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• Before the LHC:

Rodolfo Capdevilla, Fermilab

Higgs? (*)

(*) A no-lose theorem for the LHC:

“If the Higgs boson did not exist, we should have to 
invent something very much like it” 

- Chris Quigg

Lee, Quigg, Thacker, Phys. Rev. D 16 (1977) 1519

1. Introduction
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• Now:

Rodolfo Capdevilla, Fermilab

Yes, the Higgs! … yet (*)

(*) We only got more questions: 

Is there a more fundamental description of EWSB? 
What mechanism sets the scale and stabilizes the Higgs mass? 

Other questions include: 

What is the nature of Dark Matter? 
What is the mechanism for Baryogenesis? 
What is the mechanism for neutrino masses? 
The unknown! How can nature surprise us?

1. Introduction
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• Higgs precision program:

Rodolfo Capdevilla, Fermilab

Measuring Higgs couplings might 
answer some of the fundamental 

questions!

The Higgs might be the portal to 
new physics!

What kind of unification may exist beyond the SM? 
What is the origin of flavor? 
Is there a deeper reason for gauge symmetry? 
Is there a more fundamental description of EWSB? 
What mechanism sets the scale and stabilizes the Higgs mass?

1. Introduction

What is the nature of Dark Matter? 
What is the mechanism for Baryogenesis? 
What is the mechanism for neutrino masses? 
The unknown! How can nature surprise us?

The Higgs is the key!
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• Higgs couplings:

Rodolfo Capdevilla, Fermilab

ATLAS Collaboration, Nature 607 (2022) 7917

1. Introduction

Measuring Higgs couplings might 
answer some of the fundamental 

questions!
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• Higgs couplings:

Rodolfo Capdevilla, Fermilab

What is the exact shape to the Higgs potential?

Standard Picture!

Alternative pictures allowed by uncertainties!

1. Introduction
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1. Introduction

What is the exact shape to the Higgs potential?

Double Higgs Production at Colliders, 
Rev. Phys. 5 (2020) 100045

A task for future colliders?

We already started!

• Higgs couplings:
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• Higgs portal:

Rodolfo Capdevilla, Fermilab

1. Introduction
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|H|
2
O Extended Higgs sector

Singlet scalar DM

Electroweak Baryogenesis

Heavy neutral leptons

Sterile neutrino DM

…
…

The Higgs might be the portal to 
new physics!
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• Higgs portal:

Rodolfo Capdevilla, Fermilab

1. Introduction

Djouadi, Quevillon, 
JHEP 10 (2013) 028

Alexandra Carvalho, 
ArXiv:1404.0102

Search for exotic resonances!

Dominant decay 
channel  hh

Sizeable hh 
Branching ratio
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1. Introduction

ATLAS Collaboration, Phys. Rev. D 105 (2022) 9, 092002

Djouadi, Quevillon, 
JHEP 10 (2013) 028

Alexandra Carvalho, 
ArXiv:1404.0102

• Higgs portal: Search for exotic resonances!
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3. Neutral Naturalness
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4. Results
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Fundamental questions

Higgs precision program

Higgs couplings Higgs portal

Extra scalars, Di-Higgs resonances, …Shape of the potential, Trilinear coupling, …
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2. Naturalness
• The hierarchy problem:

Rodolfo Capdevilla, Fermilab
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F

What kind of unification may exist beyond the SM? 
What is the origin of flavor? 
Is there a deeper reason for gauge symmetry? 
Is there a more fundamental description of EWSB? 
What mechanism sets the scale and stabilizes the Higgs mass? 
What is the nature of Dark Matter? 
What is the mechanism for Baryogenesis? 
What is the mechanism for neutrino masses? 
The unknown! How can nature surprise us?

Supersymmetry can solve this!

It can also answer 
some of these questions!
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• Benchmarks:

Rodolfo Capdevilla, Fermilab

Electroweakinos

2. Naturalness
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Stops

Gluinos

Direct searches are 
pushing stops above the 

TeV scale

ATLAS Collaboration, Eur. Phys. J. C 80 (2020) 8
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• Benchmarks:

Rodolfo Capdevilla, Fermilab

2. Naturalness
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Bounds for the 
compressed spectrum are 

not as high!

Compressed!

CMS Collaboration, ArXiv:2301.08096
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• Where are the stops?

Rodolfo Capdevilla, Fermilab

2. Naturalness

<latexit sha1_base64="dmstzMGmMEHoUeT+R9FhIfeCMQs=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEuilJEXVZdOOygn1gE8JkOmmHziPMTIRSiht/xY0LRdz6Fe78G6dtFlo9cOFwzr3ce0+cMqqN5305haXlldW14nppY3Nre8fd3WtpmSlMmlgyqTox0oRRQZqGGkY6qSKIx4y04+HV1G/fE6WpFLdmlJKQo76gCcXIWClyD3g0gIGmHPLoDgZY6kotiIlBJ5Fb9qreDPAv8XNSBjkakfsZ9CTOOBEGM6R11/dSE46RMhQzMikFmSYpwkPUJ11LBeJEh+PZCxN4bJUeTKSyJQycqT8nxohrPeKx7eTIDPSiNxX/87qZSS7CMRVpZojA80VJxqCRcJoH7FFFsGEjSxBW1N4K8QAphI1NrWRD8Bdf/ktatap/VvVuTsv1yzyOIjgER6ACfHAO6uAaNEATYPAAnsALeHUenWfnzXmftxacfGYf/ILz8Q1ljpYl</latexit>

mh ⇠ mZ cos(2�) The minimal model predicts a 
very light SM-like Higgs boson!

<latexit sha1_base64="ptFMNTaJzcppYgXLqzSqhWb1uug="></latexit>

m2
h ⇠ m2

Z cos2(2�) +
3m4

t

8⇡2v2
log

 
m2

t̃

m2
t

!
Loop contributions can 

increase the Higgs mass!

The vanilla version points at stop 
masses above the TeV scale!

A little hierarchy?
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2. Naturalness
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The vanilla version predicts stop 
masses above the TeV scale!

A little hierarchy?

Discovering stops below 1TeV 
might indicate the existence of an 

extended gauge U(1)MSSM or 
scalar sector NMSSM

• Where are the stops?

RC, Antonio Delgado, Adam Martin, 
Phys. Rev. D 92 (2015) 11
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3. Neutral Naturalness


• Folded Supersymmetry


• Quirky collider signatures


• Di-Higgs signals


4. Results


5. Summary/Conclusions

Rodolfo Capdevilla, Fermilab

Where are the stops?

Below 1TeV?

U(1)MSSM

Beyond LHC reach?

NMSSM

Little Hierarchy

What if stops are not 
(fully) charged under the 

SM gauge group?

(Neutral Naturalness)
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Where are the stops?

Below 1TeV?

U(1)MSSM

Beyond LHC reach?

NMSSM

Little Hierarchy

What if stops are not 
charged under the SM 

gauge group?

(Neutral Naturalness)

3. Neutral Naturalness


• Folded Supersymmetry


• Quirky collider signatures


• Di-Higgs signals


4. Results


5. Summary/Conclusions
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3. Neutral Naturalness
• Top partners:

Rodolfo Capdevilla, Fermilab

Folded Supersymmetry

Top partners are charged 
under the SM group

Top partners (fermionic) 
are completely neutral 
under the SM group

Top partners (scalar) have 
electroweak charge but not 

SM color charge!

Burdman, Chacko, Goh, Harnik, 
JHEP 02 (2007) 009
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• Folded Supersymmetry:

Rodolfo Capdevilla, Fermilab

Burdman, Chacko, Goh, Harnik, 
JHEP 02 (2007) 009

Note! The lightest particle 
colored under c’ is heavier 

than confining scale!

