64="Z7cXxZJImbRnP9RrgG/loPYjScA=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4CrtB0GPAi8eI5gHJEmZne7NDZh/MzAphycEP8Kqf4E28+il+gb/hJNmDJhY0FFXddHd5qeBK2/aXtba+sbm1Xdop7+7tHxxWjo47KskkwzZLRCJ7HlUoeIxtzbXAXiqRRp7Arje+mfndR5SKJ/GDnqToRnQU84Azqo10Xwtrw0rVrttzkFXiFKQKBVrDyvfAT1gWYayZoEr1HTvVbk6l5kzgtDzIFKaUjekI+4bGNELl5vNTp+TcKD4JEmkq1mSu/p7IaaTUJPJMZ0R1qJa9mfivp8wpIfpL63Vw7eY8TjONMVtsDzJBdEJmYRCfS2RaTAyhTHLzAGEhlZRpE1nZJOMs57BKOo26Y9edu0a1eVlkVIJTOIMLcOAKmnALLWgDgxE8wwu8Wk/Wm/VufSxa16xi5gT+wPr8AW4ZlhE=</latexit><latexit sha1_base64="Z7cXxZJImbRnP9RrgG/loPYjScA=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4CrtB0GPAi8eI5gHJEmZne7NDZh/MzAphycEP8Kqf4E28+il+gb/hJNmDJhY0FFXddHd5qeBK2/aXtba+sbm1Xdop7+7tHxxWjo47KskkwzZLRCJ7HlUoeIxtzbXAXiqRRp7Arje+mfndR5SKJ/GDnqToRnQU84Azqo10Xwtrw0rVrttzkFXiFKQKBVrDyvfAT1gWYayZoEr1HTvVbk6l5kzgtDzIFKaUjekI+4bGNELl5vNTp+TcKD4JEmkq1mSu/p7IaaTUJPJMZ0R1qJa9mfivp8wpIfpL63Vw7eY8TjONMVtsDzJBdEJmYRCfS2RaTAyhTHLzAGEhlZRpE1nZJOMs57BKOo26Y9edu0a1eVlkVIJTOIMLcOAKmnALLWgDgxE8wwu8Wk/Wm/VufSxa16xi5gT+wPr8AW4ZlhE=</latexit>
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<latexit sha1_base64="XLVERuYUunKI0zciuJ2lbgGM9UU="></latexit><latexit sha1_base64="XLVERuYUunKI0zciuJ2lbgGM9UU="></latexit><latexit sha1_base64="XLVERuYUunKI0zciuJ2lbgGM9UU="></latexit><latexit sha1_base64="XLVERuYUunKI0zciuJ2lbgGM9UU="></latexit>

��1 ⇠ 10% for ⇤ = 5 TeV
<latexit sha1_base64="AL3211rZqz29TJIsQ6l0mtuvdpU="></latexit><latexit sha1_base64="AL3211rZqz29TJIsQ6l0mtuvdpU="></latexit><latexit sha1_base64="AL3211rZqz29TJIsQ6l0mtuvdpU="></latexit><latexit sha1_base64="AL3211rZqz29TJIsQ6l0mtuvdpU="></latexit>
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<latexit sha1_base64="agqKxyKOyY9X+f/ONZVqOdpzHNI=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4Ot4KokBdFl1Y3LCvYCbQyT6aQdOpmEmYlYSl/FjQtF3Poi7nwbJ20W2vrDwMd/zuGc+YOEM6Ud59sqrK1vbG4Vt0s7u3v7B/Zhua3iVBLaIjGPZTfAinImaEszzWk3kRRHAaedYHyT1TuPVCoWi3s9SagX4aFgISNYG8u3y9Whrx6uUF+xCGV4XfXtilNz5kKr4OZQgVxN3/7qD2KSRlRowrFSPddJtDfFUjPC6azUTxVNMBnjIe0ZFDiiypvOb5+hU+MMUBhL84RGc/f3xBRHSk2iwHRGWI/Uci0z/6v1Uh1eelMmklRTQRaLwpQjHaMsCDRgkhLNJwYwkczcisgIS0y0iatkQnCXv7wK7XrNdWruXb3SOM/jKMIxnMAZuHABDbiFJrSAwBM8wyu8WTPrxXq3PhatBSufOYI/sj5/AC+fky4=</latexit><latexit sha1_base64="agqKxyKOyY9X+f/ONZVqOdpzHNI=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4Ot4KokBdFl1Y3LCvYCbQyT6aQdOpmEmYlYSl/FjQtF3Poi7nwbJ20W2vrDwMd/zuGc+YOEM6Ud59sqrK1vbG4Vt0s7u3v7B/Zhua3iVBLaIjGPZTfAinImaEszzWk3kRRHAaedYHyT1TuPVCoWi3s9SagX4aFgISNYG8u3y9Whrx6uUF+xCGV4XfXtilNz5kKr4OZQgVxN3/7qD2KSRlRowrFSPddJtDfFUjPC6azUTxVNMBnjIe0ZFDiiypvOb5+hU+MMUBhL84RGc/f3xBRHSk2iwHRGWI/Uci0z/6v1Uh1eelMmklRTQRaLwpQjHaMsCDRgkhLNJwYwkczcisgIS0y0iatkQnCXv7wK7XrNdWruXb3SOM/jKMIxnMAZuHABDbiFJrSAwBM8wyu8WTPrxXq3PhatBSufOYI/sj5/AC+fky4=</latexit><latexit sha1_base64="agqKxyKOyY9X+f/ONZVqOdpzHNI=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4Ot4KokBdFl1Y3LCvYCbQyT6aQdOpmEmYlYSl/FjQtF3Poi7nwbJ20W2vrDwMd/zuGc+YOEM6Ud59sqrK1vbG4Vt0s7u3v7B/Zhua3iVBLaIjGPZTfAinImaEszzWk3kRRHAaedYHyT1TuPVCoWi3s9SagX4aFgISNYG8u3y9Whrx6uUF+xCGV4XfXtilNz5kKr4OZQgVxN3/7qD2KSRlRowrFSPddJtDfFUjPC6azUTxVNMBnjIe0ZFDiiypvOb5+hU+MMUBhL84RGc/f3xBRHSk2iwHRGWI/Uci0z/6v1Uh1eelMmklRTQRaLwpQjHaMsCDRgkhLNJwYwkczcisgIS0y0iatkQnCXv7wK7XrNdWruXb3SOM/jKMIxnMAZuHABDbiFJrSAwBM8wyu8WTPrxXq3PhatBSufOYI/sj5/AC+fky4=</latexit><latexit sha1_base64="agqKxyKOyY9X+f/ONZVqOdpzHNI=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4Ot4KokBdFl1Y3LCvYCbQyT6aQdOpmEmYlYSl/FjQtF3Poi7nwbJ20W2vrDwMd/zuGc+YOEM6Ud59sqrK1vbG4Vt0s7u3v7B/Zhua3iVBLaIjGPZTfAinImaEszzWk3kRRHAaedYHyT1TuPVCoWi3s9SagX4aFgISNYG8u3y9Whrx6uUF+xCGV4XfXtilNz5kKr4OZQgVxN3/7qD2KSRlRowrFSPddJtDfFUjPC6azUTxVNMBnjIe0ZFDiiypvOb5+hU+MMUBhL84RGc/f3xBRHSk2iwHRGWI/Uci0z/6v1Uh1eelMmklRTQRaLwpQjHaMsCDRgkhLNJwYwkczcisgIS0y0iatkQnCXv7wK7XrNdWruXb3SOM/jKMIxnMAZuHABDbiFJrSAwBM8wyu8WTPrxXq3PhatBSufOYI/sj5/AC+fky4=</latexit>

g
<latexit sha1_base64="CsE8jzhBMJxm7Kix3FwdzY/q7wQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURI8FLx4r2g9oQ9lsJ+nSzSbsboRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBVcG9f9dgobm1vbO8Xd0t7+weFR+fikrZNMMWyxRCSqG1CNgktsGW4EdlOFNA4EdoLx7dzvPKHSPJGPZpKiH9NI8pAzaqz0UI2qg3LFrbkLkHXi5aQCOZqD8ld/mLAsRmmYoFr3PDc1/pQqw5nAWamfaUwpG9MIe5ZKGqP2p4tTZ+TCKkMSJsqWNGSh/p6Y0ljrSRzYzpiakV715uJ/Xi8z4Y0/5TLNDEq2XBRmgpiEzP8mQ66QGTGxhDLF7a2EjaiizNh0SjYEb/XlddKu1zy35t3XK42rPI4inME5XIIH19CAO2hCCxhE8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwB/lI04</latexit><latexit sha1_base64="CsE8jzhBMJxm7Kix3FwdzY/q7wQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURI8FLx4r2g9oQ9lsJ+nSzSbsboRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBVcG9f9dgobm1vbO8Xd0t7+weFR+fikrZNMMWyxRCSqG1CNgktsGW4EdlOFNA4EdoLx7dzvPKHSPJGPZpKiH9NI8pAzaqz0UI2qg3LFrbkLkHXi5aQCOZqD8ld/mLAsRmmYoFr3PDc1/pQqw5nAWamfaUwpG9MIe5ZKGqP2p4tTZ+TCKkMSJsqWNGSh/p6Y0ljrSRzYzpiakV715uJ/Xi8z4Y0/5TLNDEq2XBRmgpiEzP8mQ66QGTGxhDLF7a2EjaiizNh0SjYEb/XlddKu1zy35t3XK42rPI4inME5XIIH19CAO2hCCxhE8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwB/lI04</latexit><latexit sha1_base64="CsE8jzhBMJxm7Kix3FwdzY/q7wQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURI8FLx4r2g9oQ9lsJ+nSzSbsboRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBVcG9f9dgobm1vbO8Xd0t7+weFR+fikrZNMMWyxRCSqG1CNgktsGW4EdlOFNA4EdoLx7dzvPKHSPJGPZpKiH9NI8pAzaqz0UI2qg3LFrbkLkHXi5aQCOZqD8ld/mLAsRmmYoFr3PDc1/pQqw5nAWamfaUwpG9MIe5ZKGqP2p4tTZ+TCKkMSJsqWNGSh/p6Y0ljrSRzYzpiakV715uJ/Xi8z4Y0/5TLNDEq2XBRmgpiEzP8mQ66QGTGxhDLF7a2EjaiizNh0SjYEb/XlddKu1zy35t3XK42rPI4inME5XIIH19CAO2hCCxhE8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwB/lI04</latexit><latexit sha1_base64="CsE8jzhBMJxm7Kix3FwdzY/q7wQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURI8FLx4r2g9oQ9lsJ+nSzSbsboRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBVcG9f9dgobm1vbO8Xd0t7+weFR+fikrZNMMWyxRCSqG1CNgktsGW4EdlOFNA4EdoLx7dzvPKHSPJGPZpKiH9NI8pAzaqz0UI2qg3LFrbkLkHXi5aQCOZqD8ld/mLAsRmmYoFr3PDc1/pQqw5nAWamfaUwpG9MIe5ZKGqP2p4tTZ+TCKkMSJsqWNGSh/p6Y0ljrSRzYzpiakV715uJ/Xi8z4Y0/5TLNDEq2XBRmgpiEzP8mQ66QGTGxhDLF7a2EjaiizNh0SjYEb/XlddKu1zy35t3XK42rPI4inME5XIIH19CAO2hCCxhE8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwB/lI04</latexit>
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Craig, Katz, Strassler,  
Sundrum 2015

“Higgs decays to hidden valley”

twin confinement
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More neutral naturalness
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The folded stops have hidden color, but need to carry SM electroweak charges 



More neutral naturalness

• The top partner zoo
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B |
2 |H|2

<latexit sha1_base64="OWLbLwWD/l5ngz9ZKMsXT4XUR4w="></latexit><latexit sha1_base64="OWLbLwWD/l5ngz9ZKMsXT4XUR4w="></latexit><latexit sha1_base64="OWLbLwWD/l5ngz9ZKMsXT4XUR4w="></latexit><latexit sha1_base64="OWLbLwWD/l5ngz9ZKMsXT4XUR4w="></latexit>

For fully singlet top partners, need both stops coupled in this way



More neutral naturalness

• The top partner zoo

Curtin, Verhaaren 2015

?

Models with singlet scalar top partners? 

From none to two:  

• Tripled Top               Cheng, Li, Salvioni, Verhaaren 2018 

• Hyperbolic Higgs     Cohen, Craig, Giudice, McCullough 2018



Singlet scalar top partners

  Tripled Top                       Cheng, Li, Salvioni, Verhaaren 1803.03651 

  Hyperbolic Higgs            Cohen, Craig, Giudice, McCullough 1803.03647 

• Very different models:  accidental supersymmetry  vs  accidental U(2,2) 

• I’ll focus mostly on Tripled Top, but also review Hyperbolic Higgs 

• Hopefully useful to appreciate (few) similarities and (many) differences

[ Twin Higgs: U(4) ]



SM-singlet scalar top partners 

• Tripled Top 
• Hyperbolic Higgs



SM-singlet scalar top partners 
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• Hyperbolic Higgs



Folded Supersymmetry

Z2
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<latexit sha1_base64="c0mzFV6nTExZdiGOygodWUtZ7VM=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUqigi6LblxWNG2hDWEymbRDJ5MwMxFCqL/ixoUibv0Qd/6N0zQLbT1w4XDOvXPnHj9hVCrL+jYqK6tr6xvVzdrW9s7unrl/0JVxKjBxcMxi0feRJIxy4iiqGOkngqDIZ6TnT25mfu+RCElj/qCyhLgRGnEaUoyUljyzPizeyAUJpvDeaZ6feNee2bBaVgG4TOySNECJjmd+DYMYpxHhCjMk5cC2EuXmSCiKGZnWhqkkCcITNCIDTTmKiHTzYvEUHmslgGEsdHEFC/X3RI4iKbPI150RUmO56M3E/7xBqsIrN6c8SRXheL4oTBlUMZwlAQMqCFYs0wRhQfVfIR4jgbDSedV0CPbiycuke9ayrZZ9d9Fon5ZxVMEhOAJNYINL0Aa3oAMcgEEGnsEreDOejBfj3fiYt1aMcqYO/sD4/AGBbZPu</latexit><latexit sha1_base64="c0mzFV6nTExZdiGOygodWUtZ7VM=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUqigi6LblxWNG2hDWEymbRDJ5MwMxFCqL/ixoUibv0Qd/6N0zQLbT1w4XDOvXPnHj9hVCrL+jYqK6tr6xvVzdrW9s7unrl/0JVxKjBxcMxi0feRJIxy4iiqGOkngqDIZ6TnT25mfu+RCElj/qCyhLgRGnEaUoyUljyzPizeyAUJpvDeaZ6feNee2bBaVgG4TOySNECJjmd+DYMYpxHhCjMk5cC2EuXmSCiKGZnWhqkkCcITNCIDTTmKiHTzYvEUHmslgGEsdHEFC/X3RI4iKbPI150RUmO56M3E/7xBqsIrN6c8SRXheL4oTBlUMZwlAQMqCFYs0wRhQfVfIR4jgbDSedV0CPbiycuke9ayrZZ9d9Fon5ZxVMEhOAJNYINL0Aa3oAMcgEEGnsEreDOejBfj3fiYt1aMcqYO/sD4/AGBbZPu</latexit><latexit sha1_base64="c0mzFV6nTExZdiGOygodWUtZ7VM=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUqigi6LblxWNG2hDWEymbRDJ5MwMxFCqL/ixoUibv0Qd/6N0zQLbT1w4XDOvXPnHj9hVCrL+jYqK6tr6xvVzdrW9s7unrl/0JVxKjBxcMxi0feRJIxy4iiqGOkngqDIZ6TnT25mfu+RCElj/qCyhLgRGnEaUoyUljyzPizeyAUJpvDeaZ6feNee2bBaVgG4TOySNECJjmd+DYMYpxHhCjMk5cC2EuXmSCiKGZnWhqkkCcITNCIDTTmKiHTzYvEUHmslgGEsdHEFC/X3RI4iKbPI150RUmO56M3E/7xBqsIrN6c8SRXheL4oTBlUMZwlAQMqCFYs0wRhQfVfIR4jgbDSedV0CPbiycuke9ayrZZ9d9Fon5ZxVMEhOAJNYINL0Aa3oAMcgEEGnsEreDOejBfj3fiYt1aMcqYO/sD4/AGBbZPu</latexit><latexit sha1_base64="c0mzFV6nTExZdiGOygodWUtZ7VM=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUqigi6LblxWNG2hDWEymbRDJ5MwMxFCqL/ixoUibv0Qd/6N0zQLbT1w4XDOvXPnHj9hVCrL+jYqK6tr6xvVzdrW9s7unrl/0JVxKjBxcMxi0feRJIxy4iiqGOkngqDIZ6TnT25mfu+RCElj/qCyhLgRGnEaUoyUljyzPizeyAUJpvDeaZ6feNee2bBaVgG4TOySNECJjmd+DYMYpxHhCjMk5cC2EuXmSCiKGZnWhqkkCcITNCIDTTmKiHTzYvEUHmslgGEsdHEFC/X3RI4iKbPI150RUmO56M3E/7xBqsIrN6c8SRXheL4oTBlUMZwlAQMqCFYs0wRhQfVfIR4jgbDSedV0CPbiycuke9ayrZZ9d9Fon5ZxVMEhOAJNYINL0Aa3oAMcgEEGnsEreDOejBfj3fiYt1aMcqYO/sD4/AGBbZPu</latexit>

SU(3)A ⇥ SU(3)B ⇥ SU(2)⇥ U(1)
<latexit sha1_base64="I0ZoXqKhnDTcmIEsLYI3CXUDfSA=">AAACJHicbVC7TsMwFHXKq5RXgJHFokJqlyopCJBYCiyMRZAWqYkix3Faq85DtoNURf0YFn6FhYGHGFj4Ftw0SNByJUvH55zre328hFEhDeNTKy0sLi2vlFcra+sbm1v69k5HxCnHxMIxi/mdhwRhNCKWpJKRu4QTFHqMdL3h5UTv3hMuaBzdylFCnBD1IxpQjKSiXP3sxqod1t1zaEsaEgEzO38z48QfT6WLcSGpa7P+47NqZt3Vq0bDyAvOA7MAVVBU29XfbD/GaUgiiRkSomcaiXQyxCXFjIwrdipIgvAQ9UlPwQipSU6WLzSGB4rxYRBzdSIJc/Z3R4ZCIUahp5whkgMxq03I/7ReKoNTJ6NRkkoS4emgIGVQxnCSGPQpJ1iykQIIc6p2hXiAOMJS5VpRIZizX54HnWbDNBrm9VG1dVzEUQZ7YB/UgAlOQAtcgTawAAYP4Am8gFftUXvW3rWPqbWkFT274E9pX9+q6qJI</latexit><latexit sha1_base64="I0ZoXqKhnDTcmIEsLYI3CXUDfSA=">AAACJHicbVC7TsMwFHXKq5RXgJHFokJqlyopCJBYCiyMRZAWqYkix3Faq85DtoNURf0YFn6FhYGHGFj4Ftw0SNByJUvH55zre328hFEhDeNTKy0sLi2vlFcra+sbm1v69k5HxCnHxMIxi/mdhwRhNCKWpJKRu4QTFHqMdL3h5UTv3hMuaBzdylFCnBD1IxpQjKSiXP3sxqod1t1zaEsaEgEzO38z48QfT6WLcSGpa7P+47NqZt3Vq0bDyAvOA7MAVVBU29XfbD/GaUgiiRkSomcaiXQyxCXFjIwrdipIgvAQ9UlPwQipSU6WLzSGB4rxYRBzdSIJc/Z3R4ZCIUahp5whkgMxq03I/7ReKoNTJ6NRkkoS4emgIGVQxnCSGPQpJ1iykQIIc6p2hXiAOMJS5VpRIZizX54HnWbDNBrm9VG1dVzEUQZ7YB/UgAlOQAtcgTawAAYP4Am8gFftUXvW3rWPqbWkFT274E9pX9+q6qJI</latexit><latexit sha1_base64="I0ZoXqKhnDTcmIEsLYI3CXUDfSA=">AAACJHicbVC7TsMwFHXKq5RXgJHFokJqlyopCJBYCiyMRZAWqYkix3Faq85DtoNURf0YFn6FhYGHGFj4Ftw0SNByJUvH55zre328hFEhDeNTKy0sLi2vlFcra+sbm1v69k5HxCnHxMIxi/mdhwRhNCKWpJKRu4QTFHqMdL3h5UTv3hMuaBzdylFCnBD1IxpQjKSiXP3sxqod1t1zaEsaEgEzO38z48QfT6WLcSGpa7P+47NqZt3Vq0bDyAvOA7MAVVBU29XfbD/GaUgiiRkSomcaiXQyxCXFjIwrdipIgvAQ9UlPwQipSU6WLzSGB4rxYRBzdSIJc/Z3R4ZCIUahp5whkgMxq03I/7ReKoNTJ6NRkkoS4emgIGVQxnCSGPQpJ1iykQIIc6p2hXiAOMJS5VpRIZizX54HnWbDNBrm9VG1dVzEUQZ7YB/UgAlOQAtcgTawAAYP4Am8gFftUXvW3rWPqbWkFT274E9pX9+q6qJI</latexit><latexit sha1_base64="I0ZoXqKhnDTcmIEsLYI3CXUDfSA=">AAACJHicbVC7TsMwFHXKq5RXgJHFokJqlyopCJBYCiyMRZAWqYkix3Faq85DtoNURf0YFn6FhYGHGFj4Ftw0SNByJUvH55zre328hFEhDeNTKy0sLi2vlFcra+sbm1v69k5HxCnHxMIxi/mdhwRhNCKWpJKRu4QTFHqMdL3h5UTv3hMuaBzdylFCnBD1IxpQjKSiXP3sxqod1t1zaEsaEgEzO38z48QfT6WLcSGpa7P+47NqZt3Vq0bDyAvOA7MAVVBU29XfbD/GaUgiiRkSomcaiXQyxCXFjIwrdipIgvAQ9UlPwQipSU6WLzSGB4rxYRBzdSIJc/Z3R4ZCIUahp5whkgMxq03I/7ReKoNTJ6NRkkoS4emgIGVQxnCSGPQpJ1iykQIIc6p2hXiAOMJS5VpRIZizX54HnWbDNBrm9VG1dVzEUQZ7YB/UgAlOQAtcgTawAAYP4Am8gFftUXvW3rWPqbWkFT274E9pX9+q6qJI</latexit>

Burdman, Chacko,  
Goh, Harnik 2006

• Folded SUSY 

• Orbifold extra dimension with 
Scherk-Schwarz SUSY breaking, only  
SM fermions + folded scalars have zero modes 

• An accidental SUSY is preserved 

• Contribution of top sector to Higgs mass 
vanishes exactly at 1-loop



Folded Supersymmetry

Z2
<latexit sha1_base64="6vaVuN91LLTwRfwrSGTz7bPquQk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8d+rV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnVqp5b9e4uKvXLPI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDb1Y13</latexit><latexit sha1_base64="6vaVuN91LLTwRfwrSGTz7bPquQk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8d+rV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnVqp5b9e4uKvXLPI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDb1Y13</latexit><latexit sha1_base64="6vaVuN91LLTwRfwrSGTz7bPquQk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8d+rV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnVqp5b9e4uKvXLPI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDb1Y13</latexit><latexit sha1_base64="6vaVuN91LLTwRfwrSGTz7bPquQk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8d+rV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnVqp5b9e4uKvXLPI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDb1Y13</latexit>

SU(3)A
<latexit sha1_base64="akkL1A0/Am52Xq2ARUwjyrkkCVo=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahgpRdFfRY8eKxotsW2qVk02wbmk2WJCuUpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPmlqmilCfSC5VO8Saciaob5jhtJ0oiuOQ01Y4up36rSeqNJPi0YwTGsR4IFjECDZWaj341YvT3k2vXHFr7gxomXg5qUCORq/81e1LksZUGMKx1h3PTUyQYWUY4XRS6qaaJpiM8IB2LBU4pjrIZudO0IlV+iiSypYwaKb+nshwrPU4Dm1njM1QL3pT8T+vk5roOsiYSFJDBZkvilKOjETT31GfKUoMH1uCiWL2VkSGWGFibEIlG4K3+PIyaZ7XPLfm3V9W6md5HEU4gmOoggdXUIc7aIAPBEbwDK/w5iTOi/PufMxbC04+cwh/4Hz+AMYTjnY=</latexit><latexit sha1_base64="akkL1A0/Am52Xq2ARUwjyrkkCVo=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahgpRdFfRY8eKxotsW2qVk02wbmk2WJCuUpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPmlqmilCfSC5VO8Saciaob5jhtJ0oiuOQ01Y4up36rSeqNJPi0YwTGsR4IFjECDZWaj341YvT3k2vXHFr7gxomXg5qUCORq/81e1LksZUGMKx1h3PTUyQYWUY4XRS6qaaJpiM8IB2LBU4pjrIZudO0IlV+iiSypYwaKb+nshwrPU4Dm1njM1QL3pT8T+vk5roOsiYSFJDBZkvilKOjETT31GfKUoMH1uCiWL2VkSGWGFibEIlG4K3+PIyaZ7XPLfm3V9W6md5HEU4gmOoggdXUIc7aIAPBEbwDK/w5iTOi/PufMxbC04+cwh/4Hz+AMYTjnY=</latexit><latexit sha1_base64="akkL1A0/Am52Xq2ARUwjyrkkCVo=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahgpRdFfRY8eKxotsW2qVk02wbmk2WJCuUpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPmlqmilCfSC5VO8Saciaob5jhtJ0oiuOQ01Y4up36rSeqNJPi0YwTGsR4IFjECDZWaj341YvT3k2vXHFr7gxomXg5qUCORq/81e1LksZUGMKx1h3PTUyQYWUY4XRS6qaaJpiM8IB2LBU4pjrIZudO0IlV+iiSypYwaKb+nshwrPU4Dm1njM1QL3pT8T+vk5roOsiYSFJDBZkvilKOjETT31GfKUoMH1uCiWL2VkSGWGFibEIlG4K3+PIyaZ7XPLfm3V9W6md5HEU4gmOoggdXUIc7aIAPBEbwDK/w5iTOi/PufMxbC04+cwh/4Hz+AMYTjnY=</latexit><latexit sha1_base64="akkL1A0/Am52Xq2ARUwjyrkkCVo=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahgpRdFfRY8eKxotsW2qVk02wbmk2WJCuUpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPmlqmilCfSC5VO8Saciaob5jhtJ0oiuOQ01Y4up36rSeqNJPi0YwTGsR4IFjECDZWaj341YvT3k2vXHFr7gxomXg5qUCORq/81e1LksZUGMKx1h3PTUyQYWUY4XRS6qaaJpiM8IB2LBU4pjrIZudO0IlV+iiSypYwaKb+nshwrPU4Dm1njM1QL3pT8T+vk5roOsiYSFJDBZkvilKOjETT31GfKUoMH1uCiWL2VkSGWGFibEIlG4K3+PIyaZ7XPLfm3V9W6md5HEU4gmOoggdXUIc7aIAPBEbwDK/w5iTOi/PufMxbC04+cwh/4Hz+AMYTjnY=</latexit>

SU(3)B
<latexit sha1_base64="c0mzFV6nTExZdiGOygodWUtZ7VM=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUqigi6LblxWNG2hDWEymbRDJ5MwMxFCqL/ixoUibv0Qd/6N0zQLbT1w4XDOvXPnHj9hVCrL+jYqK6tr6xvVzdrW9s7unrl/0JVxKjBxcMxi0feRJIxy4iiqGOkngqDIZ6TnT25mfu+RCElj/qCyhLgRGnEaUoyUljyzPizeyAUJpvDeaZ6feNee2bBaVgG4TOySNECJjmd+DYMYpxHhCjMk5cC2EuXmSCiKGZnWhqkkCcITNCIDTTmKiHTzYvEUHmslgGEsdHEFC/X3RI4iKbPI150RUmO56M3E/7xBqsIrN6c8SRXheL4oTBlUMZwlAQMqCFYs0wRhQfVfIR4jgbDSedV0CPbiycuke9ayrZZ9d9Fon5ZxVMEhOAJNYINL0Aa3oAMcgEEGnsEreDOejBfj3fiYt1aMcqYO/sD4/AGBbZPu</latexit><latexit sha1_base64="c0mzFV6nTExZdiGOygodWUtZ7VM=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUqigi6LblxWNG2hDWEymbRDJ5MwMxFCqL/ixoUibv0Qd/6N0zQLbT1w4XDOvXPnHj9hVCrL+jYqK6tr6xvVzdrW9s7unrl/0JVxKjBxcMxi0feRJIxy4iiqGOkngqDIZ6TnT25mfu+RCElj/qCyhLgRGnEaUoyUljyzPizeyAUJpvDeaZ6feNee2bBaVgG4TOySNECJjmd+DYMYpxHhCjMk5cC2EuXmSCiKGZnWhqkkCcITNCIDTTmKiHTzYvEUHmslgGEsdHEFC/X3RI4iKbPI150RUmO56M3E/7xBqsIrN6c8SRXheL4oTBlUMZwlAQMqCFYs0wRhQfVfIR4jgbDSedV0CPbiycuke9ayrZZ9d9Fon5ZxVMEhOAJNYINL0Aa3oAMcgEEGnsEreDOejBfj3fiYt1aMcqYO/sD4/AGBbZPu</latexit><latexit sha1_base64="c0mzFV6nTExZdiGOygodWUtZ7VM=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUqigi6LblxWNG2hDWEymbRDJ5MwMxFCqL/ixoUibv0Qd/6N0zQLbT1w4XDOvXPnHj9hVCrL+jYqK6tr6xvVzdrW9s7unrl/0JVxKjBxcMxi0feRJIxy4iiqGOkngqDIZ6TnT25mfu+RCElj/qCyhLgRGnEaUoyUljyzPizeyAUJpvDeaZ6feNee2bBaVgG4TOySNECJjmd+DYMYpxHhCjMk5cC2EuXmSCiKGZnWhqkkCcITNCIDTTmKiHTzYvEUHmslgGEsdHEFC/X3RI4iKbPI150RUmO56M3E/7xBqsIrN6c8SRXheL4oTBlUMZwlAQMqCFYs0wRhQfVfIR4jgbDSedV0CPbiycuke9ayrZZ9d9Fon5ZxVMEhOAJNYINL0Aa3oAMcgEEGnsEreDOejBfj3fiYt1aMcqYO/sD4/AGBbZPu</latexit><latexit sha1_base64="c0mzFV6nTExZdiGOygodWUtZ7VM=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUqigi6LblxWNG2hDWEymbRDJ5MwMxFCqL/ixoUibv0Qd/6N0zQLbT1w4XDOvXPnHj9hVCrL+jYqK6tr6xvVzdrW9s7unrl/0JVxKjBxcMxi0feRJIxy4iiqGOkngqDIZ6TnT25mfu+RCElj/qCyhLgRGnEaUoyUljyzPizeyAUJpvDeaZ6feNee2bBaVgG4TOySNECJjmd+DYMYpxHhCjMk5cC2EuXmSCiKGZnWhqkkCcITNCIDTTmKiHTzYvEUHmslgGEsdHEFC/X3RI4iKbPI150RUmO56M3E/7xBqsIrN6c8SRXheL4oTBlUMZwlAQMqCFYs0wRhQfVfIR4jgbDSedV0CPbiycuke9ayrZZ9d9Fon5ZxVMEhOAJNYINL0Aa3oAMcgEEGnsEreDOejBfj3fiYt1aMcqYO/sD4/AGBbZPu</latexit>

SU(3)A ⇥ SU(3)B ⇥ SU(2)⇥ U(1)
<latexit sha1_base64="I0ZoXqKhnDTcmIEsLYI3CXUDfSA=">AAACJHicbVC7TsMwFHXKq5RXgJHFokJqlyopCJBYCiyMRZAWqYkix3Faq85DtoNURf0YFn6FhYGHGFj4Ftw0SNByJUvH55zre328hFEhDeNTKy0sLi2vlFcra+sbm1v69k5HxCnHxMIxi/mdhwRhNCKWpJKRu4QTFHqMdL3h5UTv3hMuaBzdylFCnBD1IxpQjKSiXP3sxqod1t1zaEsaEgEzO38z48QfT6WLcSGpa7P+47NqZt3Vq0bDyAvOA7MAVVBU29XfbD/GaUgiiRkSomcaiXQyxCXFjIwrdipIgvAQ9UlPwQipSU6WLzSGB4rxYRBzdSIJc/Z3R4ZCIUahp5whkgMxq03I/7ReKoNTJ6NRkkoS4emgIGVQxnCSGPQpJ1iykQIIc6p2hXiAOMJS5VpRIZizX54HnWbDNBrm9VG1dVzEUQZ7YB/UgAlOQAtcgTawAAYP4Am8gFftUXvW3rWPqbWkFT274E9pX9+q6qJI</latexit><latexit sha1_base64="I0ZoXqKhnDTcmIEsLYI3CXUDfSA=">AAACJHicbVC7TsMwFHXKq5RXgJHFokJqlyopCJBYCiyMRZAWqYkix3Faq85DtoNURf0YFn6FhYGHGFj4Ftw0SNByJUvH55zre328hFEhDeNTKy0sLi2vlFcra+sbm1v69k5HxCnHxMIxi/mdhwRhNCKWpJKRu4QTFHqMdL3h5UTv3hMuaBzdylFCnBD1IxpQjKSiXP3sxqod1t1zaEsaEgEzO38z48QfT6WLcSGpa7P+47NqZt3Vq0bDyAvOA7MAVVBU29XfbD/GaUgiiRkSomcaiXQyxCXFjIwrdipIgvAQ9UlPwQipSU6WLzSGB4rxYRBzdSIJc/Z3R4ZCIUahp5whkgMxq03I/7ReKoNTJ6NRkkoS4emgIGVQxnCSGPQpJ1iykQIIc6p2hXiAOMJS5VpRIZizX54HnWbDNBrm9VG1dVzEUQZ7YB/UgAlOQAtcgTawAAYP4Am8gFftUXvW3rWPqbWkFT274E9pX9+q6qJI</latexit><latexit sha1_base64="I0ZoXqKhnDTcmIEsLYI3CXUDfSA=">AAACJHicbVC7TsMwFHXKq5RXgJHFokJqlyopCJBYCiyMRZAWqYkix3Faq85DtoNURf0YFn6FhYGHGFj4Ftw0SNByJUvH55zre328hFEhDeNTKy0sLi2vlFcra+sbm1v69k5HxCnHxMIxi/mdhwRhNCKWpJKRu4QTFHqMdL3h5UTv3hMuaBzdylFCnBD1IxpQjKSiXP3sxqod1t1zaEsaEgEzO38z48QfT6WLcSGpa7P+47NqZt3Vq0bDyAvOA7MAVVBU29XfbD/GaUgiiRkSomcaiXQyxCXFjIwrdipIgvAQ9UlPwQipSU6WLzSGB4rxYRBzdSIJc/Z3R4ZCIUahp5whkgMxq03I/7ReKoNTJ6NRkkoS4emgIGVQxnCSGPQpJ1iykQIIc6p2hXiAOMJS5VpRIZizX54HnWbDNBrm9VG1dVzEUQZ7YB/UgAlOQAtcgTawAAYP4Am8gFftUXvW3rWPqbWkFT274E9pX9+q6qJI</latexit><latexit sha1_base64="I0ZoXqKhnDTcmIEsLYI3CXUDfSA=">AAACJHicbVC7TsMwFHXKq5RXgJHFokJqlyopCJBYCiyMRZAWqYkix3Faq85DtoNURf0YFn6FhYGHGFj4Ftw0SNByJUvH55zre328hFEhDeNTKy0sLi2vlFcra+sbm1v69k5HxCnHxMIxi/mdhwRhNCKWpJKRu4QTFHqMdL3h5UTv3hMuaBzdylFCnBD1IxpQjKSiXP3sxqod1t1zaEsaEgEzO38z48QfT6WLcSGpa7P+47NqZt3Vq0bDyAvOA7MAVVBU29XfbD/GaUgiiRkSomcaiXQyxCXFjIwrdipIgvAQ9UlPwQipSU6WLzSGB4rxYRBzdSIJc/Z3R4ZCIUahp5whkgMxq03I/7ReKoNTJ6NRkkoS4emgIGVQxnCSGPQpJ1iykQIIc6p2hXiAOMJS5VpRIZizX54HnWbDNBrm9VG1dVzEUQZ7YB/UgAlOQAtcgTawAAYP4Am8gFftUXvW3rWPqbWkFT274E9pX9+q6qJI</latexit>

• Folded SUSY 

• Contribution of top sector to Higgs mass  
vanishes exactly at 1-loop 

• Protection of Higgs mass is “too effective:” 

   Gauge/gaugino 1-loop term dominates, 

   vacuum preserves EW symmetry 
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<latexit sha1_base64="6EzQzwT1aWwd1LLhDYtigQBcJ0I="></latexit><latexit sha1_base64="6EzQzwT1aWwd1LLhDYtigQBcJ0I="></latexit><latexit sha1_base64="6EzQzwT1aWwd1LLhDYtigQBcJ0I="></latexit><latexit sha1_base64="6EzQzwT1aWwd1LLhDYtigQBcJ0I="></latexit>

Cohen, Craig, Lou,  
Pinner 2015

Burdman, Chacko,  
Goh, Harnik 2006



Folded Supersymmetry

Z2
<latexit sha1_base64="6vaVuN91LLTwRfwrSGTz7bPquQk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8d+rV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnVqp5b9e4uKvXLPI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDb1Y13</latexit><latexit sha1_base64="6vaVuN91LLTwRfwrSGTz7bPquQk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8d+rV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnVqp5b9e4uKvXLPI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDb1Y13</latexit><latexit sha1_base64="6vaVuN91LLTwRfwrSGTz7bPquQk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8d+rV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnVqp5b9e4uKvXLPI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDb1Y13</latexit><latexit sha1_base64="6vaVuN91LLTwRfwrSGTz7bPquQk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8d+rV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnVqp5b9e4uKvXLPI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDb1Y13</latexit>

SU(3)A
<latexit sha1_base64="akkL1A0/Am52Xq2ARUwjyrkkCVo=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahgpRdFfRY8eKxotsW2qVk02wbmk2WJCuUpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPmlqmilCfSC5VO8Saciaob5jhtJ0oiuOQ01Y4up36rSeqNJPi0YwTGsR4IFjECDZWaj341YvT3k2vXHFr7gxomXg5qUCORq/81e1LksZUGMKx1h3PTUyQYWUY4XRS6qaaJpiM8IB2LBU4pjrIZudO0IlV+iiSypYwaKb+nshwrPU4Dm1njM1QL3pT8T+vk5roOsiYSFJDBZkvilKOjETT31GfKUoMH1uCiWL2VkSGWGFibEIlG4K3+PIyaZ7XPLfm3V9W6md5HEU4gmOoggdXUIc7aIAPBEbwDK/w5iTOi/PufMxbC04+cwh/4Hz+AMYTjnY=</latexit><latexit sha1_base64="akkL1A0/Am52Xq2ARUwjyrkkCVo=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahgpRdFfRY8eKxotsW2qVk02wbmk2WJCuUpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPmlqmilCfSC5VO8Saciaob5jhtJ0oiuOQ01Y4up36rSeqNJPi0YwTGsR4IFjECDZWaj341YvT3k2vXHFr7gxomXg5qUCORq/81e1LksZUGMKx1h3PTUyQYWUY4XRS6qaaJpiM8IB2LBU4pjrIZudO0IlV+iiSypYwaKb+nshwrPU4Dm1njM1QL3pT8T+vk5roOsiYSFJDBZkvilKOjETT31GfKUoMH1uCiWL2VkSGWGFibEIlG4K3+PIyaZ7XPLfm3V9W6md5HEU4gmOoggdXUIc7aIAPBEbwDK/w5iTOi/PufMxbC04+cwh/4Hz+AMYTjnY=</latexit><latexit sha1_base64="akkL1A0/Am52Xq2ARUwjyrkkCVo=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahgpRdFfRY8eKxotsW2qVk02wbmk2WJCuUpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPmlqmilCfSC5VO8Saciaob5jhtJ0oiuOQ01Y4up36rSeqNJPi0YwTGsR4IFjECDZWaj341YvT3k2vXHFr7gxomXg5qUCORq/81e1LksZUGMKx1h3PTUyQYWUY4XRS6qaaJpiM8IB2LBU4pjrIZudO0IlV+iiSypYwaKb+nshwrPU4Dm1njM1QL3pT8T+vk5roOsiYSFJDBZkvilKOjETT31GfKUoMH1uCiWL2VkSGWGFibEIlG4K3+PIyaZ7XPLfm3V9W6md5HEU4gmOoggdXUIc7aIAPBEbwDK/w5iTOi/PufMxbC04+cwh/4Hz+AMYTjnY=</latexit><latexit sha1_base64="akkL1A0/Am52Xq2ARUwjyrkkCVo=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahgpRdFfRY8eKxotsW2qVk02wbmk2WJCuUpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPmlqmilCfSC5VO8Saciaob5jhtJ0oiuOQ01Y4up36rSeqNJPi0YwTGsR4IFjECDZWaj341YvT3k2vXHFr7gxomXg5qUCORq/81e1LksZUGMKx1h3PTUyQYWUY4XRS6qaaJpiM8IB2LBU4pjrIZudO0IlV+iiSypYwaKb+nshwrPU4Dm1njM1QL3pT8T+vk5roOsiYSFJDBZkvilKOjETT31GfKUoMH1uCiWL2VkSGWGFibEIlG4K3+PIyaZ7XPLfm3V9W6md5HEU4gmOoggdXUIc7aIAPBEbwDK/w5iTOi/PufMxbC04+cwh/4Hz+AMYTjnY=</latexit>

SU(3)B
<latexit sha1_base64="c0mzFV6nTExZdiGOygodWUtZ7VM=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUqigi6LblxWNG2hDWEymbRDJ5MwMxFCqL/ixoUibv0Qd/6N0zQLbT1w4XDOvXPnHj9hVCrL+jYqK6tr6xvVzdrW9s7unrl/0JVxKjBxcMxi0feRJIxy4iiqGOkngqDIZ6TnT25mfu+RCElj/qCyhLgRGnEaUoyUljyzPizeyAUJpvDeaZ6feNee2bBaVgG4TOySNECJjmd+DYMYpxHhCjMk5cC2EuXmSCiKGZnWhqkkCcITNCIDTTmKiHTzYvEUHmslgGEsdHEFC/X3RI4iKbPI150RUmO56M3E/7xBqsIrN6c8SRXheL4oTBlUMZwlAQMqCFYs0wRhQfVfIR4jgbDSedV0CPbiycuke9ayrZZ9d9Fon5ZxVMEhOAJNYINL0Aa3oAMcgEEGnsEreDOejBfj3fiYt1aMcqYO/sD4/AGBbZPu</latexit><latexit sha1_base64="c0mzFV6nTExZdiGOygodWUtZ7VM=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUqigi6LblxWNG2hDWEymbRDJ5MwMxFCqL/ixoUibv0Qd/6N0zQLbT1w4XDOvXPnHj9hVCrL+jYqK6tr6xvVzdrW9s7unrl/0JVxKjBxcMxi0feRJIxy4iiqGOkngqDIZ6TnT25mfu+RCElj/qCyhLgRGnEaUoyUljyzPizeyAUJpvDeaZ6feNee2bBaVgG4TOySNECJjmd+DYMYpxHhCjMk5cC2EuXmSCiKGZnWhqkkCcITNCIDTTmKiHTzYvEUHmslgGEsdHEFC/X3RI4iKbPI150RUmO56M3E/7xBqsIrN6c8SRXheL4oTBlUMZwlAQMqCFYs0wRhQfVfIR4jgbDSedV0CPbiycuke9ayrZZ9d9Fon5ZxVMEhOAJNYINL0Aa3oAMcgEEGnsEreDOejBfj3fiYt1aMcqYO/sD4/AGBbZPu</latexit><latexit sha1_base64="c0mzFV6nTExZdiGOygodWUtZ7VM=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUqigi6LblxWNG2hDWEymbRDJ5MwMxFCqL/ixoUibv0Qd/6N0zQLbT1w4XDOvXPnHj9hVCrL+jYqK6tr6xvVzdrW9s7unrl/0JVxKjBxcMxi0feRJIxy4iiqGOkngqDIZ6TnT25mfu+RCElj/qCyhLgRGnEaUoyUljyzPizeyAUJpvDeaZ6feNee2bBaVgG4TOySNECJjmd+DYMYpxHhCjMk5cC2EuXmSCiKGZnWhqkkCcITNCIDTTmKiHTzYvEUHmslgGEsdHEFC/X3RI4iKbPI150RUmO56M3E/7xBqsIrN6c8SRXheL4oTBlUMZwlAQMqCFYs0wRhQfVfIR4jgbDSedV0CPbiycuke9ayrZZ9d9Fon5ZxVMEhOAJNYINL0Aa3oAMcgEEGnsEreDOejBfj3fiYt1aMcqYO/sD4/AGBbZPu</latexit><latexit sha1_base64="c0mzFV6nTExZdiGOygodWUtZ7VM=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUqigi6LblxWNG2hDWEymbRDJ5MwMxFCqL/ixoUibv0Qd/6N0zQLbT1w4XDOvXPnHj9hVCrL+jYqK6tr6xvVzdrW9s7unrl/0JVxKjBxcMxi0feRJIxy4iiqGOkngqDIZ6TnT25mfu+RCElj/qCyhLgRGnEaUoyUljyzPizeyAUJpvDeaZ6feNee2bBaVgG4TOySNECJjmd+DYMYpxHhCjMk5cC2EuXmSCiKGZnWhqkkCcITNCIDTTmKiHTzYvEUHmslgGEsdHEFC/X3RI4iKbPI150RUmO56M3E/7xBqsIrN6c8SRXheL4oTBlUMZwlAQMqCFYs0wRhQfVfIR4jgbDSedV0CPbiycuke9ayrZZ9d9Fon5ZxVMEhOAJNYINL0Aa3oAMcgEEGnsEreDOejBfj3fiYt1aMcqYO/sD4/AGBbZPu</latexit>

SU(3)A ⇥ SU(3)B ⇥ SU(2)⇥ U(1)
<latexit sha1_base64="I0ZoXqKhnDTcmIEsLYI3CXUDfSA=">AAACJHicbVC7TsMwFHXKq5RXgJHFokJqlyopCJBYCiyMRZAWqYkix3Faq85DtoNURf0YFn6FhYGHGFj4Ftw0SNByJUvH55zre328hFEhDeNTKy0sLi2vlFcra+sbm1v69k5HxCnHxMIxi/mdhwRhNCKWpJKRu4QTFHqMdL3h5UTv3hMuaBzdylFCnBD1IxpQjKSiXP3sxqod1t1zaEsaEgEzO38z48QfT6WLcSGpa7P+47NqZt3Vq0bDyAvOA7MAVVBU29XfbD/GaUgiiRkSomcaiXQyxCXFjIwrdipIgvAQ9UlPwQipSU6WLzSGB4rxYRBzdSIJc/Z3R4ZCIUahp5whkgMxq03I/7ReKoNTJ6NRkkoS4emgIGVQxnCSGPQpJ1iykQIIc6p2hXiAOMJS5VpRIZizX54HnWbDNBrm9VG1dVzEUQZ7YB/UgAlOQAtcgTawAAYP4Am8gFftUXvW3rWPqbWkFT274E9pX9+q6qJI</latexit><latexit sha1_base64="I0ZoXqKhnDTcmIEsLYI3CXUDfSA=">AAACJHicbVC7TsMwFHXKq5RXgJHFokJqlyopCJBYCiyMRZAWqYkix3Faq85DtoNURf0YFn6FhYGHGFj4Ftw0SNByJUvH55zre328hFEhDeNTKy0sLi2vlFcra+sbm1v69k5HxCnHxMIxi/mdhwRhNCKWpJKRu4QTFHqMdL3h5UTv3hMuaBzdylFCnBD1IxpQjKSiXP3sxqod1t1zaEsaEgEzO38z48QfT6WLcSGpa7P+47NqZt3Vq0bDyAvOA7MAVVBU29XfbD/GaUgiiRkSomcaiXQyxCXFjIwrdipIgvAQ9UlPwQipSU6WLzSGB4rxYRBzdSIJc/Z3R4ZCIUahp5whkgMxq03I/7ReKoNTJ6NRkkoS4emgIGVQxnCSGPQpJ1iykQIIc6p2hXiAOMJS5VpRIZizX54HnWbDNBrm9VG1dVzEUQZ7YB/UgAlOQAtcgTawAAYP4Am8gFftUXvW3rWPqbWkFT274E9pX9+q6qJI</latexit><latexit sha1_base64="I0ZoXqKhnDTcmIEsLYI3CXUDfSA=">AAACJHicbVC7TsMwFHXKq5RXgJHFokJqlyopCJBYCiyMRZAWqYkix3Faq85DtoNURf0YFn6FhYGHGFj4Ftw0SNByJUvH55zre328hFEhDeNTKy0sLi2vlFcra+sbm1v69k5HxCnHxMIxi/mdhwRhNCKWpJKRu4QTFHqMdL3h5UTv3hMuaBzdylFCnBD1IxpQjKSiXP3sxqod1t1zaEsaEgEzO38z48QfT6WLcSGpa7P+47NqZt3Vq0bDyAvOA7MAVVBU29XfbD/GaUgiiRkSomcaiXQyxCXFjIwrdipIgvAQ9UlPwQipSU6WLzSGB4rxYRBzdSIJc/Z3R4ZCIUahp5whkgMxq03I/7ReKoNTJ6NRkkoS4emgIGVQxnCSGPQpJ1iykQIIc6p2hXiAOMJS5VpRIZizX54HnWbDNBrm9VG1dVzEUQZ7YB/UgAlOQAtcgTawAAYP4Am8gFftUXvW3rWPqbWkFT274E9pX9+q6qJI</latexit><latexit sha1_base64="I0ZoXqKhnDTcmIEsLYI3CXUDfSA=">AAACJHicbVC7TsMwFHXKq5RXgJHFokJqlyopCJBYCiyMRZAWqYkix3Faq85DtoNURf0YFn6FhYGHGFj4Ftw0SNByJUvH55zre328hFEhDeNTKy0sLi2vlFcra+sbm1v69k5HxCnHxMIxi/mdhwRhNCKWpJKRu4QTFHqMdL3h5UTv3hMuaBzdylFCnBD1IxpQjKSiXP3sxqod1t1zaEsaEgEzO38z48QfT6WLcSGpa7P+47NqZt3Vq0bDyAvOA7MAVVBU29XfbD/GaUgiiRkSomcaiXQyxCXFjIwrdipIgvAQ9UlPwQipSU6WLzSGB4rxYRBzdSIJc/Z3R4ZCIUahp5whkgMxq03I/7ReKoNTJ6NRkkoS4emgIGVQxnCSGPQpJ1iykQIIc6p2hXiAOMJS5VpRIZizX54HnWbDNBrm9VG1dVzEUQZ7YB/UgAlOQAtcgTawAAYP4Am8gFftUXvW3rWPqbWkFT274E9pX9+q6qJI</latexit>

• Folded SUSY 

• Contribution of top sector to Higgs mass  
vanishes exactly at 1-loop 

• Protection of Higgs mass is “too effective:” 

   Gauge/gaugino 1-loop term dominates, 

   vacuum preserves EW symmetry 
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64⇡4R2
<latexit sha1_base64="6EzQzwT1aWwd1LLhDYtigQBcJ0I="></latexit><latexit sha1_base64="6EzQzwT1aWwd1LLhDYtigQBcJ0I="></latexit><latexit sha1_base64="6EzQzwT1aWwd1LLhDYtigQBcJ0I="></latexit><latexit sha1_base64="6EzQzwT1aWwd1LLhDYtigQBcJ0I="></latexit>

Can we build a model with accidental SUSY in pure 4D?

Burdman, Chacko,  
Goh, Harnik 2006

Cohen, Craig, Lou,  
Pinner 2015



A Tripled Top model

• Add two copies of the MSSM top sector,  

• Superpotential

SU(3)A ⇥ SU(3)B ⇥ SU(3)C ⇥ SU(2)⇥ U(1)
<latexit sha1_base64="jATS4d70PIJ/rLlEqdLSNDs4y5Q=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VoNyWpBV1WuxFXFU1baEKZTKft0MmDmYlQQv7JjT/iQhAXirj1H5w2KWrrhYFzz7mvOW7IqJCG8aLlVlbX1jfym4Wt7Z3dPX3/oCWCiGNi4YAFvOMiQRj1iSWpZKQTcoI8l5G2O25M9fY94YIG/p2chMTx0NCnA4qRVFRPv761Sqfl3gW0JfWIgLE9mxlz0k9S6XIupWkj+Umr5blmlcxyTy8aFWMWcBmYGSiCLJo9/cnuBzjyiC8xQ0J0TSOUToy4pJiRpGBHgoQIj9GQdBX0kdrkxLP7EniimD4cBFw9X8IZ+7sjRp4QE89VlR6SI7GoTcn/tG4kB+dOTP0wksTH6aJBxKAM4NRA2KecYMkmCiDMqboV4hHiCEtlc0GZYC5+eRm0qhXTqJg3tWK9ltmRB0fgGJSACc5AHVyBJrAABg/gGbyBd+1Re9U+tM+0NKdlPYfgT2hf3wJHp2g=</latexit><latexit sha1_base64="jATS4d70PIJ/rLlEqdLSNDs4y5Q=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VoNyWpBV1WuxFXFU1baEKZTKft0MmDmYlQQv7JjT/iQhAXirj1H5w2KWrrhYFzz7mvOW7IqJCG8aLlVlbX1jfym4Wt7Z3dPX3/oCWCiGNi4YAFvOMiQRj1iSWpZKQTcoI8l5G2O25M9fY94YIG/p2chMTx0NCnA4qRVFRPv761Sqfl3gW0JfWIgLE9mxlz0k9S6XIupWkj+Umr5blmlcxyTy8aFWMWcBmYGSiCLJo9/cnuBzjyiC8xQ0J0TSOUToy4pJiRpGBHgoQIj9GQdBX0kdrkxLP7EniimD4cBFw9X8IZ+7sjRp4QE89VlR6SI7GoTcn/tG4kB+dOTP0wksTH6aJBxKAM4NRA2KecYMkmCiDMqboV4hHiCEtlc0GZYC5+eRm0qhXTqJg3tWK9ltmRB0fgGJSACc5AHVyBJrAABg/gGbyBd+1Re9U+tM+0NKdlPYfgT2hf3wJHp2g=</latexit><latexit sha1_base64="jATS4d70PIJ/rLlEqdLSNDs4y5Q=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VoNyWpBV1WuxFXFU1baEKZTKft0MmDmYlQQv7JjT/iQhAXirj1H5w2KWrrhYFzz7mvOW7IqJCG8aLlVlbX1jfym4Wt7Z3dPX3/oCWCiGNi4YAFvOMiQRj1iSWpZKQTcoI8l5G2O25M9fY94YIG/p2chMTx0NCnA4qRVFRPv761Sqfl3gW0JfWIgLE9mxlz0k9S6XIupWkj+Umr5blmlcxyTy8aFWMWcBmYGSiCLJo9/cnuBzjyiC8xQ0J0TSOUToy4pJiRpGBHgoQIj9GQdBX0kdrkxLP7EniimD4cBFw9X8IZ+7sjRp4QE89VlR6SI7GoTcn/tG4kB+dOTP0wksTH6aJBxKAM4NRA2KecYMkmCiDMqboV4hHiCEtlc0GZYC5+eRm0qhXTqJg3tWK9ltmRB0fgGJSACc5AHVyBJrAABg/gGbyBd+1Re9U+tM+0NKdlPYfgT2hf3wJHp2g=</latexit><latexit sha1_base64="jATS4d70PIJ/rLlEqdLSNDs4y5Q=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VoNyWpBV1WuxFXFU1baEKZTKft0MmDmYlQQv7JjT/iQhAXirj1H5w2KWrrhYFzz7mvOW7IqJCG8aLlVlbX1jfym4Wt7Z3dPX3/oCWCiGNi4YAFvOMiQRj1iSWpZKQTcoI8l5G2O25M9fY94YIG/p2chMTx0NCnA4qRVFRPv761Sqfl3gW0JfWIgLE9mxlz0k9S6XIupWkj+Umr5blmlcxyTy8aFWMWcBmYGSiCLJo9/cnuBzjyiC8xQ0J0TSOUToy4pJiRpGBHgoQIj9GQdBX0kdrkxLP7EniimD4cBFw9X8IZ+7sjRp4QE89VlR6SI7GoTcn/tG4kB+dOTP0wksTH6aJBxKAM4NRA2KecYMkmCiDMqboV4hHiCEtlc0GZYC5+eRm0qhXTqJg3tWK9ltmRB0fgGJSACc5AHVyBJrAABg/gGbyBd+1Re9U+tM+0NKdlPYfgT2hf3wJHp2g=</latexit>
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c
A +QBHu

c
B +QCHu
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C)

<latexit sha1_base64="NngBm5f/uk9SGJygcvUsV4yUIsE="></latexit><latexit sha1_base64="NngBm5f/uk9SGJygcvUsV4yUIsE="></latexit><latexit sha1_base64="NngBm5f/uk9SGJygcvUsV4yUIsE="></latexit><latexit sha1_base64="NngBm5f/uk9SGJygcvUsV4yUIsE="></latexit>

+M(u0
Bu

c
B + u0

Cu
c
C) + !(QBQ

0c
B +QCQ

0c
C)

<latexit sha1_base64="2GRq4YI3Sg4Ju2y0KbIaQ2x7njo="></latexit><latexit sha1_base64="2GRq4YI3Sg4Ju2y0KbIaQ2x7njo="></latexit><latexit sha1_base64="2GRq4YI3Sg4Ju2y0KbIaQ2x7njo="></latexit><latexit sha1_base64="2GRq4YI3Sg4Ju2y0KbIaQ2x7njo="></latexit>

few TeV

Cheng, Li, Salvioni,  
Verhaaren 2018

Z3
<latexit sha1_base64="mwK70lR1rFKTHv/cRU0DDJOa/ns=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUsMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDGt+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1dVeq1PI4inMApnIMH11CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDd8416</latexit><latexit sha1_base64="mwK70lR1rFKTHv/cRU0DDJOa/ns=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUsMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDGt+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1dVeq1PI4inMApnIMH11CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDd8416</latexit><latexit sha1_base64="mwK70lR1rFKTHv/cRU0DDJOa/ns=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUsMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDGt+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1dVeq1PI4inMApnIMH11CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDd8416</latexit><latexit sha1_base64="mwK70lR1rFKTHv/cRU0DDJOa/ns=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUsMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDGt+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1dVeq1PI4inMApnIMH11CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDd8416</latexit>

Z2
<latexit sha1_base64="GrZo+zemdhAasCf5UKah4+GftHo=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwVZIi2GXBjcsK9oFtCJPJTTt0MgkzE6GGfokbF4q49VPc+TdO0yy09cCFwzn3zp17gpQzpR3n29rY3Nre2a3sVfcPDo9q9vFJTyWZpNClCU/kICAKOBPQ1UxzGKQSSBxw6AfTm4XffwSpWCLu9SwFLyZjwSJGiTaSb9dGxRu5hHCOH/ymb9edhlMArxO3JHVUouPbX6MwoVkMQlNOlBq6Tqq9nEjNKId5dZQpSAmdkjEMDRUkBuXlxdI5vjBKiKNEmhIaF+rviZzESs3iwHTGRE/UqrcQ//OGmY5aXs5EmmkQdLkoyjjWCV6kgEMmgWo+M4RQycxfMZ0QSag2WVVNCO7qyeuk12y4TsO9u6q3W2UcFXSGztElctE1aqNb1EFdRFGGntErerOerBfr3fpYtm5Y5cwp+gPr8weCMZLw</latexit><latexit sha1_base64="GrZo+zemdhAasCf5UKah4+GftHo=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwVZIi2GXBjcsK9oFtCJPJTTt0MgkzE6GGfokbF4q49VPc+TdO0yy09cCFwzn3zp17gpQzpR3n29rY3Nre2a3sVfcPDo9q9vFJTyWZpNClCU/kICAKOBPQ1UxzGKQSSBxw6AfTm4XffwSpWCLu9SwFLyZjwSJGiTaSb9dGxRu5hHCOH/ymb9edhlMArxO3JHVUouPbX6MwoVkMQlNOlBq6Tqq9nEjNKId5dZQpSAmdkjEMDRUkBuXlxdI5vjBKiKNEmhIaF+rviZzESs3iwHTGRE/UqrcQ//OGmY5aXs5EmmkQdLkoyjjWCV6kgEMmgWo+M4RQycxfMZ0QSag2WVVNCO7qyeuk12y4TsO9u6q3W2UcFXSGztElctE1aqNb1EFdRFGGntErerOerBfr3fpYtm5Y5cwp+gPr8weCMZLw</latexit><latexit sha1_base64="GrZo+zemdhAasCf5UKah4+GftHo=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwVZIi2GXBjcsK9oFtCJPJTTt0MgkzE6GGfokbF4q49VPc+TdO0yy09cCFwzn3zp17gpQzpR3n29rY3Nre2a3sVfcPDo9q9vFJTyWZpNClCU/kICAKOBPQ1UxzGKQSSBxw6AfTm4XffwSpWCLu9SwFLyZjwSJGiTaSb9dGxRu5hHCOH/ymb9edhlMArxO3JHVUouPbX6MwoVkMQlNOlBq6Tqq9nEjNKId5dZQpSAmdkjEMDRUkBuXlxdI5vjBKiKNEmhIaF+rviZzESs3iwHTGRE/UqrcQ//OGmY5aXs5EmmkQdLkoyjjWCV6kgEMmgWo+M4RQycxfMZ0QSag2WVVNCO7qyeuk12y4TsO9u6q3W2UcFXSGztElctE1aqNb1EFdRFGGntErerOerBfr3fpYtm5Y5cwp+gPr8weCMZLw</latexit><latexit sha1_base64="GrZo+zemdhAasCf5UKah4+GftHo=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwVZIi2GXBjcsK9oFtCJPJTTt0MgkzE6GGfokbF4q49VPc+TdO0yy09cCFwzn3zp17gpQzpR3n29rY3Nre2a3sVfcPDo9q9vFJTyWZpNClCU/kICAKOBPQ1UxzGKQSSBxw6AfTm4XffwSpWCLu9SwFLyZjwSJGiTaSb9dGxRu5hHCOH/ymb9edhlMArxO3JHVUouPbX6MwoVkMQlNOlBq6Tqq9nEjNKId5dZQpSAmdkjEMDRUkBuXlxdI5vjBKiKNEmhIaF+rviZzESs3iwHTGRE/UqrcQ//OGmY5aXs5EmmkQdLkoyjjWCV6kgEMmgWo+M4RQycxfMZ0QSag2WVVNCO7qyeuk12y4TsO9u6q3W2UcFXSGztElctE1aqNb1EFdRFGGntErerOerBfr3fpYtm5Y5cwp+gPr8weCMZLw</latexit>



A Tripled Top model

• Add two copies of the MSSM top sector,  

• Superpotential 

• Leading soft masses

SU(3)A ⇥ SU(3)B ⇥ SU(3)C ⇥ SU(2)⇥ U(1)
<latexit sha1_base64="jATS4d70PIJ/rLlEqdLSNDs4y5Q=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VoNyWpBV1WuxFXFU1baEKZTKft0MmDmYlQQv7JjT/iQhAXirj1H5w2KWrrhYFzz7mvOW7IqJCG8aLlVlbX1jfym4Wt7Z3dPX3/oCWCiGNi4YAFvOMiQRj1iSWpZKQTcoI8l5G2O25M9fY94YIG/p2chMTx0NCnA4qRVFRPv761Sqfl3gW0JfWIgLE9mxlz0k9S6XIupWkj+Umr5blmlcxyTy8aFWMWcBmYGSiCLJo9/cnuBzjyiC8xQ0J0TSOUToy4pJiRpGBHgoQIj9GQdBX0kdrkxLP7EniimD4cBFw9X8IZ+7sjRp4QE89VlR6SI7GoTcn/tG4kB+dOTP0wksTH6aJBxKAM4NRA2KecYMkmCiDMqboV4hHiCEtlc0GZYC5+eRm0qhXTqJg3tWK9ltmRB0fgGJSACc5AHVyBJrAABg/gGbyBd+1Re9U+tM+0NKdlPYfgT2hf3wJHp2g=</latexit><latexit sha1_base64="jATS4d70PIJ/rLlEqdLSNDs4y5Q=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VoNyWpBV1WuxFXFU1baEKZTKft0MmDmYlQQv7JjT/iQhAXirj1H5w2KWrrhYFzz7mvOW7IqJCG8aLlVlbX1jfym4Wt7Z3dPX3/oCWCiGNi4YAFvOMiQRj1iSWpZKQTcoI8l5G2O25M9fY94YIG/p2chMTx0NCnA4qRVFRPv761Sqfl3gW0JfWIgLE9mxlz0k9S6XIupWkj+Umr5blmlcxyTy8aFWMWcBmYGSiCLJo9/cnuBzjyiC8xQ0J0TSOUToy4pJiRpGBHgoQIj9GQdBX0kdrkxLP7EniimD4cBFw9X8IZ+7sjRp4QE89VlR6SI7GoTcn/tG4kB+dOTP0wksTH6aJBxKAM4NRA2KecYMkmCiDMqboV4hHiCEtlc0GZYC5+eRm0qhXTqJg3tWK9ltmRB0fgGJSACc5AHVyBJrAABg/gGbyBd+1Re9U+tM+0NKdlPYfgT2hf3wJHp2g=</latexit><latexit sha1_base64="jATS4d70PIJ/rLlEqdLSNDs4y5Q=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VoNyWpBV1WuxFXFU1baEKZTKft0MmDmYlQQv7JjT/iQhAXirj1H5w2KWrrhYFzz7mvOW7IqJCG8aLlVlbX1jfym4Wt7Z3dPX3/oCWCiGNi4YAFvOMiQRj1iSWpZKQTcoI8l5G2O25M9fY94YIG/p2chMTx0NCnA4qRVFRPv761Sqfl3gW0JfWIgLE9mxlz0k9S6XIupWkj+Umr5blmlcxyTy8aFWMWcBmYGSiCLJo9/cnuBzjyiC8xQ0J0TSOUToy4pJiRpGBHgoQIj9GQdBX0kdrkxLP7EniimD4cBFw9X8IZ+7sjRp4QE89VlR6SI7GoTcn/tG4kB+dOTP0wksTH6aJBxKAM4NRA2KecYMkmCiDMqboV4hHiCEtlc0GZYC5+eRm0qhXTqJg3tWK9ltmRB0fgGJSACc5AHVyBJrAABg/gGbyBd+1Re9U+tM+0NKdlPYfgT2hf3wJHp2g=</latexit><latexit sha1_base64="jATS4d70PIJ/rLlEqdLSNDs4y5Q=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VoNyWpBV1WuxFXFU1baEKZTKft0MmDmYlQQv7JjT/iQhAXirj1H5w2KWrrhYFzz7mvOW7IqJCG8aLlVlbX1jfym4Wt7Z3dPX3/oCWCiGNi4YAFvOMiQRj1iSWpZKQTcoI8l5G2O25M9fY94YIG/p2chMTx0NCnA4qRVFRPv761Sqfl3gW0JfWIgLE9mxlz0k9S6XIupWkj+Umr5blmlcxyTy8aFWMWcBmYGSiCLJo9/cnuBzjyiC8xQ0J0TSOUToy4pJiRpGBHgoQIj9GQdBX0kdrkxLP7EniimD4cBFw9X8IZ+7sjRp4QE89VlR6SI7GoTcn/tG4kB+dOTP0wksTH6aJBxKAM4NRA2KecYMkmCiDMqboV4hHiCEtlc0GZYC5+eRm0qhXTqJg3tWK9ltmRB0fgGJSACc5AHVyBJrAABg/gGbyBd+1Re9U+tM+0NKdlPYfgT2hf3wJHp2g=</latexit>
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<latexit sha1_base64="NngBm5f/uk9SGJygcvUsV4yUIsE="></latexit><latexit sha1_base64="NngBm5f/uk9SGJygcvUsV4yUIsE="></latexit><latexit sha1_base64="NngBm5f/uk9SGJygcvUsV4yUIsE="></latexit><latexit sha1_base64="NngBm5f/uk9SGJygcvUsV4yUIsE="></latexit>

+M(u0
Bu

c
B + u0

Cu
c
C) + !(QBQ

0c
B +QCQ

0c
C)

<latexit sha1_base64="2GRq4YI3Sg4Ju2y0KbIaQ2x7njo="></latexit><latexit sha1_base64="2GRq4YI3Sg4Ju2y0KbIaQ2x7njo="></latexit><latexit sha1_base64="2GRq4YI3Sg4Ju2y0KbIaQ2x7njo="></latexit><latexit sha1_base64="2GRq4YI3Sg4Ju2y0KbIaQ2x7njo="></latexit>
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<latexit sha1_base64="iw+bR39VyeH9pQUZWz3mWShoHGY="></latexit><latexit sha1_base64="iw+bR39VyeH9pQUZWz3mWShoHGY="></latexit><latexit sha1_base64="iw+bR39VyeH9pQUZWz3mWShoHGY="></latexit><latexit sha1_base64="iw+bR39VyeH9pQUZWz3mWShoHGY="></latexit>

raise SM-colored stops lower SU(2)-singlet  
hidden stops

few TeV

Z3
<latexit sha1_base64="mwK70lR1rFKTHv/cRU0DDJOa/ns=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUsMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDGt+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1dVeq1PI4inMApnIMH11CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDd8416</latexit><latexit sha1_base64="mwK70lR1rFKTHv/cRU0DDJOa/ns=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUsMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDGt+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1dVeq1PI4inMApnIMH11CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDd8416</latexit><latexit sha1_base64="mwK70lR1rFKTHv/cRU0DDJOa/ns=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUsMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDGt+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1dVeq1PI4inMApnIMH11CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDd8416</latexit><latexit sha1_base64="mwK70lR1rFKTHv/cRU0DDJOa/ns=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUsMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDGt+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1dVeq1PI4inMApnIMH11CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDd8416</latexit>

Z2
<latexit sha1_base64="GrZo+zemdhAasCf5UKah4+GftHo=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwVZIi2GXBjcsK9oFtCJPJTTt0MgkzE6GGfokbF4q49VPc+TdO0yy09cCFwzn3zp17gpQzpR3n29rY3Nre2a3sVfcPDo9q9vFJTyWZpNClCU/kICAKOBPQ1UxzGKQSSBxw6AfTm4XffwSpWCLu9SwFLyZjwSJGiTaSb9dGxRu5hHCOH/ymb9edhlMArxO3JHVUouPbX6MwoVkMQlNOlBq6Tqq9nEjNKId5dZQpSAmdkjEMDRUkBuXlxdI5vjBKiKNEmhIaF+rviZzESs3iwHTGRE/UqrcQ//OGmY5aXs5EmmkQdLkoyjjWCV6kgEMmgWo+M4RQycxfMZ0QSag2WVVNCO7qyeuk12y4TsO9u6q3W2UcFXSGztElctE1aqNb1EFdRFGGntErerOerBfr3fpYtm5Y5cwp+gPr8weCMZLw</latexit><latexit sha1_base64="GrZo+zemdhAasCf5UKah4+GftHo=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwVZIi2GXBjcsK9oFtCJPJTTt0MgkzE6GGfokbF4q49VPc+TdO0yy09cCFwzn3zp17gpQzpR3n29rY3Nre2a3sVfcPDo9q9vFJTyWZpNClCU/kICAKOBPQ1UxzGKQSSBxw6AfTm4XffwSpWCLu9SwFLyZjwSJGiTaSb9dGxRu5hHCOH/ymb9edhlMArxO3JHVUouPbX6MwoVkMQlNOlBq6Tqq9nEjNKId5dZQpSAmdkjEMDRUkBuXlxdI5vjBKiKNEmhIaF+rviZzESs3iwHTGRE/UqrcQ//OGmY5aXs5EmmkQdLkoyjjWCV6kgEMmgWo+M4RQycxfMZ0QSag2WVVNCO7qyeuk12y4TsO9u6q3W2UcFXSGztElctE1aqNb1EFdRFGGntErerOerBfr3fpYtm5Y5cwp+gPr8weCMZLw</latexit><latexit sha1_base64="GrZo+zemdhAasCf5UKah4+GftHo=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwVZIi2GXBjcsK9oFtCJPJTTt0MgkzE6GGfokbF4q49VPc+TdO0yy09cCFwzn3zp17gpQzpR3n29rY3Nre2a3sVfcPDo9q9vFJTyWZpNClCU/kICAKOBPQ1UxzGKQSSBxw6AfTm4XffwSpWCLu9SwFLyZjwSJGiTaSb9dGxRu5hHCOH/ymb9edhlMArxO3JHVUouPbX6MwoVkMQlNOlBq6Tqq9nEjNKId5dZQpSAmdkjEMDRUkBuXlxdI5vjBKiKNEmhIaF+rviZzESs3iwHTGRE/UqrcQ//OGmY5aXs5EmmkQdLkoyjjWCV6kgEMmgWo+M4RQycxfMZ0QSag2WVVNCO7qyeuk12y4TsO9u6q3W2UcFXSGztElctE1aqNb1EFdRFGGntErerOerBfr3fpYtm5Y5cwp+gPr8weCMZLw</latexit><latexit sha1_base64="GrZo+zemdhAasCf5UKah4+GftHo=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwVZIi2GXBjcsK9oFtCJPJTTt0MgkzE6GGfokbF4q49VPc+TdO0yy09cCFwzn3zp17gpQzpR3n29rY3Nre2a3sVfcPDo9q9vFJTyWZpNClCU/kICAKOBPQ1UxzGKQSSBxw6AfTm4XffwSpWCLu9SwFLyZjwSJGiTaSb9dGxRu5hHCOH/ymb9edhlMArxO3JHVUouPbX6MwoVkMQlNOlBq6Tqq9nEjNKId5dZQpSAmdkjEMDRUkBuXlxdI5vjBKiKNEmhIaF+rviZzESs3iwHTGRE/UqrcQ//OGmY5aXs5EmmkQdLkoyjjWCV6kgEMmgWo+M4RQycxfMZ0QSag2WVVNCO7qyeuk12y4TsO9u6q3W2UcFXSGztElctE1aqNb1EFdRFGGntErerOerBfr3fpYtm5Y5cwp+gPr8weCMZLw</latexit>

Cheng, Li, Salvioni,  
Verhaaren 2018



A Tripled Top model

• Add two copies of the MSSM top sector,  

• Superpotential 

• Leading soft masses

SU(3)A ⇥ SU(3)B ⇥ SU(3)C ⇥ SU(2)⇥ U(1)
<latexit sha1_base64="jATS4d70PIJ/rLlEqdLSNDs4y5Q=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VoNyWpBV1WuxFXFU1baEKZTKft0MmDmYlQQv7JjT/iQhAXirj1H5w2KWrrhYFzz7mvOW7IqJCG8aLlVlbX1jfym4Wt7Z3dPX3/oCWCiGNi4YAFvOMiQRj1iSWpZKQTcoI8l5G2O25M9fY94YIG/p2chMTx0NCnA4qRVFRPv761Sqfl3gW0JfWIgLE9mxlz0k9S6XIupWkj+Umr5blmlcxyTy8aFWMWcBmYGSiCLJo9/cnuBzjyiC8xQ0J0TSOUToy4pJiRpGBHgoQIj9GQdBX0kdrkxLP7EniimD4cBFw9X8IZ+7sjRp4QE89VlR6SI7GoTcn/tG4kB+dOTP0wksTH6aJBxKAM4NRA2KecYMkmCiDMqboV4hHiCEtlc0GZYC5+eRm0qhXTqJg3tWK9ltmRB0fgGJSACc5AHVyBJrAABg/gGbyBd+1Re9U+tM+0NKdlPYfgT2hf3wJHp2g=</latexit><latexit sha1_base64="jATS4d70PIJ/rLlEqdLSNDs4y5Q=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VoNyWpBV1WuxFXFU1baEKZTKft0MmDmYlQQv7JjT/iQhAXirj1H5w2KWrrhYFzz7mvOW7IqJCG8aLlVlbX1jfym4Wt7Z3dPX3/oCWCiGNi4YAFvOMiQRj1iSWpZKQTcoI8l5G2O25M9fY94YIG/p2chMTx0NCnA4qRVFRPv761Sqfl3gW0JfWIgLE9mxlz0k9S6XIupWkj+Umr5blmlcxyTy8aFWMWcBmYGSiCLJo9/cnuBzjyiC8xQ0J0TSOUToy4pJiRpGBHgoQIj9GQdBX0kdrkxLP7EniimD4cBFw9X8IZ+7sjRp4QE89VlR6SI7GoTcn/tG4kB+dOTP0wksTH6aJBxKAM4NRA2KecYMkmCiDMqboV4hHiCEtlc0GZYC5+eRm0qhXTqJg3tWK9ltmRB0fgGJSACc5AHVyBJrAABg/gGbyBd+1Re9U+tM+0NKdlPYfgT2hf3wJHp2g=</latexit><latexit sha1_base64="jATS4d70PIJ/rLlEqdLSNDs4y5Q=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VoNyWpBV1WuxFXFU1baEKZTKft0MmDmYlQQv7JjT/iQhAXirj1H5w2KWrrhYFzz7mvOW7IqJCG8aLlVlbX1jfym4Wt7Z3dPX3/oCWCiGNi4YAFvOMiQRj1iSWpZKQTcoI8l5G2O25M9fY94YIG/p2chMTx0NCnA4qRVFRPv761Sqfl3gW0JfWIgLE9mxlz0k9S6XIupWkj+Umr5blmlcxyTy8aFWMWcBmYGSiCLJo9/cnuBzjyiC8xQ0J0TSOUToy4pJiRpGBHgoQIj9GQdBX0kdrkxLP7EniimD4cBFw9X8IZ+7sjRp4QE89VlR6SI7GoTcn/tG4kB+dOTP0wksTH6aJBxKAM4NRA2KecYMkmCiDMqboV4hHiCEtlc0GZYC5+eRm0qhXTqJg3tWK9ltmRB0fgGJSACc5AHVyBJrAABg/gGbyBd+1Re9U+tM+0NKdlPYfgT2hf3wJHp2g=</latexit><latexit sha1_base64="jATS4d70PIJ/rLlEqdLSNDs4y5Q=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VoNyWpBV1WuxFXFU1baEKZTKft0MmDmYlQQv7JjT/iQhAXirj1H5w2KWrrhYFzz7mvOW7IqJCG8aLlVlbX1jfym4Wt7Z3dPX3/oCWCiGNi4YAFvOMiQRj1iSWpZKQTcoI8l5G2O25M9fY94YIG/p2chMTx0NCnA4qRVFRPv761Sqfl3gW0JfWIgLE9mxlz0k9S6XIupWkj+Umr5blmlcxyTy8aFWMWcBmYGSiCLJo9/cnuBzjyiC8xQ0J0TSOUToy4pJiRpGBHgoQIj9GQdBX0kdrkxLP7EniimD4cBFw9X8IZ+7sjRp4QE89VlR6SI7GoTcn/tG4kB+dOTP0wksTH6aJBxKAM4NRA2KecYMkmCiDMqboV4hHiCEtlc0GZYC5+eRm0qhXTqJg3tWK9ltmRB0fgGJSACc5AHVyBJrAABg/gGbyBd+1Re9U+tM+0NKdlPYfgT2hf3wJHp2g=</latexit>

W = yt (QAHu
c
A +QBHu

c
B +QCHu

c
C)

<latexit sha1_base64="NngBm5f/uk9SGJygcvUsV4yUIsE="></latexit><latexit sha1_base64="NngBm5f/uk9SGJygcvUsV4yUIsE="></latexit><latexit sha1_base64="NngBm5f/uk9SGJygcvUsV4yUIsE="></latexit><latexit sha1_base64="NngBm5f/uk9SGJygcvUsV4yUIsE="></latexit>

+M(u0
Bu

c
B + u0

Cu
c
C) + !(QBQ

0c
B +QCQ

0c
C)

<latexit sha1_base64="2GRq4YI3Sg4Ju2y0KbIaQ2x7njo="></latexit><latexit sha1_base64="2GRq4YI3Sg4Ju2y0KbIaQ2x7njo="></latexit><latexit sha1_base64="2GRq4YI3Sg4Ju2y0KbIaQ2x7njo="></latexit><latexit sha1_base64="2GRq4YI3Sg4Ju2y0KbIaQ2x7njo="></latexit>

Vs = + em2
⇣
| eQA|2 + |ũc

A|
2
⌘
� em2

⇣
|ũc

B |
2 + |ũc

C |
2
⌘

<latexit sha1_base64="iw+bR39VyeH9pQUZWz3mWShoHGY="></latexit><latexit sha1_base64="iw+bR39VyeH9pQUZWz3mWShoHGY="></latexit><latexit sha1_base64="iw+bR39VyeH9pQUZWz3mWShoHGY="></latexit><latexit sha1_base64="iw+bR39VyeH9pQUZWz3mWShoHGY="></latexit>

raise SM-colored stops lower SU(2)-singlet  
hidden stops

accidental SUSY 
for

m̃ ! M
<latexit sha1_base64="d+Kn9bBjM27LW/j9Q4DFV5fAloM=">AAAB+HicbVBNS8NAEN3Ur1o/WvXoZbEInkoioh4LXrwIFewHNKFsNpN26e4m7G6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDDlTBvX/XZKa+sbm1vl7crO7t5+tXZw2NFJpii0acIT1QuJBs4ktA0zHHqpAiJCDt1wfDPzu4+gNEvkg5mkEAgylCxmlBgrDWpV3zAeQS6m2DcJvhvU6m7DnQOvEq8gdVSgNah9+VFCMwHSUE607ntuaoKcKMMoh2nFzzSkhI7JEPqWSiJAB/n88Ck+tUqE40TZkgbP1d8TORFaT0RoOwUxI73szcT/vH5m4usgZzLNDEi6WBRnHNsXZyngiCmghk8sIVQxeyumI6IINTarig3BW355lXTOG57b8O4v6s3LIo4yOkYn6Ax56Ao10S1qoTaiKEPP6BW9OU/Oi/PufCxaS04xc4T+wPn8AVldktQ=</latexit><latexit sha1_base64="d+Kn9bBjM27LW/j9Q4DFV5fAloM=">AAAB+HicbVBNS8NAEN3Ur1o/WvXoZbEInkoioh4LXrwIFewHNKFsNpN26e4m7G6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDDlTBvX/XZKa+sbm1vl7crO7t5+tXZw2NFJpii0acIT1QuJBs4ktA0zHHqpAiJCDt1wfDPzu4+gNEvkg5mkEAgylCxmlBgrDWpV3zAeQS6m2DcJvhvU6m7DnQOvEq8gdVSgNah9+VFCMwHSUE607ntuaoKcKMMoh2nFzzSkhI7JEPqWSiJAB/n88Ck+tUqE40TZkgbP1d8TORFaT0RoOwUxI73szcT/vH5m4usgZzLNDEi6WBRnHNsXZyngiCmghk8sIVQxeyumI6IINTarig3BW355lXTOG57b8O4v6s3LIo4yOkYn6Ax56Ao10S1qoTaiKEPP6BW9OU/Oi/PufCxaS04xc4T+wPn8AVldktQ=</latexit><latexit sha1_base64="d+Kn9bBjM27LW/j9Q4DFV5fAloM=">AAAB+HicbVBNS8NAEN3Ur1o/WvXoZbEInkoioh4LXrwIFewHNKFsNpN26e4m7G6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDDlTBvX/XZKa+sbm1vl7crO7t5+tXZw2NFJpii0acIT1QuJBs4ktA0zHHqpAiJCDt1wfDPzu4+gNEvkg5mkEAgylCxmlBgrDWpV3zAeQS6m2DcJvhvU6m7DnQOvEq8gdVSgNah9+VFCMwHSUE607ntuaoKcKMMoh2nFzzSkhI7JEPqWSiJAB/n88Ck+tUqE40TZkgbP1d8TORFaT0RoOwUxI73szcT/vH5m4usgZzLNDEi6WBRnHNsXZyngiCmghk8sIVQxeyumI6IINTarig3BW355lXTOG57b8O4v6s3LIo4yOkYn6Ax56Ao10S1qoTaiKEPP6BW9OU/Oi/PufCxaS04xc4T+wPn8AVldktQ=</latexit><latexit sha1_base64="d+Kn9bBjM27LW/j9Q4DFV5fAloM=">AAAB+HicbVBNS8NAEN3Ur1o/WvXoZbEInkoioh4LXrwIFewHNKFsNpN26e4m7G6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDDlTBvX/XZKa+sbm1vl7crO7t5+tXZw2NFJpii0acIT1QuJBs4ktA0zHHqpAiJCDt1wfDPzu4+gNEvkg5mkEAgylCxmlBgrDWpV3zAeQS6m2DcJvhvU6m7DnQOvEq8gdVSgNah9+VFCMwHSUE607ntuaoKcKMMoh2nFzzSkhI7JEPqWSiJAB/n88Ck+tUqE40TZkgbP1d8TORFaT0RoOwUxI73szcT/vH5m4usgZzLNDEi6WBRnHNsXZyngiCmghk8sIVQxeyumI6IINTarig3BW355lXTOG57b8O4v6s3LIo4yOkYn6Ax56Ao10S1qoTaiKEPP6BW9OU/Oi/PufCxaS04xc4T+wPn8AVldktQ=</latexit>

few TeV

Cheng, Li, Salvioni,  
Verhaaren 2018

Z3
<latexit sha1_base64="mwK70lR1rFKTHv/cRU0DDJOa/ns=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUsMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDGt+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1dVeq1PI4inMApnIMH11CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDd8416</latexit><latexit sha1_base64="mwK70lR1rFKTHv/cRU0DDJOa/ns=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUsMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDGt+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1dVeq1PI4inMApnIMH11CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDd8416</latexit><latexit sha1_base64="mwK70lR1rFKTHv/cRU0DDJOa/ns=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUsMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDGt+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1dVeq1PI4inMApnIMH11CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDd8416</latexit><latexit sha1_base64="mwK70lR1rFKTHv/cRU0DDJOa/ns=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUsMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDGt+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1dVeq1PI4inMApnIMH11CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDd8416</latexit>