Effective theory 
In the IR

<latexit sha1_base64="SoK6+S+cfcvvs5SnBrPJEjC8z3k=">AAACD3icbVC7TsMwFHXKq5RXgJHFogK1S5UUBIwVLAwMRZC2qI0ix3Vaq44T2Q5SFfUPWPgVFgYQYmVl429w2yBBy5EsnXvOvbq+x48ZlcqyvozcwuLS8kp+tbC2vrG5ZW7vNGSUCEwcHLFItHwkCaOcOIoqRlqxICj0GWn6g4ux37wnQtKI36phTNwQ9TgNKEZKS555eOOUjspeikewo2hIJNRCtexd/ZROyS57d55ZtCrWBHCe2Bkpggx1z/zsdCOchIQrzJCUbduKlZsioShmZFToJJLECA9Qj7Q15UjvctPJPSN4oJUuDCKhH1dwov6eSFEo5TD0dWeIVF/OemPxP6+dqODMTSmPE0U4ni4KEgZVBMfhwC4VBCs21ARhQfVfIe4jgbDSERZ0CPbsyfOkUa3YJxXr+rhYO8/iyIM9sA9KwAanoAYuQR04AIMH8ARewKvxaDwbb8b7tDVnZDO74A+Mj2+/YJnz</latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y
<latexit sha1_base64="OgOVuPGWYM60/JiYDY4BZgXV6Sk=">AAACEHicbVC7TsMwFHXKq5RXgJHFokJtlyopCBgrWBgYiiAtqI0ix3Vaq44T2Q5SFfUTWPgVFgYQYmVk429w2yBBy5EsnXvOvbq+x48ZlcqyvozcwuLS8kp+tbC2vrG5ZW7vNGWUCEwcHLFI3PpIEkY5cRRVjNzGgqDQZ6TlD87HfuueCEkjfqOGMXFD1OM0oBgpLXlm6dopH1a8FJdGsKNoSCTUSq3iXf6UTtmueHeeWbSq1gRwntgZKYIMDc/87HQjnISEK8yQlG3bipWbIqEoZmRU6CSSxAgPUI+0NeVI73LTyUEjeKCVLgwioR9XcKL+nkhRKOUw9HVniFRfznpj8T+vnajg1E0pjxNFOJ4uChIGVQTH6cAuFQQrNtQEYUH1XyHuI4Gw0hkWdAj27MnzpFmr2sdV6+qoWD/L4siDPbAPysAGJ6AOLkADOACDB/AEXsCr8Wg8G2/G+7Q1Z2Qzu+APjI9vJtOaJA==</latexit>

SU(3)c0 ⇥ SU(2)L ⇥ U(1)Y
<latexit sha1_base64="yWbIlXRUygFMG4MjPY83tCZkJTs=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgQcKuiHoMevHgIYp5QLIss5PZZMjsw5leISz5CS8eFPHq73jzb5wke9DEgoaiqpvuLj+RQqNtf1uFpeWV1bXiemljc2t7p7y719RxqhhvsFjGqu1TzaWIeAMFSt5OFKehL3nLH15P/NYTV1rE0QOOEu6GtB+JQDCKRmqjd3tC0Lv3yhW7ak9BFomTkwrkqHvlr24vZmnII2SSat1x7ATdjCoUTPJxqZtqnlA2pH3eMTSiIdduNr13TI6M0iNBrExFSKbq74mMhlqPQt90hhQHet6biP95nRSDSzcTUZIij9hsUZBKgjGZPE96QnGGcmQIZUqYWwkbUEUZmohKJgRn/uVF0jytOudV++6sUrvK4yjCARzCMThwATW4gTo0gIGEZ3iFN+vRerHerY9Za8HKZ/bhD6zPHyApj18=</latexit>

tL, tR
<latexit sha1_base64="3G9jjQSc/9wsMWB/DFKi6MfgTDo=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCCymJiLosunHhoop9QBvCZDJth04mYeZGKKFu/BU3LhRx61+482+ctgG19cCFM+fcy9x7gkRwDY7zZc3NLywuLRdWiqtr6xub9tZ2XcepoqxGYxGrZkA0E1yyGnAQrJkoRqJAsEbQvxz5jXumNI/lHQwS5kWkK3mHUwJG8u3dNnARsgyG/vUR/nnc+nbJKTtj4Fni5qSEclR9+7MdxjSNmAQqiNYt10nAy4gCTgUbFtupZgmhfdJlLUMliZj2svEFQ3xglBB3YmVKAh6rvycyEmk9iALTGRHo6WlvJP7ntVLonHsZl0kKTNLJR51UYIjxKA4ccsUoiIEhhCpudsW0RxShYEIrmhDc6ZNnSf247J6WnZuTUuUij6OA9tA+OkQuOkMVdIWqqIYoekBP6AW9Wo/Ws/VmvU9a56x8Zgf9gfXxDZmklvw=</latexit>

t̃L, t̃R
Top quark Top partners

<latexit sha1_base64="5DmEF3GpJJoTrgWWKrKxFw/W/80=">AAACC3icbVC7TsNAEDzzDOFloKQ5JUKEJrIBAWUEDWUQOImUWNb5ck5OOT90twZFVnoafoWGAoRo+QE6/oZL4gISRlppNLOr3R0/EVyBZX0bC4tLyyurhbXi+sbm1ra5s9tQcSopc2gsYtnyiWKCR8wBDoK1EslI6AvW9AdXY795z6TicXQHw4S5IelFPOCUgJY8s3TrVE6OPIo7ggUgea8PRMr4AU/1jB6OPLNsVa0J8Dyxc1JGOeqe+dXpxjQNWQRUEKXatpWAmxEJnAo2KnZSxRJCB6TH2ppGJGTKzSa/jPCBVro4iKWuCPBE/T2RkVCpYejrzpBAX816Y/E/r51CcOFmPEpSYBGdLgpSgSHG42Bwl0tGQQw1IVRyfSumfSIJBR1fUYdgz748TxrHVfusat2clmuXeRwFtI9KqIJsdI5q6BrVkYMoekTP6BW9GU/Gi/FufExbF4x8Zg/9gfH5A6zDmY8=</latexit>

SU(3)c $ SU(3)c0

<latexit sha1_base64="ZrNfqWV7CdNkhYnaFxV7DLdOw3w=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/cA2lM120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rFX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AHhF42I</latexit>

Z2

Related in the UV
<latexit sha1_base64="JfISiu0nfkkMZRiPRNOz1MDJ6hw=">AAACEnicbVC7TsMwFHXKq5RXgJHFokLAUiUIAWNFGRgYWok+pCaKHMdprdpJZDtIVZRvYOFXWBhAiJWJjb/BbTNAy5EsHZ1zrq7v8RNGpbKsb6O0tLyyulZer2xsbm3vmLt7HRmnApM2jlksej6ShNGItBVVjPQSQRD3Gen6o8bE7z4QIWkc3atxQlyOBhENKUZKS5556tzpcIC8zBEctho3OXQk5XBePs49s2rVrCngIrELUgUFmp755QQxTjmJFGZIyr5tJcrNkFAUM5JXnFSSBOERGpC+phHiRLrZ9KQcHmklgGEs9IsUnKq/JzLEpRxzXyc5UkM5703E/7x+qsIrN6NRkioS4dmiMGVQxXDSDwyoIFixsSYIC6r/CvEQCYSVbrGiS7DnT14knbOafVGzWufV+nVRRxkcgENwAmxwCergFjRBG2DwCJ7BK3gznowX4934mEVLRjGzD/7A+PwBXdScpA==</latexit>

⇤QCD ⇠ ⇤QCD0

<latexit sha1_base64="K6Dwdvh/gDI511kGvp/8YGRe6bA=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKtlbaUDabTbt0Nwm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpxlsskYnuBNRwKWLeQoGSd1LNqQokfwhGN1P/4YlrI5L4Hscp9xUdxCISjKKVHnsoZMhznPSrNbfuzkCWiVeQGhRo9qtfvTBhmeIxMkmN6Xpuin5ONQom+aTSywxPKRvRAe9aGlPFjZ/PDp6QE6uEJEq0rRjJTP09kVNlzFgFtlNRHJpFbyr+53UzjK78XMRphjxm80VRJgkmZPo9CYXmDOXYEsq0sLcSNqSaMrQZVWwI3uLLy6R9Vvcu6u7dea1xXcRRhiM4hlPw4BIacAtNaAEDBc/wCm+Odl6cd+dj3lpyiplD+APn8wc+75Cz</latexit>

t̃

<latexit sha1_base64="EohRCSqM2BCAMUMyD6SiLN769/0=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCUIAWNFGRgYWok+pCaKHMdprdpOZDugKvRTWBhAiJUvYeNvcNsMUDiSpaNzztW9PmHKqNKO82WVVlbX1jfKm5Wt7Z3dPbu631VJJjHp4IQlsh8iRRgVpKOpZqSfSoJ4yEgvHDdnfu+eSEUTcacnKfE5GgoaU4y0kQK76t2acISC3JMctpvX08CuOXVnDviXuAWpgQKtwP70ogRnnAiNGVJq4Dqp9nMkNcWMTCtepkiK8BgNycBQgThRfj4/fQqPjRLBOJHmCQ3n6s+JHHGlJjw0SY70SC17M/E/b5Dp+NLPqUgzTQReLIozBnUCZz3AiEqCNZsYgrCk5laIR0girE1bFVOCu/zlv6R7WnfP6077rNa4Kuoog0NwBE6ACy5AA9yAFugADB7AE3gBr9aj9Wy9We+LaMkqZg7AL1gf339ok4E=</latexit>

⇤QCD

<latexit sha1_base64="MwjF39WMxvZywG5lGv7LqPdGNEE=">AAAB+3icbVC7TsMwFHV4lvIKZWSxqBBMVYIQMFaUgYGhlehDaqLIcZ3Wqu1EtoOoovwKCwMIsfIjbPwNbpsBWo5k6eicc3WvT5gwqrTjfFsrq2vrG5ulrfL2zu7evn1Q6ag4lZi0ccxi2QuRIowK0tZUM9JLJEE8ZKQbjhtTv/tIpKKxeNCThPgcDQWNKEbaSIFd8e5NeICCzJMcthq3p3lgV52aMwNcJm5BqqBAM7C/vEGMU06Exgwp1XedRPsZkppiRvKylyqSIDxGQ9I3VCBOlJ/Nbs/hiVEGMIqleULDmfp7IkNcqQkPTZIjPVKL3lT8z+unOrr2MyqSVBOB54uilEEdw2kRcEAlwZpNDEFYUnMrxCMkEdamrrIpwV388jLpnNfcy5rTuqjWb4o6SuAIHIMz4IIrUAd3oAnaAIMn8AxewZuVWy/Wu/Uxj65Yxcwh+APr8wfleJOy</latexit>

⇤QCD0
Very close!

<latexit sha1_base64="Pr5aPgXpcw4NaU2PSo9hhymmHUg=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2J0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzfz2E2gjYvWAkwT8iA2VCAVnaKUG9ssVt+rOQVeJl5MKyVHvl796g5inESjkkhnT9dwE/YxpFFzCtNRLDSSMj9kQupYqFoHxs/mhU3pmlQENY21LIZ2rvycyFhkziQLbGTEcmWVvJv7ndVMMb/xMqCRFUHyxKEwlxZjOvqYDoYGjnFjCuBb2VspHTDOONpuSDcFbfnmVtC6q3lXVbVxWard5HEVyQk7JOfHINamRe1InTcIJkGfySt6cR+fFeXc+Fq0FJ585Jn/gfP4A4c+M/Q==</latexit>

t

<latexit sha1_base64="sOtOlvYf9Pc2K4/L1TJMgy36EEQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48R8oJkCbOT3mTIzOwyMyuEkI/w4kERr36PN//GSbIHjRY0FFXddHdFqeDG+v6XV1hb39jcKm6Xdnb39g/Kh0ctk2SaYZMlItGdiBoUXGHTciuwk2qkMhLYjsZ3c7/9iNrwRDXsJMVQ0qHiMWfUOqnd05I0sNUvV/yqvwD5S4KcVCBHvV/+7A0SlklUlglqTDfwUxtOqbacCZyVepnBlLIxHWLXUUUlmnC6OHdGzpwyIHGiXSlLFurPiSmVxkxk5DoltSOz6s3F/7xuZuObcMpVmllUbLkozgSxCZn/TgZcI7Ni4ghlmrtbCRtRTZl1CZVcCMHqy39J66IaXFX9h8tK7TaPowgncArnEMA11OAe6tAEBmN4ghd49VLv2Xvz3petBS+fOYZf8D6+Ab/cjy8=</latexit>

TeV

Quirks! 
Prediction of the model

3. Neutral Naturalness
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• (s)Quirks:

Rodolfo Capdevilla, Fermilab

3. Neutral Naturalness

� ⇠ mQ

4⇡3
e�m2

Q/⇤2

<latexit sha1_base64="EKhY8O01SX6cqu0NDgygpfCB4N4="></latexit><latexit sha1_base64="EKhY8O01SX6cqu0NDgygpfCB4N4="></latexit><latexit sha1_base64="EKhY8O01SX6cqu0NDgygpfCB4N4="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="xbe7N2W+X3fBzkh5DphpHvGzb0w=">AAACEXicbZA7SwNBFIXvxleMUVdbm8Eg2Bh3E0FLwUILiwSMCtkk3J3MxsGZ3WVmVgjL/hAb/4qNhSI2dv4bJzGFrwMDh3Pmdb8wFVwbz/twSnPzC4tL5eXKSnV1bd3dqF7qJFOUdWgiEnUdomaCx6xjuBHsOlUMZSjYVXh7Mumv7pjSPIkvzDhlPYmjmEecorHRwG0GpyglkkBzSYJIIc3loF3kB0HK+82CsH6+Z4N+Yz84t7cOsd8oBm7Nq3tTkb/Gn5kazNQauO/BMKGZZLGhArXu+l5qejkqw6lgRSXINEuR3uKIda2NUTLdy6fDFWTHJkMSJcqu2JBp+v1EjlLrsQztTonmRv/uJuF/XTcz0VEv53GaGRbTr4eiTBCTkAkpMuSKUSPG1iBV3P6V0Bu0hIzlWbEQ/N8j/zWXjbrv1f22B2XYgm3YBR8O4RjOoAUdoHAPj/AML86D8+S8fuEqOTNum/BDztsnag6fVg==</latexit><latexit sha1_base64="xbe7N2W+X3fBzkh5DphpHvGzb0w=">AAACEXicbZA7SwNBFIXvxleMUVdbm8Eg2Bh3E0FLwUILiwSMCtkk3J3MxsGZ3WVmVgjL/hAb/4qNhSI2dv4bJzGFrwMDh3Pmdb8wFVwbz/twSnPzC4tL5eXKSnV1bd3dqF7qJFOUdWgiEnUdomaCx6xjuBHsOlUMZSjYVXh7Mumv7pjSPIkvzDhlPYmjmEecorHRwG0GpyglkkBzSYJIIc3loF3kB0HK+82CsH6+Z4N+Yz84t7cOsd8oBm7Nq3tTkb/Gn5kazNQauO/BMKGZZLGhArXu+l5qejkqw6lgRSXINEuR3uKIda2NUTLdy6fDFWTHJkMSJcqu2JBp+v1EjlLrsQztTonmRv/uJuF/XTcz0VEv53GaGRbTr4eiTBCTkAkpMuSKUSPG1iBV3P6V0Bu0hIzlWbEQ/N8j/zWXjbrv1f22B2XYgm3YBR8O4RjOoAUdoHAPj/AML86D8+S8fuEqOTNum/BDztsnag6fVg==</latexit><latexit sha1_base64="cennWq4oXOIpNgD9Ihe+kr21lpw="></latexit><latexit sha1_base64="EKhY8O01SX6cqu0NDgygpfCB4N4="></latexit><latexit sha1_base64="EKhY8O01SX6cqu0NDgygpfCB4N4="></latexit><latexit sha1_base64="EKhY8O01SX6cqu0NDgygpfCB4N4="></latexit><latexit sha1_base64="EKhY8O01SX6cqu0NDgygpfCB4N4="></latexit><latexit sha1_base64="EKhY8O01SX6cqu0NDgygpfCB4N4="></latexit><latexit sha1_base64="EKhY8O01SX6cqu0NDgygpfCB4N4="></latexit>