Z2
<latexit sha1_base64="GrZo+zemdhAasCf5UKah4+GftHo=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwVZIi2GXBjcsK9oFtCJPJTTt0MgkzE6GGfokbF4q49VPc+TdO0yy09cCFwzn3zp17gpQzpR3n29rY3Nre2a3sVfcPDo9q9vFJTyWZpNClCU/kICAKOBPQ1UxzGKQSSBxw6AfTm4XffwSpWCLu9SwFLyZjwSJGiTaSb9dGxRu5hHCOH/ymb9edhlMArxO3JHVUouPbX6MwoVkMQlNOlBq6Tqq9nEjNKId5dZQpSAmdkjEMDRUkBuXlxdI5vjBKiKNEmhIaF+rviZzESs3iwHTGRE/UqrcQ//OGmY5aXs5EmmkQdLkoyjjWCV6kgEMmgWo+M4RQycxfMZ0QSag2WVVNCO7qyeuk12y4TsO9u6q3W2UcFXSGztElctE1aqNb1EFdRFGGntErerOerBfr3fpYtm5Y5cwp+gPr8weCMZLw</latexit><latexit sha1_base64="GrZo+zemdhAasCf5UKah4+GftHo=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwVZIi2GXBjcsK9oFtCJPJTTt0MgkzE6GGfokbF4q49VPc+TdO0yy09cCFwzn3zp17gpQzpR3n29rY3Nre2a3sVfcPDo9q9vFJTyWZpNClCU/kICAKOBPQ1UxzGKQSSBxw6AfTm4XffwSpWCLu9SwFLyZjwSJGiTaSb9dGxRu5hHCOH/ymb9edhlMArxO3JHVUouPbX6MwoVkMQlNOlBq6Tqq9nEjNKId5dZQpSAmdkjEMDRUkBuXlxdI5vjBKiKNEmhIaF+rviZzESs3iwHTGRE/UqrcQ//OGmY5aXs5EmmkQdLkoyjjWCV6kgEMmgWo+M4RQycxfMZ0QSag2WVVNCO7qyeuk12y4TsO9u6q3W2UcFXSGztElctE1aqNb1EFdRFGGntErerOerBfr3fpYtm5Y5cwp+gPr8weCMZLw</latexit><latexit sha1_base64="GrZo+zemdhAasCf5UKah4+GftHo=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwVZIi2GXBjcsK9oFtCJPJTTt0MgkzE6GGfokbF4q49VPc+TdO0yy09cCFwzn3zp17gpQzpR3n29rY3Nre2a3sVfcPDo9q9vFJTyWZpNClCU/kICAKOBPQ1UxzGKQSSBxw6AfTm4XffwSpWCLu9SwFLyZjwSJGiTaSb9dGxRu5hHCOH/ymb9edhlMArxO3JHVUouPbX6MwoVkMQlNOlBq6Tqq9nEjNKId5dZQpSAmdkjEMDRUkBuXlxdI5vjBKiKNEmhIaF+rviZzESs3iwHTGRE/UqrcQ//OGmY5aXs5EmmkQdLkoyjjWCV6kgEMmgWo+M4RQycxfMZ0QSag2WVVNCO7qyeuk12y4TsO9u6q3W2UcFXSGztElctE1aqNb1EFdRFGGntErerOerBfr3fpYtm5Y5cwp+gPr8weCMZLw</latexit><latexit sha1_base64="GrZo+zemdhAasCf5UKah4+GftHo=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwVZIi2GXBjcsK9oFtCJPJTTt0MgkzE6GGfokbF4q49VPc+TdO0yy09cCFwzn3zp17gpQzpR3n29rY3Nre2a3sVfcPDo9q9vFJTyWZpNClCU/kICAKOBPQ1UxzGKQSSBxw6AfTm4XffwSpWCLu9SwFLyZjwSJGiTaSb9dGxRu5hHCOH/ymb9edhlMArxO3JHVUouPbX6MwoVkMQlNOlBq6Tqq9nEjNKId5dZQpSAmdkjEMDRUkBuXlxdI5vjBKiKNEmhIaF+rviZzESs3iwHTGRE/UqrcQ//OGmY5aXs5EmmkQdLkoyjjWCV6kgEMmgWo+M4RQycxfMZ0QSag2WVVNCO7qyeuk12y4TsO9u6q3W2UcFXSGztElctE1aqNb1EFdRFGGntErerOerBfr3fpYtm5Y5cwp+gPr8weCMZLw</latexit>



A Tripled Top model
• Departures from accidental SUSY limit: 

                      + SUSY mass for doublets, 
     
   Both OK as long as                                       , for example 

�m2
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⇡ �Ncy2t
8⇡2

!2 ln
M2

!2
<latexit sha1_base64="9J044QtS3yICah5EV8+j4nYag/w="></latexit><latexit sha1_base64="9J044QtS3yICah5EV8+j4nYag/w="></latexit><latexit sha1_base64="9J044QtS3yICah5EV8+j4nYag/w="></latexit><latexit sha1_base64="9J044QtS3yICah5EV8+j4nYag/w="></latexit>

em 6= M
<latexit sha1_base64="kV1hwFsaTnZgJo9D1LCkXS3eV9w=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEVPJWkB/VY8OJFqGA/oAlls5m2SzebuLtRSuzBv+LFgyJe/Rve/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+zae/tNFaeSQoPGPJbtgCjgTEBDM82hnUggUcChFQwvJ37rHqRisbjVowT8iPQF6zFKtJG69mHZe2AhaMZDyKIx9gTc4ety1y45FWcKvEjcnJRQjnrX/vLCmKYRCE05UarjOon2MyI1oxzGRS9VkBA6JH3oGCpIBMrPpveP8YlRQtyLpSmh8VT9PZGRSKlRFJjOiOiBmvcm4n9eJ9W9Cz9jIkk1CDpb1Es51jGehIFDJoFqPjKEUMnMrZgOiCRUm8iKJgR3/uVF0qxWXKfi3lRLtbM8jgI6QsfoFLnoHNXQFaqjBqLoET2jV/RmPVkv1rv1MWtdsvKZA/QH1ucPDsCVag==</latexit><latexit sha1_base64="kV1hwFsaTnZgJo9D1LCkXS3eV9w=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEVPJWkB/VY8OJFqGA/oAlls5m2SzebuLtRSuzBv+LFgyJe/Rve/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+zae/tNFaeSQoPGPJbtgCjgTEBDM82hnUggUcChFQwvJ37rHqRisbjVowT8iPQF6zFKtJG69mHZe2AhaMZDyKIx9gTc4ety1y45FWcKvEjcnJRQjnrX/vLCmKYRCE05UarjOon2MyI1oxzGRS9VkBA6JH3oGCpIBMrPpveP8YlRQtyLpSmh8VT9PZGRSKlRFJjOiOiBmvcm4n9eJ9W9Cz9jIkk1CDpb1Es51jGehIFDJoFqPjKEUMnMrZgOiCRUm8iKJgR3/uVF0qxWXKfi3lRLtbM8jgI6QsfoFLnoHNXQFaqjBqLoET2jV/RmPVkv1rv1MWtdsvKZA/QH1ucPDsCVag==</latexit><latexit sha1_base64="kV1hwFsaTnZgJo9D1LCkXS3eV9w=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEVPJWkB/VY8OJFqGA/oAlls5m2SzebuLtRSuzBv+LFgyJe/Rve/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+zae/tNFaeSQoPGPJbtgCjgTEBDM82hnUggUcChFQwvJ37rHqRisbjVowT8iPQF6zFKtJG69mHZe2AhaMZDyKIx9gTc4ety1y45FWcKvEjcnJRQjnrX/vLCmKYRCE05UarjOon2MyI1oxzGRS9VkBA6JH3oGCpIBMrPpveP8YlRQtyLpSmh8VT9PZGRSKlRFJjOiOiBmvcm4n9eJ9W9Cz9jIkk1CDpb1Es51jGehIFDJoFqPjKEUMnMrZgOiCRUm8iKJgR3/uVF0qxWXKfi3lRLtbM8jgI6QsfoFLnoHNXQFaqjBqLoET2jV/RmPVkv1rv1MWtdsvKZA/QH1ucPDsCVag==</latexit><latexit sha1_base64="kV1hwFsaTnZgJo9D1LCkXS3eV9w=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEVPJWkB/VY8OJFqGA/oAlls5m2SzebuLtRSuzBv+LFgyJe/Rve/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+zae/tNFaeSQoPGPJbtgCjgTEBDM82hnUggUcChFQwvJ37rHqRisbjVowT8iPQF6zFKtJG69mHZe2AhaMZDyKIx9gTc4ety1y45FWcKvEjcnJRQjnrX/vLCmKYRCE05UarjOon2MyI1oxzGRS9VkBA6JH3oGCpIBMrPpveP8YlRQtyLpSmh8VT9PZGRSKlRFJjOiOiBmvcm4n9eJ9W9Cz9jIkk1CDpb1Es51jGehIFDJoFqPjKEUMnMrZgOiCRUm8iKJgR3/uVF0qxWXKfi3lRLtbM8jgI6QsfoFLnoHNXQFaqjBqLoET2jV/RmPVkv1rv1MWtdsvKZA/QH1ucPDsCVag==</latexit>

!(QBQ0c
B +QCQ0c

C) 2 W
<latexit sha1_base64="vjdX/43cHsLqRYe9IDU6uOgPlvg=">AAACIXicbVDLSgMxFM34tr6qLt0EW6EilJkutMuiG5cK9gGdOmTSOzWYx5BkhDL0V9z4K25cKOJO/BnT2kW1HjhwOOdeknvilDNjff/TW1hcWl5ZXVsvbGxube8Ud/daRmWaQpMqrnQnJgY4k9C0zHLopBqIiDm04/uLcd5+AG2Ykjd2mEJPkIFkCaPEOisq1suhEjAguHIdnWPH2zxMNROA6QifOONizBnzGIdM4nY5Kpb8qj8BnhfBVJTQFFdR8SPsK5oJkJZyYkw38FPby4m2jHIYFcLMQEroPRlA10lJBJhePrlwhI+c08eJ0o7S4ok7u5ETYcxQxG5SEHtn/mZj87+sm9mk3suZTDMLkv48lGQcW4XHdeE+00AtHzpBqGbur5jeEU2odaUWXAnB35PnRatWDfxqcF0rNU6ndayhA3SIKihAZ6iBLtEVaiKKHtEzekVv3pP34r17Hz+jC950Zx/9gvf1Dd+QoM4=</latexit><latexit sha1_base64="vjdX/43cHsLqRYe9IDU6uOgPlvg=">AAACIXicbVDLSgMxFM34tr6qLt0EW6EilJkutMuiG5cK9gGdOmTSOzWYx5BkhDL0V9z4K25cKOJO/BnT2kW1HjhwOOdeknvilDNjff/TW1hcWl5ZXVsvbGxube8Ud/daRmWaQpMqrnQnJgY4k9C0zHLopBqIiDm04/uLcd5+AG2Ykjd2mEJPkIFkCaPEOisq1suhEjAguHIdnWPH2zxMNROA6QifOONizBnzGIdM4nY5Kpb8qj8BnhfBVJTQFFdR8SPsK5oJkJZyYkw38FPby4m2jHIYFcLMQEroPRlA10lJBJhePrlwhI+c08eJ0o7S4ok7u5ETYcxQxG5SEHtn/mZj87+sm9mk3suZTDMLkv48lGQcW4XHdeE+00AtHzpBqGbur5jeEU2odaUWXAnB35PnRatWDfxqcF0rNU6ndayhA3SIKihAZ6iBLtEVaiKKHtEzekVv3pP34r17Hz+jC950Zx/9gvf1Dd+QoM4=</latexit><latexit sha1_base64="vjdX/43cHsLqRYe9IDU6uOgPlvg=">AAACIXicbVDLSgMxFM34tr6qLt0EW6EilJkutMuiG5cK9gGdOmTSOzWYx5BkhDL0V9z4K25cKOJO/BnT2kW1HjhwOOdeknvilDNjff/TW1hcWl5ZXVsvbGxube8Ud/daRmWaQpMqrnQnJgY4k9C0zHLopBqIiDm04/uLcd5+AG2Ykjd2mEJPkIFkCaPEOisq1suhEjAguHIdnWPH2zxMNROA6QifOONizBnzGIdM4nY5Kpb8qj8BnhfBVJTQFFdR8SPsK5oJkJZyYkw38FPby4m2jHIYFcLMQEroPRlA10lJBJhePrlwhI+c08eJ0o7S4ok7u5ETYcxQxG5SEHtn/mZj87+sm9mk3suZTDMLkv48lGQcW4XHdeE+00AtHzpBqGbur5jeEU2odaUWXAnB35PnRatWDfxqcF0rNU6ndayhA3SIKihAZ6iBLtEVaiKKHtEzekVv3pP34r17Hz+jC950Zx/9gvf1Dd+QoM4=</latexit><latexit sha1_base64="vjdX/43cHsLqRYe9IDU6uOgPlvg=">AAACIXicbVDLSgMxFM34tr6qLt0EW6EilJkutMuiG5cK9gGdOmTSOzWYx5BkhDL0V9z4K25cKOJO/BnT2kW1HjhwOOdeknvilDNjff/TW1hcWl5ZXVsvbGxube8Ud/daRmWaQpMqrnQnJgY4k9C0zHLopBqIiDm04/uLcd5+AG2Ykjd2mEJPkIFkCaPEOisq1suhEjAguHIdnWPH2zxMNROA6QifOONizBnzGIdM4nY5Kpb8qj8BnhfBVJTQFFdR8SPsK5oJkJZyYkw38FPby4m2jHIYFcLMQEroPRlA10lJBJhePrlwhI+c08eJ0o7S4ok7u5ETYcxQxG5SEHtn/mZj87+sm9mk3suZTDMLkv48lGQcW4XHdeE+00AtHzpBqGbur5jeEU2odaUWXAnB35PnRatWDfxqcF0rNU6ndayhA3SIKihAZ6iBLtEVaiKKHtEzekVv3pP34r17Hz+jC950Zx/9gvf1Dd+QoM4=</latexit>

p
M2 � em2, ! ⌧ TeV

<latexit sha1_base64="PWlaXhOsGzJUopERN+q2pTr8cGY="></latexit><latexit sha1_base64="PWlaXhOsGzJUopERN+q2pTr8cGY="></latexit><latexit sha1_base64="PWlaXhOsGzJUopERN+q2pTr8cGY="></latexit><latexit sha1_base64="PWlaXhOsGzJUopERN+q2pTr8cGY="></latexit>



A Tripled Top model
• Departures from accidental SUSY limit: 

                      + SUSY mass for doublets, 
     
   Both OK as long as                                       , for example 

• Hypercharge assignments for hidden fields are free,  

   only requirement is invariance of Yukawas 

            We can choose

�m2
H

⇡ �Ncy2t
8⇡2

!2 ln
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<latexit sha1_base64="9J044QtS3yICah5EV8+j4nYag/w="></latexit><latexit sha1_base64="9J044QtS3yICah5EV8+j4nYag/w="></latexit><latexit sha1_base64="9J044QtS3yICah5EV8+j4nYag/w="></latexit><latexit sha1_base64="9J044QtS3yICah5EV8+j4nYag/w="></latexit>

W = yt (QAHu
c
A +QBHu

c
B +QCHu

c
C)

<latexit sha1_base64="NngBm5f/uk9SGJygcvUsV4yUIsE="></latexit><latexit sha1_base64="NngBm5f/uk9SGJygcvUsV4yUIsE="></latexit><latexit sha1_base64="NngBm5f/uk9SGJygcvUsV4yUIsE="></latexit><latexit sha1_base64="NngBm5f/uk9SGJygcvUsV4yUIsE="></latexit>

QB,C ,⇠ 2�1/2 uc
B,C ⇠ 10

<latexit sha1_base64="XRrxmq4/e0p3Iz7CjIfx0CrUFno=">AAACK3icbVDLTsJAFJ3iC/FVdelmIjFxgdgSEl0S2LiERB4JxWY6ncKE6YOZqQlp+j9u/BUXuvARt/6HA3Qh4EkmOTnn3My9x4kYFdIwPrXcxubW9k5+t7C3f3B4pB+fdEQYc0zaOGQh7zlIEEYD0pZUMtKLOEG+w0jXGTdmfveRcEHD4F5OIzLw0TCgHsVIKsnW6y07qZcaaQlagvrQ8pEcOV5SSe3kCprXldSaTGLkwngRe8DLOTO1DVsvGmVjDrhOzIwUQYamrb9abohjnwQSMyRE3zQiOUgQlxQzkhasWJAI4TEakr6iAfKJGCTzW1N4oRQXeiFXL5Bwrv6dSJAvxNR3VHK2o1j1ZuJ/Xj+W3u0goUEUSxLgxUdezKAM4aw46FJOsGRTRRDmVO0K8QhxhKWqt6BKMFdPXiedStk0ymarWqxVszry4Aycg0tgghtQA3egCdoAgyfwAt7Bh/asvWlf2vcimtOymVOwBO3nF5Ywpgo=</latexit><latexit sha1_base64="XRrxmq4/e0p3Iz7CjIfx0CrUFno=">AAACK3icbVDLTsJAFJ3iC/FVdelmIjFxgdgSEl0S2LiERB4JxWY6ncKE6YOZqQlp+j9u/BUXuvARt/6HA3Qh4EkmOTnn3My9x4kYFdIwPrXcxubW9k5+t7C3f3B4pB+fdEQYc0zaOGQh7zlIEEYD0pZUMtKLOEG+w0jXGTdmfveRcEHD4F5OIzLw0TCgHsVIKsnW6y07qZcaaQlagvrQ8pEcOV5SSe3kCprXldSaTGLkwngRe8DLOTO1DVsvGmVjDrhOzIwUQYamrb9abohjnwQSMyRE3zQiOUgQlxQzkhasWJAI4TEakr6iAfKJGCTzW1N4oRQXeiFXL5Bwrv6dSJAvxNR3VHK2o1j1ZuJ/Xj+W3u0goUEUSxLgxUdezKAM4aw46FJOsGRTRRDmVO0K8QhxhKWqt6BKMFdPXiedStk0ymarWqxVszry4Aycg0tgghtQA3egCdoAgyfwAt7Bh/asvWlf2vcimtOymVOwBO3nF5Ywpgo=</latexit><latexit sha1_base64="XRrxmq4/e0p3Iz7CjIfx0CrUFno=">AAACK3icbVDLTsJAFJ3iC/FVdelmIjFxgdgSEl0S2LiERB4JxWY6ncKE6YOZqQlp+j9u/BUXuvARt/6HA3Qh4EkmOTnn3My9x4kYFdIwPrXcxubW9k5+t7C3f3B4pB+fdEQYc0zaOGQh7zlIEEYD0pZUMtKLOEG+w0jXGTdmfveRcEHD4F5OIzLw0TCgHsVIKsnW6y07qZcaaQlagvrQ8pEcOV5SSe3kCprXldSaTGLkwngRe8DLOTO1DVsvGmVjDrhOzIwUQYamrb9abohjnwQSMyRE3zQiOUgQlxQzkhasWJAI4TEakr6iAfKJGCTzW1N4oRQXeiFXL5Bwrv6dSJAvxNR3VHK2o1j1ZuJ/Xj+W3u0goUEUSxLgxUdezKAM4aw46FJOsGRTRRDmVO0K8QhxhKWqt6BKMFdPXiedStk0ymarWqxVszry4Aycg0tgghtQA3egCdoAgyfwAt7Bh/asvWlf2vcimtOymVOwBO3nF5Ywpgo=</latexit><latexit sha1_base64="XRrxmq4/e0p3Iz7CjIfx0CrUFno=">AAACK3icbVDLTsJAFJ3iC/FVdelmIjFxgdgSEl0S2LiERB4JxWY6ncKE6YOZqQlp+j9u/BUXuvARt/6HA3Qh4EkmOTnn3My9x4kYFdIwPrXcxubW9k5+t7C3f3B4pB+fdEQYc0zaOGQh7zlIEEYD0pZUMtKLOEG+w0jXGTdmfveRcEHD4F5OIzLw0TCgHsVIKsnW6y07qZcaaQlagvrQ8pEcOV5SSe3kCprXldSaTGLkwngRe8DLOTO1DVsvGmVjDrhOzIwUQYamrb9abohjnwQSMyRE3zQiOUgQlxQzkhasWJAI4TEakr6iAfKJGCTzW1N4oRQXeiFXL5Bwrv6dSJAvxNR3VHK2o1j1ZuJ/Xj+W3u0goUEUSxLgxUdezKAM4aw46FJOsGRTRRDmVO0K8QhxhKWqt6BKMFdPXiedStk0ymarWqxVszry4Aycg0tgghtQA3egCdoAgyfwAt7Bh/asvWlf2vcimtOymVOwBO3nF5Ywpgo=</latexit>

SM-singlet scalar 
top partners

em 6= M
<latexit sha1_base64="kV1hwFsaTnZgJo9D1LCkXS3eV9w=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEVPJWkB/VY8OJFqGA/oAlls5m2SzebuLtRSuzBv+LFgyJe/Rve/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+zae/tNFaeSQoPGPJbtgCjgTEBDM82hnUggUcChFQwvJ37rHqRisbjVowT8iPQF6zFKtJG69mHZe2AhaMZDyKIx9gTc4ety1y45FWcKvEjcnJRQjnrX/vLCmKYRCE05UarjOon2MyI1oxzGRS9VkBA6JH3oGCpIBMrPpveP8YlRQtyLpSmh8VT9PZGRSKlRFJjOiOiBmvcm4n9eJ9W9Cz9jIkk1CDpb1Es51jGehIFDJoFqPjKEUMnMrZgOiCRUm8iKJgR3/uVF0qxWXKfi3lRLtbM8jgI6QsfoFLnoHNXQFaqjBqLoET2jV/RmPVkv1rv1MWtdsvKZA/QH1ucPDsCVag==</latexit><latexit sha1_base64="kV1hwFsaTnZgJo9D1LCkXS3eV9w=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEVPJWkB/VY8OJFqGA/oAlls5m2SzebuLtRSuzBv+LFgyJe/Rve/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+zae/tNFaeSQoPGPJbtgCjgTEBDM82hnUggUcChFQwvJ37rHqRisbjVowT8iPQF6zFKtJG69mHZe2AhaMZDyKIx9gTc4ety1y45FWcKvEjcnJRQjnrX/vLCmKYRCE05UarjOon2MyI1oxzGRS9VkBA6JH3oGCpIBMrPpveP8YlRQtyLpSmh8VT9PZGRSKlRFJjOiOiBmvcm4n9eJ9W9Cz9jIkk1CDpb1Es51jGehIFDJoFqPjKEUMnMrZgOiCRUm8iKJgR3/uVF0qxWXKfi3lRLtbM8jgI6QsfoFLnoHNXQFaqjBqLoET2jV/RmPVkv1rv1MWtdsvKZA/QH1ucPDsCVag==</latexit><latexit sha1_base64="kV1hwFsaTnZgJo9D1LCkXS3eV9w=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEVPJWkB/VY8OJFqGA/oAlls5m2SzebuLtRSuzBv+LFgyJe/Rve/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+zae/tNFaeSQoPGPJbtgCjgTEBDM82hnUggUcChFQwvJ37rHqRisbjVowT8iPQF6zFKtJG69mHZe2AhaMZDyKIx9gTc4ety1y45FWcKvEjcnJRQjnrX/vLCmKYRCE05UarjOon2MyI1oxzGRS9VkBA6JH3oGCpIBMrPpveP8YlRQtyLpSmh8VT9PZGRSKlRFJjOiOiBmvcm4n9eJ9W9Cz9jIkk1CDpb1Es51jGehIFDJoFqPjKEUMnMrZgOiCRUm8iKJgR3/uVF0qxWXKfi3lRLtbM8jgI6QsfoFLnoHNXQFaqjBqLoET2jV/RmPVkv1rv1MWtdsvKZA/QH1ucPDsCVag==</latexit><latexit sha1_base64="kV1hwFsaTnZgJo9D1LCkXS3eV9w=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEVPJWkB/VY8OJFqGA/oAlls5m2SzebuLtRSuzBv+LFgyJe/Rve/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+zae/tNFaeSQoPGPJbtgCjgTEBDM82hnUggUcChFQwvJ37rHqRisbjVowT8iPQF6zFKtJG69mHZe2AhaMZDyKIx9gTc4ety1y45FWcKvEjcnJRQjnrX/vLCmKYRCE05UarjOon2MyI1oxzGRS9VkBA6JH3oGCpIBMrPpveP8YlRQtyLpSmh8VT9PZGRSKlRFJjOiOiBmvcm4n9eJ9W9Cz9jIkk1CDpb1Es51jGehIFDJoFqPjKEUMnMrZgOiCRUm8iKJgR3/uVF0qxWXKfi3lRLtbM8jgI6QsfoFLnoHNXQFaqjBqLoET2jV/RmPVkv1rv1MWtdsvKZA/QH1ucPDsCVag==</latexit>

!(QBQ0c
B +QCQ0c

C) 2 W
<latexit sha1_base64="vjdX/43cHsLqRYe9IDU6uOgPlvg=">AAACIXicbVDLSgMxFM34tr6qLt0EW6EilJkutMuiG5cK9gGdOmTSOzWYx5BkhDL0V9z4K25cKOJO/BnT2kW1HjhwOOdeknvilDNjff/TW1hcWl5ZXVsvbGxube8Ud/daRmWaQpMqrnQnJgY4k9C0zHLopBqIiDm04/uLcd5+AG2Ykjd2mEJPkIFkCaPEOisq1suhEjAguHIdnWPH2zxMNROA6QifOONizBnzGIdM4nY5Kpb8qj8BnhfBVJTQFFdR8SPsK5oJkJZyYkw38FPby4m2jHIYFcLMQEroPRlA10lJBJhePrlwhI+c08eJ0o7S4ok7u5ETYcxQxG5SEHtn/mZj87+sm9mk3suZTDMLkv48lGQcW4XHdeE+00AtHzpBqGbur5jeEU2odaUWXAnB35PnRatWDfxqcF0rNU6ndayhA3SIKihAZ6iBLtEVaiKKHtEzekVv3pP34r17Hz+jC950Zx/9gvf1Dd+QoM4=</latexit><latexit sha1_base64="vjdX/43cHsLqRYe9IDU6uOgPlvg=">AAACIXicbVDLSgMxFM34tr6qLt0EW6EilJkutMuiG5cK9gGdOmTSOzWYx5BkhDL0V9z4K25cKOJO/BnT2kW1HjhwOOdeknvilDNjff/TW1hcWl5ZXVsvbGxube8Ud/daRmWaQpMqrnQnJgY4k9C0zHLopBqIiDm04/uLcd5+AG2Ykjd2mEJPkIFkCaPEOisq1suhEjAguHIdnWPH2zxMNROA6QifOONizBnzGIdM4nY5Kpb8qj8BnhfBVJTQFFdR8SPsK5oJkJZyYkw38FPby4m2jHIYFcLMQEroPRlA10lJBJhePrlwhI+c08eJ0o7S4ok7u5ETYcxQxG5SEHtn/mZj87+sm9mk3suZTDMLkv48lGQcW4XHdeE+00AtHzpBqGbur5jeEU2odaUWXAnB35PnRatWDfxqcF0rNU6ndayhA3SIKihAZ6iBLtEVaiKKHtEzekVv3pP34r17Hz+jC950Zx/9gvf1Dd+QoM4=</latexit><latexit sha1_base64="vjdX/43cHsLqRYe9IDU6uOgPlvg=">AAACIXicbVDLSgMxFM34tr6qLt0EW6EilJkutMuiG5cK9gGdOmTSOzWYx5BkhDL0V9z4K25cKOJO/BnT2kW1HjhwOOdeknvilDNjff/TW1hcWl5ZXVsvbGxube8Ud/daRmWaQpMqrnQnJgY4k9C0zHLopBqIiDm04/uLcd5+AG2Ykjd2mEJPkIFkCaPEOisq1suhEjAguHIdnWPH2zxMNROA6QifOONizBnzGIdM4nY5Kpb8qj8BnhfBVJTQFFdR8SPsK5oJkJZyYkw38FPby4m2jHIYFcLMQEroPRlA10lJBJhePrlwhI+c08eJ0o7S4ok7u5ETYcxQxG5SEHtn/mZj87+sm9mk3suZTDMLkv48lGQcW4XHdeE+00AtHzpBqGbur5jeEU2odaUWXAnB35PnRatWDfxqcF0rNU6ndayhA3SIKihAZ6iBLtEVaiKKHtEzekVv3pP34r17Hz+jC950Zx/9gvf1Dd+QoM4=</latexit><latexit sha1_base64="vjdX/43cHsLqRYe9IDU6uOgPlvg=">AAACIXicbVDLSgMxFM34tr6qLt0EW6EilJkutMuiG5cK9gGdOmTSOzWYx5BkhDL0V9z4K25cKOJO/BnT2kW1HjhwOOdeknvilDNjff/TW1hcWl5ZXVsvbGxube8Ud/daRmWaQpMqrnQnJgY4k9C0zHLopBqIiDm04/uLcd5+AG2Ykjd2mEJPkIFkCaPEOisq1suhEjAguHIdnWPH2zxMNROA6QifOONizBnzGIdM4nY5Kpb8qj8BnhfBVJTQFFdR8SPsK5oJkJZyYkw38FPby4m2jHIYFcLMQEroPRlA10lJBJhePrlwhI+c08eJ0o7S4ok7u5ETYcxQxG5SEHtn/mZj87+sm9mk3suZTDMLkv48lGQcW4XHdeE+00AtHzpBqGbur5jeEU2odaUWXAnB35PnRatWDfxqcF0rNU6ndayhA3SIKihAZ6iBLtEVaiKKHtEzekVv3pP34r17Hz+jC950Zx/9gvf1Dd+QoM4=</latexit>

also: Kats, McCullough,  
Perez, Soreq, Thaler 2017

p
M2 � em2, ! ⌧ TeV

<latexit sha1_base64="PWlaXhOsGzJUopERN+q2pTr8cGY="></latexit><latexit sha1_base64="PWlaXhOsGzJUopERN+q2pTr8cGY="></latexit><latexit sha1_base64="PWlaXhOsGzJUopERN+q2pTr8cGY="></latexit><latexit sha1_base64="PWlaXhOsGzJUopERN+q2pTr8cGY="></latexit>



Necessary ingredients

• A particular structure for the soft masses 

Possible origins in next slide 

• A “coincidence” 

   If no mechanism can explain it, tuning  
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<latexit sha1_base64="iw+bR39VyeH9pQUZWz3mWShoHGY="></latexit><latexit sha1_base64="iw+bR39VyeH9pQUZWz3mWShoHGY="></latexit><latexit sha1_base64="iw+bR39VyeH9pQUZWz3mWShoHGY="></latexit><latexit sha1_base64="iw+bR39VyeH9pQUZWz3mWShoHGY="></latexit>

soft SUSY-breaking SUSY

em ⇠ M
<latexit sha1_base64="5gBVwllD+20muAGFp1Lxy4yrZbo=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiQiKLopuHEjVLAPaEKZTG7aoTNJmJkoJRQ3/oobF4q49Svc+TdO2yy09cDlHs65l5l7gpQzpR3n21pYXFpeWS2tldc3Nre27Z3dpkoySaFBE57IdkAUcBZDQzPNoZ1KICLg0AoGV2O/dQ9SsSS+08MUfEF6MYsYJdpIXXvfe2AhaMZDyMXIu8SeYgKbftO1K07VmQDPE7cgFVSg3rW/vDChmYBYU06U6rhOqv2cSM0oh1HZyxSkhA5IDzqGxkSA8vPJCSN8ZJQQR4k0FWs8UX9v5EQoNRSBmRRE99WsNxb/8zqZjs79nMVppiGm04eijGOd4HEeOGQSqOZDQwiVzPwV0z6RhGqTWtmE4M6ePE+aJ1XXqbq3p5XaRRFHCR2gQ3SMXHSGauga1VEDUfSIntErerOerBfr3fqYji5Yxc4e+gPr8wczbZaZ</latexit><latexit sha1_base64="5gBVwllD+20muAGFp1Lxy4yrZbo=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiQiKLopuHEjVLAPaEKZTG7aoTNJmJkoJRQ3/oobF4q49Svc+TdO2yy09cDlHs65l5l7gpQzpR3n21pYXFpeWS2tldc3Nre27Z3dpkoySaFBE57IdkAUcBZDQzPNoZ1KICLg0AoGV2O/dQ9SsSS+08MUfEF6MYsYJdpIXXvfe2AhaMZDyMXIu8SeYgKbftO1K07VmQDPE7cgFVSg3rW/vDChmYBYU06U6rhOqv2cSM0oh1HZyxSkhA5IDzqGxkSA8vPJCSN8ZJQQR4k0FWs8UX9v5EQoNRSBmRRE99WsNxb/8zqZjs79nMVppiGm04eijGOd4HEeOGQSqOZDQwiVzPwV0z6RhGqTWtmE4M6ePE+aJ1XXqbq3p5XaRRFHCR2gQ3SMXHSGauga1VEDUfSIntErerOerBfr3fqYji5Yxc4e+gPr8wczbZaZ</latexit><latexit sha1_base64="5gBVwllD+20muAGFp1Lxy4yrZbo=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiQiKLopuHEjVLAPaEKZTG7aoTNJmJkoJRQ3/oobF4q49Svc+TdO2yy09cDlHs65l5l7gpQzpR3n21pYXFpeWS2tldc3Nre27Z3dpkoySaFBE57IdkAUcBZDQzPNoZ1KICLg0AoGV2O/dQ9SsSS+08MUfEF6MYsYJdpIXXvfe2AhaMZDyMXIu8SeYgKbftO1K07VmQDPE7cgFVSg3rW/vDChmYBYU06U6rhOqv2cSM0oh1HZyxSkhA5IDzqGxkSA8vPJCSN8ZJQQR4k0FWs8UX9v5EQoNRSBmRRE99WsNxb/8zqZjs79nMVppiGm04eijGOd4HEeOGQSqOZDQwiVzPwV0z6RhGqTWtmE4M6ePE+aJ1XXqbq3p5XaRRFHCR2gQ3SMXHSGauga1VEDUfSIntErerOerBfr3fqYji5Yxc4e+gPr8wczbZaZ</latexit><latexit sha1_base64="5gBVwllD+20muAGFp1Lxy4yrZbo=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiQiKLopuHEjVLAPaEKZTG7aoTNJmJkoJRQ3/oobF4q49Svc+TdO2yy09cDlHs65l5l7gpQzpR3n21pYXFpeWS2tldc3Nre27Z3dpkoySaFBE57IdkAUcBZDQzPNoZ1KICLg0AoGV2O/dQ9SsSS+08MUfEF6MYsYJdpIXXvfe2AhaMZDyMXIu8SeYgKbftO1K07VmQDPE7cgFVSg3rW/vDChmYBYU06U6rhOqv2cSM0oh1HZyxSkhA5IDzqGxkSA8vPJCSN8ZJQQR4k0FWs8UX9v5EQoNRSBmRRE99WsNxb/8zqZjs79nMVppiGm04eijGOd4HEeOGQSqOZDQwiVzPwV0z6RhGqTWtmE4M6ePE+aJ1XXqbq3p5XaRRFHCR2gQ3SMXHSGauga1VEDUfSIntErerOerBfr3fqYji5Yxc4e+gPr8wczbZaZ</latexit>

(� =
p

M2 � em2)
<latexit sha1_base64="F+Rr7WyErvLD03fep+ECaBOw8Nk=">AAACEHicbVA9SwNBEN2LXzF+RS1tFoOoheEuCNoIghY2QgSjgdwl7O1NzJK9D3fnlHDkJ9j4V2wsFLG1tPPfuIlX+PVg4PHeDDPz/EQKjbb9YRUmJqemZ4qzpbn5hcWl8vLKhY5TxaHBYxmrps80SBFBAwVKaCYKWOhLuPT7RyP/8gaUFnF0joMEvJBdRaIrOEMjdcqbW+4xSGT0gLr6WmF22q7RHereigBQyACycNiuDbc75Ypdtcegf4mTkwrJUe+U390g5mkIEXLJtG45doJexhQKLmFYclMNCeN9dgUtQyMWgvay8UNDumGUgHZjZSpCOla/T2Qs1HoQ+qYzZNjTv72R+J/XSrG772UiSlKEiH8t6qaSYkxH6dBAKOAoB4YwroS5lfIeU4yjybBkQnB+v/yXXNSqjl11znYrh7t5HEWyRtbJFnHIHjkkJ6ROGoSTO/JAnsizdW89Wi/W61drwcpnVskPWG+foRabqw==</latexit><latexit sha1_base64="F+Rr7WyErvLD03fep+ECaBOw8Nk=">AAACEHicbVA9SwNBEN2LXzF+RS1tFoOoheEuCNoIghY2QgSjgdwl7O1NzJK9D3fnlHDkJ9j4V2wsFLG1tPPfuIlX+PVg4PHeDDPz/EQKjbb9YRUmJqemZ4qzpbn5hcWl8vLKhY5TxaHBYxmrps80SBFBAwVKaCYKWOhLuPT7RyP/8gaUFnF0joMEvJBdRaIrOEMjdcqbW+4xSGT0gLr6WmF22q7RHereigBQyACycNiuDbc75Ypdtcegf4mTkwrJUe+U390g5mkIEXLJtG45doJexhQKLmFYclMNCeN9dgUtQyMWgvay8UNDumGUgHZjZSpCOla/T2Qs1HoQ+qYzZNjTv72R+J/XSrG772UiSlKEiH8t6qaSYkxH6dBAKOAoB4YwroS5lfIeU4yjybBkQnB+v/yXXNSqjl11znYrh7t5HEWyRtbJFnHIHjkkJ6ROGoSTO/JAnsizdW89Wi/W61drwcpnVskPWG+foRabqw==</latexit><latexit sha1_base64="F+Rr7WyErvLD03fep+ECaBOw8Nk=">AAACEHicbVA9SwNBEN2LXzF+RS1tFoOoheEuCNoIghY2QgSjgdwl7O1NzJK9D3fnlHDkJ9j4V2wsFLG1tPPfuIlX+PVg4PHeDDPz/EQKjbb9YRUmJqemZ4qzpbn5hcWl8vLKhY5TxaHBYxmrps80SBFBAwVKaCYKWOhLuPT7RyP/8gaUFnF0joMEvJBdRaIrOEMjdcqbW+4xSGT0gLr6WmF22q7RHereigBQyACycNiuDbc75Ypdtcegf4mTkwrJUe+U390g5mkIEXLJtG45doJexhQKLmFYclMNCeN9dgUtQyMWgvay8UNDumGUgHZjZSpCOla/T2Qs1HoQ+qYzZNjTv72R+J/XSrG772UiSlKEiH8t6qaSYkxH6dBAKOAoB4YwroS5lfIeU4yjybBkQnB+v/yXXNSqjl11znYrh7t5HEWyRtbJFnHIHjkkJ6ROGoSTO/JAnsizdW89Wi/W61drwcpnVskPWG+foRabqw==</latexit><latexit sha1_base64="F+Rr7WyErvLD03fep+ECaBOw8Nk=">AAACEHicbVA9SwNBEN2LXzF+RS1tFoOoheEuCNoIghY2QgSjgdwl7O1NzJK9D3fnlHDkJ9j4V2wsFLG1tPPfuIlX+PVg4PHeDDPz/EQKjbb9YRUmJqemZ4qzpbn5hcWl8vLKhY5TxaHBYxmrps80SBFBAwVKaCYKWOhLuPT7RyP/8gaUFnF0joMEvJBdRaIrOEMjdcqbW+4xSGT0gLr6WmF22q7RHereigBQyACycNiuDbc75Ypdtcegf4mTkwrJUe+U390g5mkIEXLJtG45doJexhQKLmFYclMNCeN9dgUtQyMWgvay8UNDumGUgHZjZSpCOla/T2Qs1HoQ+qYzZNjTv72R+J/XSrG772UiSlKEiH8t6qaSYkxH6dBAKOAoB4YwroS5lfIeU4yjybBkQnB+v/yXXNSqjl11znYrh7t5HEWyRtbJFnHIHjkkJ6ROGoSTO/JAnsizdW89Wi/W61drwcpnVskPWG+foRabqw==</latexit>

� ⇠ few ⇥ (100 GeV)
<latexit sha1_base64="jmS1/UZ8HpBkTJZ3E/D0NRFPc8k=">AAACHHicbVBNS8NAEN34bf2qevSyWIR6KYkWFLwICnpUsFVoQtlsJ3VxNwm7E6WE/hAv/hUvHhTx4kHw37ipFbT1wcDjvRlm5oWpFAZd99OZmJyanpmdmy8tLC4tr5RX15omyTSHBk9koq9CZkCKGBooUMJVqoGpUMJleHNU+Je3oI1I4gvspRAo1o1FJDhDK7XLu/4xSGTUN0JRXzG81iqP4K5PfRQKDK16rusf/Dgn0Oxvt8sVt+YOQMeJNyQVMsRZu/zudxKeKYiRS2ZMy3NTDHKmUXAJ/ZKfGUgZv2FdaFkaM7s4yAfP9emWVTo0SrStGOlA/T2RM2VMT4W2szjSjHqF+J/XyjDaD3IRpxlCzL8XRZmkmNAiKdoRGjjKniWMa2FvpfyaacbR5lmyIXijL4+T5k7Nc2veeb1yWB/GMUc2yCapEo/skUNySs5Ig3ByTx7JM3lxHpwn59V5+26dcIYz6+QPnI8vksug+w==</latexit><latexit sha1_base64="jmS1/UZ8HpBkTJZ3E/D0NRFPc8k=">AAACHHicbVBNS8NAEN34bf2qevSyWIR6KYkWFLwICnpUsFVoQtlsJ3VxNwm7E6WE/hAv/hUvHhTx4kHw37ipFbT1wcDjvRlm5oWpFAZd99OZmJyanpmdmy8tLC4tr5RX15omyTSHBk9koq9CZkCKGBooUMJVqoGpUMJleHNU+Je3oI1I4gvspRAo1o1FJDhDK7XLu/4xSGTUN0JRXzG81iqP4K5PfRQKDK16rusf/Dgn0Oxvt8sVt+YOQMeJNyQVMsRZu/zudxKeKYiRS2ZMy3NTDHKmUXAJ/ZKfGUgZv2FdaFkaM7s4yAfP9emWVTo0SrStGOlA/T2RM2VMT4W2szjSjHqF+J/XyjDaD3IRpxlCzL8XRZmkmNAiKdoRGjjKniWMa2FvpfyaacbR5lmyIXijL4+T5k7Nc2veeb1yWB/GMUc2yCapEo/skUNySs5Ig3ByTx7JM3lxHpwn59V5+26dcIYz6+QPnI8vksug+w==</latexit><latexit sha1_base64="jmS1/UZ8HpBkTJZ3E/D0NRFPc8k=">AAACHHicbVBNS8NAEN34bf2qevSyWIR6KYkWFLwICnpUsFVoQtlsJ3VxNwm7E6WE/hAv/hUvHhTx4kHw37ipFbT1wcDjvRlm5oWpFAZd99OZmJyanpmdmy8tLC4tr5RX15omyTSHBk9koq9CZkCKGBooUMJVqoGpUMJleHNU+Je3oI1I4gvspRAo1o1FJDhDK7XLu/4xSGTUN0JRXzG81iqP4K5PfRQKDK16rusf/Dgn0Oxvt8sVt+YOQMeJNyQVMsRZu/zudxKeKYiRS2ZMy3NTDHKmUXAJ/ZKfGUgZv2FdaFkaM7s4yAfP9emWVTo0SrStGOlA/T2RM2VMT4W2szjSjHqF+J/XyjDaD3IRpxlCzL8XRZmkmNAiKdoRGjjKniWMa2FvpfyaacbR5lmyIXijL4+T5k7Nc2veeb1yWB/GMUc2yCapEo/skUNySs5Ig3ByTx7JM3lxHpwn59V5+26dcIYz6+QPnI8vksug+w==</latexit><latexit sha1_base64="jmS1/UZ8HpBkTJZ3E/D0NRFPc8k=">AAACHHicbVBNS8NAEN34bf2qevSyWIR6KYkWFLwICnpUsFVoQtlsJ3VxNwm7E6WE/hAv/hUvHhTx4kHw37ipFbT1wcDjvRlm5oWpFAZd99OZmJyanpmdmy8tLC4tr5RX15omyTSHBk9koq9CZkCKGBooUMJVqoGpUMJleHNU+Je3oI1I4gvspRAo1o1FJDhDK7XLu/4xSGTUN0JRXzG81iqP4K5PfRQKDK16rusf/Dgn0Oxvt8sVt+YOQMeJNyQVMsRZu/zudxKeKYiRS2ZMy3NTDHKmUXAJ/ZKfGUgZv2FdaFkaM7s4yAfP9emWVTo0SrStGOlA/T2RM2VMT4W2szjSjHqF+J/XyjDaD3IRpxlCzL8XRZmkmNAiKdoRGjjKniWMa2FvpfyaacbR5lmyIXijL4+T5k7Nc2veeb1yWB/GMUc2yCapEo/skUNySs5Ig3ByTx7JM3lxHpwn59V5+26dcIYz6+QPnI8vksug+w==</latexit>

⇠ few %
<latexit sha1_base64="58eTAZoJjCuo/3ltOOa5gViyrbY=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gKrkoiBQU3BTcuK9gHNKFMppN26EwSZiZKiV34K25cKOLW33Dn3zhps9DWAwOHc+7lnjlBwpnSjvNtrayurW9slrbK2zu7e/v2wWFbxakktEViHstugBXlLKItzTSn3URSLAJOO8H4Ovc791QqFkd3epJQX+BhxEJGsDZS3z72FBPIE1iPpMhC+jD1rpBX7dsVp+bMgJaJW5AKFGj27S9vEJNU0EgTjpXquU6i/QxLzQin07KXKppgMsZD2jM0woIqP5vln6KqUQYojKV5kUYz9fdGhoVSExGYyTyoWvRy8T+vl+rw0s9YlKSaRmR+KEw50jHKy0ADJinRfGIIJpKZrIiMsMREm8rKpgR38cvLpH1ec52ae1uvNOpFHSU4gVM4AxcuoAE30IQWEHiEZ3iFN+vJerHerY/56IpV7BzBH1ifP1IhlZU=</latexit><latexit sha1_base64="58eTAZoJjCuo/3ltOOa5gViyrbY=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gKrkoiBQU3BTcuK9gHNKFMppN26EwSZiZKiV34K25cKOLW33Dn3zhps9DWAwOHc+7lnjlBwpnSjvNtrayurW9slrbK2zu7e/v2wWFbxakktEViHstugBXlLKItzTSn3URSLAJOO8H4Ovc791QqFkd3epJQX+BhxEJGsDZS3z72FBPIE1iPpMhC+jD1rpBX7dsVp+bMgJaJW5AKFGj27S9vEJNU0EgTjpXquU6i/QxLzQin07KXKppgMsZD2jM0woIqP5vln6KqUQYojKV5kUYz9fdGhoVSExGYyTyoWvRy8T+vl+rw0s9YlKSaRmR+KEw50jHKy0ADJinRfGIIJpKZrIiMsMREm8rKpgR38cvLpH1ec52ae1uvNOpFHSU4gVM4AxcuoAE30IQWEHiEZ3iFN+vJerHerY/56IpV7BzBH1ifP1IhlZU=</latexit><latexit sha1_base64="58eTAZoJjCuo/3ltOOa5gViyrbY=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gKrkoiBQU3BTcuK9gHNKFMppN26EwSZiZKiV34K25cKOLW33Dn3zhps9DWAwOHc+7lnjlBwpnSjvNtrayurW9slrbK2zu7e/v2wWFbxakktEViHstugBXlLKItzTSn3URSLAJOO8H4Ovc791QqFkd3epJQX+BhxEJGsDZS3z72FBPIE1iPpMhC+jD1rpBX7dsVp+bMgJaJW5AKFGj27S9vEJNU0EgTjpXquU6i/QxLzQin07KXKppgMsZD2jM0woIqP5vln6KqUQYojKV5kUYz9fdGhoVSExGYyTyoWvRy8T+vl+rw0s9YlKSaRmR+KEw50jHKy0ADJinRfGIIJpKZrIiMsMREm8rKpgR38cvLpH1ec52ae1uvNOpFHSU4gVM4AxcuoAE30IQWEHiEZ3iFN+vJerHerY/56IpV7BzBH1ifP1IhlZU=</latexit><latexit sha1_base64="58eTAZoJjCuo/3ltOOa5gViyrbY=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gKrkoiBQU3BTcuK9gHNKFMppN26EwSZiZKiV34K25cKOLW33Dn3zhps9DWAwOHc+7lnjlBwpnSjvNtrayurW9slrbK2zu7e/v2wWFbxakktEViHstugBXlLKItzTSn3URSLAJOO8H4Ovc791QqFkd3epJQX+BhxEJGsDZS3z72FBPIE1iPpMhC+jD1rpBX7dsVp+bMgJaJW5AKFGj27S9vEJNU0EgTjpXquU6i/QxLzQin07KXKppgMsZD2jM0woIqP5vln6KqUQYojKV5kUYz9fdGhoVSExGYyTyoWvRy8T+vl+rw0s9YlKSaRmR+KEw50jHKy0ADJinRfGIIJpKZrIiMsMREm8rKpgR38cvLpH1ec52ae1uvNOpFHSU4gVM4AxcuoAE30IQWEHiEZ3iFN+vJerHerY/56IpV7BzBH1ifP1IhlZU=</latexit>⇠ �2

M2
<latexit sha1_base64="LuR8zcoX6azjL58Utu6HzcvPazw=">AAACDXicbVC7TsMwFHXKq5RXgJHFoiAxVUmFgLESDCxIRaIPqQmV4960Vp2HbAepivIDLPwKCwMIsbKz8Te4aQZoOZKto3Puvb4+XsyZVJb1bZSWlldW18rrlY3Nre0dc3evLaNEUGjRiEei6xEJnIXQUkxx6MYCSOBx6Hjjy6nfeQAhWRTeqUkMbkCGIfMZJUpLffPIyWekAgaZI1mAHV8QmjpXwBW5r2fpjb76ZtWqWTnwIrELUkUFmn3zyxlENAkgVJQTKXu2FSs3JUIxyiGrOImEmNAxGUJP05AEIN003yTDx1oZYD8S+oQK5+rvjpQEUk4CT1cGRI3kvDcV//N6ifIv3JSFcaIgpLOH/IRjFeFpNHjABFDFJ5oQKpjeFdMR0XEoHWBFh2DPf3mRtOs126rZt6fVxlkRRxkdoEN0gmx0jhroGjVRC1H0iJ7RK3oznowX4934mJWWjKJnH/2B8fkDAnicFQ==</latexit><latexit sha1_base64="LuR8zcoX6azjL58Utu6HzcvPazw=">AAACDXicbVC7TsMwFHXKq5RXgJHFoiAxVUmFgLESDCxIRaIPqQmV4960Vp2HbAepivIDLPwKCwMIsbKz8Te4aQZoOZKto3Puvb4+XsyZVJb1bZSWlldW18rrlY3Nre0dc3evLaNEUGjRiEei6xEJnIXQUkxx6MYCSOBx6Hjjy6nfeQAhWRTeqUkMbkCGIfMZJUpLffPIyWekAgaZI1mAHV8QmjpXwBW5r2fpjb76ZtWqWTnwIrELUkUFmn3zyxlENAkgVJQTKXu2FSs3JUIxyiGrOImEmNAxGUJP05AEIN003yTDx1oZYD8S+oQK5+rvjpQEUk4CT1cGRI3kvDcV//N6ifIv3JSFcaIgpLOH/IRjFeFpNHjABFDFJ5oQKpjeFdMR0XEoHWBFh2DPf3mRtOs126rZt6fVxlkRRxkdoEN0gmx0jhroGjVRC1H0iJ7RK3oznowX4934mJWWjKJnH/2B8fkDAnicFQ==</latexit><latexit sha1_base64="LuR8zcoX6azjL58Utu6HzcvPazw=">AAACDXicbVC7TsMwFHXKq5RXgJHFoiAxVUmFgLESDCxIRaIPqQmV4960Vp2HbAepivIDLPwKCwMIsbKz8Te4aQZoOZKto3Puvb4+XsyZVJb1bZSWlldW18rrlY3Nre0dc3evLaNEUGjRiEei6xEJnIXQUkxx6MYCSOBx6Hjjy6nfeQAhWRTeqUkMbkCGIfMZJUpLffPIyWekAgaZI1mAHV8QmjpXwBW5r2fpjb76ZtWqWTnwIrELUkUFmn3zyxlENAkgVJQTKXu2FSs3JUIxyiGrOImEmNAxGUJP05AEIN003yTDx1oZYD8S+oQK5+rvjpQEUk4CT1cGRI3kvDcV//N6ifIv3JSFcaIgpLOH/IRjFeFpNHjABFDFJ5oQKpjeFdMR0XEoHWBFh2DPf3mRtOs126rZt6fVxlkRRxkdoEN0gmx0jhroGjVRC1H0iJ7RK3oznowX4934mJWWjKJnH/2B8fkDAnicFQ==</latexit><latexit sha1_base64="LuR8zcoX6azjL58Utu6HzcvPazw=">AAACDXicbVC7TsMwFHXKq5RXgJHFoiAxVUmFgLESDCxIRaIPqQmV4960Vp2HbAepivIDLPwKCwMIsbKz8Te4aQZoOZKto3Puvb4+XsyZVJb1bZSWlldW18rrlY3Nre0dc3evLaNEUGjRiEei6xEJnIXQUkxx6MYCSOBx6Hjjy6nfeQAhWRTeqUkMbkCGIfMZJUpLffPIyWekAgaZI1mAHV8QmjpXwBW5r2fpjb76ZtWqWTnwIrELUkUFmn3zyxlENAkgVJQTKXu2FSs3JUIxyiGrOImEmNAxGUJP05AEIN003yTDx1oZYD8S+oQK5+rvjpQEUk4CT1cGRI3kvDcV//N6ifIv3JSFcaIgpLOH/IRjFeFpNHjABFDFJ5oQKpjeFdMR0XEoHWBFh2DPf3mRtOs126rZt6fVxlkRRxkdoEN0gmx0jhroGjVRC1H0iJ7RK3oznowX4934mJWWjKJnH/2B8fkDAnicFQ==</latexit> M ⇠ few TeV

<latexit sha1_base64="yC/bw12+3/c1dF4iaukiVEiAJWk=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiIFBTcFN26ECn1BE8pketMOnUnCzEQpIWs3/oobF4q49Qvc+TdOH4K2Hhg4c8693HtPkHCmtON8WUvLK6tr64WN4ubW9s6uvbffVHEqKTRozGPZDogCziJoaKY5tBMJRAQcWsHwauy37kAqFkd1PUrAF6QfsZBRoo3UtY9usKeYwJ4geiBFFsJ97l3+/OrQzLt2ySk7E+BF4s5ICc1Q69qfXi+mqYBIU06U6rhOov2MSM0oh7zopQoSQoekDx1DIyJA+dnklByfGKWHw1iaF2k8UX93ZEQoNRKBqRzvqOa9sfif10l1eOFnLEpSDRGdDgpTjnWMx7ngHpNANR8ZQqhkZldMB0QSqk16RROCO3/yImmelV2n7N5WStXKLI4COkTH6BS56BxV0TWqoQai6AE9oRf0aj1az9ab9T4tXbJmPQfoD6yPb34Imrs=</latexit><latexit sha1_base64="yC/bw12+3/c1dF4iaukiVEiAJWk=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiIFBTcFN26ECn1BE8pketMOnUnCzEQpIWs3/oobF4q49Qvc+TdOH4K2Hhg4c8693HtPkHCmtON8WUvLK6tr64WN4ubW9s6uvbffVHEqKTRozGPZDogCziJoaKY5tBMJRAQcWsHwauy37kAqFkd1PUrAF6QfsZBRoo3UtY9usKeYwJ4geiBFFsJ97l3+/OrQzLt2ySk7E+BF4s5ICc1Q69qfXi+mqYBIU06U6rhOov2MSM0oh7zopQoSQoekDx1DIyJA+dnklByfGKWHw1iaF2k8UX93ZEQoNRKBqRzvqOa9sfif10l1eOFnLEpSDRGdDgpTjnWMx7ngHpNANR8ZQqhkZldMB0QSqk16RROCO3/yImmelV2n7N5WStXKLI4COkTH6BS56BxV0TWqoQai6AE9oRf0aj1az9ab9T4tXbJmPQfoD6yPb34Imrs=</latexit><latexit sha1_base64="yC/bw12+3/c1dF4iaukiVEiAJWk=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiIFBTcFN26ECn1BE8pketMOnUnCzEQpIWs3/oobF4q49Qvc+TdOH4K2Hhg4c8693HtPkHCmtON8WUvLK6tr64WN4ubW9s6uvbffVHEqKTRozGPZDogCziJoaKY5tBMJRAQcWsHwauy37kAqFkd1PUrAF6QfsZBRoo3UtY9usKeYwJ4geiBFFsJ97l3+/OrQzLt2ySk7E+BF4s5ICc1Q69qfXi+mqYBIU06U6rhOov2MSM0oh7zopQoSQoekDx1DIyJA+dnklByfGKWHw1iaF2k8UX93ZEQoNRKBqRzvqOa9sfif10l1eOFnLEpSDRGdDgpTjnWMx7ngHpNANR8ZQqhkZldMB0QSqk16RROCO3/yImmelV2n7N5WStXKLI4COkTH6BS56BxV0TWqoQai6AE9oRf0aj1az9ab9T4tXbJmPQfoD6yPb34Imrs=</latexit><latexit sha1_base64="yC/bw12+3/c1dF4iaukiVEiAJWk=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiIFBTcFN26ECn1BE8pketMOnUnCzEQpIWs3/oobF4q49Qvc+TdOH4K2Hhg4c8693HtPkHCmtON8WUvLK6tr64WN4ubW9s6uvbffVHEqKTRozGPZDogCziJoaKY5tBMJRAQcWsHwauy37kAqFkd1PUrAF6QfsZBRoo3UtY9usKeYwJ4geiBFFsJ97l3+/OrQzLt2ySk7E+BF4s5ICc1Q69qfXi+mqYBIU06U6rhOov2MSM0oh7zopQoSQoekDx1DIyJA+dnklByfGKWHw1iaF2k8UX93ZEQoNRKBqRzvqOa9sfif10l1eOFnLEpSDRGdDgpTjnWMx7ngHpNANR8ZQqhkZldMB0QSqk16RROCO3/yImmelV2n7N5WStXKLI4COkTH6BS56BxV0TWqoQai6AE9oRf0aj1az9ab9T4tXbJmPQfoD6yPb34Imrs=</latexit>



The soft masses?

• Soft masses of equal size and opposite sign? 

1. First guess: D-term of an extra U(1), charges +1 and -1 

   But then, Yukawas are not invariant 

   Insertions of U(1)-breaking field will spoil the 
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<latexit sha1_base64="iw+bR39VyeH9pQUZWz3mWShoHGY="></latexit><latexit sha1_base64="iw+bR39VyeH9pQUZWz3mWShoHGY="></latexit><latexit sha1_base64="iw+bR39VyeH9pQUZWz3mWShoHGY="></latexit><latexit sha1_base64="iw+bR39VyeH9pQUZWz3mWShoHGY="></latexit>
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<latexit sha1_base64="BhM3iDUwkBvHAnjBxRHj/vqbUpo="></latexit><latexit sha1_base64="BhM3iDUwkBvHAnjBxRHj/vqbUpo="></latexit><latexit sha1_base64="BhM3iDUwkBvHAnjBxRHj/vqbUpo="></latexit><latexit sha1_base64="BhM3iDUwkBvHAnjBxRHj/vqbUpo="></latexit>

Z3
<latexit sha1_base64="AB3NvJl0K2zD04NCRUlPXLkAyYc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpu1burVeq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDcv412</latexit><latexit sha1_base64="AB3NvJl0K2zD04NCRUlPXLkAyYc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpu1burVeq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDcv412</latexit><latexit sha1_base64="AB3NvJl0K2zD04NCRUlPXLkAyYc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpu1burVeq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDcv412</latexit><latexit sha1_base64="AB3NvJl0K2zD04NCRUlPXLkAyYc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpu1burVeq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDcv412</latexit>



The soft masses?

• Soft masses of equal size and opposite sign? 

1. First guess: D-term of an extra U(1), charges +1 and -1 

   But then, Yukawas are not invariant 

   Insertions of U(1)-breaking field will spoil the  

2. Working model: exploit properties of strongly coupled SUSY gauge theories 

   Top fields are composite mesons            of s-confining SQCD
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<latexit sha1_base64="iw+bR39VyeH9pQUZWz3mWShoHGY="></latexit><latexit sha1_base64="iw+bR39VyeH9pQUZWz3mWShoHGY="></latexit><latexit sha1_base64="iw+bR39VyeH9pQUZWz3mWShoHGY="></latexit><latexit sha1_base64="iw+bR39VyeH9pQUZWz3mWShoHGY="></latexit>

W 3 yt (QAHu
c
A +QBHu

c
B +QCHu

c
C)

<latexit sha1_base64="BhM3iDUwkBvHAnjBxRHj/vqbUpo="></latexit><latexit sha1_base64="BhM3iDUwkBvHAnjBxRHj/vqbUpo="></latexit><latexit sha1_base64="BhM3iDUwkBvHAnjBxRHj/vqbUpo="></latexit><latexit sha1_base64="BhM3iDUwkBvHAnjBxRHj/vqbUpo="></latexit>

Z3
<latexit sha1_base64="AB3NvJl0K2zD04NCRUlPXLkAyYc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpu1burVeq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDcv412</latexit><latexit sha1_base64="AB3NvJl0K2zD04NCRUlPXLkAyYc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpu1burVeq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDcv412</latexit><latexit sha1_base64="AB3NvJl0K2zD04NCRUlPXLkAyYc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpu1burVeq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDcv412</latexit><latexit sha1_base64="AB3NvJl0K2zD04NCRUlPXLkAyYc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpu1burVeq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDcv412</latexit>

SU(N), F = N + 1
<latexit sha1_base64="gBlKM/9Uv2i03HQScnrSVkP8qts=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRKkpJpKAXoSCIp1LRtIU2lM1mW5duPtzdCCUU/CtePCji1d/hzX/jts1BWx8MPN6bYWaeF3MmlWV9G7mFxaXllfxqYW19Y3PL3N5pyCgRhDok4pFoeVhSzkLqKKY4bcWC4sDjtOkNLsd+85EKyaLwTg1j6ga4H7IeI1hpqWvu3Tql2tFJ5yHBPrpCF6iGjpHdNYtW2ZoAzRM7I0XIUO +aXx0/IklAQ0U4lrJtW7FyUywUI5yOCp1E0hiTAe7TtqYhDqh008n5I3SoFR/1IqErVGii/p5IcSDlMPB0Z4DVvZz1xuJ/XjtRvXM3ZWGcKBqS6aJewpGK0DgL5DNBieJDTTARTN+KyD0WmCidWEGHYM++PE8ap2XbKts3lWK1ksWRh304gBLYcAZVuIY6OEAghWd4hTfjyXgx3o2PaWvOyGZ24Q+Mzx/CrJK2</latexit><latexit sha1_base64="gBlKM/9Uv2i03HQScnrSVkP8qts=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRKkpJpKAXoSCIp1LRtIU2lM1mW5duPtzdCCUU/CtePCji1d/hzX/jts1BWx8MPN6bYWaeF3MmlWV9G7mFxaXllfxqYW19Y3PL3N5pyCgRhDok4pFoeVhSzkLqKKY4bcWC4sDjtOkNLsd+85EKyaLwTg1j6ga4H7IeI1hpqWvu3Tql2tFJ5yHBPrpCF6iGjpHdNYtW2ZoAzRM7I0XIUO +aXx0/IklAQ0U4lrJtW7FyUywUI5yOCp1E0hiTAe7TtqYhDqh008n5I3SoFR/1IqErVGii/p5IcSDlMPB0Z4DVvZz1xuJ/XjtRvXM3ZWGcKBqS6aJewpGK0DgL5DNBieJDTTARTN+KyD0WmCidWEGHYM++PE8ap2XbKts3lWK1ksWRh304gBLYcAZVuIY6OEAghWd4hTfjyXgx3o2PaWvOyGZ24Q+Mzx/CrJK2</latexit><latexit sha1_base64="gBlKM/9Uv2i03HQScnrSVkP8qts=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRKkpJpKAXoSCIp1LRtIU2lM1mW5duPtzdCCUU/CtePCji1d/hzX/jts1BWx8MPN6bYWaeF3MmlWV9G7mFxaXllfxqYW19Y3PL3N5pyCgRhDok4pFoeVhSzkLqKKY4bcWC4sDjtOkNLsd+85EKyaLwTg1j6ga4H7IeI1hpqWvu3Tql2tFJ5yHBPrpCF6iGjpHdNYtW2ZoAzRM7I0XIUO +aXx0/IklAQ0U4lrJtW7FyUywUI5yOCp1E0hiTAe7TtqYhDqh008n5I3SoFR/1IqErVGii/p5IcSDlMPB0Z4DVvZz1xuJ/XjtRvXM3ZWGcKBqS6aJewpGK0DgL5DNBieJDTTARTN+KyD0WmCidWEGHYM++PE8ap2XbKts3lWK1ksWRh304gBLYcAZVuIY6OEAghWd4hTfjyXgx3o2PaWvOyGZ24Q+Mzx/CrJK2</latexit><latexit sha1_base64="gBlKM/9Uv2i03HQScnrSVkP8qts=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRKkpJpKAXoSCIp1LRtIU2lM1mW5duPtzdCCUU/CtePCji1d/hzX/jts1BWx8MPN6bYWaeF3MmlWV9G7mFxaXllfxqYW19Y3PL3N5pyCgRhDok4pFoeVhSzkLqKKY4bcWC4sDjtOkNLsd+85EKyaLwTg1j6ga4H7IeI1hpqWvu3Tql2tFJ5yHBPrpCF6iGjpHdNYtW2ZoAzRM7I0XIUO +aXx0/IklAQ0U4lrJtW7FyUywUI5yOCp1E0hiTAe7TtqYhDqh008n5I3SoFR/1IqErVGii/p5IcSDlMPB0Z4DVvZz1xuJ/XjtRvXM3ZWGcKBqS6aJewpGK0DgL5DNBieJDTTARTN+KyD0WmCidWEGHYM++PE8ap2XbKts3lWK1ksWRh304gBLYcAZVuIY6OEAghWd4hTfjyXgx3o2PaWvOyGZ24Q+Mzx/CrJK2</latexit>
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soft masses of IR composites soft masses of UV constituents
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SM glueball spectrum 
Chen et al., 2005

Hidden sector confinement

•  Hidden QCD confines at few GeV 

•  No light matter, low-energy spectrum  
    is made of glueballs 

•  Lightest glueball has JPC = 0++, decays 
    to SM via mixing with the Higgs 

•  Lifetime is much longer than e.g. in Folded SUSY (~ mm) 

•  Large uncertainty because depends on subleading soft masses
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SM glueball spectrum 
Chen et al., 2005

Hidden sector confinement

•  Hidden QCD confines at few GeV 

•  No light matter, low-energy spectrum  
    is made of glueballs 

•  Lightest glueball has JPC = 0++, decays 
    to SM via mixing with the Higgs 

•  Lifetime is much longer than e.g. in Folded SUSY (~ mm) 

•  Large uncertainty because depends on subleading soft masses
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SM glueball spectrum 
Chen et al., 2005

Assume hidden glueballs escape LHC detectors 

Look for other, more robust signatures
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Spectrum of BSM states: 𝞓 > 𝟂
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SM-colored stops

Glueballs of hidden color
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SM-singlet stops

EW-doublet supermultiplets



𝞓 > 𝟂 : quirk phenomenology

•  If              ,  then target are the EW-doublet supermultiplets with mass 

•  Fermions have larger Drell-Yan production than scalars, 

� > !
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“quirky” 
bound state

de-excites down to ground state 
via emission of soft photons

(electrically-neutral pairs too, 
via mass mixing)
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<latexit sha1_base64="WULDPwwpaeq6JsUmhTNQF3tllWM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1u6kVPb9XrvhVfw6ySoKcVCBHvVf+6vY1yxKukElqbSfwUwwn1KBgkk9L3czylLIRHfCOo4om3IaT+bVTcuaUPom1caWQzNXfExOaWDtOIteZUBzaZW8m/ud1MoxvwolQaYZcscWiOJMENZm9TvrCcIZy7AhlRrhbCRtSQxm6gEouhGD55VXSvKgGfjW4v6zUrvI4inACp3AOAVxDDe6gDg1g8AjP8ApvnvZevHfvY9Fa8PKZY/gD7/MHRvOO4Q==</latexit><latexit sha1_base64="WULDPwwpaeq6JsUmhTNQF3tllWM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1u6kVPb9XrvhVfw6ySoKcVCBHvVf+6vY1yxKukElqbSfwUwwn1KBgkk9L3czylLIRHfCOo4om3IaT+bVTcuaUPom1caWQzNXfExOaWDtOIteZUBzaZW8m/ud1MoxvwolQaYZcscWiOJMENZm9TvrCcIZy7AhlRrhbCRtSQxm6gEouhGD55VXSvKgGfjW4v6zUrvI4inACp3AOAVxDDe6gDg1g8AjP8ApvnvZevHfvY9Fa8PKZY/gD7/MHRvOO4Q==</latexit><latexit sha1_base64="WULDPwwpaeq6JsUmhTNQF3tllWM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1u6kVPb9XrvhVfw6ySoKcVCBHvVf+6vY1yxKukElqbSfwUwwn1KBgkk9L3czylLIRHfCOo4om3IaT+bVTcuaUPom1caWQzNXfExOaWDtOIteZUBzaZW8m/ud1MoxvwolQaYZcscWiOJMENZm9TvrCcIZy7AhlRrhbCRtSQxm6gEouhGD55VXSvKgGfjW4v6zUrvI4inACp3AOAVxDDe6gDg1g8AjP8ApvnvZevHfvY9Fa8PKZY/gD7/MHRvOO4Q==</latexit><latexit sha1_base64="WULDPwwpaeq6JsUmhTNQF3tllWM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1u6kVPb9XrvhVfw6ySoKcVCBHvVf+6vY1yxKukElqbSfwUwwn1KBgkk9L3czylLIRHfCOo4om3IaT+bVTcuaUPom1caWQzNXfExOaWDtOIteZUBzaZW8m/ud1MoxvwolQaYZcscWiOJMENZm9TvrCcIZy7AhlRrhbCRtSQxm6gEouhGD55VXSvKgGfjW4v6zUrvI4inACp3AOAVxDDe6gDg1g8AjP8ApvnvZevHfvY9Fa8PKZY/gD7/MHRvOO4Q==</latexit>

 +
<latexit sha1_base64="WNTw0qCkfdNqMRWYlCXmXr/qxJA=">AAAB/HicbVDLSsNAFJ3UV62vaJduBosgCCURUZcFNy4r2Ac0IUymk3boZCbMTIQQ4q+4caGIWz/EnX/jpM1CWw8MHM65h3vnhAmjSjvOt1VbW9/Y3KpvN3Z29/YP7MOjvhKpxKSHBRNyGCJFGOWkp6lmZJhIguKQkUE4uy39wSORigr+oLOE+DGacBpRjLSRArvpCWOX6dxLFC2C/LwI7JbTduaAq8StSAtU6Ab2lzcWOI0J15ghpUauk2g/R1JTzEjR8FJFEoRnaEJGhnIUE+Xn8+MLeGqUMYyENI9rOFd/J3IUK5XFoZmMkZ6qZa8U//NGqY5u/JzyJNWE48WiKGVQC1g2AcdUEqxZZgjCkppbIZ4iibA2fTVMCe7yl1dJ/6LtOm33/rLVuarqqINjcALOgAuuQQfcgS7oAQwy8AxewZv1ZL1Y79bHYrRmVZkm+APr8wd5N5U/</latexit><latexit sha1_base64="WNTw0qCkfdNqMRWYlCXmXr/qxJA=">AAAB/HicbVDLSsNAFJ3UV62vaJduBosgCCURUZcFNy4r2Ac0IUymk3boZCbMTIQQ4q+4caGIWz/EnX/jpM1CWw8MHM65h3vnhAmjSjvOt1VbW9/Y3KpvN3Z29/YP7MOjvhKpxKSHBRNyGCJFGOWkp6lmZJhIguKQkUE4uy39wSORigr+oLOE+DGacBpRjLSRArvpCWOX6dxLFC2C/LwI7JbTduaAq8StSAtU6Ab2lzcWOI0J15ghpUauk2g/R1JTzEjR8FJFEoRnaEJGhnIUE+Xn8+MLeGqUMYyENI9rOFd/J3IUK5XFoZmMkZ6qZa8U//NGqY5u/JzyJNWE48WiKGVQC1g2AcdUEqxZZgjCkppbIZ4iibA2fTVMCe7yl1dJ/6LtOm33/rLVuarqqINjcALOgAuuQQfcgS7oAQwy8AxewZv1ZL1Y79bHYrRmVZkm+APr8wd5N5U/</latexit><latexit sha1_base64="WNTw0qCkfdNqMRWYlCXmXr/qxJA=">AAAB/HicbVDLSsNAFJ3UV62vaJduBosgCCURUZcFNy4r2Ac0IUymk3boZCbMTIQQ4q+4caGIWz/EnX/jpM1CWw8MHM65h3vnhAmjSjvOt1VbW9/Y3KpvN3Z29/YP7MOjvhKpxKSHBRNyGCJFGOWkp6lmZJhIguKQkUE4uy39wSORigr+oLOE+DGacBpRjLSRArvpCWOX6dxLFC2C/LwI7JbTduaAq8StSAtU6Ab2lzcWOI0J15ghpUauk2g/R1JTzEjR8FJFEoRnaEJGhnIUE+Xn8+MLeGqUMYyENI9rOFd/J3IUK5XFoZmMkZ6qZa8U//NGqY5u/JzyJNWE48WiKGVQC1g2AcdUEqxZZgjCkppbIZ4iibA2fTVMCe7yl1dJ/6LtOm33/rLVuarqqINjcALOgAuuQQfcgS7oAQwy8AxewZv1ZL1Y79bHYrRmVZkm+APr8wd5N5U/</latexit><latexit sha1_base64="WNTw0qCkfdNqMRWYlCXmXr/qxJA=">AAAB/HicbVDLSsNAFJ3UV62vaJduBosgCCURUZcFNy4r2Ac0IUymk3boZCbMTIQQ4q+4caGIWz/EnX/jpM1CWw8MHM65h3vnhAmjSjvOt1VbW9/Y3KpvN3Z29/YP7MOjvhKpxKSHBRNyGCJFGOWkp6lmZJhIguKQkUE4uy39wSORigr+oLOE+DGacBpRjLSRArvpCWOX6dxLFC2C/LwI7JbTduaAq8StSAtU6Ab2lzcWOI0J15ghpUauk2g/R1JTzEjR8FJFEoRnaEJGhnIUE+Xn8+MLeGqUMYyENI9rOFd/J3IUK5XFoZmMkZ6qZa8U//NGqY5u/JzyJNWE48WiKGVQC1g2AcdUEqxZZgjCkppbIZ4iibA2fTVMCe7yl1dJ/6LtOm33/rLVuarqqINjcALOgAuuQQfcgS7oAQwy8AxewZv1ZL1Y79bHYrRmVZkm+APr8wd5N5U/</latexit>

ŝ > 4m2
 

<latexit sha1_base64="9m24YXEld1vq0VgRyAMZlvw9C/A=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyUpRV1JwY3LCvYBTQyT6aQdOpmEmYlQQ/FX3LhQxK3/4c6/cfpYaOuBC4dz7uXee8KUM6Ud59sqrKyurW8UN0tb2zu7e/b+QUslmSS0SRKeyE6IFeVM0KZmmtNOKimOQ07b4fB64rcfqFQsEXd6lFI/xn3BIkawNlJgH3kDrHM1RleohuLASxW7rwZ22ak4U6Bl4s5JGeZoBPaX10tIFlOhCcdKdV0n1X6OpWaE03HJyxRNMRniPu0aKnBMlZ9Prx+jU6P0UJRIU0Kjqfp7IsexUqM4NJ0x1gO16E3E/7xupqNLP2cizTQVZLYoyjjSCZpEgXpMUqL5yBBMJDO3IjLAEhNtAiuZENzFl5dJq1pxnYp7WyvXz+dxFOEYTuAMXLiAOtxAA5pA4BGe4RXerCfrxXq3PmatBWs+cwh/YH3+AAm+lEE=</latexit><latexit sha1_base64="9m24YXEld1vq0VgRyAMZlvw9C/A=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyUpRV1JwY3LCvYBTQyT6aQdOpmEmYlQQ/FX3LhQxK3/4c6/cfpYaOuBC4dz7uXee8KUM6Ud59sqrKyurW8UN0tb2zu7e/b+QUslmSS0SRKeyE6IFeVM0KZmmtNOKimOQ07b4fB64rcfqFQsEXd6lFI/xn3BIkawNlJgH3kDrHM1RleohuLASxW7rwZ22ak4U6Bl4s5JGeZoBPaX10tIFlOhCcdKdV0n1X6OpWaE03HJyxRNMRniPu0aKnBMlZ9Prx+jU6P0UJRIU0Kjqfp7IsexUqM4NJ0x1gO16E3E/7xupqNLP2cizTQVZLYoyjjSCZpEgXpMUqL5yBBMJDO3IjLAEhNtAiuZENzFl5dJq1pxnYp7WyvXz+dxFOEYTuAMXLiAOtxAA5pA4BGe4RXerCfrxXq3PmatBWs+cwh/YH3+AAm+lEE=</latexit><latexit sha1_base64="9m24YXEld1vq0VgRyAMZlvw9C/A=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyUpRV1JwY3LCvYBTQyT6aQdOpmEmYlQQ/FX3LhQxK3/4c6/cfpYaOuBC4dz7uXee8KUM6Ud59sqrKyurW8UN0tb2zu7e/b+QUslmSS0SRKeyE6IFeVM0KZmmtNOKimOQ07b4fB64rcfqFQsEXd6lFI/xn3BIkawNlJgH3kDrHM1RleohuLASxW7rwZ22ak4U6Bl4s5JGeZoBPaX10tIFlOhCcdKdV0n1X6OpWaE03HJyxRNMRniPu0aKnBMlZ9Prx+jU6P0UJRIU0Kjqfp7IsexUqM4NJ0x1gO16E3E/7xupqNLP2cizTQVZLYoyjjSCZpEgXpMUqL5yBBMJDO3IjLAEhNtAiuZENzFl5dJq1pxnYp7WyvXz+dxFOEYTuAMXLiAOtxAA5pA4BGe4RXerCfrxXq3PmatBWs+cwh/YH3+AAm+lEE=</latexit><latexit sha1_base64="9m24YXEld1vq0VgRyAMZlvw9C/A=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyUpRV1JwY3LCvYBTQyT6aQdOpmEmYlQQ/FX3LhQxK3/4c6/cfpYaOuBC4dz7uXee8KUM6Ud59sqrKyurW8UN0tb2zu7e/b+QUslmSS0SRKeyE6IFeVM0KZmmtNOKimOQ07b4fB64rcfqFQsEXd6lFI/xn3BIkawNlJgH3kDrHM1RleohuLASxW7rwZ22ak4U6Bl4s5JGeZoBPaX10tIFlOhCcdKdV0n1X6OpWaE03HJyxRNMRniPu0aKnBMlZ9Prx+jU6P0UJRIU0Kjqfp7IsexUqM4NJ0x1gO16E3E/7xupqNLP2cizTQVZLYoyjjSCZpEgXpMUqL5yBBMJDO3IjLAEhNtAiuZENzFl5dJq1pxnYp7WyvXz+dxFOEYTuAMXLiAOtxAA5pA4BGe4RXerCfrxXq3PmatBWs+cwh/YH3+AAm+lEE=</latexit>

Kang, Luty 0805.4642 
Burdman et al. 0805.4667



𝞓 > 𝟂 : quirk phenomenology

•  If              ,  then target are the EW-doublet supermultiplets with mass 

•  Fermions have larger Drell-Yan production than scalars, 

� > !
<latexit sha1_base64="LqQzypi9zov+kWNtZYlUFPipYXk=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1JMU9OCxgv2AJpTNdtIu3c2G3Y1QQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF6WcaeN5387K6tr6xmZpq7y9s7tXcfcPWlpmikKTSi5VJyIaOEugaZjh0EkVEBFxaEejm6nffgSlmUwezDiFUJBBwmJGibFSz60Et8ANwdc4kAIGpOdWvZo3A14mfkGqqECj534FfUkzAYmhnGjd9b3UhDlRhlEOk3KQaUgJHZEBdC1NiAAd5rPDJ/jEKn0cS2UrMXim/p7IidB6LCLbKYgZ6kVvKv7ndTMTX4U5S9LMQELni+KMYyPxNAXcZwqo4WNLCFXM3orpkChCjc2qbEPwF19eJq2zmu/V/Pvzav2iiKOEjtAxOkU+ukR1dIcaqIkoytAzekVvzpPz4rw7H/PWFaeYOUR/4Hz+AJ+Zkl4=</latexit><latexit sha1_base64="LqQzypi9zov+kWNtZYlUFPipYXk=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1JMU9OCxgv2AJpTNdtIu3c2G3Y1QQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF6WcaeN5387K6tr6xmZpq7y9s7tXcfcPWlpmikKTSi5VJyIaOEugaZjh0EkVEBFxaEejm6nffgSlmUwezDiFUJBBwmJGibFSz60Et8ANwdc4kAIGpOdWvZo3A14mfkGqqECj534FfUkzAYmhnGjd9b3UhDlRhlEOk3KQaUgJHZEBdC1NiAAd5rPDJ/jEKn0cS2UrMXim/p7IidB6LCLbKYgZ6kVvKv7ndTMTX4U5S9LMQELni+KMYyPxNAXcZwqo4WNLCFXM3orpkChCjc2qbEPwF19eJq2zmu/V/Pvzav2iiKOEjtAxOkU+ukR1dIcaqIkoytAzekVvzpPz4rw7H/PWFaeYOUR/4Hz+AJ+Zkl4=</latexit><latexit sha1_base64="LqQzypi9zov+kWNtZYlUFPipYXk=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1JMU9OCxgv2AJpTNdtIu3c2G3Y1QQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF6WcaeN5387K6tr6xmZpq7y9s7tXcfcPWlpmikKTSi5VJyIaOEugaZjh0EkVEBFxaEejm6nffgSlmUwezDiFUJBBwmJGibFSz60Et8ANwdc4kAIGpOdWvZo3A14mfkGqqECj534FfUkzAYmhnGjd9b3UhDlRhlEOk3KQaUgJHZEBdC1NiAAd5rPDJ/jEKn0cS2UrMXim/p7IidB6LCLbKYgZ6kVvKv7ndTMTX4U5S9LMQELni+KMYyPxNAXcZwqo4WNLCFXM3orpkChCjc2qbEPwF19eJq2zmu/V/Pvzav2iiKOEjtAxOkU+ukR1dIcaqIkoytAzekVvzpPz4rw7H/PWFaeYOUR/4Hz+AJ+Zkl4=</latexit><latexit sha1_base64="LqQzypi9zov+kWNtZYlUFPipYXk=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1JMU9OCxgv2AJpTNdtIu3c2G3Y1QQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF6WcaeN5387K6tr6xmZpq7y9s7tXcfcPWlpmikKTSi5VJyIaOEugaZjh0EkVEBFxaEejm6nffgSlmUwezDiFUJBBwmJGibFSz60Et8ANwdc4kAIGpOdWvZo3A14mfkGqqECj534FfUkzAYmhnGjd9b3UhDlRhlEOk3KQaUgJHZEBdC1NiAAd5rPDJ/jEKn0cS2UrMXim/p7IidB6LCLbKYgZ6kVvKv7ndTMTX4U5S9LMQELni+KMYyPxNAXcZwqo4WNLCFXM3orpkChCjc2qbEPwF19eJq2zmu/V/Pvzav2iiKOEjtAxOkU+ukR1dIcaqIkoytAzekVvzpPz4rw7H/PWFaeYOUR/4Hz+AJ+Zkl4=</latexit>