⇤ > 2mQ
<latexit sha1_base64="Wm84kjAb0ac/VgoX1ZexCE6mCfM=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiRF0JUU3bhw0YJ9QBvCZDJph84kYWYi1NAvceNCEbd+ijv/xmmbhbYeGDiccy73zglSzpR2nG9rbX1jc2u7tFPe3ds/qNiHRx2VZJLQNkl4InsBVpSzmLY105z2UkmxCDjtBuPbmd99pFKxJH7Qk5R6Ag9jFjGCtZF8uzK4N+EQo2tUR8Jv+XbVqTlzoFXiFqQKBZq+/TUIE5IJGmvCsVJ910m1l2OpGeF0Wh5kiqaYjPGQ9g2NsaDKy+eHT9GZUUIUJdK8WKO5+nsix0KpiQhMUmA9UsveTPzP62c6uvJyFqeZpjFZLIoyjnSCZi2gkElKNJ8Ygolk5lZERlhiok1XZVOCu/zlVdKp11yn5rYuqo2boo4SnMApnIMLl9CAO2hCGwhk8Ayv8GY9WS/Wu/WxiK5Zxcwx/IH1+QOwv5HL</latexit><latexit sha1_base64="Wm84kjAb0ac/VgoX1ZexCE6mCfM=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiRF0JUU3bhw0YJ9QBvCZDJph84kYWYi1NAvceNCEbd+ijv/xmmbhbYeGDiccy73zglSzpR2nG9rbX1jc2u7tFPe3ds/qNiHRx2VZJLQNkl4InsBVpSzmLY105z2UkmxCDjtBuPbmd99pFKxJH7Qk5R6Ag9jFjGCtZF8uzK4N+EQo2tUR8Jv+XbVqTlzoFXiFqQKBZq+/TUIE5IJGmvCsVJ910m1l2OpGeF0Wh5kiqaYjPGQ9g2NsaDKy+eHT9GZUUIUJdK8WKO5+nsix0KpiQhMUmA9UsveTPzP62c6uvJyFqeZpjFZLIoyjnSCZi2gkElKNJ8Ygolk5lZERlhiok1XZVOCu/zlVdKp11yn5rYuqo2boo4SnMApnIMLl9CAO2hCGwhk8Ayv8GY9WS/Wu/WxiK5Zxcwx/IH1+QOwv5HL</latexit><latexit sha1_base64="Wm84kjAb0ac/VgoX1ZexCE6mCfM=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiRF0JUU3bhw0YJ9QBvCZDJph84kYWYi1NAvceNCEbd+ijv/xmmbhbYeGDiccy73zglSzpR2nG9rbX1jc2u7tFPe3ds/qNiHRx2VZJLQNkl4InsBVpSzmLY105z2UkmxCDjtBuPbmd99pFKxJH7Qk5R6Ag9jFjGCtZF8uzK4N+EQo2tUR8Jv+XbVqTlzoFXiFqQKBZq+/TUIE5IJGmvCsVJ910m1l2OpGeF0Wh5kiqaYjPGQ9g2NsaDKy+eHT9GZUUIUJdK8WKO5+nsix0KpiQhMUmA9UsveTPzP62c6uvJyFqeZpjFZLIoyjnSCZi2gkElKNJ8Ygolk5lZERlhiok1XZVOCu/zlVdKp11yn5rYuqo2boo4SnMApnIMLl9CAO2hCGwhk8Ayv8GY9WS/Wu/WxiK5Zxcwx/IH1+QOwv5HL</latexit><latexit sha1_base64="Wm84kjAb0ac/VgoX1ZexCE6mCfM=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiRF0JUU3bhw0YJ9QBvCZDJph84kYWYi1NAvceNCEbd+ijv/xmmbhbYeGDiccy73zglSzpR2nG9rbX1jc2u7tFPe3ds/qNiHRx2VZJLQNkl4InsBVpSzmLY105z2UkmxCDjtBuPbmd99pFKxJH7Qk5R6Ag9jFjGCtZF8uzK4N+EQo2tUR8Jv+XbVqTlzoFXiFqQKBZq+/TUIE5IJGmvCsVJ910m1l2OpGeF0Wh5kiqaYjPGQ9g2NsaDKy+eHT9GZUUIUJdK8WKO5+nsix0KpiQhMUmA9UsveTPzP62c6uvJyFqeZpjFZLIoyjnSCZi2gkElKNJ8Ygolk5lZERlhiok1XZVOCu/zlVdKp11yn5rYuqo2boo4SnMApnIMLl9CAO2hCGwhk8Ayv8GY9WS/Wu/WxiK5Zxcwx/IH1+QOwv5HL</latexit>

(mQ � ⇤)

The string breaks as long as

Quirky collider signatures:

RelaxationProduction Decay

Burdman, Chacko, Goh, Harnik, Krenke, 
Phys. Rev. D 78 (2008) 075028

Kang, Luty, JHEP 11 (2009) 065
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• (s)Quirks:

Rodolfo Capdevilla, Fermilab

3. Neutral Naturalness

Production

Relaxation

0 500 1000 1500 2000 2500
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dσ
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M

[p
b]

<latexit sha1_base64="tMEflrV9D9u2yek367ox/h80ojE=">AAACA3icbVDLSsNAFL3xWesr6k43g0UQFyURUZdFNy4r2Ae0sUwmk3boZBJnJkIJBTf+ihsXirj1J9z5N07bINp6YOBwzr3cOcdPOFPacb6sufmFxaXlwkpxdW19Y9Pe2q6rOJWE1kjMY9n0saKcCVrTTHPaTCTFkc9pw+9fjvzGPZWKxeJGDxLqRbgrWMgI1kbq2LtJ0tYxamvGA5rdDX/I7VHHLjllZww0S9yclCBHtWN/toOYpBEVmnCsVMt1Eu1lWGpGOB0W26miCSZ93KUtQwWOqPKycYYhOjBKgMJYmic0Gqu/NzIcKTWIfDMZYd1T095I/M9rpTo89zImklRTQSaHwpQjk3pUCAqYpETzgSGYSGb+ikgPS0y0qa1oSnCnI8+S+nHZPS071yelykVeRwH2YB8OwYUzqMAVVKEGBB7gCV7g1Xq0nq03630yOmflOzvwB9bHN6U9mCk=</latexit>

pp ! q̃q̃⇤

<latexit sha1_base64="BgF+JKKkgdkiy6NjEhkgs2MV47U=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqMegF48RzAM2S5id9CZD5rHMzAbCks/w4kERr36NN//GSbIHjRY0FFXddHfFKWfG+v6XV1pb39jcKm9Xdnb39g+qh0dtozJNoUUVV7obEwOcSWhZZjl0Uw1ExBw68fhu7ncmoA1T8tFOU4gEGUqWMEqsk8JJP+9pgTXwWb9a8+v+AvgvCQpSQwWa/epnb6BoJkBayokxYeCnNsqJtoxymFV6mYGU0DEZQuioJAJMlC9OnuEzpwxworQrafFC/TmRE2HMVMSuUxA7MqveXPzPCzOb3EQ5k2lmQdLloiTj2Co8/x8PmAZq+dQRQjVzt2I6IppQ61KquBCC1Zf/kvZFPbiq+w+XtcZtEUcZnaBTdI4CdI0a6B41UQtRpNATekGvnvWevTfvfdla8oqZY/QL3sc3bA2RWA==</latexit>vrel