⇠ !
<latexit sha1_base64="0KQ5wrLq8i9gOD4XSB3trJteQd8=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8cKthaSUDbbTbt0P8LuRiihP8OLB0W8+mu8+W/ctjlo64OBx3szzMxLMs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RuWa0A5RXOlegg3lTNKOZZbTXqYpFgmnj8n4duY/PlFtmJIPdpLRWOChZCkj2DopjAwTKFKCDnG/3vCb/hxolQQlaUCJdr/+FQ0UyQWVlnBsTBj4mY0LrC0jnE5rUW5ohskYD2noqMSCmriYnzxFZ04ZoFRpV9Kiufp7osDCmIlIXKfAdmSWvZn4nxfmNr2JCyaz3FJJFovSnCOr0Ox/NGCaEssnjmCimbsVkRHWmFiXUs2FECy/vEq6F83Abwb3l43WVRlHFU7gFM4hgGtowR20oQMEFDzDK7x51nvx3r2PRWvFK2eO4Q+8zx8CxZEG</latexit><latexit sha1_base64="0KQ5wrLq8i9gOD4XSB3trJteQd8=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8cKthaSUDbbTbt0P8LuRiihP8OLB0W8+mu8+W/ctjlo64OBx3szzMxLMs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RuWa0A5RXOlegg3lTNKOZZbTXqYpFgmnj8n4duY/PlFtmJIPdpLRWOChZCkj2DopjAwTKFKCDnG/3vCb/hxolQQlaUCJdr/+FQ0UyQWVlnBsTBj4mY0LrC0jnE5rUW5ohskYD2noqMSCmriYnzxFZ04ZoFRpV9Kiufp7osDCmIlIXKfAdmSWvZn4nxfmNr2JCyaz3FJJFovSnCOr0Ox/NGCaEssnjmCimbsVkRHWmFiXUs2FECy/vEq6F83Abwb3l43WVRlHFU7gFM4hgGtowR20oQMEFDzDK7x51nvx3r2PRWvFK2eO4Q+8zx8CxZEG</latexit><latexit sha1_base64="0KQ5wrLq8i9gOD4XSB3trJteQd8=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8cKthaSUDbbTbt0P8LuRiihP8OLB0W8+mu8+W/ctjlo64OBx3szzMxLMs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RuWa0A5RXOlegg3lTNKOZZbTXqYpFgmnj8n4duY/PlFtmJIPdpLRWOChZCkj2DopjAwTKFKCDnG/3vCb/hxolQQlaUCJdr/+FQ0UyQWVlnBsTBj4mY0LrC0jnE5rUW5ohskYD2noqMSCmriYnzxFZ04ZoFRpV9Kiufp7osDCmIlIXKfAdmSWvZn4nxfmNr2JCyaz3FJJFovSnCOr0Ox/NGCaEssnjmCimbsVkRHWmFiXUs2FECy/vEq6F83Abwb3l43WVRlHFU7gFM4hgGtowR20oQMEFDzDK7x51nvx3r2PRWvFK2eO4Q+8zx8CxZEG</latexit><latexit sha1_base64="0KQ5wrLq8i9gOD4XSB3trJteQd8=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8cKthaSUDbbTbt0P8LuRiihP8OLB0W8+mu8+W/ctjlo64OBx3szzMxLMs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RuWa0A5RXOlegg3lTNKOZZbTXqYpFgmnj8n4duY/PlFtmJIPdpLRWOChZCkj2DopjAwTKFKCDnG/3vCb/hxolQQlaUCJdr/+FQ0UyQWVlnBsTBj4mY0LrC0jnE5rUW5ohskYD2noqMSCmriYnzxFZ04ZoFRpV9Kiufp7osDCmIlIXKfAdmSWvZn4nxfmNr2JCyaz3FJJFovSnCOr0Ox/NGCaEssnjmCimbsVkRHWmFiXUs2FECy/vEq6F83Abwb3l43WVRlHFU7gFM4hgGtowR20oQMEFDzDK7x51nvx3r2PRWvFK2eO4Q+8zx8CxZEG</latexit>

QB,C ⇠ 2�1/2 ⇠
✓
 0

 �

◆

<latexit sha1_base64="JUBF9DjX/7t3m+LGe8Zr+d3Xb2o="></latexit><latexit sha1_base64="JUBF9DjX/7t3m+LGe8Zr+d3Xb2o="></latexit><latexit sha1_base64="JUBF9DjX/7t3m+LGe8Zr+d3Xb2o="></latexit><latexit sha1_base64="JUBF9DjX/7t3m+LGe8Zr+d3Xb2o="></latexit>

“quirky” 
bound state

de-excites down to ground state 
via emission of soft photons

n = 1
<latexit sha1_base64="FrcuZHD6GdRuEeOCep9Dy3uXDiI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8OKxgmkLbSib7aZdutmE3YlQQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6ZSGHTdb6e0tr6xuVXeruzs7u0fVA+PWibJNOM+S2SiOyE1XArFfRQoeSfVnMah5O1wfDfz209cG5GoR5ykPIjpUIlIMIpW8hW5JV6/WnPr7hxklXgFqUGBZr/61RskLIu5QiapMV3PTTHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+bFTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4xuglyoNEOu2GJRlEmCCZl9TgZCc4ZyYgllWthbCRtRTRnafCo2BG/55VXSuqh7bt17uKw1roo4ynACp3AOHlxDA+6hCT4wEPAMr/DmKOfFeXc+Fq0lp5g5hj9wPn8AcZmNvA==</latexit><latexit sha1_base64="FrcuZHD6GdRuEeOCep9Dy3uXDiI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8OKxgmkLbSib7aZdutmE3YlQQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6ZSGHTdb6e0tr6xuVXeruzs7u0fVA+PWibJNOM+S2SiOyE1XArFfRQoeSfVnMah5O1wfDfz209cG5GoR5ykPIjpUIlIMIpW8hW5JV6/WnPr7hxklXgFqUGBZr/61RskLIu5QiapMV3PTTHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+bFTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4xuglyoNEOu2GJRlEmCCZl9TgZCc4ZyYgllWthbCRtRTRnafCo2BG/55VXSuqh7bt17uKw1roo4ynACp3AOHlxDA+6hCT4wEPAMr/DmKOfFeXc+Fq0lp5g5hj9wPn8AcZmNvA==</latexit><latexit sha1_base64="FrcuZHD6GdRuEeOCep9Dy3uXDiI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8OKxgmkLbSib7aZdutmE3YlQQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6ZSGHTdb6e0tr6xuVXeruzs7u0fVA+PWibJNOM+S2SiOyE1XArFfRQoeSfVnMah5O1wfDfz209cG5GoR5ykPIjpUIlIMIpW8hW5JV6/WnPr7hxklXgFqUGBZr/61RskLIu5QiapMV3PTTHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+bFTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4xuglyoNEOu2GJRlEmCCZl9TgZCc4ZyYgllWthbCRtRTRnafCo2BG/55VXSuqh7bt17uKw1roo4ynACp3AOHlxDA+6hCT4wEPAMr/DmKOfFeXc+Fq0lp5g5hj9wPn8AcZmNvA==</latexit><latexit sha1_base64="FrcuZHD6GdRuEeOCep9Dy3uXDiI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8OKxgmkLbSib7aZdutmE3YlQQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6ZSGHTdb6e0tr6xuVXeruzs7u0fVA+PWibJNOM+S2SiOyE1XArFfRQoeSfVnMah5O1wfDfz209cG5GoR5ykPIjpUIlIMIpW8hW5JV6/WnPr7hxklXgFqUGBZr/61RskLIu5QiapMV3PTTHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+bFTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4xuglyoNEOu2GJRlEmCCZl9TgZCc4ZyYgllWthbCRtRTRnafCo2BG/55VXSuqh7bt17uKw1roo4ynACp3AOHlxDA+6hCT4wEPAMr/DmKOfFeXc+Fq0lp5g5hj9wPn8AcZmNvA==</latexit>

annihilation of              states 

 +
<latexit sha1_base64="WNTw0qCkfdNqMRWYlCXmXr/qxJA=">AAAB/HicbVDLSsNAFJ3UV62vaJduBosgCCURUZcFNy4r2Ac0IUymk3boZCbMTIQQ4q+4caGIWz/EnX/jpM1CWw8MHM65h3vnhAmjSjvOt1VbW9/Y3KpvN3Z29/YP7MOjvhKpxKSHBRNyGCJFGOWkp6lmZJhIguKQkUE4uy39wSORigr+oLOE+DGacBpRjLSRArvpCWOX6dxLFC2C/LwI7JbTduaAq8StSAtU6Ab2lzcWOI0J15ghpUauk2g/R1JTzEjR8FJFEoRnaEJGhnIUE+Xn8+MLeGqUMYyENI9rOFd/J3IUK5XFoZmMkZ6qZa8U//NGqY5u/JzyJNWE48WiKGVQC1g2AcdUEqxZZgjCkppbIZ4iibA2fTVMCe7yl1dJ/6LtOm33/rLVuarqqINjcALOgAuuQQfcgS7oAQwy8AxewZv1ZL1Y79bHYrRmVZkm+APr8wd5N5U/</latexit><latexit sha1_base64="WNTw0qCkfdNqMRWYlCXmXr/qxJA=">AAAB/HicbVDLSsNAFJ3UV62vaJduBosgCCURUZcFNy4r2Ac0IUymk3boZCbMTIQQ4q+4caGIWz/EnX/jpM1CWw8MHM65h3vnhAmjSjvOt1VbW9/Y3KpvN3Z29/YP7MOjvhKpxKSHBRNyGCJFGOWkp6lmZJhIguKQkUE4uy39wSORigr+oLOE+DGacBpRjLSRArvpCWOX6dxLFC2C/LwI7JbTduaAq8StSAtU6Ab2lzcWOI0J15ghpUauk2g/R1JTzEjR8FJFEoRnaEJGhnIUE+Xn8+MLeGqUMYyENI9rOFd/J3IUK5XFoZmMkZ6qZa8U//NGqY5u/JzyJNWE48WiKGVQC1g2AcdUEqxZZgjCkppbIZ4iibA2fTVMCe7yl1dJ/6LtOm33/rLVuarqqINjcALOgAuuQQfcgS7oAQwy8AxewZv1ZL1Y79bHYrRmVZkm+APr8wd5N5U/</latexit><latexit sha1_base64="WNTw0qCkfdNqMRWYlCXmXr/qxJA=">AAAB/HicbVDLSsNAFJ3UV62vaJduBosgCCURUZcFNy4r2Ac0IUymk3boZCbMTIQQ4q+4caGIWz/EnX/jpM1CWw8MHM65h3vnhAmjSjvOt1VbW9/Y3KpvN3Z29/YP7MOjvhKpxKSHBRNyGCJFGOWkp6lmZJhIguKQkUE4uy39wSORigr+oLOE+DGacBpRjLSRArvpCWOX6dxLFC2C/LwI7JbTduaAq8StSAtU6Ab2lzcWOI0J15ghpUauk2g/R1JTzEjR8FJFEoRnaEJGhnIUE+Xn8+MLeGqUMYyENI9rOFd/J3IUK5XFoZmMkZ6qZa8U//NGqY5u/JzyJNWE48WiKGVQC1g2AcdUEqxZZgjCkppbIZ4iibA2fTVMCe7yl1dJ/6LtOm33/rLVuarqqINjcALOgAuuQQfcgS7oAQwy8AxewZv1ZL1Y79bHYrRmVZkm+APr8wd5N5U/</latexit><latexit sha1_base64="WNTw0qCkfdNqMRWYlCXmXr/qxJA=">AAAB/HicbVDLSsNAFJ3UV62vaJduBosgCCURUZcFNy4r2Ac0IUymk3boZCbMTIQQ4q+4caGIWz/EnX/jpM1CWw8MHM65h3vnhAmjSjvOt1VbW9/Y3KpvN3Z29/YP7MOjvhKpxKSHBRNyGCJFGOWkp6lmZJhIguKQkUE4uy39wSORigr+oLOE+DGacBpRjLSRArvpCWOX6dxLFC2C/LwI7JbTduaAq8StSAtU6Ab2lzcWOI0J15ghpUauk2g/R1JTzEjR8FJFEoRnaEJGhnIUE+Xn8+MLeGqUMYyENI9rOFd/J3IUK5XFoZmMkZ6qZa8U//NGqY5u/JzyJNWE48WiKGVQC1g2AcdUEqxZZgjCkppbIZ4iibA2fTVMCe7yl1dJ/6LtOm33/rLVuarqqINjcALOgAuuQQfcgS7oAQwy8AxewZv1ZL1Y79bHYrRmVZkm+APr8wd5N5U/</latexit>

 0
<latexit sha1_base64="WULDPwwpaeq6JsUmhTNQF3tllWM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1u6kVPb9XrvhVfw6ySoKcVCBHvVf+6vY1yxKukElqbSfwUwwn1KBgkk9L3czylLIRHfCOo4om3IaT+bVTcuaUPom1caWQzNXfExOaWDtOIteZUBzaZW8m/ud1MoxvwolQaYZcscWiOJMENZm9TvrCcIZy7AhlRrhbCRtSQxm6gEouhGD55VXSvKgGfjW4v6zUrvI4inACp3AOAVxDDe6gDg1g8AjP8ApvnvZevHfvY9Fa8PKZY/gD7/MHRvOO4Q==</latexit><latexit sha1_base64="WULDPwwpaeq6JsUmhTNQF3tllWM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1u6kVPb9XrvhVfw6ySoKcVCBHvVf+6vY1yxKukElqbSfwUwwn1KBgkk9L3czylLIRHfCOo4om3IaT+bVTcuaUPom1caWQzNXfExOaWDtOIteZUBzaZW8m/ud1MoxvwolQaYZcscWiOJMENZm9TvrCcIZy7AhlRrhbCRtSQxm6gEouhGD55VXSvKgGfjW4v6zUrvI4inACp3AOAVxDDe6gDg1g8AjP8ApvnvZevHfvY9Fa8PKZY/gD7/MHRvOO4Q==</latexit><latexit sha1_base64="WULDPwwpaeq6JsUmhTNQF3tllWM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1u6kVPb9XrvhVfw6ySoKcVCBHvVf+6vY1yxKukElqbSfwUwwn1KBgkk9L3czylLIRHfCOo4om3IaT+bVTcuaUPom1caWQzNXfExOaWDtOIteZUBzaZW8m/ud1MoxvwolQaYZcscWiOJMENZm9TvrCcIZy7AhlRrhbCRtSQxm6gEouhGD55VXSvKgGfjW4v6zUrvI4inACp3AOAVxDDe6gDg1g8AjP8ApvnvZevHfvY9Fa8PKZY/gD7/MHRvOO4Q==</latexit><latexit sha1_base64="WULDPwwpaeq6JsUmhTNQF3tllWM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1u6kVPb9XrvhVfw6ySoKcVCBHvVf+6vY1yxKukElqbSfwUwwn1KBgkk9L3czylLIRHfCOo4om3IaT+bVTcuaUPom1caWQzNXfExOaWDtOIteZUBzaZW8m/ud1MoxvwolQaYZcscWiOJMENZm9TvrCcIZy7AhlRrhbCRtSQxm6gEouhGD55VXSvKgGfjW4v6zUrvI4inACp3AOAVxDDe6gDg1g8AjP8ApvnvZevHfvY9Fa8PKZY/gD7/MHRvOO4Q==</latexit>

resonant 
signals



𝞓 > 𝟂 : quirk phenomenology

•  Strongest bounds come from charged channel  
    (decays to pure hidden gluons forbidden) 

•  Neutral channels give 

from  ⌥+0 ! `⌫
<latexit sha1_base64="HJUl5cV/ugYxx3dfywWxtkdmjBc=">AAACA3icbVDLSgMxFL3js9ZX1Z1ugkUQhDIjgl0W3Lis4LSFzlAy6W0bmskMSUYoQ8GNv+LGhSJu/Ql3/o3pY6GtBwKHc+7l5pwoFVwb1/12VlbX1jc2C1vF7Z3dvf3SwWFDJ5li6LNEJKoVUY2CS/QNNwJbqUIaRwKb0fBm4jcfUGmeyHszSjGMaV/yHmfUWKlTOg78VHNhaX7hjklgEhKgECSQWadUdivuFGSZeHNShjnqndJX0E1YFqM0TFCt256bmjCnynAmcFwMMo0pZUPax7alksaow3yaYUzOrNIlvUTZJw2Zqr83chprPYojOxlTM9CL3kT8z2tnplcNcy7TzKBks0O9TBCbdFII6XKFzIiRJZQpbv9K2IAqyoytrWhL8BYjL5PGZcVzK97dVblWnddRgBM4hXPw4BpqcAt18IHBIzzDK7w5T86L8+58zEZXnPnOEfyB8/kDCNaXFA==</latexit><latexit sha1_base64="HJUl5cV/ugYxx3dfywWxtkdmjBc=">AAACA3icbVDLSgMxFL3js9ZX1Z1ugkUQhDIjgl0W3Lis4LSFzlAy6W0bmskMSUYoQ8GNv+LGhSJu/Ql3/o3pY6GtBwKHc+7l5pwoFVwb1/12VlbX1jc2C1vF7Z3dvf3SwWFDJ5li6LNEJKoVUY2CS/QNNwJbqUIaRwKb0fBm4jcfUGmeyHszSjGMaV/yHmfUWKlTOg78VHNhaX7hjklgEhKgECSQWadUdivuFGSZeHNShjnqndJX0E1YFqM0TFCt256bmjCnynAmcFwMMo0pZUPax7alksaow3yaYUzOrNIlvUTZJw2Zqr83chprPYojOxlTM9CL3kT8z2tnplcNcy7TzKBks0O9TBCbdFII6XKFzIiRJZQpbv9K2IAqyoytrWhL8BYjL5PGZcVzK97dVblWnddRgBM4hXPw4BpqcAt18IHBIzzDK7w5T86L8+58zEZXnPnOEfyB8/kDCNaXFA==</latexit><latexit sha1_base64="HJUl5cV/ugYxx3dfywWxtkdmjBc=">AAACA3icbVDLSgMxFL3js9ZX1Z1ugkUQhDIjgl0W3Lis4LSFzlAy6W0bmskMSUYoQ8GNv+LGhSJu/Ql3/o3pY6GtBwKHc+7l5pwoFVwb1/12VlbX1jc2C1vF7Z3dvf3SwWFDJ5li6LNEJKoVUY2CS/QNNwJbqUIaRwKb0fBm4jcfUGmeyHszSjGMaV/yHmfUWKlTOg78VHNhaX7hjklgEhKgECSQWadUdivuFGSZeHNShjnqndJX0E1YFqM0TFCt256bmjCnynAmcFwMMo0pZUPax7alksaow3yaYUzOrNIlvUTZJw2Zqr83chprPYojOxlTM9CL3kT8z2tnplcNcy7TzKBks0O9TBCbdFII6XKFzIiRJZQpbv9K2IAqyoytrWhL8BYjL5PGZcVzK97dVblWnddRgBM4hXPw4BpqcAt18IHBIzzDK7w5T86L8+58zEZXnPnOEfyB8/kDCNaXFA==</latexit><latexit sha1_base64="HJUl5cV/ugYxx3dfywWxtkdmjBc=">AAACA3icbVDLSgMxFL3js9ZX1Z1ugkUQhDIjgl0W3Lis4LSFzlAy6W0bmskMSUYoQ8GNv+LGhSJu/Ql3/o3pY6GtBwKHc+7l5pwoFVwb1/12VlbX1jc2C1vF7Z3dvf3SwWFDJ5li6LNEJKoVUY2CS/QNNwJbqUIaRwKb0fBm4jcfUGmeyHszSjGMaV/yHmfUWKlTOg78VHNhaX7hjklgEhKgECSQWadUdivuFGSZeHNShjnqndJX0E1YFqM0TFCt256bmjCnynAmcFwMMo0pZUPax7alksaow3yaYUzOrNIlvUTZJw2Zqr83chprPYojOxlTM9CL3kT8z2tnplcNcy7TzKBks0O9TBCbdFII6XKFzIiRJZQpbv9K2IAqyoytrWhL8BYjL5PGZcVzK97dVblWnddRgBM4hXPw4BpqcAt18IHBIzzDK7w5T86L8+58zEZXnPnOEfyB8/kDCNaXFA==</latexit>

⌥+�,00 ! ``
<latexit sha1_base64="cSPTJixEYqiHN5bnswO4KSW3lNU=">AAACCHicbVBPS8MwHP3Vv3P+q3r0YHAIgjpaEdxx4MXjBLsN1jLSLN3C0rQkqTDKjl78Kl48KOLVj+DNb2PW7aCbDxIe7/1+JO+FKWdKO863tbS8srq2Xtoob25t7+zae/tNlWSSUI8kPJHtECvKmaCeZprTdiopjkNOW+HwZuK3HqhULBH3epTSIMZ9wSJGsDZS1z7yvVQxbmh+dnGOHGeMfJ0gn3JeXF274lSdAmiRuDNSgRkaXfvL7yUki6nQhGOlOq6T6iDHUjPC6bjsZ4qmmAxxn3YMFTimKsiLIGN0YpQeihJpjtCoUH9v5DhWahSHZjLGeqDmvYn4n9fJdFQLcibSTFNBpg9FGUcm6qQV1GOSEs1HhmAimfkrIgMsMdGmu7IpwZ2PvEial1XXqbp3V5V6bVZHCQ7hGE7BhWuowy00wAMCj/AMr/BmPVkv1rv1MR1dsmY7B/AH1ucPcayYSQ==</latexit><latexit sha1_base64="cSPTJixEYqiHN5bnswO4KSW3lNU=">AAACCHicbVBPS8MwHP3Vv3P+q3r0YHAIgjpaEdxx4MXjBLsN1jLSLN3C0rQkqTDKjl78Kl48KOLVj+DNb2PW7aCbDxIe7/1+JO+FKWdKO863tbS8srq2Xtoob25t7+zae/tNlWSSUI8kPJHtECvKmaCeZprTdiopjkNOW+HwZuK3HqhULBH3epTSIMZ9wSJGsDZS1z7yvVQxbmh+dnGOHGeMfJ0gn3JeXF274lSdAmiRuDNSgRkaXfvL7yUki6nQhGOlOq6T6iDHUjPC6bjsZ4qmmAxxn3YMFTimKsiLIGN0YpQeihJpjtCoUH9v5DhWahSHZjLGeqDmvYn4n9fJdFQLcibSTFNBpg9FGUcm6qQV1GOSEs1HhmAimfkrIgMsMdGmu7IpwZ2PvEial1XXqbp3V5V6bVZHCQ7hGE7BhWuowy00wAMCj/AMr/BmPVkv1rv1MR1dsmY7B/AH1ucPcayYSQ==</latexit><latexit sha1_base64="cSPTJixEYqiHN5bnswO4KSW3lNU=">AAACCHicbVBPS8MwHP3Vv3P+q3r0YHAIgjpaEdxx4MXjBLsN1jLSLN3C0rQkqTDKjl78Kl48KOLVj+DNb2PW7aCbDxIe7/1+JO+FKWdKO863tbS8srq2Xtoob25t7+zae/tNlWSSUI8kPJHtECvKmaCeZprTdiopjkNOW+HwZuK3HqhULBH3epTSIMZ9wSJGsDZS1z7yvVQxbmh+dnGOHGeMfJ0gn3JeXF274lSdAmiRuDNSgRkaXfvL7yUki6nQhGOlOq6T6iDHUjPC6bjsZ4qmmAxxn3YMFTimKsiLIGN0YpQeihJpjtCoUH9v5DhWahSHZjLGeqDmvYn4n9fJdFQLcibSTFNBpg9FGUcm6qQV1GOSEs1HhmAimfkrIgMsMdGmu7IpwZ2PvEial1XXqbp3V5V6bVZHCQ7hGE7BhWuowy00wAMCj/AMr/BmPVkv1rv1MR1dsmY7B/AH1ucPcayYSQ==</latexit><latexit sha1_base64="cSPTJixEYqiHN5bnswO4KSW3lNU=">AAACCHicbVBPS8MwHP3Vv3P+q3r0YHAIgjpaEdxx4MXjBLsN1jLSLN3C0rQkqTDKjl78Kl48KOLVj+DNb2PW7aCbDxIe7/1+JO+FKWdKO863tbS8srq2Xtoob25t7+zae/tNlWSSUI8kPJHtECvKmaCeZprTdiopjkNOW+HwZuK3HqhULBH3epTSIMZ9wSJGsDZS1z7yvVQxbmh+dnGOHGeMfJ0gn3JeXF274lSdAmiRuDNSgRkaXfvL7yUki6nQhGOlOq6T6iDHUjPC6bjsZ4qmmAxxn3YMFTimKsiLIGN0YpQeihJpjtCoUH9v5DhWahSHZjLGeqDmvYn4n9fJdFQLcibSTFNBpg9FGUcm6qQV1GOSEs1HhmAimfkrIgMsMdGmu7IpwZ2PvEial1XXqbp3V5V6bVZHCQ7hGE7BhWuowy00wAMCj/AMr/BmPVkv1rv1MR1dsmY7B/AH1ucPcayYSQ==</latexit>

⌘+� ! ��
<latexit sha1_base64="5KbINqLPQZkkxTgG/Q5dSJWFZy8=">AAACA3icbVDLSgMxFM3UV62vUXe6CRZBEMuMCHZZcOOygn1AZxjupJk2NJkZkoxQhoIbf8WNC0Xc+hPu/BvTdhbaeiDhcM69JOeEKWdKO863VVpZXVvfKG9WtrZ3dvfs/YO2SjJJaIskPJHdEBTlLKYtzTSn3VRSECGnnXB0M/U7D1QqlsT3epxSX8AgZhEjoI0U2Ece1RDk5xcT7OkEewMQAuZ3YFedmjMDXiZuQaqoQDOwv7x+QjJBY004KNVznVT7OUjNCKeTipcpmgIZwYD2DI1BUOXnswwTfGqUPo4SaU6s8Uz9vZGDUGosQjMpQA/VojcV//N6mY7qfs7iNNM0JvOHooxjk3ZaCO4zSYnmY0OASGb+iskQJBBtaquYEtzFyMukfVlznZp7d1Vt1Is6yugYnaAz5KJr1EC3qIlaiKBH9Ixe0Zv1ZL1Y79bHfLRkFTuH6A+szx8hJJcn</latexit><latexit sha1_base64="5KbINqLPQZkkxTgG/Q5dSJWFZy8=">AAACA3icbVDLSgMxFM3UV62vUXe6CRZBEMuMCHZZcOOygn1AZxjupJk2NJkZkoxQhoIbf8WNC0Xc+hPu/BvTdhbaeiDhcM69JOeEKWdKO863VVpZXVvfKG9WtrZ3dvfs/YO2SjJJaIskPJHdEBTlLKYtzTSn3VRSECGnnXB0M/U7D1QqlsT3epxSX8AgZhEjoI0U2Ece1RDk5xcT7OkEewMQAuZ3YFedmjMDXiZuQaqoQDOwv7x+QjJBY004KNVznVT7OUjNCKeTipcpmgIZwYD2DI1BUOXnswwTfGqUPo4SaU6s8Uz9vZGDUGosQjMpQA/VojcV//N6mY7qfs7iNNM0JvOHooxjk3ZaCO4zSYnmY0OASGb+iskQJBBtaquYEtzFyMukfVlznZp7d1Vt1Is6yugYnaAz5KJr1EC3qIlaiKBH9Ixe0Zv1ZL1Y79bHfLRkFTuH6A+szx8hJJcn</latexit><latexit sha1_base64="5KbINqLPQZkkxTgG/Q5dSJWFZy8=">AAACA3icbVDLSgMxFM3UV62vUXe6CRZBEMuMCHZZcOOygn1AZxjupJk2NJkZkoxQhoIbf8WNC0Xc+hPu/BvTdhbaeiDhcM69JOeEKWdKO863VVpZXVvfKG9WtrZ3dvfs/YO2SjJJaIskPJHdEBTlLKYtzTSn3VRSECGnnXB0M/U7D1QqlsT3epxSX8AgZhEjoI0U2Ece1RDk5xcT7OkEewMQAuZ3YFedmjMDXiZuQaqoQDOwv7x+QjJBY004KNVznVT7OUjNCKeTipcpmgIZwYD2DI1BUOXnswwTfGqUPo4SaU6s8Uz9vZGDUGosQjMpQA/VojcV//N6mY7qfs7iNNM0JvOHooxjk3ZaCO4zSYnmY0OASGb+iskQJBBtaquYEtzFyMukfVlznZp7d1Vt1Is6yugYnaAz5KJr1EC3qIlaiKBH9Ixe0Zv1ZL1Y79bHfLRkFTuH6A+szx8hJJcn</latexit><latexit sha1_base64="5KbINqLPQZkkxTgG/Q5dSJWFZy8=">AAACA3icbVDLSgMxFM3UV62vUXe6CRZBEMuMCHZZcOOygn1AZxjupJk2NJkZkoxQhoIbf8WNC0Xc+hPu/BvTdhbaeiDhcM69JOeEKWdKO863VVpZXVvfKG9WtrZ3dvfs/YO2SjJJaIskPJHdEBTlLKYtzTSn3VRSECGnnXB0M/U7D1QqlsT3epxSX8AgZhEjoI0U2Ece1RDk5xcT7OkEewMQAuZ3YFedmjMDXiZuQaqoQDOwv7x+QjJBY004KNVznVT7OUjNCKeTipcpmgIZwYD2DI1BUOXnswwTfGqUPo4SaU6s8Uz9vZGDUGosQjMpQA/VojcV//N6mY7qfs7iNNM0JvOHooxjk3ZaCO4zSYnmY0OASGb+iskQJBBtaquYEtzFyMukfVlznZp7d1Vt1Is6yugYnaAz5KJr1EC3qIlaiKBH9Ixe0Zv1ZL1Y79bHfLRkFTuH6A+szx8hJJcn</latexit>! & 600 GeV

<latexit sha1_base64="tzWW1Y+Ur4ZwpZUdjTJNP56RwN8=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRFXRRcKHLCvYBTSiT6U07dCYJMxOhhG7d+CtuXCji1j9w5984abPQ1gMDh3POZe49QcKZ0o7zbZWWlldW18rrlY3Nre0de3evpeJUUmjSmMeyExAFnEXQ1Exz6CQSiAg4tIPRde63H0AqFkf3epyAL8ggYiGjRBupZ2MvFjAg2BtoExL4zHG8S08QPZQiu4HWpGdXnZozBV4kbkGqqECjZ395/ZimAiJNOVGq6zqJ9jMiNaMcJhUvVZAQOiID6BoaEQHKz6aXTPCRUfo4jKV5kcZT9fdERoRSYxGYZL6jmvdy8T+vm+rwws9YlKQaIjr7KEw51jHOa8F9JoFqPjaEUMnMrpgOiSRUm/IqpgR3/uRF0jqpuU7NvTut1q+KOsroAB2iY+Sic1RHt6iBmoiiR/SMXtGb9WS9WO/WxyxasoqZffQH1ucPeh2ZiA==</latexit><latexit sha1_base64="tzWW1Y+Ur4ZwpZUdjTJNP56RwN8=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRFXRRcKHLCvYBTSiT6U07dCYJMxOhhG7d+CtuXCji1j9w5984abPQ1gMDh3POZe49QcKZ0o7zbZWWlldW18rrlY3Nre0de3evpeJUUmjSmMeyExAFnEXQ1Exz6CQSiAg4tIPRde63H0AqFkf3epyAL8ggYiGjRBupZ2MvFjAg2BtoExL4zHG8S08QPZQiu4HWpGdXnZozBV4kbkGqqECjZ395/ZimAiJNOVGq6zqJ9jMiNaMcJhUvVZAQOiID6BoaEQHKz6aXTPCRUfo4jKV5kcZT9fdERoRSYxGYZL6jmvdy8T+vm+rwws9YlKQaIjr7KEw51jHOa8F9JoFqPjaEUMnMrpgOiSRUm/IqpgR3/uRF0jqpuU7NvTut1q+KOsroAB2iY+Sic1RHt6iBmoiiR/SMXtGb9WS9WO/WxyxasoqZffQH1ucPeh2ZiA==</latexit><latexit sha1_base64="tzWW1Y+Ur4ZwpZUdjTJNP56RwN8=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRFXRRcKHLCvYBTSiT6U07dCYJMxOhhG7d+CtuXCji1j9w5984abPQ1gMDh3POZe49QcKZ0o7zbZWWlldW18rrlY3Nre0de3evpeJUUmjSmMeyExAFnEXQ1Exz6CQSiAg4tIPRde63H0AqFkf3epyAL8ggYiGjRBupZ2MvFjAg2BtoExL4zHG8S08QPZQiu4HWpGdXnZozBV4kbkGqqECjZ395/ZimAiJNOVGq6zqJ9jMiNaMcJhUvVZAQOiID6BoaEQHKz6aXTPCRUfo4jKV5kcZT9fdERoRSYxGYZL6jmvdy8T+vm+rwws9YlKQaIjr7KEw51jHOa8F9JoFqPjaEUMnMrpgOiSRUm/IqpgR3/uRF0jqpuU7NvTut1q+KOsroAB2iY+Sic1RHt6iBmoiiR/SMXtGb9WS9WO/WxyxasoqZffQH1ucPeh2ZiA==</latexit><latexit sha1_base64="tzWW1Y+Ur4ZwpZUdjTJNP56RwN8=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRFXRRcKHLCvYBTSiT6U07dCYJMxOhhG7d+CtuXCji1j9w5984abPQ1gMDh3POZe49QcKZ0o7zbZWWlldW18rrlY3Nre0de3evpeJUUmjSmMeyExAFnEXQ1Exz6CQSiAg4tIPRde63H0AqFkf3epyAL8ggYiGjRBupZ2MvFjAg2BtoExL4zHG8S08QPZQiu4HWpGdXnZozBV4kbkGqqECjZ395/ZimAiJNOVGq6zqJ9jMiNaMcJhUvVZAQOiID6BoaEQHKz6aXTPCRUfo4jKV5kcZT9fdERoRSYxGYZL6jmvdy8T+vm+rwws9YlKQaIjr7KEw51jHOa8F9JoFqPjaEUMnMrpgOiSRUm/IqpgR3/uRF0jqpuU7NvTut1q+KOsroAB2iY+Sic1RHt6iBmoiiR/SMXtGb9WS9WO/WxyxasoqZffQH1ucPeh2ZiA==</latexit>

! & 700 GeV
<latexit sha1_base64="fmN+b2km6l7V1Jqk8GFhBq7lLmY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRKuii4EKXFewDmlAm05t26EwSZiZCCd268VfcuFDErX/gzr9x0mahrQcGDuecy9x7goQzpR3n2yqtrK6tb5Q3K1vbO7t79v5BW8WppNCiMY9lNyAKOIugpZnm0E0kEBFw6ATj69zvPIBULI7u9SQBX5BhxEJGiTZS38ZeLGBIsDfUJiRw3XG8S08QPZIiu4H2tG9XnZozA14mbkGqqECzb395g5imAiJNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkaEQHKz2aXTPGJUQY4jKV5kcYz9fdERoRSExGYZL6jWvRy8T+vl+rwws9YlKQaIjr/KEw51jHOa8EDJoFqPjGEUMnMrpiOiCRUm/IqpgR38eRl0j6ruU7NvTuvNq6KOsroCB2jU+SiOmqgW9RELUTRI3pGr+jNerJerHfrYx4tWcXMIfoD6/MHe7GZiQ==</latexit><latexit sha1_base64="fmN+b2km6l7V1Jqk8GFhBq7lLmY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRKuii4EKXFewDmlAm05t26EwSZiZCCd268VfcuFDErX/gzr9x0mahrQcGDuecy9x7goQzpR3n2yqtrK6tb5Q3K1vbO7t79v5BW8WppNCiMY9lNyAKOIugpZnm0E0kEBFw6ATj69zvPIBULI7u9SQBX5BhxEJGiTZS38ZeLGBIsDfUJiRw3XG8S08QPZIiu4H2tG9XnZozA14mbkGqqECzb395g5imAiJNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkaEQHKz2aXTPGJUQY4jKV5kcYz9fdERoRSExGYZL6jWvRy8T+vl+rwws9YlKQaIjr/KEw51jHOa8EDJoFqPjGEUMnMrpiOiCRUm/IqpgR38eRl0j6ruU7NvTuvNq6KOsroCB2jU+SiOmqgW9RELUTRI3pGr+jNerJerHfrYx4tWcXMIfoD6/MHe7GZiQ==</latexit><latexit sha1_base64="fmN+b2km6l7V1Jqk8GFhBq7lLmY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRKuii4EKXFewDmlAm05t26EwSZiZCCd268VfcuFDErX/gzr9x0mahrQcGDuecy9x7goQzpR3n2yqtrK6tb5Q3K1vbO7t79v5BW8WppNCiMY9lNyAKOIugpZnm0E0kEBFw6ATj69zvPIBULI7u9SQBX5BhxEJGiTZS38ZeLGBIsDfUJiRw3XG8S08QPZIiu4H2tG9XnZozA14mbkGqqECzb395g5imAiJNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkaEQHKz2aXTPGJUQY4jKV5kcYz9fdERoRSExGYZL6jWvRy8T+vl+rwws9YlKQaIjr/KEw51jHOa8EDJoFqPjGEUMnMrpiOiCRUm/IqpgR38eRl0j6ruU7NvTuvNq6KOsroCB2jU+SiOmqgW9RELUTRI3pGr+jNerJerHfrYx4tWcXMIfoD6/MHe7GZiQ==</latexit><latexit sha1_base64="fmN+b2km6l7V1Jqk8GFhBq7lLmY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRKuii4EKXFewDmlAm05t26EwSZiZCCd268VfcuFDErX/gzr9x0mahrQcGDuecy9x7goQzpR3n2yqtrK6tb5Q3K1vbO7t79v5BW8WppNCiMY9lNyAKOIugpZnm0E0kEBFw6ATj69zvPIBULI7u9SQBX5BhxEJGiTZS38ZeLGBIsDfUJiRw3XG8S08QPZIiu4H2tG9XnZozA14mbkGqqECzb395g5imAiJNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkaEQHKz2aXTPGJUQY4jKV5kcYz9fdERoRSExGYZL6jWvRy8T+vl+rwws9YlKQaIjr/KEw51jHOa8EDJoFqPjGEUMnMrpiOiCRUm/IqpgR38eRl0j6ruU7NvTuvNq6KOsroCB2jU+SiOmqgW9RELUTRI3pGr+jNerJerHfrYx4tWcXMIfoD6/MHe7GZiQ==</latexit>

from  



mass

Mfew TeV

10 GeV

100 GeV

500 GeV

⇤QCDB,C
<latexit sha1_base64="Kj8fa3YkGhIiTiIHK+ITY+HEodE=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISEXQjFOvChYsW7AOaECaTSTt0JgkzE6GE4MZfceNCEbd+hTv/xmmbhbYeGDiccy537vETRqWyrG+jtLS8srpWXq9sbG5t75i7ex0ZpwKTNo5ZLHo+koTRiLQVVYz0EkEQ9xnp+qPGxO8+ECFpHN2rcUJcjgYRDSlGSkueeeDc6XCAvCxzBIetxk3uZdenjTz3zKpVs6aAi8QuSBUUaHrmlxPEOOUkUpghKfu2lSg3Q0JRzEhecVJJEoRHaED6mkaIE+lm0xNyeKyVAIax0C9ScKr+nsgQl3LMfZ3kSA3lvDcR//P6qQov3YxGSapIhGeLwpRBFcNJHzCggmDFxpogLKj+K8RDJBBWurWKLsGeP3mRdM5qtlWzW+fV+lVRRxkcgiNwAmxwAergFjRBG2DwCJ7BK3gznowX4934mEVLRjGzD/7A+PwBbtiWxw==</latexit><latexit sha1_base64="Kj8fa3YkGhIiTiIHK+ITY+HEodE=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISEXQjFOvChYsW7AOaECaTSTt0JgkzE6GE4MZfceNCEbd+hTv/xmmbhbYeGDiccy537vETRqWyrG+jtLS8srpWXq9sbG5t75i7ex0ZpwKTNo5ZLHo+koTRiLQVVYz0EkEQ9xnp+qPGxO8+ECFpHN2rcUJcjgYRDSlGSkueeeDc6XCAvCxzBIetxk3uZdenjTz3zKpVs6aAi8QuSBUUaHrmlxPEOOUkUpghKfu2lSg3Q0JRzEhecVJJEoRHaED6mkaIE+lm0xNyeKyVAIax0C9ScKr+nsgQl3LMfZ3kSA3lvDcR//P6qQov3YxGSapIhGeLwpRBFcNJHzCggmDFxpogLKj+K8RDJBBWurWKLsGeP3mRdM5qtlWzW+fV+lVRRxkcgiNwAmxwAergFjRBG2DwCJ7BK3gznowX4934mEVLRjGzD/7A+PwBbtiWxw==</latexit><latexit sha1_base64="Kj8fa3YkGhIiTiIHK+ITY+HEodE=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISEXQjFOvChYsW7AOaECaTSTt0JgkzE6GE4MZfceNCEbd+hTv/xmmbhbYeGDiccy537vETRqWyrG+jtLS8srpWXq9sbG5t75i7ex0ZpwKTNo5ZLHo+koTRiLQVVYz0EkEQ9xnp+qPGxO8+ECFpHN2rcUJcjgYRDSlGSkueeeDc6XCAvCxzBIetxk3uZdenjTz3zKpVs6aAi8QuSBUUaHrmlxPEOOUkUpghKfu2lSg3Q0JRzEhecVJJEoRHaED6mkaIE+lm0xNyeKyVAIax0C9ScKr+nsgQl3LMfZ3kSA3lvDcR//P6qQov3YxGSapIhGeLwpRBFcNJHzCggmDFxpogLKj+K8RDJBBWurWKLsGeP3mRdM5qtlWzW+fV+lVRRxkcgiNwAmxwAergFjRBG2DwCJ7BK3gznowX4934mEVLRjGzD/7A+PwBbtiWxw==</latexit><latexit sha1_base64="Kj8fa3YkGhIiTiIHK+ITY+HEodE=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISEXQjFOvChYsW7AOaECaTSTt0JgkzE6GE4MZfceNCEbd+hTv/xmmbhbYeGDiccy537vETRqWyrG+jtLS8srpWXq9sbG5t75i7ex0ZpwKTNo5ZLHo+koTRiLQVVYz0EkEQ9xnp+qPGxO8+ECFpHN2rcUJcjgYRDSlGSkueeeDc6XCAvCxzBIetxk3uZdenjTz3zKpVs6aAi8QuSBUUaHrmlxPEOOUkUpghKfu2lSg3Q0JRzEhecVJJEoRHaED6mkaIE+lm0xNyeKyVAIax0C9ScKr+nsgQl3LMfZ3kSA3lvDcR//P6qQov3YxGSapIhGeLwpRBFcNJHzCggmDFxpogLKj+K8RDJBBWurWKLsGeP3mRdM5qtlWzW+fV+lVRRxkcgiNwAmxwAergFjRBG2DwCJ7BK3gznowX4934mEVLRjGzD/7A+PwBbtiWxw==</latexit>

SM-colored stops

Glueballs of hidden color

! EW-doublet supermultiplets

� SM-singlet stops

Spectrum of BSM states: 𝞓 < 𝟂



𝞓 < 𝟂 : light singlet scalars 

•  If              ,  the singlet scalars  
    are at the bottom of matter spectrum in hidden sectors 

•  Dominant production of heavier EW-doublet states, 
    they decay down to light scalar 

� < !
<latexit sha1_base64="wy6krsAOSbKOjXjXfj3Weh4GGUE=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1IOHgh48VrAf0ISy2U7apbvZsLsRaugv8eJBEa/+FG/+G7dtDtr6YODx3gwz86KUM20879tZWV1b39gsbZW3d3b3Ku7+QUvLTFFoUsml6kREA2cJNA0zHDqpAiIiDu1odDP124+gNJPJgxmnEAoySFjMKDFW6rmV4Ba4IfgaB1LAgPTcqlfzZsDLxC9IFRVo9NyvoC9pJiAxlBOtu76XmjAnyjDKYVIOMg0poSMygK6lCRGgw3x2+ASfWKWPY6lsJQbP1N8TORFaj0VkOwUxQ73oTcX/vG5m4qswZ0maGUjofFGccWwknqaA+0wBNXxsCaGK2VsxHRJFqLFZlW0I/uLLy6R1VvO9mn9/Xq1fFHGU0BE6RqfIR5eoju5QAzURRRl6Rq/ozXlyXpx352PeuuIUM4foD5zPH5yDklw=</latexit><latexit sha1_base64="wy6krsAOSbKOjXjXfj3Weh4GGUE=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1IOHgh48VrAf0ISy2U7apbvZsLsRaugv8eJBEa/+FG/+G7dtDtr6YODx3gwz86KUM20879tZWV1b39gsbZW3d3b3Ku7+QUvLTFFoUsml6kREA2cJNA0zHDqpAiIiDu1odDP124+gNJPJgxmnEAoySFjMKDFW6rmV4Ba4IfgaB1LAgPTcqlfzZsDLxC9IFRVo9NyvoC9pJiAxlBOtu76XmjAnyjDKYVIOMg0poSMygK6lCRGgw3x2+ASfWKWPY6lsJQbP1N8TORFaj0VkOwUxQ73oTcX/vG5m4qswZ0maGUjofFGccWwknqaA+0wBNXxsCaGK2VsxHRJFqLFZlW0I/uLLy6R1VvO9mn9/Xq1fFHGU0BE6RqfIR5eoju5QAzURRRl6Rq/ozXlyXpx352PeuuIUM4foD5zPH5yDklw=</latexit><latexit sha1_base64="wy6krsAOSbKOjXjXfj3Weh4GGUE=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1IOHgh48VrAf0ISy2U7apbvZsLsRaugv8eJBEa/+FG/+G7dtDtr6YODx3gwz86KUM20879tZWV1b39gsbZW3d3b3Ku7+QUvLTFFoUsml6kREA2cJNA0zHDqpAiIiDu1odDP124+gNJPJgxmnEAoySFjMKDFW6rmV4Ba4IfgaB1LAgPTcqlfzZsDLxC9IFRVo9NyvoC9pJiAxlBOtu76XmjAnyjDKYVIOMg0poSMygK6lCRGgw3x2+ASfWKWPY6lsJQbP1N8TORFaj0VkOwUxQ73oTcX/vG5m4qswZ0maGUjofFGccWwknqaA+0wBNXxsCaGK2VsxHRJFqLFZlW0I/uLLy6R1VvO9mn9/Xq1fFHGU0BE6RqfIR5eoju5QAzURRRl6Rq/ozXlyXpx352PeuuIUM4foD5zPH5yDklw=</latexit><latexit sha1_base64="wy6krsAOSbKOjXjXfj3Weh4GGUE=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1IOHgh48VrAf0ISy2U7apbvZsLsRaugv8eJBEa/+FG/+G7dtDtr6YODx3gwz86KUM20879tZWV1b39gsbZW3d3b3Ku7+QUvLTFFoUsml6kREA2cJNA0zHDqpAiIiDu1odDP124+gNJPJgxmnEAoySFjMKDFW6rmV4Ba4IfgaB1LAgPTcqlfzZsDLxC9IFRVo9NyvoC9pJiAxlBOtu76XmjAnyjDKYVIOMg0poSMygK6lCRGgw3x2+ASfWKWPY6lsJQbP1N8TORFaj0VkOwUxQ73oTcX/vG5m4qswZ0maGUjofFGccWwknqaA+0wBNXxsCaGK2VsxHRJFqLFZlW0I/uLLy6R1VvO9mn9/Xq1fFHGU0BE6RqfIR5eoju5QAzURRRl6Rq/ozXlyXpx352PeuuIUM4foD5zPH5yDklw=</latexit>

s̃c�
<latexit sha1_base64="+l9PVVU/B2vSCkDxWFv559LecuU=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4KokI9ljQg8cK9gPaGDabSbt088HuRCwhf8WLB0W8+ke8+W/ctjlo64OBx3szzMzzU8EV2va3sba+sbm1Xdmp7u7tHxyaR7WuSjLJoMMSkci+TxUIHkMHOQropxJo5Avo+ZPrmd97BKl4Et/jNAU3oqOYh5xR1JJn1obIRQC5KrzhDQikD8wz63bDnsNaJU5J6qRE2zO/hkHCsghiZIIqNXDsFN2cSuRMQFEdZgpSyiZ0BANNYxqBcvP57YV1ppXAChOpK0Zrrv6eyGmk1DTydWdEcayWvZn4nzfIMGy6OY/TDCFmi0VhJixMrFkQVsAlMBRTTSiTXN9qsTGVlKGOq6pDcJZfXiXdi4ZjN5y7y3qrWcZRISfklJwTh1yRFrklbdIhjDyRZ/JK3ozCeDHejY9F65pRzhyTPzA+fwBUi5SU</latexit><latexit sha1_base64="+l9PVVU/B2vSCkDxWFv559LecuU=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4KokI9ljQg8cK9gPaGDabSbt088HuRCwhf8WLB0W8+ke8+W/ctjlo64OBx3szzMzzU8EV2va3sba+sbm1Xdmp7u7tHxyaR7WuSjLJoMMSkci+TxUIHkMHOQropxJo5Avo+ZPrmd97BKl4Et/jNAU3oqOYh5xR1JJn1obIRQC5KrzhDQikD8wz63bDnsNaJU5J6qRE2zO/hkHCsghiZIIqNXDsFN2cSuRMQFEdZgpSyiZ0BANNYxqBcvP57YV1ppXAChOpK0Zrrv6eyGmk1DTydWdEcayWvZn4nzfIMGy6OY/TDCFmi0VhJixMrFkQVsAlMBRTTSiTXN9qsTGVlKGOq6pDcJZfXiXdi4ZjN5y7y3qrWcZRISfklJwTh1yRFrklbdIhjDyRZ/JK3ozCeDHejY9F65pRzhyTPzA+fwBUi5SU</latexit><latexit sha1_base64="+l9PVVU/B2vSCkDxWFv559LecuU=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4KokI9ljQg8cK9gPaGDabSbt088HuRCwhf8WLB0W8+ke8+W/ctjlo64OBx3szzMzzU8EV2va3sba+sbm1Xdmp7u7tHxyaR7WuSjLJoMMSkci+TxUIHkMHOQropxJo5Avo+ZPrmd97BKl4Et/jNAU3oqOYh5xR1JJn1obIRQC5KrzhDQikD8wz63bDnsNaJU5J6qRE2zO/hkHCsghiZIIqNXDsFN2cSuRMQFEdZgpSyiZ0BANNYxqBcvP57YV1ppXAChOpK0Zrrv6eyGmk1DTydWdEcayWvZn4nzfIMGy6OY/TDCFmi0VhJixMrFkQVsAlMBRTTSiTXN9qsTGVlKGOq6pDcJZfXiXdi4ZjN5y7y3qrWcZRISfklJwTh1yRFrklbdIhjDyRZ/JK3ozCeDHejY9F65pRzhyTPzA+fwBUi5SU</latexit><latexit sha1_base64="+l9PVVU/B2vSCkDxWFv559LecuU=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4KokI9ljQg8cK9gPaGDabSbt088HuRCwhf8WLB0W8+ke8+W/ctjlo64OBx3szzMzzU8EV2va3sba+sbm1Xdmp7u7tHxyaR7WuSjLJoMMSkci+TxUIHkMHOQropxJo5Avo+ZPrmd97BKl4Et/jNAU3oqOYh5xR1JJn1obIRQC5KrzhDQikD8wz63bDnsNaJU5J6qRE2zO/hkHCsghiZIIqNXDsFN2cSuRMQFEdZgpSyiZ0BANNYxqBcvP57YV1ppXAChOpK0Zrrv6eyGmk1DTydWdEcayWvZn4nzfIMGy6OY/TDCFmi0VhJixMrFkQVsAlMBRTTSiTXN9qsTGVlKGOq6pDcJZfXiXdi4ZjN5y7y3qrWcZRISfklJwTh1yRFrklbdIhjDyRZ/JK3ozCeDHejY9F65pRzhyTPzA+fwBUi5SU</latexit>

typical LHC event results  

in formation of               “squirky” pair s̃c�s̃
c⇤
�

<latexit sha1_base64="sZDXEosOPm03jn5S0wNuiVfKw0o=">AAACFXicbZC7SgNBFIZn4y3G26qlzWAQLCTsimDKgBaWEcwFsjHMTk6SIbMXZs4KYdmXsPFVbCwUsRXsfBsnyRaa+MPAz3fO4cz5/VgKjY7zbRVWVtfWN4qbpa3tnd09e/+gqaNEcWjwSEaq7TMNUoTQQIES2rECFvgSWv74alpvPYDSIgrvcBJDN2DDUAwEZ2hQzz7zUMg+pDrredcgkd1zuoRSw5jGrGeXnYozE102bm7KJFe9Z395/YgnAYTIJdO64zoxdlOmUHAJWclLNMSMj9kQOsaGLADdTWdXZfTEkD4dRMq8EOmM/p5IWaD1JPBNZ8BwpBdrU/hfrZPgoNpNRRgnCCGfLxokkmJEpxHRvlDAUU6MYVwJ81fKR0wxjibIkgnBXTx52TTPK65TcW8vyrVqHkeRHJFjckpccklq5IbUSYNw8kieySt5s56sF+vd+pi3Fqx85pD8kfX5A6dVn7M=</latexit><latexit sha1_base64="sZDXEosOPm03jn5S0wNuiVfKw0o=">AAACFXicbZC7SgNBFIZn4y3G26qlzWAQLCTsimDKgBaWEcwFsjHMTk6SIbMXZs4KYdmXsPFVbCwUsRXsfBsnyRaa+MPAz3fO4cz5/VgKjY7zbRVWVtfWN4qbpa3tnd09e/+gqaNEcWjwSEaq7TMNUoTQQIES2rECFvgSWv74alpvPYDSIgrvcBJDN2DDUAwEZ2hQzz7zUMg+pDrredcgkd1zuoRSw5jGrGeXnYozE102bm7KJFe9Z395/YgnAYTIJdO64zoxdlOmUHAJWclLNMSMj9kQOsaGLADdTWdXZfTEkD4dRMq8EOmM/p5IWaD1JPBNZ8BwpBdrU/hfrZPgoNpNRRgnCCGfLxokkmJEpxHRvlDAUU6MYVwJ81fKR0wxjibIkgnBXTx52TTPK65TcW8vyrVqHkeRHJFjckpccklq5IbUSYNw8kieySt5s56sF+vd+pi3Fqx85pD8kfX5A6dVn7M=</latexit><latexit sha1_base64="sZDXEosOPm03jn5S0wNuiVfKw0o=">AAACFXicbZC7SgNBFIZn4y3G26qlzWAQLCTsimDKgBaWEcwFsjHMTk6SIbMXZs4KYdmXsPFVbCwUsRXsfBsnyRaa+MPAz3fO4cz5/VgKjY7zbRVWVtfWN4qbpa3tnd09e/+gqaNEcWjwSEaq7TMNUoTQQIES2rECFvgSWv74alpvPYDSIgrvcBJDN2DDUAwEZ2hQzz7zUMg+pDrredcgkd1zuoRSw5jGrGeXnYozE102bm7KJFe9Z395/YgnAYTIJdO64zoxdlOmUHAJWclLNMSMj9kQOsaGLADdTWdXZfTEkD4dRMq8EOmM/p5IWaD1JPBNZ8BwpBdrU/hfrZPgoNpNRRgnCCGfLxokkmJEpxHRvlDAUU6MYVwJ81fKR0wxjibIkgnBXTx52TTPK65TcW8vyrVqHkeRHJFjckpccklq5IbUSYNw8kieySt5s56sF+vd+pi3Fqx85pD8kfX5A6dVn7M=</latexit><latexit sha1_base64="sZDXEosOPm03jn5S0wNuiVfKw0o=">AAACFXicbZC7SgNBFIZn4y3G26qlzWAQLCTsimDKgBaWEcwFsjHMTk6SIbMXZs4KYdmXsPFVbCwUsRXsfBsnyRaa+MPAz3fO4cz5/VgKjY7zbRVWVtfWN4qbpa3tnd09e/+gqaNEcWjwSEaq7TMNUoTQQIES2rECFvgSWv74alpvPYDSIgrvcBJDN2DDUAwEZ2hQzz7zUMg+pDrredcgkd1zuoRSw5jGrGeXnYozE102bm7KJFe9Z395/YgnAYTIJdO64zoxdlOmUHAJWclLNMSMj9kQOsaGLADdTWdXZfTEkD4dRMq8EOmM/p5IWaD1JPBNZ8BwpBdrU/hfrZPgoNpNRRgnCCGfLxokkmJEpxHRvlDAUU6MYVwJ81fKR0wxjibIkgnBXTx52TTPK65TcW8vyrVqHkeRHJFjckpccklq5IbUSYNw8kieySt5s56sF+vd+pi3Fqx85pD8kfX5A6dVn7M=</latexit>

How does the             system de-excite?s̃c�s̃
c⇤
�

<latexit sha1_base64="593mBWCnQsomcmsp+/8QxKePIwg=">AAACIHicbZDLSgMxFIYz9VbrbdSlm2ARXJUZEeuyoAuXFewFOrVkMqdtaOZCckYowzyKG1/FjQtFdKdPY3pZaOuBwM/3n5Oc/H4ihUbH+bIKK6tr6xvFzdLW9s7unr1/0NRxqjg0eCxj1faZBikiaKBACe1EAQt9CS1/dDXxWw+gtIijOxwn0A3ZIBJ9wRka1LOr3vSOTEGQeyhkAJnOe941SGT3nC6hzDCmMe/ZZafiTIsuC3cuymRe9Z796QUxT0OIkEumdcd1EuxmTKHgEvKSl2pIGB+xAXSMjFgIuptNl8vpiSEB7cfKnAjplP6eyFio9Tj0TWfIcKgXvQn8z+uk2L/sZiJKUoSIzx7qp5JiTCdp0UAo4CjHRjCuhNmV8iFTjKPJtGRCcBe/vCyaZxXXqbi35+XaxTyOIjkix+SUuKRKauSG1EmDcPJInskrebOerBfr3fqYtRas+cwh+VPW9w8+9aTN</latexit><latexit sha1_base64="593mBWCnQsomcmsp+/8QxKePIwg=">AAACIHicbZDLSgMxFIYz9VbrbdSlm2ARXJUZEeuyoAuXFewFOrVkMqdtaOZCckYowzyKG1/FjQtFdKdPY3pZaOuBwM/3n5Oc/H4ihUbH+bIKK6tr6xvFzdLW9s7unr1/0NRxqjg0eCxj1faZBikiaKBACe1EAQt9CS1/dDXxWw+gtIijOxwn0A3ZIBJ9wRka1LOr3vSOTEGQeyhkAJnOe941SGT3nC6hzDCmMe/ZZafiTIsuC3cuymRe9Z796QUxT0OIkEumdcd1EuxmTKHgEvKSl2pIGB+xAXSMjFgIuptNl8vpiSEB7cfKnAjplP6eyFio9Tj0TWfIcKgXvQn8z+uk2L/sZiJKUoSIzx7qp5JiTCdp0UAo4CjHRjCuhNmV8iFTjKPJtGRCcBe/vCyaZxXXqbi35+XaxTyOIjkix+SUuKRKauSG1EmDcPJInskrebOerBfr3fqYtRas+cwh+VPW9w8+9aTN</latexit><latexit sha1_base64="593mBWCnQsomcmsp+/8QxKePIwg=">AAACIHicbZDLSgMxFIYz9VbrbdSlm2ARXJUZEeuyoAuXFewFOrVkMqdtaOZCckYowzyKG1/FjQtFdKdPY3pZaOuBwM/3n5Oc/H4ihUbH+bIKK6tr6xvFzdLW9s7unr1/0NRxqjg0eCxj1faZBikiaKBACe1EAQt9CS1/dDXxWw+gtIijOxwn0A3ZIBJ9wRka1LOr3vSOTEGQeyhkAJnOe941SGT3nC6hzDCmMe/ZZafiTIsuC3cuymRe9Z796QUxT0OIkEumdcd1EuxmTKHgEvKSl2pIGB+xAXSMjFgIuptNl8vpiSEB7cfKnAjplP6eyFio9Tj0TWfIcKgXvQn8z+uk2L/sZiJKUoSIzx7qp5JiTCdp0UAo4CjHRjCuhNmV8iFTjKPJtGRCcBe/vCyaZxXXqbi35+XaxTyOIjkix+SUuKRKauSG1EmDcPJInskrebOerBfr3fqYtRas+cwh+VPW9w8+9aTN</latexit><latexit sha1_base64="593mBWCnQsomcmsp+/8QxKePIwg=">AAACIHicbZDLSgMxFIYz9VbrbdSlm2ARXJUZEeuyoAuXFewFOrVkMqdtaOZCckYowzyKG1/FjQtFdKdPY3pZaOuBwM/3n5Oc/H4ihUbH+bIKK6tr6xvFzdLW9s7unr1/0NRxqjg0eCxj1faZBikiaKBACe1EAQt9CS1/dDXxWw+gtIijOxwn0A3ZIBJ9wRka1LOr3vSOTEGQeyhkAJnOe941SGT3nC6hzDCmMe/ZZafiTIsuC3cuymRe9Z796QUxT0OIkEumdcd1EuxmTKHgEvKSl2pIGB+xAXSMjFgIuptNl8vpiSEB7cfKnAjplP6eyFio9Tj0TWfIcKgXvQn8z+uk2L/sZiJKUoSIzx7qp5JiTCdp0UAo4CjHRjCuhNmV8iFTjKPJtGRCcBe/vCyaZxXXqbi35+XaxTyOIjkix+SUuKRKauSG1EmDcPJInskrebOerBfr3fqYtRas+cwh+VPW9w8+9aTN</latexit>

decay of fermions  
requires light neutralino



𝞓 < 𝟂 : light singlet scalars 

•  If              ,  the singlet scalars  
    are at the bottom of matter spectrum in hidden sectors 

•  Dominant production of heavier EW-doublet states, 
    they decay down to light scalar 

� < !
<latexit sha1_base64="wy6krsAOSbKOjXjXfj3Weh4GGUE=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1IOHgh48VrAf0ISy2U7apbvZsLsRaugv8eJBEa/+FG/+G7dtDtr6YODx3gwz86KUM20879tZWV1b39gsbZW3d3b3Ku7+QUvLTFFoUsml6kREA2cJNA0zHDqpAiIiDu1odDP124+gNJPJgxmnEAoySFjMKDFW6rmV4Ba4IfgaB1LAgPTcqlfzZsDLxC9IFRVo9NyvoC9pJiAxlBOtu76XmjAnyjDKYVIOMg0poSMygK6lCRGgw3x2+ASfWKWPY6lsJQbP1N8TORFaj0VkOwUxQ73oTcX/vG5m4qswZ0maGUjofFGccWwknqaA+0wBNXxsCaGK2VsxHRJFqLFZlW0I/uLLy6R1VvO9mn9/Xq1fFHGU0BE6RqfIR5eoju5QAzURRRl6Rq/ozXlyXpx352PeuuIUM4foD5zPH5yDklw=</latexit><latexit sha1_base64="wy6krsAOSbKOjXjXfj3Weh4GGUE=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1IOHgh48VrAf0ISy2U7apbvZsLsRaugv8eJBEa/+FG/+G7dtDtr6YODx3gwz86KUM20879tZWV1b39gsbZW3d3b3Ku7+QUvLTFFoUsml6kREA2cJNA0zHDqpAiIiDu1odDP124+gNJPJgxmnEAoySFjMKDFW6rmV4Ba4IfgaB1LAgPTcqlfzZsDLxC9IFRVo9NyvoC9pJiAxlBOtu76XmjAnyjDKYVIOMg0poSMygK6lCRGgw3x2+ASfWKWPY6lsJQbP1N8TORFaj0VkOwUxQ73oTcX/vG5m4qswZ0maGUjofFGccWwknqaA+0wBNXxsCaGK2VsxHRJFqLFZlW0I/uLLy6R1VvO9mn9/Xq1fFHGU0BE6RqfIR5eoju5QAzURRRl6Rq/ozXlyXpx352PeuuIUM4foD5zPH5yDklw=</latexit><latexit sha1_base64="wy6krsAOSbKOjXjXfj3Weh4GGUE=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1IOHgh48VrAf0ISy2U7apbvZsLsRaugv8eJBEa/+FG/+G7dtDtr6YODx3gwz86KUM20879tZWV1b39gsbZW3d3b3Ku7+QUvLTFFoUsml6kREA2cJNA0zHDqpAiIiDu1odDP124+gNJPJgxmnEAoySFjMKDFW6rmV4Ba4IfgaB1LAgPTcqlfzZsDLxC9IFRVo9NyvoC9pJiAxlBOtu76XmjAnyjDKYVIOMg0poSMygK6lCRGgw3x2+ASfWKWPY6lsJQbP1N8TORFaj0VkOwUxQ73oTcX/vG5m4qswZ0maGUjofFGccWwknqaA+0wBNXxsCaGK2VsxHRJFqLFZlW0I/uLLy6R1VvO9mn9/Xq1fFHGU0BE6RqfIR5eoju5QAzURRRl6Rq/ozXlyXpx352PeuuIUM4foD5zPH5yDklw=</latexit><latexit sha1_base64="wy6krsAOSbKOjXjXfj3Weh4GGUE=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1IOHgh48VrAf0ISy2U7apbvZsLsRaugv8eJBEa/+FG/+G7dtDtr6YODx3gwz86KUM20879tZWV1b39gsbZW3d3b3Ku7+QUvLTFFoUsml6kREA2cJNA0zHDqpAiIiDu1odDP124+gNJPJgxmnEAoySFjMKDFW6rmV4Ba4IfgaB1LAgPTcqlfzZsDLxC9IFRVo9NyvoC9pJiAxlBOtu76XmjAnyjDKYVIOMg0poSMygK6lCRGgw3x2+ASfWKWPY6lsJQbP1N8TORFaj0VkOwUxQ73oTcX/vG5m4qswZ0maGUjofFGccWwknqaA+0wBNXxsCaGK2VsxHRJFqLFZlW0I/uLLy6R1VvO9mn9/Xq1fFHGU0BE6RqfIR5eoju5QAzURRRl6Rq/ozXlyXpx352PeuuIUM4foD5zPH5yDklw=</latexit>

s̃c�
<latexit sha1_base64="+l9PVVU/B2vSCkDxWFv559LecuU=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4KokI9ljQg8cK9gPaGDabSbt088HuRCwhf8WLB0W8+ke8+W/ctjlo64OBx3szzMzzU8EV2va3sba+sbm1Xdmp7u7tHxyaR7WuSjLJoMMSkci+TxUIHkMHOQropxJo5Avo+ZPrmd97BKl4Et/jNAU3oqOYh5xR1JJn1obIRQC5KrzhDQikD8wz63bDnsNaJU5J6qRE2zO/hkHCsghiZIIqNXDsFN2cSuRMQFEdZgpSyiZ0BANNYxqBcvP57YV1ppXAChOpK0Zrrv6eyGmk1DTydWdEcayWvZn4nzfIMGy6OY/TDCFmi0VhJixMrFkQVsAlMBRTTSiTXN9qsTGVlKGOq6pDcJZfXiXdi4ZjN5y7y3qrWcZRISfklJwTh1yRFrklbdIhjDyRZ/JK3ozCeDHejY9F65pRzhyTPzA+fwBUi5SU</latexit><latexit sha1_base64="+l9PVVU/B2vSCkDxWFv559LecuU=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4KokI9ljQg8cK9gPaGDabSbt088HuRCwhf8WLB0W8+ke8+W/ctjlo64OBx3szzMzzU8EV2va3sba+sbm1Xdmp7u7tHxyaR7WuSjLJoMMSkci+TxUIHkMHOQropxJo5Avo+ZPrmd97BKl4Et/jNAU3oqOYh5xR1JJn1obIRQC5KrzhDQikD8wz63bDnsNaJU5J6qRE2zO/hkHCsghiZIIqNXDsFN2cSuRMQFEdZgpSyiZ0BANNYxqBcvP57YV1ppXAChOpK0Zrrv6eyGmk1DTydWdEcayWvZn4nzfIMGy6OY/TDCFmi0VhJixMrFkQVsAlMBRTTSiTXN9qsTGVlKGOq6pDcJZfXiXdi4ZjN5y7y3qrWcZRISfklJwTh1yRFrklbdIhjDyRZ/JK3ozCeDHejY9F65pRzhyTPzA+fwBUi5SU</latexit><latexit sha1_base64="+l9PVVU/B2vSCkDxWFv559LecuU=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4KokI9ljQg8cK9gPaGDabSbt088HuRCwhf8WLB0W8+ke8+W/ctjlo64OBx3szzMzzU8EV2va3sba+sbm1Xdmp7u7tHxyaR7WuSjLJoMMSkci+TxUIHkMHOQropxJo5Avo+ZPrmd97BKl4Et/jNAU3oqOYh5xR1JJn1obIRQC5KrzhDQikD8wz63bDnsNaJU5J6qRE2zO/hkHCsghiZIIqNXDsFN2cSuRMQFEdZgpSyiZ0BANNYxqBcvP57YV1ppXAChOpK0Zrrv6eyGmk1DTydWdEcayWvZn4nzfIMGy6OY/TDCFmi0VhJixMrFkQVsAlMBRTTSiTXN9qsTGVlKGOq6pDcJZfXiXdi4ZjN5y7y3qrWcZRISfklJwTh1yRFrklbdIhjDyRZ/JK3ozCeDHejY9F65pRzhyTPzA+fwBUi5SU</latexit><latexit sha1_base64="+l9PVVU/B2vSCkDxWFv559LecuU=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4KokI9ljQg8cK9gPaGDabSbt088HuRCwhf8WLB0W8+ke8+W/ctjlo64OBx3szzMzzU8EV2va3sba+sbm1Xdmp7u7tHxyaR7WuSjLJoMMSkci+TxUIHkMHOQropxJo5Avo+ZPrmd97BKl4Et/jNAU3oqOYh5xR1JJn1obIRQC5KrzhDQikD8wz63bDnsNaJU5J6qRE2zO/hkHCsghiZIIqNXDsFN2cSuRMQFEdZgpSyiZ0BANNYxqBcvP57YV1ppXAChOpK0Zrrv6eyGmk1DTydWdEcayWvZn4nzfIMGy6OY/TDCFmi0VhJixMrFkQVsAlMBRTTSiTXN9qsTGVlKGOq6pDcJZfXiXdi4ZjN5y7y3qrWcZRISfklJwTh1yRFrklbdIhjDyRZ/JK3ozCeDHejY9F65pRzhyTPzA+fwBUi5SU</latexit>

typical LHC event results  

in formation of               “squirky” pair s̃c�s̃
c⇤
�

<latexit sha1_base64="sZDXEosOPm03jn5S0wNuiVfKw0o=">AAACFXicbZC7SgNBFIZn4y3G26qlzWAQLCTsimDKgBaWEcwFsjHMTk6SIbMXZs4KYdmXsPFVbCwUsRXsfBsnyRaa+MPAz3fO4cz5/VgKjY7zbRVWVtfWN4qbpa3tnd09e/+gqaNEcWjwSEaq7TMNUoTQQIES2rECFvgSWv74alpvPYDSIgrvcBJDN2DDUAwEZ2hQzz7zUMg+pDrredcgkd1zuoRSw5jGrGeXnYozE102bm7KJFe9Z395/YgnAYTIJdO64zoxdlOmUHAJWclLNMSMj9kQOsaGLADdTWdXZfTEkD4dRMq8EOmM/p5IWaD1JPBNZ8BwpBdrU/hfrZPgoNpNRRgnCCGfLxokkmJEpxHRvlDAUU6MYVwJ81fKR0wxjibIkgnBXTx52TTPK65TcW8vyrVqHkeRHJFjckpccklq5IbUSYNw8kieySt5s56sF+vd+pi3Fqx85pD8kfX5A6dVn7M=</latexit><latexit sha1_base64="sZDXEosOPm03jn5S0wNuiVfKw0o=">AAACFXicbZC7SgNBFIZn4y3G26qlzWAQLCTsimDKgBaWEcwFsjHMTk6SIbMXZs4KYdmXsPFVbCwUsRXsfBsnyRaa+MPAz3fO4cz5/VgKjY7zbRVWVtfWN4qbpa3tnd09e/+gqaNEcWjwSEaq7TMNUoTQQIES2rECFvgSWv74alpvPYDSIgrvcBJDN2DDUAwEZ2hQzz7zUMg+pDrredcgkd1zuoRSw5jGrGeXnYozE102bm7KJFe9Z395/YgnAYTIJdO64zoxdlOmUHAJWclLNMSMj9kQOsaGLADdTWdXZfTEkD4dRMq8EOmM/p5IWaD1JPBNZ8BwpBdrU/hfrZPgoNpNRRgnCCGfLxokkmJEpxHRvlDAUU6MYVwJ81fKR0wxjibIkgnBXTx52TTPK65TcW8vyrVqHkeRHJFjckpccklq5IbUSYNw8kieySt5s56sF+vd+pi3Fqx85pD8kfX5A6dVn7M=</latexit><latexit sha1_base64="sZDXEosOPm03jn5S0wNuiVfKw0o=">AAACFXicbZC7SgNBFIZn4y3G26qlzWAQLCTsimDKgBaWEcwFsjHMTk6SIbMXZs4KYdmXsPFVbCwUsRXsfBsnyRaa+MPAz3fO4cz5/VgKjY7zbRVWVtfWN4qbpa3tnd09e/+gqaNEcWjwSEaq7TMNUoTQQIES2rECFvgSWv74alpvPYDSIgrvcBJDN2DDUAwEZ2hQzz7zUMg+pDrredcgkd1zuoRSw5jGrGeXnYozE102bm7KJFe9Z395/YgnAYTIJdO64zoxdlOmUHAJWclLNMSMj9kQOsaGLADdTWdXZfTEkD4dRMq8EOmM/p5IWaD1JPBNZ8BwpBdrU/hfrZPgoNpNRRgnCCGfLxokkmJEpxHRvlDAUU6MYVwJ81fKR0wxjibIkgnBXTx52TTPK65TcW8vyrVqHkeRHJFjckpccklq5IbUSYNw8kieySt5s56sF+vd+pi3Fqx85pD8kfX5A6dVn7M=</latexit><latexit sha1_base64="sZDXEosOPm03jn5S0wNuiVfKw0o=">AAACFXicbZC7SgNBFIZn4y3G26qlzWAQLCTsimDKgBaWEcwFsjHMTk6SIbMXZs4KYdmXsPFVbCwUsRXsfBsnyRaa+MPAz3fO4cz5/VgKjY7zbRVWVtfWN4qbpa3tnd09e/+gqaNEcWjwSEaq7TMNUoTQQIES2rECFvgSWv74alpvPYDSIgrvcBJDN2DDUAwEZ2hQzz7zUMg+pDrredcgkd1zuoRSw5jGrGeXnYozE102bm7KJFe9Z395/YgnAYTIJdO64zoxdlOmUHAJWclLNMSMj9kQOsaGLADdTWdXZfTEkD4dRMq8EOmM/p5IWaD1JPBNZ8BwpBdrU/hfrZPgoNpNRRgnCCGfLxokkmJEpxHRvlDAUU6MYVwJ81fKR0wxjibIkgnBXTx52TTPK65TcW8vyrVqHkeRHJFjckpccklq5IbUSYNw8kieySt5s56sF+vd+pi3Fqx85pD8kfX5A6dVn7M=</latexit>

How does the             system de-excite?s̃c�s̃
c⇤
�

<latexit sha1_base64="593mBWCnQsomcmsp+/8QxKePIwg=">AAACIHicbZDLSgMxFIYz9VbrbdSlm2ARXJUZEeuyoAuXFewFOrVkMqdtaOZCckYowzyKG1/FjQtFdKdPY3pZaOuBwM/3n5Oc/H4ihUbH+bIKK6tr6xvFzdLW9s7unr1/0NRxqjg0eCxj1faZBikiaKBACe1EAQt9CS1/dDXxWw+gtIijOxwn0A3ZIBJ9wRka1LOr3vSOTEGQeyhkAJnOe941SGT3nC6hzDCmMe/ZZafiTIsuC3cuymRe9Z796QUxT0OIkEumdcd1EuxmTKHgEvKSl2pIGB+xAXSMjFgIuptNl8vpiSEB7cfKnAjplP6eyFio9Tj0TWfIcKgXvQn8z+uk2L/sZiJKUoSIzx7qp5JiTCdp0UAo4CjHRjCuhNmV8iFTjKPJtGRCcBe/vCyaZxXXqbi35+XaxTyOIjkix+SUuKRKauSG1EmDcPJInskrebOerBfr3fqYtRas+cwh+VPW9w8+9aTN</latexit><latexit sha1_base64="593mBWCnQsomcmsp+/8QxKePIwg=">AAACIHicbZDLSgMxFIYz9VbrbdSlm2ARXJUZEeuyoAuXFewFOrVkMqdtaOZCckYowzyKG1/FjQtFdKdPY3pZaOuBwM/3n5Oc/H4ihUbH+bIKK6tr6xvFzdLW9s7unr1/0NRxqjg0eCxj1faZBikiaKBACe1EAQt9CS1/dDXxWw+gtIijOxwn0A3ZIBJ9wRka1LOr3vSOTEGQeyhkAJnOe941SGT3nC6hzDCmMe/ZZafiTIsuC3cuymRe9Z796QUxT0OIkEumdcd1EuxmTKHgEvKSl2pIGB+xAXSMjFgIuptNl8vpiSEB7cfKnAjplP6eyFio9Tj0TWfIcKgXvQn8z+uk2L/sZiJKUoSIzx7qp5JiTCdp0UAo4CjHRjCuhNmV8iFTjKPJtGRCcBe/vCyaZxXXqbi35+XaxTyOIjkix+SUuKRKauSG1EmDcPJInskrebOerBfr3fqYtRas+cwh+VPW9w8+9aTN</latexit><latexit sha1_base64="593mBWCnQsomcmsp+/8QxKePIwg=">AAACIHicbZDLSgMxFIYz9VbrbdSlm2ARXJUZEeuyoAuXFewFOrVkMqdtaOZCckYowzyKG1/FjQtFdKdPY3pZaOuBwM/3n5Oc/H4ihUbH+bIKK6tr6xvFzdLW9s7unr1/0NRxqjg0eCxj1faZBikiaKBACe1EAQt9CS1/dDXxWw+gtIijOxwn0A3ZIBJ9wRka1LOr3vSOTEGQeyhkAJnOe941SGT3nC6hzDCmMe/ZZafiTIsuC3cuymRe9Z796QUxT0OIkEumdcd1EuxmTKHgEvKSl2pIGB+xAXSMjFgIuptNl8vpiSEB7cfKnAjplP6eyFio9Tj0TWfIcKgXvQn8z+uk2L/sZiJKUoSIzx7qp5JiTCdp0UAo4CjHRjCuhNmV8iFTjKPJtGRCcBe/vCyaZxXXqbi35+XaxTyOIjkix+SUuKRKauSG1EmDcPJInskrebOerBfr3fqYtRas+cwh+VPW9w8+9aTN</latexit><latexit sha1_base64="593mBWCnQsomcmsp+/8QxKePIwg=">AAACIHicbZDLSgMxFIYz9VbrbdSlm2ARXJUZEeuyoAuXFewFOrVkMqdtaOZCckYowzyKG1/FjQtFdKdPY3pZaOuBwM/3n5Oc/H4ihUbH+bIKK6tr6xvFzdLW9s7unr1/0NRxqjg0eCxj1faZBikiaKBACe1EAQt9CS1/dDXxWw+gtIijOxwn0A3ZIBJ9wRka1LOr3vSOTEGQeyhkAJnOe941SGT3nC6hzDCmMe/ZZafiTIsuC3cuymRe9Z796QUxT0OIkEumdcd1EuxmTKHgEvKSl2pIGB+xAXSMjFgIuptNl8vpiSEB7cfKnAjplP6eyFio9Tj0TWfIcKgXvQn8z+uk2L/sZiJKUoSIzx7qp5JiTCdp0UAo4CjHRjCuhNmV8iFTjKPJtGRCcBe/vCyaZxXXqbi35+XaxTyOIjkix+SUuKRKauSG1EmDcPJInskrebOerBfr3fqYtRas+cwh+VPW9w8+9aTN</latexit>

decay of fermions  
requires light neutralino

Glueball radiation is prompt, but does not complete de-excitation 

Residual kinetic energy

K . m0 ' 7⇤QCDB,C
 ! n ⇠ 10

<latexit sha1_base64="oiZ/3Xp4vixxqKwkfoxeEIzmNHg="></latexit><latexit sha1_base64="oiZ/3Xp4vixxqKwkfoxeEIzmNHg="></latexit><latexit sha1_base64="oiZ/3Xp4vixxqKwkfoxeEIzmNHg="></latexit><latexit sha1_base64="oiZ/3Xp4vixxqKwkfoxeEIzmNHg="></latexit>



𝞓 < 𝟂 : light singlet scalars 

•  If              ,  the singlet scalars  
    are at the bottom of matter spectrum in hidden sectors 

•  Dominant production of heavier EW-doublet states, 
    they decay down to light scalar 