<latexit sha1_base64="rU1SPuw9NJzX1Gkk4MTE6WOudME=">AAACBXicbZDLSgMxFIYzXmu9jbrURbAIruqMiLoRSl3oskpv0BmGTJppQ5PMkGSEMnTjxldx40IRt76DO9/GtJ2Ftv4Q+PjPOZycP0wYVdpxvq2FxaXlldXCWnF9Y3Nr297Zbao4lZg0cMxi2Q6RIowK0tBUM9JOJEE8ZKQVDq7H9dYDkYrGoq6HCfE56gkaUYy0sQL7IPMkh9X7EbyC3g3iHAX0JId6YJecsjMRnAc3hxLIVQvsL68b45QToTFDSnVcJ9F+hqSmmJFR0UsVSRAeoB7pGBSIE+VnkytG8Mg4XRjF0jyh4cT9PZEhrtSQh6aTI91Xs7Wx+V+tk+ro0s+oSFJNBJ4uilIGdQzHkcAulQRrNjSAsKTmrxD3kURYm+CKJgR39uR5aJ6W3fOyc3dWqlTzOApgHxyCY+CCC1ABt6AGGgCDR/AMXsGb9WS9WO/Wx7R1wcpn9sAfWZ8/ifKXVA==</latexit> B
R

=
�
i/
�
T

Decay

<latexit sha1_base64="EUQTb9TcH4KnBQzNzMSIsnER8nc="></latexit>

�vrel ⇠
⇡↵2

18s2WE2

Burdman, Chacko, Goh, Harnik, Krenke, 
Phys. Rev. D 78 (2008) 075028
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• (s)Quirks:

Rodolfo Capdevilla, Fermilab

3. Neutral Naturalness
Advantages in the search for the charged state: 

Radiation Amplitude Zero (RAZ)

Exploiting the RAZ 
one can increase 

the reach by 
~200GeV

Parton level

Proton level

RC, R. Harnik, A. Martin, JHEP 03 (2020) 117



27

• (s)Quirks:

Rodolfo Capdevilla, Fermilab

3. Neutral Naturalness

What happens with the neutral state? 
It mostly decays to glueballs!

<latexit sha1_base64="vHnzLg7SqWxd2OGZZTPn+EdiK34=">AAACGXicbVDLSgMxFM34rPVVdekmWARxUWZE1GXRjcsK9gGdWjLpnTY0kxmSO0IZ+htu/BU3LhRxqSv/xvQBauuBwOGcc7m5J0ikMOi6X87C4tLyympuLb++sbm1XdjZrZk41RyqPJaxbgTMgBQKqihQQiPRwKJAQj3oX438+j1oI2J1i4MEWhHrKhEKztBK7YLrSwjRl0x1JVAfhexAhsMfdndMfS26PfT1ONMuFN2SOwadJ96UFMkUlXbhw+/EPI1AIZfMmKbnJtjKmEbBJQzzfmogYbzPutC0VLEITCsbXzakh1bp0DDW9imkY/X3RMYiYwZRYJMRw56Z9Ubif14zxfCilQmVpAiKTxaFqaQY01FNtCM0cJQDSxjXwv6V8h7TjKMtM29L8GZPnie1k5J3VnJvTovly2kdObJPDsgR8cg5KZNrUiFVwskDeSIv5NV5dJ6dN+d9El1wpjN75A+cz2+jLqFR</latexit>⌦
t̃t̃⇤

↵

<latexit sha1_base64="3VB3+aHo/IiN+xiLKIAlXAniz/w=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE1GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw+C0V664VXcGsky8nFQgR71X/ur2Y5ZGXCGT1JiO5yboZ1SjYJJPSt3U8ISyER3wjqWKRtz42ezSCTmxSp+EsbalkMzU3xMZjYwZR4HtjCgOzaI3Ff/zOimG134mVJIiV2y+KEwlwZhM3yZ9oTlDObaEMi3srYQNqaYMbTglG4K3+PIyaZ5Xvcuqe39Rqd3kcRThCI7hDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nDy6RjSE=</latexit>

g0

<latexit sha1_base64="3VB3+aHo/IiN+xiLKIAlXAniz/w=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE1GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw+C0V664VXcGsky8nFQgR71X/ur2Y5ZGXCGT1JiO5yboZ1SjYJJPSt3U8ISyER3wjqWKRtz42ezSCTmxSp+EsbalkMzU3xMZjYwZR4HtjCgOzaI3Ff/zOimG134mVJIiV2y+KEwlwZhM3yZ9oTlDObaEMi3srYQNqaYMbTglG4K3+PIyaZ5Xvcuqe39Rqd3kcRThCI7hDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nDy6RjSE=</latexit>

g0

Dark glueballs 
Hidden valleys 

Exotic Higgs decays 
Displaced signals…

<latexit sha1_base64="j7Yp5kGR2r3eu9ORLfLF2h9+6xk=">AAACCXicbVA9SwNBEN3zM8avqKXNYhCtwp2IWgZtLCOYD8iFsLeZuyzZ2zt254QQ0tr4V2wsFLH1H9j5b9xcUmjiYwYe782wOy9IpTDout/O0vLK6tp6YaO4ubW9s1va22+YJNMc6jyRiW4FzIAUCuooUEIr1cDiQEIzGNxM/OYDaCMSdY/DFDoxi5QIBWdopW6J+hJC9CVTkQQanUzK1yLqo69zrVsquxU3B10k3oyUyQy1bunL7yU8i0Ehl8yYtuem2BkxjYJLGBf9zEDK+IBF0LZUsRhMZ5RfMqbHVunRMNG2FdJc/b0xYrExwziwkzHDvpn3JuJ/XjvD8KozEirNEBSfPhRmkmJCJ7HQntDAUQ4tYVwL+1fK+0wzjja8og3Bmz95kTTOKt5Fxb07L1evZ3EUyCE5IqfEI5ekSm5JjdQJJ4/kmbySN+fJeXHenY/p6JIz2zkgf+B8/gB7PJmR</latexit>

hg0g0i
<latexit sha1_base64="VzC93ENx+hoVCm9S2u0rQnugt/8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPXLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDz5+M8Q==</latexit>

h

Dark glueball - Higgs mixing!

Chacko, Curtin, Verhaaren, 
Phys. Rev. D 94 (2016) 1, 011504
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• Di-Higgs signal:

Rodolfo Capdevilla, Fermilab

3. Neutral Naturalness
An example from stoponium!

B. Batell, S. Jung, JHEP 07 (2015) 061

S. Martin, Phys. Rev. D 77 (2008) 075002

Dominant decay mode 
to gluons!

Di-Higgs dominates as 
splitting increases!
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Neutral Naturalness!

Higgs portal!

Higgs self coupling!

Di-Higgs!
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4. Results
• Considerations:

Rodolfo Capdevilla, Fermilab

Free parameters:

Spectrum:

Ratio of vevs

Trilinear soft parameter

<latexit sha1_base64="JjqMnBgiI2E3Qni7SccS+rMAjRY=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnRmEByhL3NXrJkd+/YnRNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x882iQzjDdYIhPTiqjlUmjeQIGSt1LDqYokb0bDm6nffOLGikQ/4CjloaJ9LWLBKDrpvqOybrniV/0ZyDIJclKBHPVu+avTS1imuEYmqbXtwE8xHFODgkk+KXUyy1PKhrTP245qqrgNx7NTJ+TEKT0SJ8aVRjJTf0+MqbJ2pCLXqSgO7KI3Ff/z2hnGV+FY6DRDrtl8UZxJggmZ/k16wnCGcuQIZUa4WwkbUEMZunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnSe/HevY95a8HLZw7hD7zPH18Ejds=</latexit>µ Mu term

<latexit sha1_base64="cKbsGaCpqoaol5trMzUmJhd4XvY=">AAACDXicbZDJSgNBEIZ74hbjFvXopTEKnsKMiHoMevEYwSyQDENPTyVp0rPYXRMIQ17Ai6/ixYMiXr17823sLKAm/tDw81UV1fX7iRQabfvLyi0tr6yu5dcLG5tb2zvF3b26jlPFocZjGaumzzRIEUENBUpoJgpY6Eto+P3rcb0xAKVFHN3hMAE3ZN1IdARnaJBXPAq9rI1CBkBxRNtwn4oBNewHes7IK5bssj0RXTTOzJTITFWv+NkOYp6GECGXTOuWYyfoZkyh4BJGhXaqIWG8z7rQMjZiIWg3m1wzoseGBLQTK/MipBP6eyJjodbD0DedIcOenq+N4X+1VoqdSzcTUZIiRHy6qJNKijEdR0MDoYCjHBrDuBLmr5T3mGIcTYAFE4Izf/KiqZ+WnfOyfXtWqlzN4siTA3JITohDLkiF3JAqqRFOHsgTeSGv1qP1bL1Z79PWnDWb2Sd/ZH18A7BIm/I=</latexit>mt̃ ⌘ mt̃1 Mass of lightest stop