� < !
<latexit sha1_base64="wy6krsAOSbKOjXjXfj3Weh4GGUE=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1IOHgh48VrAf0ISy2U7apbvZsLsRaugv8eJBEa/+FG/+G7dtDtr6YODx3gwz86KUM20879tZWV1b39gsbZW3d3b3Ku7+QUvLTFFoUsml6kREA2cJNA0zHDqpAiIiDu1odDP124+gNJPJgxmnEAoySFjMKDFW6rmV4Ba4IfgaB1LAgPTcqlfzZsDLxC9IFRVo9NyvoC9pJiAxlBOtu76XmjAnyjDKYVIOMg0poSMygK6lCRGgw3x2+ASfWKWPY6lsJQbP1N8TORFaj0VkOwUxQ73oTcX/vG5m4qswZ0maGUjofFGccWwknqaA+0wBNXxsCaGK2VsxHRJFqLFZlW0I/uLLy6R1VvO9mn9/Xq1fFHGU0BE6RqfIR5eoju5QAzURRRl6Rq/ozXlyXpx352PeuuIUM4foD5zPH5yDklw=</latexit><latexit sha1_base64="wy6krsAOSbKOjXjXfj3Weh4GGUE=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1IOHgh48VrAf0ISy2U7apbvZsLsRaugv8eJBEa/+FG/+G7dtDtr6YODx3gwz86KUM20879tZWV1b39gsbZW3d3b3Ku7+QUvLTFFoUsml6kREA2cJNA0zHDqpAiIiDu1odDP124+gNJPJgxmnEAoySFjMKDFW6rmV4Ba4IfgaB1LAgPTcqlfzZsDLxC9IFRVo9NyvoC9pJiAxlBOtu76XmjAnyjDKYVIOMg0poSMygK6lCRGgw3x2+ASfWKWPY6lsJQbP1N8TORFaj0VkOwUxQ73oTcX/vG5m4qswZ0maGUjofFGccWwknqaA+0wBNXxsCaGK2VsxHRJFqLFZlW0I/uLLy6R1VvO9mn9/Xq1fFHGU0BE6RqfIR5eoju5QAzURRRl6Rq/ozXlyXpx352PeuuIUM4foD5zPH5yDklw=</latexit><latexit sha1_base64="wy6krsAOSbKOjXjXfj3Weh4GGUE=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1IOHgh48VrAf0ISy2U7apbvZsLsRaugv8eJBEa/+FG/+G7dtDtr6YODx3gwz86KUM20879tZWV1b39gsbZW3d3b3Ku7+QUvLTFFoUsml6kREA2cJNA0zHDqpAiIiDu1odDP124+gNJPJgxmnEAoySFjMKDFW6rmV4Ba4IfgaB1LAgPTcqlfzZsDLxC9IFRVo9NyvoC9pJiAxlBOtu76XmjAnyjDKYVIOMg0poSMygK6lCRGgw3x2+ASfWKWPY6lsJQbP1N8TORFaj0VkOwUxQ73oTcX/vG5m4qswZ0maGUjofFGccWwknqaA+0wBNXxsCaGK2VsxHRJFqLFZlW0I/uLLy6R1VvO9mn9/Xq1fFHGU0BE6RqfIR5eoju5QAzURRRl6Rq/ozXlyXpx352PeuuIUM4foD5zPH5yDklw=</latexit><latexit sha1_base64="wy6krsAOSbKOjXjXfj3Weh4GGUE=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1IOHgh48VrAf0ISy2U7apbvZsLsRaugv8eJBEa/+FG/+G7dtDtr6YODx3gwz86KUM20879tZWV1b39gsbZW3d3b3Ku7+QUvLTFFoUsml6kREA2cJNA0zHDqpAiIiDu1odDP124+gNJPJgxmnEAoySFjMKDFW6rmV4Ba4IfgaB1LAgPTcqlfzZsDLxC9IFRVo9NyvoC9pJiAxlBOtu76XmjAnyjDKYVIOMg0poSMygK6lCRGgw3x2+ASfWKWPY6lsJQbP1N8TORFaj0VkOwUxQ73oTcX/vG5m4qswZ0maGUjofFGccWwknqaA+0wBNXxsCaGK2VsxHRJFqLFZlW0I/uLLy6R1VvO9mn9/Xq1fFHGU0BE6RqfIR5eoju5QAzURRRl6Rq/ozXlyXpx352PeuuIUM4foD5zPH5yDklw=</latexit>

s̃c�
<latexit sha1_base64="+l9PVVU/B2vSCkDxWFv559LecuU=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4KokI9ljQg8cK9gPaGDabSbt088HuRCwhf8WLB0W8+ke8+W/ctjlo64OBx3szzMzzU8EV2va3sba+sbm1Xdmp7u7tHxyaR7WuSjLJoMMSkci+TxUIHkMHOQropxJo5Avo+ZPrmd97BKl4Et/jNAU3oqOYh5xR1JJn1obIRQC5KrzhDQikD8wz63bDnsNaJU5J6qRE2zO/hkHCsghiZIIqNXDsFN2cSuRMQFEdZgpSyiZ0BANNYxqBcvP57YV1ppXAChOpK0Zrrv6eyGmk1DTydWdEcayWvZn4nzfIMGy6OY/TDCFmi0VhJixMrFkQVsAlMBRTTSiTXN9qsTGVlKGOq6pDcJZfXiXdi4ZjN5y7y3qrWcZRISfklJwTh1yRFrklbdIhjDyRZ/JK3ozCeDHejY9F65pRzhyTPzA+fwBUi5SU</latexit><latexit sha1_base64="+l9PVVU/B2vSCkDxWFv559LecuU=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4KokI9ljQg8cK9gPaGDabSbt088HuRCwhf8WLB0W8+ke8+W/ctjlo64OBx3szzMzzU8EV2va3sba+sbm1Xdmp7u7tHxyaR7WuSjLJoMMSkci+TxUIHkMHOQropxJo5Avo+ZPrmd97BKl4Et/jNAU3oqOYh5xR1JJn1obIRQC5KrzhDQikD8wz63bDnsNaJU5J6qRE2zO/hkHCsghiZIIqNXDsFN2cSuRMQFEdZgpSyiZ0BANNYxqBcvP57YV1ppXAChOpK0Zrrv6eyGmk1DTydWdEcayWvZn4nzfIMGy6OY/TDCFmi0VhJixMrFkQVsAlMBRTTSiTXN9qsTGVlKGOq6pDcJZfXiXdi4ZjN5y7y3qrWcZRISfklJwTh1yRFrklbdIhjDyRZ/JK3ozCeDHejY9F65pRzhyTPzA+fwBUi5SU</latexit><latexit sha1_base64="+l9PVVU/B2vSCkDxWFv559LecuU=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4KokI9ljQg8cK9gPaGDabSbt088HuRCwhf8WLB0W8+ke8+W/ctjlo64OBx3szzMzzU8EV2va3sba+sbm1Xdmp7u7tHxyaR7WuSjLJoMMSkci+TxUIHkMHOQropxJo5Avo+ZPrmd97BKl4Et/jNAU3oqOYh5xR1JJn1obIRQC5KrzhDQikD8wz63bDnsNaJU5J6qRE2zO/hkHCsghiZIIqNXDsFN2cSuRMQFEdZgpSyiZ0BANNYxqBcvP57YV1ppXAChOpK0Zrrv6eyGmk1DTydWdEcayWvZn4nzfIMGy6OY/TDCFmi0VhJixMrFkQVsAlMBRTTSiTXN9qsTGVlKGOq6pDcJZfXiXdi4ZjN5y7y3qrWcZRISfklJwTh1yRFrklbdIhjDyRZ/JK3ozCeDHejY9F65pRzhyTPzA+fwBUi5SU</latexit><latexit sha1_base64="+l9PVVU/B2vSCkDxWFv559LecuU=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4KokI9ljQg8cK9gPaGDabSbt088HuRCwhf8WLB0W8+ke8+W/ctjlo64OBx3szzMzzU8EV2va3sba+sbm1Xdmp7u7tHxyaR7WuSjLJoMMSkci+TxUIHkMHOQropxJo5Avo+ZPrmd97BKl4Et/jNAU3oqOYh5xR1JJn1obIRQC5KrzhDQikD8wz63bDnsNaJU5J6qRE2zO/hkHCsghiZIIqNXDsFN2cSuRMQFEdZgpSyiZ0BANNYxqBcvP57YV1ppXAChOpK0Zrrv6eyGmk1DTydWdEcayWvZn4nzfIMGy6OY/TDCFmi0VhJixMrFkQVsAlMBRTTSiTXN9qsTGVlKGOq6pDcJZfXiXdi4ZjN5y7y3qrWcZRISfklJwTh1yRFrklbdIhjDyRZ/JK3ozCeDHejY9F65pRzhyTPzA+fwBUi5SU</latexit>

typical LHC event results  

in formation of               “squirky” pair s̃c�s̃
c⇤
�

<latexit sha1_base64="sZDXEosOPm03jn5S0wNuiVfKw0o=">AAACFXicbZC7SgNBFIZn4y3G26qlzWAQLCTsimDKgBaWEcwFsjHMTk6SIbMXZs4KYdmXsPFVbCwUsRXsfBsnyRaa+MPAz3fO4cz5/VgKjY7zbRVWVtfWN4qbpa3tnd09e/+gqaNEcWjwSEaq7TMNUoTQQIES2rECFvgSWv74alpvPYDSIgrvcBJDN2DDUAwEZ2hQzz7zUMg+pDrredcgkd1zuoRSw5jGrGeXnYozE102bm7KJFe9Z395/YgnAYTIJdO64zoxdlOmUHAJWclLNMSMj9kQOsaGLADdTWdXZfTEkD4dRMq8EOmM/p5IWaD1JPBNZ8BwpBdrU/hfrZPgoNpNRRgnCCGfLxokkmJEpxHRvlDAUU6MYVwJ81fKR0wxjibIkgnBXTx52TTPK65TcW8vyrVqHkeRHJFjckpccklq5IbUSYNw8kieySt5s56sF+vd+pi3Fqx85pD8kfX5A6dVn7M=</latexit><latexit sha1_base64="sZDXEosOPm03jn5S0wNuiVfKw0o=">AAACFXicbZC7SgNBFIZn4y3G26qlzWAQLCTsimDKgBaWEcwFsjHMTk6SIbMXZs4KYdmXsPFVbCwUsRXsfBsnyRaa+MPAz3fO4cz5/VgKjY7zbRVWVtfWN4qbpa3tnd09e/+gqaNEcWjwSEaq7TMNUoTQQIES2rECFvgSWv74alpvPYDSIgrvcBJDN2DDUAwEZ2hQzz7zUMg+pDrredcgkd1zuoRSw5jGrGeXnYozE102bm7KJFe9Z395/YgnAYTIJdO64zoxdlOmUHAJWclLNMSMj9kQOsaGLADdTWdXZfTEkD4dRMq8EOmM/p5IWaD1JPBNZ8BwpBdrU/hfrZPgoNpNRRgnCCGfLxokkmJEpxHRvlDAUU6MYVwJ81fKR0wxjibIkgnBXTx52TTPK65TcW8vyrVqHkeRHJFjckpccklq5IbUSYNw8kieySt5s56sF+vd+pi3Fqx85pD8kfX5A6dVn7M=</latexit><latexit sha1_base64="sZDXEosOPm03jn5S0wNuiVfKw0o=">AAACFXicbZC7SgNBFIZn4y3G26qlzWAQLCTsimDKgBaWEcwFsjHMTk6SIbMXZs4KYdmXsPFVbCwUsRXsfBsnyRaa+MPAz3fO4cz5/VgKjY7zbRVWVtfWN4qbpa3tnd09e/+gqaNEcWjwSEaq7TMNUoTQQIES2rECFvgSWv74alpvPYDSIgrvcBJDN2DDUAwEZ2hQzz7zUMg+pDrredcgkd1zuoRSw5jGrGeXnYozE102bm7KJFe9Z395/YgnAYTIJdO64zoxdlOmUHAJWclLNMSMj9kQOsaGLADdTWdXZfTEkD4dRMq8EOmM/p5IWaD1JPBNZ8BwpBdrU/hfrZPgoNpNRRgnCCGfLxokkmJEpxHRvlDAUU6MYVwJ81fKR0wxjibIkgnBXTx52TTPK65TcW8vyrVqHkeRHJFjckpccklq5IbUSYNw8kieySt5s56sF+vd+pi3Fqx85pD8kfX5A6dVn7M=</latexit><latexit sha1_base64="sZDXEosOPm03jn5S0wNuiVfKw0o=">AAACFXicbZC7SgNBFIZn4y3G26qlzWAQLCTsimDKgBaWEcwFsjHMTk6SIbMXZs4KYdmXsPFVbCwUsRXsfBsnyRaa+MPAz3fO4cz5/VgKjY7zbRVWVtfWN4qbpa3tnd09e/+gqaNEcWjwSEaq7TMNUoTQQIES2rECFvgSWv74alpvPYDSIgrvcBJDN2DDUAwEZ2hQzz7zUMg+pDrredcgkd1zuoRSw5jGrGeXnYozE102bm7KJFe9Z395/YgnAYTIJdO64zoxdlOmUHAJWclLNMSMj9kQOsaGLADdTWdXZfTEkD4dRMq8EOmM/p5IWaD1JPBNZ8BwpBdrU/hfrZPgoNpNRRgnCCGfLxokkmJEpxHRvlDAUU6MYVwJ81fKR0wxjibIkgnBXTx52TTPK65TcW8vyrVqHkeRHJFjckpccklq5IbUSYNw8kieySt5s56sF+vd+pi3Fqx85pD8kfX5A6dVn7M=</latexit>

How does the             system de-excite?s̃c�s̃
c⇤
�

<latexit sha1_base64="593mBWCnQsomcmsp+/8QxKePIwg=">AAACIHicbZDLSgMxFIYz9VbrbdSlm2ARXJUZEeuyoAuXFewFOrVkMqdtaOZCckYowzyKG1/FjQtFdKdPY3pZaOuBwM/3n5Oc/H4ihUbH+bIKK6tr6xvFzdLW9s7unr1/0NRxqjg0eCxj1faZBikiaKBACe1EAQt9CS1/dDXxWw+gtIijOxwn0A3ZIBJ9wRka1LOr3vSOTEGQeyhkAJnOe941SGT3nC6hzDCmMe/ZZafiTIsuC3cuymRe9Z796QUxT0OIkEumdcd1EuxmTKHgEvKSl2pIGB+xAXSMjFgIuptNl8vpiSEB7cfKnAjplP6eyFio9Tj0TWfIcKgXvQn8z+uk2L/sZiJKUoSIzx7qp5JiTCdp0UAo4CjHRjCuhNmV8iFTjKPJtGRCcBe/vCyaZxXXqbi35+XaxTyOIjkix+SUuKRKauSG1EmDcPJInskrebOerBfr3fqYtRas+cwh+VPW9w8+9aTN</latexit><latexit sha1_base64="593mBWCnQsomcmsp+/8QxKePIwg=">AAACIHicbZDLSgMxFIYz9VbrbdSlm2ARXJUZEeuyoAuXFewFOrVkMqdtaOZCckYowzyKG1/FjQtFdKdPY3pZaOuBwM/3n5Oc/H4ihUbH+bIKK6tr6xvFzdLW9s7unr1/0NRxqjg0eCxj1faZBikiaKBACe1EAQt9CS1/dDXxWw+gtIijOxwn0A3ZIBJ9wRka1LOr3vSOTEGQeyhkAJnOe941SGT3nC6hzDCmMe/ZZafiTIsuC3cuymRe9Z796QUxT0OIkEumdcd1EuxmTKHgEvKSl2pIGB+xAXSMjFgIuptNl8vpiSEB7cfKnAjplP6eyFio9Tj0TWfIcKgXvQn8z+uk2L/sZiJKUoSIzx7qp5JiTCdp0UAo4CjHRjCuhNmV8iFTjKPJtGRCcBe/vCyaZxXXqbi35+XaxTyOIjkix+SUuKRKauSG1EmDcPJInskrebOerBfr3fqYtRas+cwh+VPW9w8+9aTN</latexit><latexit sha1_base64="593mBWCnQsomcmsp+/8QxKePIwg=">AAACIHicbZDLSgMxFIYz9VbrbdSlm2ARXJUZEeuyoAuXFewFOrVkMqdtaOZCckYowzyKG1/FjQtFdKdPY3pZaOuBwM/3n5Oc/H4ihUbH+bIKK6tr6xvFzdLW9s7unr1/0NRxqjg0eCxj1faZBikiaKBACe1EAQt9CS1/dDXxWw+gtIijOxwn0A3ZIBJ9wRka1LOr3vSOTEGQeyhkAJnOe941SGT3nC6hzDCmMe/ZZafiTIsuC3cuymRe9Z796QUxT0OIkEumdcd1EuxmTKHgEvKSl2pIGB+xAXSMjFgIuptNl8vpiSEB7cfKnAjplP6eyFio9Tj0TWfIcKgXvQn8z+uk2L/sZiJKUoSIzx7qp5JiTCdp0UAo4CjHRjCuhNmV8iFTjKPJtGRCcBe/vCyaZxXXqbi35+XaxTyOIjkix+SUuKRKauSG1EmDcPJInskrebOerBfr3fqYtRas+cwh+VPW9w8+9aTN</latexit><latexit sha1_base64="593mBWCnQsomcmsp+/8QxKePIwg=">AAACIHicbZDLSgMxFIYz9VbrbdSlm2ARXJUZEeuyoAuXFewFOrVkMqdtaOZCckYowzyKG1/FjQtFdKdPY3pZaOuBwM/3n5Oc/H4ihUbH+bIKK6tr6xvFzdLW9s7unr1/0NRxqjg0eCxj1faZBikiaKBACe1EAQt9CS1/dDXxWw+gtIijOxwn0A3ZIBJ9wRka1LOr3vSOTEGQeyhkAJnOe941SGT3nC6hzDCmMe/ZZafiTIsuC3cuymRe9Z796QUxT0OIkEumdcd1EuxmTKHgEvKSl2pIGB+xAXSMjFgIuptNl8vpiSEB7cfKnAjplP6eyFio9Tj0TWfIcKgXvQn8z+uk2L/sZiJKUoSIzx7qp5JiTCdp0UAo4CjHRjCuhNmV8iFTjKPJtGRCcBe/vCyaZxXXqbi35+XaxTyOIjkix+SUuKRKauSG1EmDcPJInskrebOerBfr3fqYtRas+cwh+VPW9w8+9aTN</latexit>

The Higgs VEV gives a small mass mixing of singlet and doublet scalars, 

       inherits coupling to the Z
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~ 0.1 mm, still prompt
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𝞓 < 𝟂 : light singlet scalars 

➡  Resonant signals well below current sensitivity 

➡  Very light singlets are allowed

•  Lowest-lying bound state is 0++ 

•  Annihilates dominantly to hidden glueballs, BR(SM) ~ % level 

• Extra particles from cascade decays may give further constraints

see also: Burdman, Lichtenstein 2018

Cheng, Li, Salvioni,  
Verhaaren, work in progress



Tripled Top parameter space

(singlet scalar top partners)

(EW-charged  
supermultiplets)

Drell-Yan 
 + 

quirk 
resonant signals

Cheng, Li, Salvioni,  
Verhaaren 2018

cascade decays  
to light singlets
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! [GeV]
<latexit sha1_base64="xrz3gyqmpotcEaVfi38j8Pzx/I0=">AAACAnicbVBNS8NAEN3Ur1q/qp7Ey2IreCpJLxW8FDzosYL9gCSUzXbSLt1Nwu5GKKF48a948aCIV3+FN/+Nm7YHbX0w8Hhvhpl5QcKZ0rb9bRXW1jc2t4rbpZ3dvf2D8uFRR8WppNCmMY9lLyAKOIugrZnm0EskEBFw6Abj69zvPoBULI7u9SQBX5BhxEJGiTZSv3xS9WIBQ4K9K9cTRI+kyG6gM/Wr/XLFrtkz4FXiLEgFLdDql7+8QUxTAZGmnCjlOnai/YxIzSiHaclLFSSEjskQXEMjIkD52eyFKT43ygCHsTQVaTxTf09kRCg1EYHpzK9Uy14u/ue5qQ4v/YxFSaohovNFYcqxjnGeBx4wCVTziSGESmZuxXREJKHapFYyITjLL6+STr3m2DXnrl5pNhZxFNEpOkMXyEEN1ES3qIXaiKJH9Ixe0Zv1ZL1Y79bHvLVgLWaO0R9Ynz8kAJaT</latexit><latexit sha1_base64="xrz3gyqmpotcEaVfi38j8Pzx/I0=">AAACAnicbVBNS8NAEN3Ur1q/qp7Ey2IreCpJLxW8FDzosYL9gCSUzXbSLt1Nwu5GKKF48a948aCIV3+FN/+Nm7YHbX0w8Hhvhpl5QcKZ0rb9bRXW1jc2t4rbpZ3dvf2D8uFRR8WppNCmMY9lLyAKOIugrZnm0EskEBFw6Abj69zvPoBULI7u9SQBX5BhxEJGiTZSv3xS9WIBQ4K9K9cTRI+kyG6gM/Wr/XLFrtkz4FXiLEgFLdDql7+8QUxTAZGmnCjlOnai/YxIzSiHaclLFSSEjskQXEMjIkD52eyFKT43ygCHsTQVaTxTf09kRCg1EYHpzK9Uy14u/ue5qQ4v/YxFSaohovNFYcqxjnGeBx4wCVTziSGESmZuxXREJKHapFYyITjLL6+STr3m2DXnrl5pNhZxFNEpOkMXyEEN1ES3qIXaiKJH9Ixe0Zv1ZL1Y79bHvLVgLWaO0R9Ynz8kAJaT</latexit><latexit sha1_base64="xrz3gyqmpotcEaVfi38j8Pzx/I0=">AAACAnicbVBNS8NAEN3Ur1q/qp7Ey2IreCpJLxW8FDzosYL9gCSUzXbSLt1Nwu5GKKF48a948aCIV3+FN/+Nm7YHbX0w8Hhvhpl5QcKZ0rb9bRXW1jc2t4rbpZ3dvf2D8uFRR8WppNCmMY9lLyAKOIugrZnm0EskEBFw6Abj69zvPoBULI7u9SQBX5BhxEJGiTZSv3xS9WIBQ4K9K9cTRI+kyG6gM/Wr/XLFrtkz4FXiLEgFLdDql7+8QUxTAZGmnCjlOnai/YxIzSiHaclLFSSEjskQXEMjIkD52eyFKT43ygCHsTQVaTxTf09kRCg1EYHpzK9Uy14u/ue5qQ4v/YxFSaohovNFYcqxjnGeBx4wCVTziSGESmZuxXREJKHapFYyITjLL6+STr3m2DXnrl5pNhZxFNEpOkMXyEEN1ES3qIXaiKJH9Ixe0Zv1ZL1Y79bHvLVgLWaO0R9Ynz8kAJaT</latexit><latexit sha1_base64="xrz3gyqmpotcEaVfi38j8Pzx/I0=">AAACAnicbVBNS8NAEN3Ur1q/qp7Ey2IreCpJLxW8FDzosYL9gCSUzXbSLt1Nwu5GKKF48a948aCIV3+FN/+Nm7YHbX0w8Hhvhpl5QcKZ0rb9bRXW1jc2t4rbpZ3dvf2D8uFRR8WppNCmMY9lLyAKOIugrZnm0EskEBFw6Abj69zvPoBULI7u9SQBX5BhxEJGiTZSv3xS9WIBQ4K9K9cTRI+kyG6gM/Wr/XLFrtkz4FXiLEgFLdDql7+8QUxTAZGmnCjlOnai/YxIzSiHaclLFSSEjskQXEMjIkD52eyFKT43ygCHsTQVaTxTf09kRCg1EYHpzK9Uy14u/ue5qQ4v/YxFSaohovNFYcqxjnGeBx4wCVTziSGESmZuxXREJKHapFYyITjLL6+STr3m2DXnrl5pNhZxFNEpOkMXyEEN1ES3qIXaiKJH9Ixe0Zv1ZL1Y79bHvLVgLWaO0R9Ynz8kAJaT</latexit>



Higgs quartic and T parameter

(� ⌧ !)
<latexit sha1_base64="FghN4SXBXfUp/7gErVfwoio6kAw=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g61QNyUpgi4LunBZwT6gCWUyvWmHTjJhZiLUUPwVNy4Ucet/uPNvnLZZaOuBC4dz7uXee4KEM6Ud59taWV1b39gsbBW3d3b39u2Dw5YSqaTQpIIL2QmIAs5iaGqmOXQSCSQKOLSD0fXUbz+AVEzE93qcgB+RQcxCRok2Us8+Lle8G+CaeJxjT0QwIOflnl1yqs4MeJm4OSmhHI2e/eX1BU0jiDXlRKmu6yTaz4jUjHKYFL1UQULoiAyga2hMIlB+Nrt+gs+M0sehkKZijWfq74mMREqNo8B0RkQP1aI3Ff/zuqkOr/yMxUmqIabzRWHKsRZ4GgXuMwlU87EhhEpmbsV0SCSh2gRWNCG4iy8vk1at6jpV965Wql/kcRTQCTpFFeSiS1RHt6iBmoiiR/SMXtGb9WS9WO/Wx7x1xcpnjtAfWJ8/nz6T+w==</latexit><latexit sha1_base64="FghN4SXBXfUp/7gErVfwoio6kAw=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g61QNyUpgi4LunBZwT6gCWUyvWmHTjJhZiLUUPwVNy4Ucet/uPNvnLZZaOuBC4dz7uXee4KEM6Ud59taWV1b39gsbBW3d3b39u2Dw5YSqaTQpIIL2QmIAs5iaGqmOXQSCSQKOLSD0fXUbz+AVEzE93qcgB+RQcxCRok2Us8+Lle8G+CaeJxjT0QwIOflnl1yqs4MeJm4OSmhHI2e/eX1BU0jiDXlRKmu6yTaz4jUjHKYFL1UQULoiAyga2hMIlB+Nrt+gs+M0sehkKZijWfq74mMREqNo8B0RkQP1aI3Ff/zuqkOr/yMxUmqIabzRWHKsRZ4GgXuMwlU87EhhEpmbsV0SCSh2gRWNCG4iy8vk1at6jpV965Wql/kcRTQCTpFFeSiS1RHt6iBmoiiR/SMXtGb9WS9WO/Wx7x1xcpnjtAfWJ8/nz6T+w==</latexit><latexit sha1_base64="FghN4SXBXfUp/7gErVfwoio6kAw=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g61QNyUpgi4LunBZwT6gCWUyvWmHTjJhZiLUUPwVNy4Ucet/uPNvnLZZaOuBC4dz7uXee4KEM6Ud59taWV1b39gsbBW3d3b39u2Dw5YSqaTQpIIL2QmIAs5iaGqmOXQSCSQKOLSD0fXUbz+AVEzE93qcgB+RQcxCRok2Us8+Lle8G+CaeJxjT0QwIOflnl1yqs4MeJm4OSmhHI2e/eX1BU0jiDXlRKmu6yTaz4jUjHKYFL1UQULoiAyga2hMIlB+Nrt+gs+M0sehkKZijWfq74mMREqNo8B0RkQP1aI3Ff/zuqkOr/yMxUmqIabzRWHKsRZ4GgXuMwlU87EhhEpmbsV0SCSh2gRWNCG4iy8vk1at6jpV965Wql/kcRTQCTpFFeSiS1RHt6iBmoiiR/SMXtGb9WS9WO/Wx7x1xcpnjtAfWJ8/nz6T+w==</latexit><latexit sha1_base64="FghN4SXBXfUp/7gErVfwoio6kAw=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g61QNyUpgi4LunBZwT6gCWUyvWmHTjJhZiLUUPwVNy4Ucet/uPNvnLZZaOuBC4dz7uXee4KEM6Ud59taWV1b39gsbBW3d3b39u2Dw5YSqaTQpIIL2QmIAs5iaGqmOXQSCSQKOLSD0fXUbz+AVEzE93qcgB+RQcxCRok2Us8+Lle8G+CaeJxjT0QwIOflnl1yqs4MeJm4OSmhHI2e/eX1BU0jiDXlRKmu6yTaz4jUjHKYFL1UQULoiAyga2hMIlB+Nrt+gs+M0sehkKZijWfq74mMREqNo8B0RkQP1aI3Ff/zuqkOr/yMxUmqIabzRWHKsRZ4GgXuMwlU87EhhEpmbsV0SCSh2gRWNCG4iy8vk1at6jpV965Wql/kcRTQCTpFFeSiS1RHt6iBmoiiR/SMXtGb9WS9WO/Wx7x1xcpnjtAfWJ8/nz6T+w==</latexit>

•  Higgs quartic: for example 

    Numerically,  

•  T parameter: leading contribution comes from light scalars,

� ' Ncy
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<latexit sha1_base64="r7kjaUX6SL+qwkG4XbKf8x+wtcA="></latexit><latexit sha1_base64="r7kjaUX6SL+qwkG4XbKf8x+wtcA="></latexit><latexit sha1_base64="r7kjaUX6SL+qwkG4XbKf8x+wtcA="></latexit><latexit sha1_base64="r7kjaUX6SL+qwkG4XbKf8x+wtcA="></latexit>

M = 2 TeV, � = 300 GeV, ! = 500 GeV ! � . 0.14
<latexit sha1_base64="Umu6zs0MDjqOQnNdLy/2pHxRFMQ="></latexit><latexit sha1_base64="Umu6zs0MDjqOQnNdLy/2pHxRFMQ="></latexit><latexit sha1_base64="Umu6zs0MDjqOQnNdLy/2pHxRFMQ="></latexit><latexit sha1_base64="Umu6zs0MDjqOQnNdLy/2pHxRFMQ="></latexit>

but, 2-loop corrections important… 

under control

bTsc,B+C ⇡ +Ncy
2
t

48⇡2
m2

t
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<latexit sha1_base64="08K0Dx9FxCF0gcuSWj2Jx7ZHo48="></latexit><latexit sha1_base64="08K0Dx9FxCF0gcuSWj2Jx7ZHo48="></latexit><latexit sha1_base64="08K0Dx9FxCF0gcuSWj2Jx7ZHo48="></latexit><latexit sha1_base64="08K0Dx9FxCF0gcuSWj2Jx7ZHo48="></latexit>

! bTsc,B+C ⇡ +4⇥ 10�4
<latexit sha1_base64="BUs41lntQKn6lwqwb4rSUVh58FU="></latexit><latexit sha1_base64="BUs41lntQKn6lwqwb4rSUVh58FU="></latexit><latexit sha1_base64="BUs41lntQKn6lwqwb4rSUVh58FU="></latexit><latexit sha1_base64="BUs41lntQKn6lwqwb4rSUVh58FU="></latexit>

! = 500 GeV, � = 300 GeV
<latexit sha1_base64="gf2bhG62MJD4H+ReHCXZzbDkLO8=">AAACJ3icbVDLSgMxFM3UV62vqks3wVZwIWWmUhREKSjosoJ9QKeUTHrbhiYzY5IRytC/ceOvuBFURJf+iZm2C209EDiccy6593ghZ0rb9peVWlhcWl5Jr2bW1jc2t7LbOzUVRJJClQY8kA2PKODMh6pmmkMjlECEx6HuDS4Tv/4AUrHAv9PDEFqC9HzWZZRoI7WzF3k3ENAj+ByXbNs9cwXRfSnia6iNjrB7H5EOdq+A6yRxPJvIt7M5u2CPgeeJMyU5NEWlnX11OwGNBPiacqJU07FD3YqJ1IxyGGXcSEFI6ID0oGmoTwSoVjy+c4QPjNLB3UCa52s8Vn9PxEQoNRSeSSZLqlkvEf/zmpHunrZi5oeRBp9OPupGHOsAJ6XhDpNANR8aQqhkZldM+0QSqk21GVOCM3vyPKkVC45dcG6LuXJpWkca7aF9dIgcdILK6AZVUBVR9Iie0Rt6t56sF+vD+pxEU9Z0Zhf9gfX9A+geo3w=</latexit><latexit sha1_base64="gf2bhG62MJD4H+ReHCXZzbDkLO8=">AAACJ3icbVDLSgMxFM3UV62vqks3wVZwIWWmUhREKSjosoJ9QKeUTHrbhiYzY5IRytC/ceOvuBFURJf+iZm2C209EDiccy6593ghZ0rb9peVWlhcWl5Jr2bW1jc2t7LbOzUVRJJClQY8kA2PKODMh6pmmkMjlECEx6HuDS4Tv/4AUrHAv9PDEFqC9HzWZZRoI7WzF3k3ENAj+ByXbNs9cwXRfSnia6iNjrB7H5EOdq+A6yRxPJvIt7M5u2CPgeeJMyU5NEWlnX11OwGNBPiacqJU07FD3YqJ1IxyGGXcSEFI6ID0oGmoTwSoVjy+c4QPjNLB3UCa52s8Vn9PxEQoNRSeSSZLqlkvEf/zmpHunrZi5oeRBp9OPupGHOsAJ6XhDpNANR8aQqhkZldM+0QSqk21GVOCM3vyPKkVC45dcG6LuXJpWkca7aF9dIgcdILK6AZVUBVR9Iie0Rt6t56sF+vD+pxEU9Z0Zhf9gfX9A+geo3w=</latexit><latexit sha1_base64="gf2bhG62MJD4H+ReHCXZzbDkLO8=">AAACJ3icbVDLSgMxFM3UV62vqks3wVZwIWWmUhREKSjosoJ9QKeUTHrbhiYzY5IRytC/ceOvuBFURJf+iZm2C209EDiccy6593ghZ0rb9peVWlhcWl5Jr2bW1jc2t7LbOzUVRJJClQY8kA2PKODMh6pmmkMjlECEx6HuDS4Tv/4AUrHAv9PDEFqC9HzWZZRoI7WzF3k3ENAj+ByXbNs9cwXRfSnia6iNjrB7H5EOdq+A6yRxPJvIt7M5u2CPgeeJMyU5NEWlnX11OwGNBPiacqJU07FD3YqJ1IxyGGXcSEFI6ID0oGmoTwSoVjy+c4QPjNLB3UCa52s8Vn9PxEQoNRSeSSZLqlkvEf/zmpHunrZi5oeRBp9OPupGHOsAJ6XhDpNANR8aQqhkZldM+0QSqk21GVOCM3vyPKkVC45dcG6LuXJpWkca7aF9dIgcdILK6AZVUBVR9Iie0Rt6t56sF+vD+pxEU9Z0Zhf9gfX9A+geo3w=</latexit><latexit sha1_base64="gf2bhG62MJD4H+ReHCXZzbDkLO8=">AAACJ3icbVDLSgMxFM3UV62vqks3wVZwIWWmUhREKSjosoJ9QKeUTHrbhiYzY5IRytC/ceOvuBFURJf+iZm2C209EDiccy6593ghZ0rb9peVWlhcWl5Jr2bW1jc2t7LbOzUVRJJClQY8kA2PKODMh6pmmkMjlECEx6HuDS4Tv/4AUrHAv9PDEFqC9HzWZZRoI7WzF3k3ENAj+ByXbNs9cwXRfSnia6iNjrB7H5EOdq+A6yRxPJvIt7M5u2CPgeeJMyU5NEWlnX11OwGNBPiacqJU07FD3YqJ1IxyGGXcSEFI6ID0oGmoTwSoVjy+c4QPjNLB3UCa52s8Vn9PxEQoNRSeSSZLqlkvEf/zmpHunrZi5oeRBp9OPupGHOsAJ6XhDpNANR8aQqhkZldM+0QSqk21GVOCM3vyPKkVC45dcG6LuXJpWkca7aF9dIgcdILK6AZVUBVR9Iie0Rt6t56sF+vD+pxEU9Z0Zhf9gfX9A+geo3w=</latexit>



SM-singlet scalar top partners 

• Tripled Top 
• Hyperbolic Higgs



The Hyperbolic Higgs

•  Tree-level potential with flat direction 

 Accidentally U(2,2) symmetric [not a symmetry of full theory] 

•  Each Higgs charged under its own  

  

 One massless mode,

V = � (|HH|2 � |H|2 � f
2)2

<latexit sha1_base64="EyGBIOKqKZ8yFwPBgo3P18wWymA="></latexit><latexit sha1_base64="EyGBIOKqKZ8yFwPBgo3P18wWymA="></latexit><latexit sha1_base64="EyGBIOKqKZ8yFwPBgo3P18wWymA="></latexit><latexit sha1_base64="EyGBIOKqKZ8yFwPBgo3P18wWymA="></latexit>

SU(2)⇥ U(1)
<latexit sha1_base64="/Ota0NyYfmHd5AWAtHEg0YMEGD8=">AAAB+3icbVBNT8JAEJ36ifhV8ehlI5jAhbRc5EjixSNGCyTQkO2yhQ3bbbO7NZKGv+LFg8Z49Y9489+4QA8KvmSSl/dmMjMvSDhT2nG+ra3tnd29/cJB8fDo+OTUPit1VJxKQj0S81j2AqwoZ4J6mmlOe4mkOAo47QbTm4XffaRSsVg86FlC/QiPBQsZwdpIQ7tUufeqjdpAs4gq5FXdWmVol526swTaJG5OypCjPbS/BqOYpBEVmnCsVN91Eu1nWGpGOJ0XB6miCSZTPKZ9QwU2q/xsefscXRllhMJYmhIaLdXfExmOlJpFgemMsJ6odW8h/uf1Ux02/YyJJNVUkNWiMOVIx2gRBBoxSYnmM0MwkczcisgES0y0iatoQnDXX94knUbdderuXaPcauZxFOACLqEKLlxDC26hDR4QeIJneIU3a269WO/Wx6p1y8pnzuEPrM8ftGmSOw==</latexit><latexit sha1_base64="/Ota0NyYfmHd5AWAtHEg0YMEGD8=">AAAB+3icbVBNT8JAEJ36ifhV8ehlI5jAhbRc5EjixSNGCyTQkO2yhQ3bbbO7NZKGv+LFg8Z49Y9489+4QA8KvmSSl/dmMjMvSDhT2nG+ra3tnd29/cJB8fDo+OTUPit1VJxKQj0S81j2AqwoZ4J6mmlOe4mkOAo47QbTm4XffaRSsVg86FlC/QiPBQsZwdpIQ7tUufeqjdpAs4gq5FXdWmVol526swTaJG5OypCjPbS/BqOYpBEVmnCsVN91Eu1nWGpGOJ0XB6miCSZTPKZ9QwU2q/xsefscXRllhMJYmhIaLdXfExmOlJpFgemMsJ6odW8h/uf1Ux02/YyJJNVUkNWiMOVIx2gRBBoxSYnmM0MwkczcisgES0y0iatoQnDXX94knUbdderuXaPcauZxFOACLqEKLlxDC26hDR4QeIJneIU3a269WO/Wx6p1y8pnzuEPrM8ftGmSOw==</latexit><latexit sha1_base64="/Ota0NyYfmHd5AWAtHEg0YMEGD8=">AAAB+3icbVBNT8JAEJ36ifhV8ehlI5jAhbRc5EjixSNGCyTQkO2yhQ3bbbO7NZKGv+LFg8Z49Y9489+4QA8KvmSSl/dmMjMvSDhT2nG+ra3tnd29/cJB8fDo+OTUPit1VJxKQj0S81j2AqwoZ4J6mmlOe4mkOAo47QbTm4XffaRSsVg86FlC/QiPBQsZwdpIQ7tUufeqjdpAs4gq5FXdWmVol526swTaJG5OypCjPbS/BqOYpBEVmnCsVN91Eu1nWGpGOJ0XB6miCSZTPKZ9QwU2q/xsefscXRllhMJYmhIaLdXfExmOlJpFgemMsJ6odW8h/uf1Ux02/YyJJNVUkNWiMOVIx2gRBBoxSYnmM0MwkczcisgES0y0iatoQnDXX94knUbdderuXaPcauZxFOACLqEKLlxDC26hDR4QeIJneIU3a269WO/Wx6p1y8pnzuEPrM8ftGmSOw==</latexit><latexit sha1_base64="/Ota0NyYfmHd5AWAtHEg0YMEGD8=">AAAB+3icbVBNT8JAEJ36ifhV8ehlI5jAhbRc5EjixSNGCyTQkO2yhQ3bbbO7NZKGv+LFg8Z49Y9489+4QA8KvmSSl/dmMjMvSDhT2nG+ra3tnd29/cJB8fDo+OTUPit1VJxKQj0S81j2AqwoZ4J6mmlOe4mkOAo47QbTm4XffaRSsVg86FlC/QiPBQsZwdpIQ7tUufeqjdpAs4gq5FXdWmVol526swTaJG5OypCjPbS/BqOYpBEVmnCsVN91Eu1nWGpGOJ0XB6miCSZTPKZ9QwU2q/xsefscXRllhMJYmhIaLdXfExmOlJpFgemMsJ6odW8h/uf1Ux02/YyJJNVUkNWiMOVIx2gRBBoxSYnmM0MwkczcisgES0y0iatoQnDXX94knUbdderuXaPcauZxFOACLqEKLlxDC26hDR4QeIJneIU3a269WO/Wx6p1y8pnzuEPrM8ftGmSOw==</latexit>

hSM = cos ✓ h+ sin ✓ hH tan ✓ = v
vH

<latexit sha1_base64="cGc4UP1htjlvJZg5DQXE1VRIns0="></latexit><latexit sha1_base64="cGc4UP1htjlvJZg5DQXE1VRIns0="></latexit><latexit sha1_base64="cGc4UP1htjlvJZg5DQXE1VRIns0="></latexit><latexit sha1_base64="cGc4UP1htjlvJZg5DQXE1VRIns0="></latexit>

Cohen, Craig, Giudice,  
McCullough 2018



The Hyperbolic Higgs

V = � (|HH|2 � |H|2 � f
2)2

<latexit sha1_base64="EyGBIOKqKZ8yFwPBgo3P18wWymA="></latexit><latexit sha1_base64="EyGBIOKqKZ8yFwPBgo3P18wWymA="></latexit><latexit sha1_base64="EyGBIOKqKZ8yFwPBgo3P18wWymA="></latexit><latexit sha1_base64="EyGBIOKqKZ8yFwPBgo3P18wWymA="></latexit>

Cohen, Craig, Giudice,  
McCullough 2018

�V ⇠ Ncy
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�
<latexit sha1_base64="cZG3ti4fJPKFQ/Z4Gkh7Wi1HSoM="></latexit><latexit sha1_base64="cZG3ti4fJPKFQ/Z4Gkh7Wi1HSoM="></latexit><latexit sha1_base64="cZG3ti4fJPKFQ/Z4Gkh7Wi1HSoM="></latexit><latexit sha1_base64="cZG3ti4fJPKFQ/Z4Gkh7Wi1HSoM="></latexit>

respects U(2,2) 

L = (ytH Q Uc + h.c.) + y
2
t

⇣
|HH · eQH|2 + |HH|2|eU c

H
|2
⌘

<latexit sha1_base64="8fXur/gL18jcQfg40CjYb9DKr3o="></latexit><latexit sha1_base64="8fXur/gL18jcQfg40CjYb9DKr3o="></latexit><latexit sha1_base64="8fXur/gL18jcQfg40CjYb9DKr3o="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="qzKq4gyxkPt6Hun9WgBByKz+6to="></latexit><latexit sha1_base64="qzKq4gyxkPt6Hun9WgBByKz+6to="></latexit><latexit sha1_base64="Azkc3RLiPx5ckrxlbDcxX7YJk8U="></latexit><latexit sha1_base64="8fXur/gL18jcQfg40CjYb9DKr3o="></latexit><latexit sha1_base64="8fXur/gL18jcQfg40CjYb9DKr3o="></latexit><latexit sha1_base64="8fXur/gL18jcQfg40CjYb9DKr3o="></latexit><latexit sha1_base64="8fXur/gL18jcQfg40CjYb9DKr3o="></latexit><latexit sha1_base64="8fXur/gL18jcQfg40CjYb9DKr3o="></latexit><latexit sha1_base64="8fXur/gL18jcQfg40CjYb9DKr3o="></latexit>

•  Tree-level potential with flat direction 

 Accidentally U(2,2) symmetric [not a symmetry of full theory] 

•  Couplings to matter 

     quadratic 1-loop correction

Z2 symmetry



The Hyperbolic Higgs
Cohen, Craig, Giudice,  
McCullough 2018•  Diagrammatic cancellation
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The Hyperbolic Higgs
Cohen, Craig, Giudice,  
McCullough 2018•  Diagrammatic cancellation 

 Integrate out heavy radial mode
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A 5D SUSY completion

• U(1)X  D-term potential 
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A 5D SUSY completion

• U(1)X  D-term potential 

• SUSY breaking gives at 1-loop
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Phenomenology

• SM and hyperbolic Higgses mix, universal coupling modification 

   + non-universal correction for the top 

• Higgs decays to hyperbolic glue,
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⇡R arctan(⇡Ryt|H|)
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Summary

• Singlet scalar top partners are “most elusive” incarnation of naturalness 

• First models written down just this year 

• Tripled Top: accidental SUSY à la Folded SUSY, Z3 symmetry 

No Higgs couplings modifications,  
but supermultiplets with EW charge provide portal to hidden sectors 

Roles of EW doublets and singlets can be switched, new pheno (ongoing) 

• Hyperbolic Higgs: flat direction with accidental U(2,2), with Z2 

Higgs couplings modifications, pheno mostly unexplored 

• Both models have residual tuning of few % (for very different reasons)

Cheng, Li, Salvioni, Verhaaren 2018 + in progress

Cohen, Craig, Giudice, McCullough 2018
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Spontaneous breaking of hidden color?

• What if the hyperbolic stops get VEVs? 

  -  8 dofs eaten by massive                gluons 

  -  radial modes mix with the Higgs  

           →   Higgs is partly its own top partner 

• No hidden confinement, collider pheno strongly altered

Cohen, Craig, Giudice,  
McCullough 2018hetL,R
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Spontaneous breaking of hidden color?

• What if the hyperbolic stops get VEVs? 

  -  8 dofs eaten by massive                gluons 

  -  radial modes mix with the Higgs  

           →   Higgs is partly its own top partner 

• No hidden confinement, collider pheno strongly altered 

• For Tripled Top: only one light singlet stop in each sector, expect

Cohen, Craig, Giudice,  
McCullough 2018hetL,R

H
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depending on VEV size, SU(2) glueballs  
may still be at bottom of the spectrum

SU(N) glueballs: Teper hep-th/9812187



Spontaneous breaking of hidden color?

• Broader question: 

Gauged and unbroken hidden            motivated by 2-loop naturalness, 

              

Yields very rich phenomenology, hidden hadron signatures 

• Does relaxing this (motivated) assumption lead to different signatures, 

as opposed to just subtracting some? 

If so, may be worthwhile to pursue…
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<latexit sha1_base64="Z7cXxZJImbRnP9RrgG/loPYjScA=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4CrtB0GPAi8eI5gHJEmZne7NDZh/MzAphycEP8Kqf4E28+il+gb/hJNmDJhY0FFXddHd5qeBK2/aXtba+sbm1Xdop7+7tHxxWjo47KskkwzZLRCJ7HlUoeIxtzbXAXiqRRp7Arje+mfndR5SKJ/GDnqToRnQU84Azqo10Xwtrw0rVrttzkFXiFKQKBVrDyvfAT1gWYayZoEr1HTvVbk6l5kzgtDzIFKaUjekI+4bGNELl5vNTp+TcKD4JEmkq1mSu/p7IaaTUJPJMZ0R1qJa9mfivp8wpIfpL63Vw7eY8TjONMVtsDzJBdEJmYRCfS2RaTAyhTHLzAGEhlZRpE1nZJOMs57BKOo26Y9edu0a1eVlkVIJTOIMLcOAKmnALLWgDgxE8wwu8Wk/Wm/VufSxa16xi5gT+wPr8AW4ZlhE=</latexit><latexit sha1_base64="Z7cXxZJImbRnP9RrgG/loPYjScA=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4CrtB0GPAi8eI5gHJEmZne7NDZh/MzAphycEP8Kqf4E28+il+gb/hJNmDJhY0FFXddHd5qeBK2/aXtba+sbm1Xdop7+7tHxxWjo47KskkwzZLRCJ7HlUoeIxtzbXAXiqRRp7Arje+mfndR5SKJ/GDnqToRnQU84Azqo10Xwtrw0rVrttzkFXiFKQKBVrDyvfAT1gWYayZoEr1HTvVbk6l5kzgtDzIFKaUjekI+4bGNELl5vNTp+TcKD4JEmkq1mSu/p7IaaTUJPJMZ0R1qJa9mfivp8wpIfpL63Vw7eY8TjONMVtsDzJBdEJmYRCfS2RaTAyhTHLzAGEhlZRpE1nZJOMs57BKOo26Y9edu0a1eVlkVIJTOIMLcOAKmnALLWgDgxE8wwu8Wk/Wm/VufSxa16xi5gT+wPr8AW4ZlhE=</latexit><latexit sha1_base64="Z7cXxZJImbRnP9RrgG/loPYjScA=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4CrtB0GPAi8eI5gHJEmZne7NDZh/MzAphycEP8Kqf4E28+il+gb/hJNmDJhY0FFXddHd5qeBK2/aXtba+sbm1Xdop7+7tHxxWjo47KskkwzZLRCJ7HlUoeIxtzbXAXiqRRp7Arje+mfndR5SKJ/GDnqToRnQU84Azqo10Xwtrw0rVrttzkFXiFKQKBVrDyvfAT1gWYayZoEr1HTvVbk6l5kzgtDzIFKaUjekI+4bGNELl5vNTp+TcKD4JEmkq1mSu/p7IaaTUJPJMZ0R1qJa9mfivp8wpIfpL63Vw7eY8TjONMVtsDzJBdEJmYRCfS2RaTAyhTHLzAGEhlZRpE1nZJOMs57BKOo26Y9edu0a1eVlkVIJTOIMLcOAKmnALLWgDgxE8wwu8Wk/Wm/VufSxa16xi5gT+wPr8AW4ZlhE=</latexit><latexit sha1_base64="Z7cXxZJImbRnP9RrgG/loPYjScA=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4CrtB0GPAi8eI5gHJEmZne7NDZh/MzAphycEP8Kqf4E28+il+gb/hJNmDJhY0FFXddHd5qeBK2/aXtba+sbm1Xdop7+7tHxxWjo47KskkwzZLRCJ7HlUoeIxtzbXAXiqRRp7Arje+mfndR5SKJ/GDnqToRnQU84Azqo10Xwtrw0rVrttzkFXiFKQKBVrDyvfAT1gWYayZoEr1HTvVbk6l5kzgtDzIFKaUjekI+4bGNELl5vNTp+TcKD4JEmkq1mSu/p7IaaTUJPJMZ0R1qJa9mfivp8wpIfpL63Vw7eY8TjONMVtsDzJBdEJmYRCfS2RaTAyhTHLzAGEhlZRpE1nZJOMs57BKOo26Y9edu0a1eVlkVIJTOIMLcOAKmnALLWgDgxE8wwu8Wk/Wm/VufSxa16xi5gT+wPr8AW4ZlhE=</latexit>

h
<latexit sha1_base64="Z7cXxZJImbRnP9RrgG/loPYjScA=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4CrtB0GPAi8eI5gHJEmZne7NDZh/MzAphycEP8Kqf4E28+il+gb/hJNmDJhY0FFXddHd5qeBK2/aXtba+sbm1Xdop7+7tHxxWjo47KskkwzZLRCJ7HlUoeIxtzbXAXiqRRp7Arje+mfndR5SKJ/GDnqToRnQU84Azqo10Xwtrw0rVrttzkFXiFKQKBVrDyvfAT1gWYayZoEr1HTvVbk6l5kzgtDzIFKaUjekI+4bGNELl5vNTp+TcKD4JEmkq1mSu/p7IaaTUJPJMZ0R1qJa9mfivp8wpIfpL63Vw7eY8TjONMVtsDzJBdEJmYRCfS2RaTAyhTHLzAGEhlZRpE1nZJOMs57BKOo26Y9edu0a1eVlkVIJTOIMLcOAKmnALLWgDgxE8wwu8Wk/Wm/VufSxa16xi5gT+wPr8AW4ZlhE=</latexit><latexit sha1_base64="Z7cXxZJImbRnP9RrgG/loPYjScA=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4CrtB0GPAi8eI5gHJEmZne7NDZh/MzAphycEP8Kqf4E28+il+gb/hJNmDJhY0FFXddHd5qeBK2/aXtba+sbm1Xdop7+7tHxxWjo47KskkwzZLRCJ7HlUoeIxtzbXAXiqRRp7Arje+mfndR5SKJ/GDnqToRnQU84Azqo10Xwtrw0rVrttzkFXiFKQKBVrDyvfAT1gWYayZoEr1HTvVbk6l5kzgtDzIFKaUjekI+4bGNELl5vNTp+TcKD4JEmkq1mSu/p7IaaTUJPJMZ0R1qJa9mfivp8wpIfpL63Vw7eY8TjONMVtsDzJBdEJmYRCfS2RaTAyhTHLzAGEhlZRpE1nZJOMs57BKOo26Y9edu0a1eVlkVIJTOIMLcOAKmnALLWgDgxE8wwu8Wk/Wm/VufSxa16xi5gT+wPr8AW4ZlhE=</latexit><latexit sha1_base64="Z7cXxZJImbRnP9RrgG/loPYjScA=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4CrtB0GPAi8eI5gHJEmZne7NDZh/MzAphycEP8Kqf4E28+il+gb/hJNmDJhY0FFXddHd5qeBK2/aXtba+sbm1Xdop7+7tHxxWjo47KskkwzZLRCJ7HlUoeIxtzbXAXiqRRp7Arje+mfndR5SKJ/GDnqToRnQU84Azqo10Xwtrw0rVrttzkFXiFKQKBVrDyvfAT1gWYayZoEr1HTvVbk6l5kzgtDzIFKaUjekI+4bGNELl5vNTp+TcKD4JEmkq1mSu/p7IaaTUJPJMZ0R1qJa9mfivp8wpIfpL63Vw7eY8TjONMVtsDzJBdEJmYRCfS2RaTAyhTHLzAGEhlZRpE1nZJOMs57BKOo26Y9edu0a1eVlkVIJTOIMLcOAKmnALLWgDgxE8wwu8Wk/Wm/VufSxa16xi5gT+wPr8AW4ZlhE=</latexit><latexit sha1_base64="Z7cXxZJImbRnP9RrgG/loPYjScA=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4CrtB0GPAi8eI5gHJEmZne7NDZh/MzAphycEP8Kqf4E28+il+gb/hJNmDJhY0FFXddHd5qeBK2/aXtba+sbm1Xdop7+7tHxxWjo47KskkwzZLRCJ7HlUoeIxtzbXAXiqRRp7Arje+mfndR5SKJ/GDnqToRnQU84Azqo10Xwtrw0rVrttzkFXiFKQKBVrDyvfAT1gWYayZoEr1HTvVbk6l5kzgtDzIFKaUjekI+4bGNELl5vNTp+TcKD4JEmkq1mSu/p7IaaTUJPJMZ0R1qJa9mfivp8wpIfpL63Vw7eY8TjONMVtsDzJBdEJmYRCfS2RaTAyhTHLzAGEhlZRpE1nZJOMs57BKOo26Y9edu0a1eVlkVIJTOIMLcOAKmnALLWgDgxE8wwu8Wk/Wm/VufSxa16xi5gT+wPr8AW4ZlhE=</latexit>

��1 ⇠ 10% for ⇤ = 5 TeV
<latexit sha1_base64="AL3211rZqz29TJIsQ6l0mtuvdpU="></latexit><latexit sha1_base64="AL3211rZqz29TJIsQ6l0mtuvdpU="></latexit><latexit sha1_base64="AL3211rZqz29TJIsQ6l0mtuvdpU="></latexit><latexit sha1_base64="AL3211rZqz29TJIsQ6l0mtuvdpU="></latexit>

Craig, Katz, Strassler,  
Sundrum 2015

gA
<latexit sha1_base64="M5F7Gi4gklT4FxVhlER8etB0lM8=">AAACAXicbVBNS8NAEJ34WetX1aOXYCt4kJL0oseKF48VTFtoQ9lsJu3SzSbsboQSevIHeNWf4E28+kv8Bf4Nt20O2vpg4PHeDDPzgpQzpR3ny1pb39jc2i7tlHf39g8OK0fHbZVkkqJHE57IbkAUcibQ00xz7KYSSRxw7ATj25nfeUSpWCIe9CRFPyZDwSJGiTaSVxsObmqDStWpO3PYq8QtSBUKtAaV736Y0CxGoSknSvVcJ9V+TqRmlOO03M8UpoSOyRB7hgoSo/Lz+bFT+9wooR0l0pTQ9lz9PZGTWKlJHJjOmOiRWvZm4r+eMqeMMFxar6NrP2cizTQKutgeZdzWiT2Lww6ZRKr5xBBCJTMP2HREJKHahFY2ybjLOaySdqPuOnX3vlFtXhYZleAUzuACXLiCJtxBCzygwOAZXuDVerLerHfrY9G6ZhUzJ/AH1ucPtdeWvA==</latexit><latexit sha1_base64="M5F7Gi4gklT4FxVhlER8etB0lM8=">AAACAXicbVBNS8NAEJ34WetX1aOXYCt4kJL0oseKF48VTFtoQ9lsJu3SzSbsboQSevIHeNWf4E28+kv8Bf4Nt20O2vpg4PHeDDPzgpQzpR3ny1pb39jc2i7tlHf39g8OK0fHbZVkkqJHE57IbkAUcibQ00xz7KYSSRxw7ATj25nfeUSpWCIe9CRFPyZDwSJGiTaSVxsObmqDStWpO3PYq8QtSBUKtAaV736Y0CxGoSknSvVcJ9V+TqRmlOO03M8UpoSOyRB7hgoSo/Lz+bFT+9wooR0l0pTQ9lz9PZGTWKlJHJjOmOiRWvZm4r+eMqeMMFxar6NrP2cizTQKutgeZdzWiT2Lww6ZRKr5xBBCJTMP2HREJKHahFY2ybjLOaySdqPuOnX3vlFtXhYZleAUzuACXLiCJtxBCzygwOAZXuDVerLerHfrY9G6ZhUzJ/AH1ucPtdeWvA==</latexit><latexit sha1_base64="M5F7Gi4gklT4FxVhlER8etB0lM8=">AAACAXicbVBNS8NAEJ34WetX1aOXYCt4kJL0oseKF48VTFtoQ9lsJu3SzSbsboQSevIHeNWf4E28+kv8Bf4Nt20O2vpg4PHeDDPzgpQzpR3ny1pb39jc2i7tlHf39g8OK0fHbZVkkqJHE57IbkAUcibQ00xz7KYSSRxw7ATj25nfeUSpWCIe9CRFPyZDwSJGiTaSVxsObmqDStWpO3PYq8QtSBUKtAaV736Y0CxGoSknSvVcJ9V+TqRmlOO03M8UpoSOyRB7hgoSo/Lz+bFT+9wooR0l0pTQ9lz9PZGTWKlJHJjOmOiRWvZm4r+eMqeMMFxar6NrP2cizTQKutgeZdzWiT2Lww6ZRKr5xBBCJTMP2HREJKHahFY2ybjLOaySdqPuOnX3vlFtXhYZleAUzuACXLiCJtxBCzygwOAZXuDVerLerHfrY9G6ZhUzJ/AH1ucPtdeWvA==</latexit><latexit sha1_base64="M5F7Gi4gklT4FxVhlER8etB0lM8=">AAACAXicbVBNS8NAEJ34WetX1aOXYCt4kJL0oseKF48VTFtoQ9lsJu3SzSbsboQSevIHeNWf4E28+kv8Bf4Nt20O2vpg4PHeDDPzgpQzpR3ny1pb39jc2i7tlHf39g8OK0fHbZVkkqJHE57IbkAUcibQ00xz7KYSSRxw7ATj25nfeUSpWCIe9CRFPyZDwSJGiTaSVxsObmqDStWpO3PYq8QtSBUKtAaV736Y0CxGoSknSvVcJ9V+TqRmlOO03M8UpoSOyRB7hgoSo/Lz+bFT+9wooR0l0pTQ9lz9PZGTWKlJHJjOmOiRWvZm4r+eMqeMMFxar6NrP2cizTQKutgeZdzWiT2Lww6ZRKr5xBBCJTMP2HREJKHahFY2ybjLOaySdqPuOnX3vlFtXhYZleAUzuACXLiCJtxBCzygwOAZXuDVerLerHfrY9G6ZhUzJ/AH1ucPtdeWvA==</latexit>

(numerically, ~ weak gauge)
�m2

h ⇠ 3y2
t g

2
s

4⇡4 ⇤2
<latexit sha1_base64="XLVERuYUunKI0zciuJ2lbgGM9UU="></latexit><latexit sha1_base64="XLVERuYUunKI0zciuJ2lbgGM9UU="></latexit><latexit sha1_base64="XLVERuYUunKI0zciuJ2lbgGM9UU="></latexit><latexit sha1_base64="XLVERuYUunKI0zciuJ2lbgGM9UU="></latexit>

Batell, McCullough 2015



The soft masses

SU(2)
<latexit sha1_base64="dBKnwZe3qVxYVVUyVL01elMM5Jo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSCuqt4MVjRaOFNpTNdtIu3WzC7kYopb/BiwcVr/4hb/4bt20O2vpg4PHeDDPzwlRwbVz32ymsrW9sbhW3Szu7e/sH5cOjB51kiqHPEpGodkg1Ci7RN9wIbKcKaRwKfAxH1zP/8QmV5om8N+MUg5gOJI84o8ZK/p1frZ/3yhW35s5BVomXkwrkaPXKX91+wrIYpWGCat3x3NQEE6oMZwKnpW6mMaVsRAfYsVTSGHUwmR87JWdW6ZMoUbakIXP198SExlqP49B2xtQM9bI3E//zOpmJLoMJl2lmULLFoigTxCRk9jnpc4XMiLEllClubyVsSBVlxuZTsiF4yy+vEr9eu6p5t41Ks5GnUYQTOIUqeHABTbiBFvjAgMMzvMKbI50X5935WLQWnHzmGP7A+fwB9XaNnQ==</latexit><latexit sha1_base64="dBKnwZe3qVxYVVUyVL01elMM5Jo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSCuqt4MVjRaOFNpTNdtIu3WzC7kYopb/BiwcVr/4hb/4bt20O2vpg4PHeDDPzwlRwbVz32ymsrW9sbhW3Szu7e/sH5cOjB51kiqHPEpGodkg1Ci7RN9wIbKcKaRwKfAxH1zP/8QmV5om8N+MUg5gOJI84o8ZK/p1frZ/3yhW35s5BVomXkwrkaPXKX91+wrIYpWGCat3x3NQEE6oMZwKnpW6mMaVsRAfYsVTSGHUwmR87JWdW6ZMoUbakIXP198SExlqP49B2xtQM9bI3E//zOpmJLoMJl2lmULLFoigTxCRk9jnpc4XMiLEllClubyVsSBVlxuZTsiF4yy+vEr9eu6p5t41Ks5GnUYQTOIUqeHABTbiBFvjAgMMzvMKbI50X5935WLQWnHzmGP7A+fwB9XaNnQ==</latexit><latexit sha1_base64="dBKnwZe3qVxYVVUyVL01elMM5Jo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSCuqt4MVjRaOFNpTNdtIu3WzC7kYopb/BiwcVr/4hb/4bt20O2vpg4PHeDDPzwlRwbVz32ymsrW9sbhW3Szu7e/sH5cOjB51kiqHPEpGodkg1Ci7RN9wIbKcKaRwKfAxH1zP/8QmV5om8N+MUg5gOJI84o8ZK/p1frZ/3yhW35s5BVomXkwrkaPXKX91+wrIYpWGCat3x3NQEE6oMZwKnpW6mMaVsRAfYsVTSGHUwmR87JWdW6ZMoUbakIXP198SExlqP49B2xtQM9bI3E//zOpmJLoMJl2lmULLFoigTxCRk9jnpc4XMiLEllClubyVsSBVlxuZTsiF4yy+vEr9eu6p5t41Ks5GnUYQTOIUqeHABTbiBFvjAgMMzvMKbI50X5935WLQWnHzmGP7A+fwB9XaNnQ==</latexit><latexit sha1_base64="dBKnwZe3qVxYVVUyVL01elMM5Jo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSCuqt4MVjRaOFNpTNdtIu3WzC7kYopb/BiwcVr/4hb/4bt20O2vpg4PHeDDPzwlRwbVz32ymsrW9sbhW3Szu7e/sH5cOjB51kiqHPEpGodkg1Ci7RN9wIbKcKaRwKfAxH1zP/8QmV5om8N+MUg5gOJI84o8ZK/p1frZ/3yhW35s5BVomXkwrkaPXKX91+wrIYpWGCat3x3NQEE6oMZwKnpW6mMaVsRAfYsVTSGHUwmR87JWdW6ZMoUbakIXP198SExlqP49B2xtQM9bI3E//zOpmJLoMJl2lmULLFoigTxCRk9jnpc4XMiLEllClubyVsSBVlxuZTsiF4yy+vEr9eu6p5t41Ks5GnUYQTOIUqeHABTbiBFvjAgMMzvMKbI50X5935WLQWnHzmGP7A+fwB9XaNnQ==</latexit>

F = 3
<latexit sha1_base64="NFumvvBpVDXs3OJ5dW40QNRTjoc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oB6EgiAeKxhbaEPZbLft0s0m7E6EEvobvHhQ8eof8ua/cdvmoK0PBh7vzTAzL0ykMOi6305hZXVtfaO4Wdra3tndK+8fPJo41Yz7LJaxboXUcCkU91Gg5K1EcxqFkjfD0c3Ubz5xbUSsHnCc8CCiAyX6glG0kn9Lrsl5t1xxq+4MZJl4OalAjka3/NXpxSyNuEImqTFtz00wyKhGwSSflDqp4QllIzrgbUsVjbgJstmxE3JilR7px9qWQjJTf09kNDJmHIW2M6I4NIveVPzPa6fYvwwyoZIUuWLzRf1UEozJ9HPSE5ozlGNLKNPC3krYkGrK0OZTsiF4iy8vE/+selX17muVei1PowhHcAyn4MEF1OEOGuADAwHP8ApvjnJenHfnY95acPKZQ/gD5/MHpJyNaA==</latexit><latexit sha1_base64="NFumvvBpVDXs3OJ5dW40QNRTjoc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oB6EgiAeKxhbaEPZbLft0s0m7E6EEvobvHhQ8eof8ua/cdvmoK0PBh7vzTAzL0ykMOi6305hZXVtfaO4Wdra3tndK+8fPJo41Yz7LJaxboXUcCkU91Gg5K1EcxqFkjfD0c3Ubz5xbUSsHnCc8CCiAyX6glG0kn9Lrsl5t1xxq+4MZJl4OalAjka3/NXpxSyNuEImqTFtz00wyKhGwSSflDqp4QllIzrgbUsVjbgJstmxE3JilR7px9qWQjJTf09kNDJmHIW2M6I4NIveVPzPa6fYvwwyoZIUuWLzRf1UEozJ9HPSE5ozlGNLKNPC3krYkGrK0OZTsiF4iy8vE/+selX17muVei1PowhHcAyn4MEF1OEOGuADAwHP8ApvjnJenHfnY95acPKZQ/gD5/MHpJyNaA==</latexit><latexit sha1_base64="NFumvvBpVDXs3OJ5dW40QNRTjoc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oB6EgiAeKxhbaEPZbLft0s0m7E6EEvobvHhQ8eof8ua/cdvmoK0PBh7vzTAzL0ykMOi6305hZXVtfaO4Wdra3tndK+8fPJo41Yz7LJaxboXUcCkU91Gg5K1EcxqFkjfD0c3Ubz5xbUSsHnCc8CCiAyX6glG0kn9Lrsl5t1xxq+4MZJl4OalAjka3/NXpxSyNuEImqTFtz00wyKhGwSSflDqp4QllIzrgbUsVjbgJstmxE3JilR7px9qWQjJTf09kNDJmHIW2M6I4NIveVPzPa6fYvwwyoZIUuWLzRf1UEozJ9HPSE5ozlGNLKNPC3krYkGrK0OZTsiF4iy8vE/+selX17muVei1PowhHcAyn4MEF1OEOGuADAwHP8ApvjnJenHfnY95acPKZQ/gD5/MHpJyNaA==</latexit><latexit sha1_base64="NFumvvBpVDXs3OJ5dW40QNRTjoc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oB6EgiAeKxhbaEPZbLft0s0m7E6EEvobvHhQ8eof8ua/cdvmoK0PBh7vzTAzL0ykMOi6305hZXVtfaO4Wdra3tndK+8fPJo41Yz7LJaxboXUcCkU91Gg5K1EcxqFkjfD0c3Ubz5xbUSsHnCc8CCiAyX6glG0kn9Lrsl5t1xxq+4MZJl4OalAjka3/NXpxSyNuEImqTFtz00wyKhGwSSflDqp4QllIzrgbUsVjbgJstmxE3JilR7px9qWQjJTf09kNDJmHIW2M6I4NIveVPzPa6fYvwwyoZIUuWLzRf1UEozJ9HPSE5ozlGNLKNPC3krYkGrK0OZTsiF4iy8vE/+selX17muVei1PowhHcAyn4MEF1OEOGuADAwHP8ApvjnJenHfnY95acPKZQ/gD5/MHpJyNaA==</latexit>

Cheng, Li, Salvioni,  
Verhaaren, 1803.03651

Vs = + em2
⇣
| eQA|2 + |ũc
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� em2
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2 + |ũc
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⌘

<latexit sha1_base64="iw+bR39VyeH9pQUZWz3mWShoHGY="></latexit><latexit sha1_base64="iw+bR39VyeH9pQUZWz3mWShoHGY="></latexit><latexit sha1_base64="iw+bR39VyeH9pQUZWz3mWShoHGY="></latexit><latexit sha1_base64="iw+bR39VyeH9pQUZWz3mWShoHGY="></latexit>
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<latexit sha1_base64="Yma/8bguE91motNpwubdUQnHGKA="></latexit><latexit sha1_base64="Yma/8bguE91motNpwubdUQnHGKA="></latexit><latexit sha1_base64="Yma/8bguE91motNpwubdUQnHGKA="></latexit><latexit sha1_base64="Yma/8bguE91motNpwubdUQnHGKA="></latexit>
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<latexit sha1_base64="eKZ93pAIAoAa0xsNObMwGqJWUTo="></latexit><latexit sha1_base64="eKZ93pAIAoAa0xsNObMwGqJWUTo="></latexit><latexit sha1_base64="eKZ93pAIAoAa0xsNObMwGqJWUTo="></latexit><latexit sha1_base64="eKZ93pAIAoAa0xsNObMwGqJWUTo="></latexit>
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<latexit sha1_base64="k6J0aWi51uHTcZ2Ftvy15RlVEso="></latexit><latexit sha1_base64="k6J0aWi51uHTcZ2Ftvy15RlVEso="></latexit><latexit sha1_base64="k6J0aWi51uHTcZ2Ftvy15RlVEso="></latexit><latexit sha1_base64="k6J0aWi51uHTcZ2Ftvy15RlVEso="></latexit>

QA
<latexit sha1_base64="KZEm8nRQE3Js1VlMMWBJqtOMO/s=">AAACAnicbVBNT8JAEJ3iF+IX6tFLI5h4Ii0XPWK8eITEggk0ZLpsYcN22+xuTZqGm3ev+he8Ga/+Ef+BP8MFelDwJZO8vDeTmXlBwpnSjvNllTY2t7Z3yruVvf2Dw6Pq8UlXxakk1CMxj+VDgIpyJqinmeb0IZEUo4DTXjC9nfu9RyoVi8W9zhLqRzgWLGQEtZG8emd4Ux9Wa07DWcBeJ25BalCgPax+D0YxSSMqNOGoVN91Eu3nKDUjnM4qg1TRBMkUx7RvqMCIKj9fHDuzL4wyssNYmhLaXqi/J3KMlMqiwHRGqCdq1ZuL/3oBn6KUmK3s1+G1nzORpJoKslwfptzWsT3Pwx4xSYnmmSFIJDMf2GSCEok2qVVMNO5qEOuk22y4TsPtNGutZhFSGc7gHC7BhStowR20wQMCDJ7hBV6tJ+vNerc+lq0lq5g5hT+wPn8AWjmXJg==</latexit><latexit sha1_base64="KZEm8nRQE3Js1VlMMWBJqtOMO/s=">AAACAnicbVBNT8JAEJ3iF+IX6tFLI5h4Ii0XPWK8eITEggk0ZLpsYcN22+xuTZqGm3ev+he8Ga/+Ef+BP8MFelDwJZO8vDeTmXlBwpnSjvNllTY2t7Z3yruVvf2Dw6Pq8UlXxakk1CMxj+VDgIpyJqinmeb0IZEUo4DTXjC9nfu9RyoVi8W9zhLqRzgWLGQEtZG8emd4Ux9Wa07DWcBeJ25BalCgPax+D0YxSSMqNOGoVN91Eu3nKDUjnM4qg1TRBMkUx7RvqMCIKj9fHDuzL4wyssNYmhLaXqi/J3KMlMqiwHRGqCdq1ZuL/3oBn6KUmK3s1+G1nzORpJoKslwfptzWsT3Pwx4xSYnmmSFIJDMf2GSCEok2qVVMNO5qEOuk22y4TsPtNGutZhFSGc7gHC7BhStowR20wQMCDJ7hBV6tJ+vNerc+lq0lq5g5hT+wPn8AWjmXJg==</latexit><latexit sha1_base64="KZEm8nRQE3Js1VlMMWBJqtOMO/s=">AAACAnicbVBNT8JAEJ3iF+IX6tFLI5h4Ii0XPWK8eITEggk0ZLpsYcN22+xuTZqGm3ev+he8Ga/+Ef+BP8MFelDwJZO8vDeTmXlBwpnSjvNllTY2t7Z3yruVvf2Dw6Pq8UlXxakk1CMxj+VDgIpyJqinmeb0IZEUo4DTXjC9nfu9RyoVi8W9zhLqRzgWLGQEtZG8emd4Ux9Wa07DWcBeJ25BalCgPax+D0YxSSMqNOGoVN91Eu3nKDUjnM4qg1TRBMkUx7RvqMCIKj9fHDuzL4wyssNYmhLaXqi/J3KMlMqiwHRGqCdq1ZuL/3oBn6KUmK3s1+G1nzORpJoKslwfptzWsT3Pwx4xSYnmmSFIJDMf2GSCEok2qVVMNO5qEOuk22y4TsPtNGutZhFSGc7gHC7BhStowR20wQMCDJ7hBV6tJ+vNerc+lq0lq5g5hT+wPn8AWjmXJg==</latexit><latexit sha1_base64="KZEm8nRQE3Js1VlMMWBJqtOMO/s=">AAACAnicbVBNT8JAEJ3iF+IX6tFLI5h4Ii0XPWK8eITEggk0ZLpsYcN22+xuTZqGm3ev+he8Ga/+Ef+BP8MFelDwJZO8vDeTmXlBwpnSjvNllTY2t7Z3yruVvf2Dw6Pq8UlXxakk1CMxj+VDgIpyJqinmeb0IZEUo4DTXjC9nfu9RyoVi8W9zhLqRzgWLGQEtZG8emd4Ux9Wa07DWcBeJ25BalCgPax+D0YxSSMqNOGoVN91Eu3nKDUjnM4qg1TRBMkUx7RvqMCIKj9fHDuzL4wyssNYmhLaXqi/J3KMlMqiwHRGqCdq1ZuL/3oBn6KUmK3s1+G1nzORpJoKslwfptzWsT3Pwx4xSYnmmSFIJDMf2GSCEok2qVVMNO5qEOuk22y4TsPtNGutZhFSGc7gHC7BhStowR20wQMCDJ7hBV6tJ+vNerc+lq0lq5g5hT+wPn8AWjmXJg==</latexit>

•       - symmetric YukawasZ3
<latexit sha1_base64="mwK70lR1rFKTHv/cRU0DDJOa/ns=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUsMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDGt+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1dVeq1PI4inMApnIMH11CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDd8416</latexit><latexit sha1_base64="mwK70lR1rFKTHv/cRU0DDJOa/ns=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUsMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDGt+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1dVeq1PI4inMApnIMH11CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDd8416</latexit><latexit sha1_base64="mwK70lR1rFKTHv/cRU0DDJOa/ns=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUsMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDGt+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1dVeq1PI4inMApnIMH11CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDd8416</latexit><latexit sha1_base64="mwK70lR1rFKTHv/cRU0DDJOa/ns=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUsMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDGt+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1dVeq1PI4inMApnIMH11CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDd8416</latexit>

W 3 gt

⇤2
UV

PPPPH �! yt ⇠ gt
⇤2
G

⇤2
UV

<latexit sha1_base64="TbeuM64Ue8CGy/ZTmk6zr9CACJo="></latexit><latexit sha1_base64="TbeuM64Ue8CGy/ZTmk6zr9CACJo="></latexit><latexit sha1_base64="TbeuM64Ue8CGy/ZTmk6zr9CACJo="></latexit><latexit sha1_base64="TbeuM64Ue8CGy/ZTmk6zr9CACJo="></latexit>

(e.g.: m2
P 2

> 0 , m2
P 1

= 0)
<latexit sha1_base64="fshbb3yD1uC34dHGpsch7gKKhmE="></latexit><latexit sha1_base64="fshbb3yD1uC34dHGpsch7gKKhmE="></latexit><latexit sha1_base64="fshbb3yD1uC34dHGpsch7gKKhmE="></latexit><latexit sha1_base64="fshbb3yD1uC34dHGpsch7gKKhmE="></latexit>



Soft masses of composite mesons

•  s-confinement = smooth confinement without chiral symmetry breaking and    
   with non-vanishing confining superpotential  

•  In the UV, from  

•  Anomalous U(1) symmetry 

         is promoted to background vector superfield 

•  Only invariant object is                               

  and 

•  In the IR, effective Kähler potential for mesons starts with

1

4

Z
d2✓ S(µUV)W

2+h.c.+

Z
d4✓Z F

✓
S(µUV) + S†(µUV)�

T

4⇡2
lnZ

◆
P †eV P

<latexit sha1_base64="rS00PeDFDZOjP2wz8iUnVv8bRXg="></latexit><latexit sha1_base64="rS00PeDFDZOjP2wz8iUnVv8bRXg="></latexit><latexit sha1_base64="rS00PeDFDZOjP2wz8iUnVv8bRXg="></latexit><latexit sha1_base64="rS00PeDFDZOjP2wz8iUnVv8bRXg="></latexit>

Z ! Z��†, P ! P/�, S(µUV) ! S(µUV) +
T

4⇡2
ln�

<latexit sha1_base64="ib9rbXBZz2GDpoK3tCoCBEG+x5A="></latexit><latexit sha1_base64="ib9rbXBZz2GDpoK3tCoCBEG+x5A="></latexit><latexit sha1_base64="ib9rbXBZz2GDpoK3tCoCBEG+x5A="></latexit><latexit sha1_base64="ib9rbXBZz2GDpoK3tCoCBEG+x5A="></latexit>

m2
P (µUV) = �[lnZ]✓2✓̄2 � [lnF (µUV)]✓2✓̄2

µUV!1
������! �[lnZ]✓2✓̄2

<latexit sha1_base64="/nLstbcJIxTue1b3S1U8WzoSuFs="></latexit><latexit sha1_base64="/nLstbcJIxTue1b3S1U8WzoSuFs="></latexit><latexit sha1_base64="/nLstbcJIxTue1b3S1U8WzoSuFs="></latexit><latexit sha1_base64="/nLstbcJIxTue1b3S1U8WzoSuFs="></latexit>

P !
p
Z P

<latexit sha1_base64="zL9/ak8NGNb9SpFuaZTK5dYTTVI=">AAACEXicbZDLSsNAFIYnXmu9xbp0M1gEF1KSIuiy4MZlBHvBJpST6aQdOrk4MxFD6FO4d6uv4E7c+gS+gY/hpM1CW38Y+PnPOZwzn59wJpVlfRkrq2vrG5uVrer2zu7evnlQ68g4FYS2Scxj0fNBUs4i2lZMcdpLBIXQ57TrT66KeveBCsni6FZlCfVCGEUsYASUjgZmzcGuirEr74XK76bumVMdmHWrYc2El41dmjoq5QzMb3cYkzSkkSIcpOzbVqK8HIRihNNp1U0lTYBMYET72kYQUunls9un+EQnQxzEQr9I4Vn6eyKHUMos9HVnCGosF2tF+G/N5xMQArKF/Sq49HIWJamiEZmvD1KONYMCDx4yQYnimTZABNM/wGQMAojSEAs09iKIZdNpNmyrYd+c11vNElIFHaFjdIpsdIFa6Bo5qI0IekTP6AW9Gk/Gm/FufMxbV4xy5hD9kfH5A9NpnMs=</latexit><latexit sha1_base64="zL9/ak8NGNb9SpFuaZTK5dYTTVI=">AAACEXicbZDLSsNAFIYnXmu9xbp0M1gEF1KSIuiy4MZlBHvBJpST6aQdOrk4MxFD6FO4d6uv4E7c+gS+gY/hpM1CW38Y+PnPOZwzn59wJpVlfRkrq2vrG5uVrer2zu7evnlQ68g4FYS2Scxj0fNBUs4i2lZMcdpLBIXQ57TrT66KeveBCsni6FZlCfVCGEUsYASUjgZmzcGuirEr74XK76bumVMdmHWrYc2El41dmjoq5QzMb3cYkzSkkSIcpOzbVqK8HIRihNNp1U0lTYBMYET72kYQUunls9un+EQnQxzEQr9I4Vn6eyKHUMos9HVnCGosF2tF+G/N5xMQArKF/Sq49HIWJamiEZmvD1KONYMCDx4yQYnimTZABNM/wGQMAojSEAs09iKIZdNpNmyrYd+c11vNElIFHaFjdIpsdIFa6Bo5qI0IekTP6AW9Gk/Gm/FufMxbV4xy5hD9kfH5A9NpnMs=</latexit><latexit sha1_base64="zL9/ak8NGNb9SpFuaZTK5dYTTVI=">AAACEXicbZDLSsNAFIYnXmu9xbp0M1gEF1KSIuiy4MZlBHvBJpST6aQdOrk4MxFD6FO4d6uv4E7c+gS+gY/hpM1CW38Y+PnPOZwzn59wJpVlfRkrq2vrG5uVrer2zu7evnlQ68g4FYS2Scxj0fNBUs4i2lZMcdpLBIXQ57TrT66KeveBCsni6FZlCfVCGEUsYASUjgZmzcGuirEr74XK76bumVMdmHWrYc2El41dmjoq5QzMb3cYkzSkkSIcpOzbVqK8HIRihNNp1U0lTYBMYET72kYQUunls9un+EQnQxzEQr9I4Vn6eyKHUMos9HVnCGosF2tF+G/N5xMQArKF/Sq49HIWJamiEZmvD1KONYMCDx4yQYnimTZABNM/wGQMAojSEAs09iKIZdNpNmyrYd+c11vNElIFHaFjdIpsdIFa6Bo5qI0IekTP6AW9Gk/Gm/FufMxbV4xy5hD9kfH5A9NpnMs=</latexit><latexit sha1_base64="zL9/ak8NGNb9SpFuaZTK5dYTTVI=">AAACEXicbZDLSsNAFIYnXmu9xbp0M1gEF1KSIuiy4MZlBHvBJpST6aQdOrk4MxFD6FO4d6uv4E7c+gS+gY/hpM1CW38Y+PnPOZwzn59wJpVlfRkrq2vrG5uVrer2zu7evnlQ68g4FYS2Scxj0fNBUs4i2lZMcdpLBIXQ57TrT66KeveBCsni6FZlCfVCGEUsYASUjgZmzcGuirEr74XK76bumVMdmHWrYc2El41dmjoq5QzMb3cYkzSkkSIcpOzbVqK8HIRihNNp1U0lTYBMYET72kYQUunls9un+EQnQxzEQr9I4Vn6eyKHUMos9HVnCGosF2tF+G/N5xMQArKF/Sq49HIWJamiEZmvD1KONYMCDx4yQYnimTZABNM/wGQMAojSEAs09iKIZdNpNmyrYd+c11vNElIFHaFjdIpsdIFa6Bo5qI0IekTP6AW9Gk/Gm/FufMxbV4xy5hD9kfH5A9NpnMs=</latexit>

Z
<latexit sha1_base64="ldqMZo285bp/QzwQ+YHtmmi8YJk=">AAAB/3icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF49V7Ae2oUy2m3bpZhN2N0IIPXj3qn/Bm3j1p/gP/BkmbQ7a+mDg8d4MM/O8SHBtbPvLKq2tb2xulbcrO7t7+wfVw6OODmNFWZuGIlQ9DzUTXLK24UawXqQYBp5gXW96nfvdR6Y0D+W9SSLmBjiW3OcUTSbdPVSG1Zpdt+cgq8QpSA0KtIbV78EopHHApKECte47dmTcFJXhVLBZZRBrFiGd4pj1MyoxYNpN55fOyFmmjIgfqqykIXP190SKgdZJ4GWdAZqJXvZy8V/PE1NUCpOl/ca/clMuo9gwSRfr/VgQE5I8DDLiilEjkowgVTz7gNAJKqQmiyyPxlkOYpV0GnXHrju3F7VmowipDCdwCufgwCU04QZa0AYKPjzDC7xaT9ab9W59LFpLVjFzDH9gff4AlHeWNQ==</latexit><latexit sha1_base64="ldqMZo285bp/QzwQ+YHtmmi8YJk=">AAAB/3icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF49V7Ae2oUy2m3bpZhN2N0IIPXj3qn/Bm3j1p/gP/BkmbQ7a+mDg8d4MM/O8SHBtbPvLKq2tb2xulbcrO7t7+wfVw6OODmNFWZuGIlQ9DzUTXLK24UawXqQYBp5gXW96nfvdR6Y0D+W9SSLmBjiW3OcUTSbdPVSG1Zpdt+cgq8QpSA0KtIbV78EopHHApKECte47dmTcFJXhVLBZZRBrFiGd4pj1MyoxYNpN55fOyFmmjIgfqqykIXP190SKgdZJ4GWdAZqJXvZy8V/PE1NUCpOl/ca/clMuo9gwSRfr/VgQE5I8DDLiilEjkowgVTz7gNAJKqQmiyyPxlkOYpV0GnXHrju3F7VmowipDCdwCufgwCU04QZa0AYKPjzDC7xaT9ab9W59LFpLVjFzDH9gff4AlHeWNQ==</latexit><latexit sha1_base64="ldqMZo285bp/QzwQ+YHtmmi8YJk=">AAAB/3icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF49V7Ae2oUy2m3bpZhN2N0IIPXj3qn/Bm3j1p/gP/BkmbQ7a+mDg8d4MM/O8SHBtbPvLKq2tb2xulbcrO7t7+wfVw6OODmNFWZuGIlQ9DzUTXLK24UawXqQYBp5gXW96nfvdR6Y0D+W9SSLmBjiW3OcUTSbdPVSG1Zpdt+cgq8QpSA0KtIbV78EopHHApKECte47dmTcFJXhVLBZZRBrFiGd4pj1MyoxYNpN55fOyFmmjIgfqqykIXP190SKgdZJ4GWdAZqJXvZy8V/PE1NUCpOl/ca/clMuo9gwSRfr/VgQE5I8DDLiilEjkowgVTz7gNAJKqQmiyyPxlkOYpV0GnXHrju3F7VmowipDCdwCufgwCU04QZa0AYKPjzDC7xaT9ab9W59LFpLVjFzDH9gff4AlHeWNQ==</latexit><latexit sha1_base64="ldqMZo285bp/QzwQ+YHtmmi8YJk=">AAAB/3icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF49V7Ae2oUy2m3bpZhN2N0IIPXj3qn/Bm3j1p/gP/BkmbQ7a+mDg8d4MM/O8SHBtbPvLKq2tb2xulbcrO7t7+wfVw6OODmNFWZuGIlQ9DzUTXLK24UawXqQYBp5gXW96nfvdR6Y0D+W9SSLmBjiW3OcUTSbdPVSG1Zpdt+cgq8QpSA0KtIbV78EopHHApKECte47dmTcFJXhVLBZZRBrFiGd4pj1MyoxYNpN55fOyFmmjIgfqqykIXP190SKgdZJ4GWdAZqJXvZy8V/PE1NUCpOl/ca/clMuo9gwSRfr/VgQE5I8DDLiilEjkowgVTz7gNAJKqQmiyyPxlkOYpV0GnXHrju3F7VmowipDCdwCufgwCU04QZa0AYKPjzDC7xaT9ab9W59LFpLVjFzDH9gff4AlHeWNQ==</latexit>

I = ⇤†
hZ

2T/b⇤h
<latexit sha1_base64="sa9RBcqcH5kKNww+zQfu2Mm8Ge4="></latexit><latexit sha1_base64="sa9RBcqcH5kKNww+zQfu2Mm8Ge4="></latexit><latexit sha1_base64="sa9RBcqcH5kKNww+zQfu2Mm8Ge4="></latexit><latexit sha1_base64="sa9RBcqcH5kKNww+zQfu2Mm8Ge4="></latexit>

(⇤h = µUVe�8⇡2S/b)
<latexit sha1_base64="H7MpX7z4kMzvjJMthz6QApzlHhE="></latexit><latexit sha1_base64="H7MpX7z4kMzvjJMthz6QApzlHhE="></latexit><latexit sha1_base64="H7MpX7z4kMzvjJMthz6QApzlHhE="></latexit><latexit sha1_base64="H7MpX7z4kMzvjJMthz6QApzlHhE="></latexit>

K � cMij

M†
ijZiZj̄Mij

I
+ · · ·
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