Soft masses

<latexit sha1_base64="8Apo2/HDACwv8fn4jISzL6A4HNQ=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4KomIuhGKblxWsA9oQplMJ+3QySTM3BRKyMaNv+LGhSJu/Qd3/o3TNgttPXAvh3PuZeaeIBFcg+N8W0vLK6tr66WN8ubW9s6uvbff1HGqKGvQWMSqHRDNBJesARwEayeKkSgQrBUMbyd+a8SU5rF8gHHC/Ij0JQ85JWCkrn3kAZHYCxgQfI29UBGajbppblov79oVp+pMgReJW5AKKlDv2l9eL6ZpxCRQQbTuuE4CfkYUcCpYXvZSzRJCh6TPOoZKEjHtZ9MrcnxilB4OY2VKAp6qvzcyEmk9jgIzGREY6HlvIv7ndVIIr/yMyyQFJunsoTAVGGI8iQT3uGIUxNgQQhU3f8V0QEwSYIIrmxDc+ZMXSfOs6l5UnfvzSu2miKOEDtExOkUuukQ1dIfqqIEoekTP6BW9WU/Wi/VufcxGl6xi5wD9gfX5AzNTmGc=</latexit>

tan� =
vu
vd

<latexit sha1_base64="IuoJkWFLWZ0/uNFO9X7jDJU89II=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPVi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw3UPe+WKW3VnIMvEy0kFctR75a9uP2ZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn81OnZATq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieOVnQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTsiF4iy8vk+ZZ1buouvfnldpNHkcRjuAYTsGDS6jBHdShAQwG8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwAfGI2x</latexit>

At

<latexit sha1_base64="K6Dwdvh/gDI511kGvp/8YGRe6bA=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKtlbaUDabTbt0Nwm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpxlsskYnuBNRwKWLeQoGSd1LNqQokfwhGN1P/4YlrI5L4Hscp9xUdxCISjKKVHnsoZMhznPSrNbfuzkCWiVeQGhRo9qtfvTBhmeIxMkmN6Xpuin5ONQom+aTSywxPKRvRAe9aGlPFjZ/PDp6QE6uEJEq0rRjJTP09kVNlzFgFtlNRHJpFbyr+53UzjK78XMRphjxm80VRJgkmZPo9CYXmDOXYEsq0sLcSNqSaMrQZVWwI3uLLy6R9Vvcu6u7dea1xXcRRhiM4hlPw4BIacAtNaAEDBc/wCm+Odl6cd+dj3lpyiplD+APn8wc+75Cz</latexit>

t̃

<latexit sha1_base64="b2LxwntBHF99wFqb2jTCBKW32L0=">AAACCHicbVDLSgMxFM34rPU16tKFwVJwVWZE1I1QdOOyin1AOwyZTKYNTTJDkhHKMEs3/oobF4q49RPc+Tem7YDaeiBw7jm53HtPkDCqtON8WQuLS8srq6W18vrG5ta2vbPbUnEqMWnimMWyEyBFGBWkqalmpJNIgnjASDsYXo399j2RisbiTo8S4nHUFzSiGGkj+fYB97OepiwkMMjhBTTlT+3f5r5dcWrOBHCeuAWpgAIN3/7shTFOOREaM6RU13US7WVIaooZycu9VJEE4SHqk66hAnGivGxySA6rRglhFEvzhIYT9XdHhrhSI242rXKkB2rWG4v/ed1UR+deRkWSaiLwdFCUMqhjOE4FhlQSrNnIEIQlNbtCPEASYW2yK5sQ3NmT50nruOae1pybk0r9soijBPbBITgCLjgDdXANGqAJMHgAT+AFvFqP1rP1Zr1Pvy5YRc8e+APr4xszoZl0</latexit>mb̃ = mb̃R

<latexit sha1_base64="4R5IEnTqTq5UO+ovXvmbNzRoUHU=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdSMU3bhw0Yp9QBvCZDJth84kYeZGKCEf4MZfceNCEbd+gDv/xmmbRa0eGDiccy537vFjwTXY9rdVWFpeWV0rrpc2Nre2d8q7ey0dJYqyJo1EpDo+0UzwkDWBg2CdWDEifcHa/uh64rcfmNI8Cu9hHDNXkkHI+5wSMJJXrkgvTXvARcBwI/NuM3yJ5yTIvLvMpOyqPQX+S5ycVFCOulf+6gURTSQLgQqiddexY3BTooBTwbJSL9EsJnREBqxraEgk0246PSbDR0YJcD9S5oWAp+r8REqk1mPpm6QkMNSL3kT8z+sm0L9wUx7GCbCQzhb1E4EhwpNmcMAVoyDGhhCquPkrpkOiCAXTX8mU4Cye/Je0TqrOWdVunFZqV3kdRXSADtExctA5qqEbVEdNRNEjekav6M16sl6sd+tjFi1Y+cw++gXr8wd5cZtA</latexit>mQ̃L
= mt̃R

Sbottom masses

<latexit sha1_base64="XvowHbW1l0XYyP0iZSqbu+1uBuM=">AAAB83icbVBNSwMxEM36WetX1aOXYBE8SMkWUY9FD3qsYD+gu5RsOtuGJtklyQql9G948aCIV/+MN/+NabsHbX0w8Hhvhpl5USq4sYR8eyura+sbm4Wt4vbO7t5+6eCwaZJMM2iwRCS6HVEDgitoWG4FtFMNVEYCWtHwduq3nkAbnqhHO0ohlLSveMwZtU4KqoQE54GW+A6a3VKZVMgMeJn4OSmjHPVu6SvoJSyToCwT1JiOT1Ibjqm2nAmYFIPMQErZkPah46iiEkw4nt08wadO6eE40a6UxTP198SYSmNGMnKdktqBWfSm4n9eJ7PxdTjmKs0sKDZfFGcC2wRPA8A9roFZMXKEMs3drZgNqKbMupiKLgR/8eVl0qxW/MsKebgo127yOAroGJ2gM+SjK1RD96iOGoihFD2jV/TmZd6L9+59zFtXvHzmCP2B9/kDGjGQbg==</latexit>

200GeV

<latexit sha1_base64="5TMJNDiNi05KL55W/0Xi5UR7w3A=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4kJKIqMeiF48V+oVNKJvtpF262YTdjVBK/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjhs6iRTDBssEYlqh1Sj4BIbhhuB7VQhjUOBrXB4N/VbT6g0T2TdjFIMYtqXPOKMGis9ev65r2JSx2a3VHYr7gxkmXg5KUOOWrf05fcSlsUoDRNU647npiYYU2U4Ezgp+pnGlLIh7WPHUklj1MF4dvGEnFqlR6JE2ZKGzNTfE2Maaz2KQ9sZUzPQi95U/M/rZCa6CcZcpplByeaLokwQk5Dp+6THFTIjRpZQpri9lbABVZQZG1LRhuAtvrxMmhcV76riPlyWq7d5HAU4hhM4Aw+uoQr3UIMGMJDwDK/w5mjnxXl3PuatK04+cwR/4Hz+AE0BkAY=</latexit>

1TeV
<latexit sha1_base64="PdoK44endLngOlLcMncXlpUBeGg=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthbaUDabSbt0s4m7G6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYnqBFSj4BJbhhuBnVQhjQOBD8HoZuo/PKHSPJH3ZpyiH9OB5BFn1Fip0zNchEiCfrXm1t0ZyDLxClKDAs1+9asXJiyLURomqNZdz02Nn1NlOBM4qfQyjSllIzrArqWSxqj9fHbvhJxYJSRRomxJQ2bq74mcxlqP48B2xtQM9aI3Ff/zupmJrvycyzQzKNl8UZQJYhIyfZ6EXCEzYmwJZYrbWwkbUkWZsRFVbAje4svLpH1W9y7q7t15rXFdxFGGIziGU/DgEhpwC01oAQMBz/AKb86j8+K8Ox/z1pJTzBzCHzifP7N/j78=</latexit>

b̃

<latexit sha1_base64="DDAk2k7HbzBnb9bz9Os3bqVy1Bg=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/YAmlM1m2y7dbMLuRCihf8OLB0W8+me8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8Lx3czvPHFtRKIecZLyIKZDJQaCUbSSn/soZMQJTvv1fqXq1tw5yCrxClKFAs1+5cuPEpbFXCGT1Jie56YY5FSjYJJPy35meErZmA55z1JFY26CfH7zlJxbJSKDRNtSSObq74mcxsZM4tB2xhRHZtmbif95vQwHN0EuVJohV2yxaJBJggmZBUAioTlDObGEMi3srYSNqKYMbUxlG4K3/PIqaddr3lXNfbisNm6LOEpwCmdwAR5cQwPuoQktYJDCM7zCm5M5L86787FoXXOKmRP4A+fzB8YUkYI=</latexit>

t̃2

Lightest stop

Sbottoms

Heavier stop
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• F-sQuirks BR:

Rodolfo Capdevilla, Fermilab

4. Results

(dark) gluons dominate 
at small At

Di-Higgs dominates for 
large At

Heavier stops require 
larger At for HH to 

dominate!

VV decay modes stay at 
the 1-10% level

Interesting di-top 
mode with also a 

1-10% BR
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• F-sQuirks production:

Rodolfo Capdevilla, Fermilab

4. Results

Quark fusion

<latexit sha1_base64="VeKlLpA9elKfa1zVxjn7PbUwt7g=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbOLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LejBP0IzqQPOSMGivVH3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD3UOM+g==</latexit>q

<latexit sha1_base64="NzV3syf7kxD6za5/mJH5qnm+FpM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZpMx81hnZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKXlvxwkNBR5IFjOCrZOa3Qhr9NgrV/yqPwNaJkFOKpCj3it/dfuKpIJKSzg2phP4iQ0zrC0jnE5K3dTQBJMRHtCOoxILasJsdu0EnTilj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfFVmDGZpJZKMl8UpxxZhaavoz7TlFg+dgQTzdytiAyxxsS6gEouhGDx5WXSPKsGF1X/7rxSu87jKMIRHMMpBHAJNbiFOjSAwAM8wyu8ecp78d69j3lrwctnDuEPvM8fK8aO3Q==</latexit>

q̄
<latexit sha1_base64="XYwn9YXrdMEfU5Me9dLpC7Y/R4k=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthbaUDabTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpxlsskYnuBNRwKRRvoUDJO6nmNA4kfwhGN1P/4YlrIxJ1j+OU+zEdKBEJRtFKnR4KGXKC/WrNrbszkGXiFaQGBZr96lcvTFgWc4VMUmO6npuin1ONgkk+qfQyw1PKRnTAu5YqGnPj57N7J+TEKiGJEm1LIZmpvydyGhszjgPbGVMcmkVvKv7ndTOMrvxcqDRDrth8UZRJggmZPk9CoTlDObaEMi3srYQNqaYMbUQVG4K3+PIyaZ/VvYu6e3dea1wXcZThCI7hFDy4hAbcQhNawEDCM7zCm/PovDjvzse8teQUM4fwB87nD87Hj9E=</latexit>

t̃

<latexit sha1_base64="gwGtNUVFK37SDFNpOPFYzwY2eSs=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoMgHsKuiHoMevEYwTwgu4bZ2d5kyOyDmV4hLPkNLx4U8erPePNvnCR70MSChqKqm+4uP5VCo21/W6WV1bX1jfJmZWt7Z3evun/Q1kmmOLR4IhPV9ZkGKWJooUAJ3VQBi3wJHX90O/U7T6C0SOIHHKfgRWwQi1BwhkZycxeFDIDi5PGsX63ZdXsGukycgtRIgWa/+uUGCc8iiJFLpnXPsVP0cqZQcAmTiptpSBkfsQH0DI1ZBNrLZzdP6IlRAhomylSMdKb+nshZpPU48k1nxHCoF72p+J/XyzC89nIRpxlCzOeLwkxSTOg0ABoIBRzl2BDGlTC3Uj5kinE0MVVMCM7iy8ukfV53Luv2/UWtcVPEUSZH5JicEodckQa5I03SIpyk5Jm8kjcrs16sd+tj3lqyiplD8gfW5w+4b5F5</latexit>

t̃⇤

<latexit sha1_base64="heKJsmKMLcOPIxTkhzptUN4WOOg=">AAAB73icbVBNS8NAEJ34WetX1aOXYBE81UREPRa9eKxgP7ANZbLdtEt3N3F3I5TQP+HFgyJe/Tve/Ddu2xy09cHA470ZZuaFCWfaeN63s7S8srq2Xtgobm5t7+yW9vYbOk4VoXUS81i1QtSUM0nrhhlOW4miKEJOm+HwZuI3n6jSLJb3ZpTQQGBfsogRNFZqdfooBJ4+dEtlr+JN4S4SPydlyFHrlr46vZikgkpDOGrd9r3EBBkqwwin42In1TRBMsQ+bVsqUVAdZNN7x+6xVXpuFCtb0rhT9fdEhkLrkQhtp0Az0PPeRPzPa6cmugoyJpPUUElmi6KUuyZ2J8+7PaYoMXxkCRLF7K0uGaBCYmxERRuCP//yImmcVfyLind3Xq5e53EU4BCO4AR8uIQq3EIN6kCAwzO8wpvz6Lw4787HrHXJyWcO4A+czx+nD4+3</latexit>

�/Z

Gluon fusion

<latexit sha1_base64="wweE3/XdcOP955bXwsihcRBzCzg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzhuM8A==</latexit>g

<latexit sha1_base64="wweE3/XdcOP955bXwsihcRBzCzg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzhuM8A==</latexit>g
<latexit sha1_base64="VzC93ENx+hoVCm9S2u0rQnugt/8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPXLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDz5+M8Q==</latexit>

h

<latexit sha1_base64="XYwn9YXrdMEfU5Me9dLpC7Y/R4k=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthbaUDabTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpxlsskYnuBNRwKRRvoUDJO6nmNA4kfwhGN1P/4YlrIxJ1j+OU+zEdKBEJRtFKnR4KGXKC/WrNrbszkGXiFaQGBZr96lcvTFgWc4VMUmO6npuin1ONgkk+qfQyw1PKRnTAu5YqGnPj57N7J+TEKiGJEm1LIZmpvydyGhszjgPbGVMcmkVvKv7ndTOMrvxcqDRDrth8UZRJggmZPk9CoTlDObaEMi3srYQNqaYMbUQVG4K3+PIyaZ/VvYu6e3dea1wXcZThCI7hFDy4hAbcQhNawEDCM7zCm/PovDjvzse8teQUM4fwB87nD87Hj9E=</latexit>

t̃

<latexit sha1_base64="gwGtNUVFK37SDFNpOPFYzwY2eSs=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoMgHsKuiHoMevEYwTwgu4bZ2d5kyOyDmV4hLPkNLx4U8erPePNvnCR70MSChqKqm+4uP5VCo21/W6WV1bX1jfJmZWt7Z3evun/Q1kmmOLR4IhPV9ZkGKWJooUAJ3VQBi3wJHX90O/U7T6C0SOIHHKfgRWwQi1BwhkZycxeFDIDi5PGsX63ZdXsGukycgtRIgWa/+uUGCc8iiJFLpnXPsVP0cqZQcAmTiptpSBkfsQH0DI1ZBNrLZzdP6IlRAhomylSMdKb+nshZpPU48k1nxHCoF72p+J/XyzC89nIRpxlCzOeLwkxSTOg0ABoIBRzl2BDGlTC3Uj5kinE0MVVMCM7iy8ukfV53Luv2/UWtcVPEUSZH5JicEodckQa5I03SIpyk5Jm8kjcrs16sd+tj3lqyiplD8gfW5w+4b5F5</latexit>

t̃⇤

Increasing At not only 
increases BR but also 

production rates!
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• F-sQuirks production:

Rodolfo Capdevilla, Fermilab

4. Results
DANGER! 

No free lunch!

Trilinear couplings are known 
to be dangerous!

<latexit sha1_base64="hBP5ei63ocjZnzkgxHOl2CPo2wE=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQlCwFhgYWAoiD6kNoocx22tOk5k3yBVUUcWfoWFAYRY+QQ2/ga3zVBajnSl43Pule89QSK4Bsf5sRYWl5ZXVgtrxfWNza1te2e3ruNUUVajsYhVMyCaCS5ZDTgI1kwUI1EgWCPoX4/8xiNTmsfyAQYJ8yLSlbzDKQEj+fbBpQ84awMXIcMw9G+nH/e459slp+yMgeeJm5MSylH17e92GNM0YhKoIFq3XCcBLyMKOBVsWGynmiWE9kmXtQyVJGLay8aHDPGRUULciZUpCXisTk9kJNJ6EAWmMyLQ07PeSPzPa6XQufAyLpMUmKSTjzqpwBDjUSo45IpREANDCFXc7IppjyhCwWRXNCG4syfPk/pJ2T0rO3enpcpVHkcB7aNDdIxcdI4q6AZVUQ1R9IRe0Bt6t56tV+vD+py0Llj5zB76A+vrF5p8mRI=</latexit>

Att̃Lt̃Rh
- Vacuum instability 
- Tachyonic states 
- Patial wave unitarity 
- …

Region above the lines are 
excluded by unitarity

We explore a few 
benchmarks
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• F-sQuirks searches:

Rodolfo Capdevilla, Fermilab

4. Results

Benchmarks where tb is 
large enough show 
promising results!

HH resonances between 
600 - 1700 GeV can be 

found in incoming runs at 
the LHC!

<latexit sha1_base64="AHaoIixyIQWXW50mk+5pHfJjIBw=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZIi6kYounFZwT6gDWEymbRDZ5IwcyPUUPwVNy4Ucet/uPNvnLZZaOuBC4dz7uXee4JUcA2O820tLa+srq2XNsqbW9s7u/befksnmaKsSRORqE5ANBM8Zk3gIFgnVYzIQLB2MLyZ+O0HpjRP4nsYpcyTpB/ziFMCRvLtQ+l38BWuYennPeAiZBjGvl1xqs4UeJG4BamgAg3f/uqFCc0ki4EKonXXdVLwcqKAU8HG5V6mWUrokPRZ19CYSKa9fHr9GJ8YJcRRokzFgKfq74mcSK1HMjCdksBAz3sT8T+vm0F06eU8TjNgMZ0tijKBIcGTKHDIFaMgRoYQqri5FdMBUYSCCaxsQnDnX14krVrVPa86d2eV+nURRwkdoWN0ilx0geroFjVQE1H0iJ7RK3qznqwX6936mLUuWcXMAfoD6/MH1HuUMQ==</latexit>

mX = 2mt̃
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• F-sQuirks searches:

Rodolfo Capdevilla, Fermilab

4. Results <latexit sha1_base64="AHaoIixyIQWXW50mk+5pHfJjIBw=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZIi6kYounFZwT6gDWEymbRDZ5IwcyPUUPwVNy4Ucet/uPNvnLZZaOuBC4dz7uXee4JUcA2O820tLa+srq2XNsqbW9s7u/befksnmaKsSRORqE5ANBM8Zk3gIFgnVYzIQLB2MLyZ+O0HpjRP4nsYpcyTpB/ziFMCRvLtQ+l38BWuYennPeAiZBjGvl1xqs4UeJG4BamgAg3f/uqFCc0ki4EKonXXdVLwcqKAU8HG5V6mWUrokPRZ19CYSKa9fHr9GJ8YJcRRokzFgKfq74mcSK1HMjCdksBAz3sT8T+vm0F06eU8TjNgMZ0tijKBIcGTKHDIFaMgRoYQqri5FdMBUYSCCaxsQnDnX14krVrVPa86d2eV+nURRwkdoWN0ilx0geroFjVQE1H0iJ7RK3qznqwX6936mLUuWcXMAfoD6/MH1HuUMQ==</latexit>

mX = 2mt̃



Outline

1. Introduction


• Fundamental questions in HEP


• The Higgs boson and beyond


2. Naturalness


• Where are the stops?


• A little hierarchy?

37 Rodolfo Capdevilla, Fermilab

3. Neutral Naturalness


• Folded Supersymmetry


• Quirky collider signatures


• Di-Higgs signals


4. Results


5. Summary/Conclusions



Summary/Conclusions

1. Higgs precision program -> Trilinear coupling -> Di-Higgs searches


2. Higgs portal to new physics -> Exotic resonances -> Di-Higgs searches


3. Stop searches -> Neutral naturalness -> Di-Higgs searches


4. Future runs of the LHC could discover Di-Higgs resonances in the range 

of 0.6 - 1.7 TeV. This in the context of Folded supersymmetry and under 

reasonable assumptions.

38

Thanks!

Rodolfo Capdevilla, Fermilab



Minimal Dark Matter 

• Higgsinos and Winos 

• Disappearing Tracks

39 Rodolfo Capdevilla, Fermilab

Federico 
Meloni, DESY

Rosa Simoniello, 
CERN

Jose Zurita, 
U. Valencia
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Rodolfo Capdevilla, Fermilab

2. Minimal Dark Matter

<latexit sha1_base64="lj7tSUS40gTLCH21p35NjqzNAtw=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0URxJKIqBulqAuXFewDmhgm00k7dCYJMxOhhPyBG3/FjQtF3Lp15984bYNo64ELZ865l7n3+DGjUlnWl1GYmZ2bXygulpaWV1bXzPWNhowSgUkdRywSLR9JwmhI6ooqRlqxIIj7jDT9/uXQb94TIWkU3qpBTFyOuiENKEZKS56561wRphDk8AxyL3Vwj97tZ/Dg52Fl8Bxanlm2KtYIcJrYOSmDHDXP/HQ6EU44CRVmSMq2bcXKTZFQFDOSlZxEkhjhPuqStqYh4kS66eieDO5opQODSOgKFRypvydSxKUccF93cqR6ctIbiv957UQFp25KwzhRJMTjj4KEQRXBYTiwQwXBig00QVhQvSvEPSQQVjrCkg7Bnjx5mjQOK/Zxxbo5Klcv8jiKYAtsgz1ggxNQBdegBuoAgwfwBF7Aq/FoPBtvxvu4tWDkM5vgD4yPb2DMmlY=</latexit>

�m = m�+ �m�0 > 0

• Charged states are long-lived• DM candidate stable

• Small mass splitting from radiative corrections

<latexit sha1_base64="iwn9YpxExu4l+KpT7HXosQNGEFE="></latexit>

�
H̃

=

✓
�+
H̃

�0
H̃

◆

R. Mahbubani, P. Schwaller, J. Zurita, 
JHEP 06 (2017) 119

Feature of the 
model!
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Rodolfo Capdevilla, Fermilab

2. Minimal Dark Matter

• Muon colliders: Detector Geometry

Vertex Detector

Shielding 
Tungsten Nozzles!

Double layer 
structure!
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Rodolfo Capdevilla, Fermilab

2. Minimal Dark Matter

• Muon colliders: Remember the BIB!
1. Soft

2. Arrives late

3. Mostly forward

Time

Selection

Direction

Selection

O(3) background 
rejection
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Rodolfo Capdevilla, Fermilab

2. Minimal Dark Matter

• Muon colliders

Lifetime from 
“pure” cases

Veto layer!

(Inner tracker 1st layer)

Second double layer!
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Rodolfo Capdevilla, Fermilab

2. Minimal Dark Matter

• Muon colliders
These colliders can 
reach the thermal 

target!
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Rodolfo Capdevilla, Fermilab

2. Minimal Dark Matter

• Muon colliders
These colliders can 
reach the thermal 

target!


