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SymmetrySupersymmetry or Scale Invariance
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We have been looking  
for answers at energies 
close to the Higgs mass  
for more than 40 years

Higgs Boson

and we have  
not found them



It doesn’t work at all for the cosmological constant
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Imagine that you observed a deviation in hWW and have then discovered the 

fermions that generate it



Large Yukawa couplings are “bad”
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ROUGH SUMMARY

If you see a deviation in hWW or hZZ at HL-LHC or FCC-ee  
you will detect new bosons at FCC-hh (at the latest)

RTD, F. Nortier, G. Rigo, P. Sesma ’23
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1. We tune 

2. There is no mass scale beyond the SM 
[1305.6939] 

3. The Higgs mass and the CC are inputs 

4. UV/IR Mixing [1909.01365] 

5. Swampland on steroids 

6. There is a landscape 

7.

https://arxiv.org/abs/1305.6939
https://arxiv.org/abs/1909.01365
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[1305.6939] 

3. The Higgs mass is an input 

4. UV/IR Mixing [1909.01365] 

5. Swampland on steroids 

6. There is a landscape 

7.

In 4D you get GR with 
ghosts

We don’t know any 
theory of QG that does it

Possible, but we don’t 
have any idea how to 

write a theory that works

https://arxiv.org/abs/1305.6939
https://arxiv.org/abs/1909.01365


Causally 
Disconnected 
Universes with 

different values of 
the Standard Model 

parameters, 
populated by 

inflation



1. One day it can be 
tested 
experimentally  

2. Currently our most 
concrete 
explanation for the 
cosmological 
constant 

3. It probably exists 
independently of 
the problem 
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hH0i ' v

<latexit sha1_base64="3kZm9+AQR+0sKp6LpxuayB8kDgg=">AAACBnicbZDNSsNAFIUn9a/Wv6hLXQwWwVVJpKDLopsuK1hbaGKZTG/aoZNJnJkUSujGja/ixoWCuPUZ3Pk2TtsstPXAwMe593LnniDhTGnH+bYKK6tr6xvFzdLW9s7unr1/cKfiVFJo0pjHsh0QBZwJaGqmObQTCSQKOLSC4fW03hqBVCwWt3qcgB+RvmAho0Qbq2sfe5yIPgdcv3ewJ+fsKRbBAx517bJTcWbCy+DmUEa5Gl37y+vFNI1AaMqJUh3XSbSfEakZ5TApeamChNAh6UPHoCARKD+bXTHBp8bp4TCW5gmNZ+7viYxESo2jwHRGRA/UYm1q/lfrpDq89DMmklSDoPNFYcqxjvE0EtxjEqjmYwOESmb+iumASEK1Ca5kQnAXT16G1nnFrVZc96Zarl3leRTRETpBZ8hFF6iG6qiBmoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fvnuX5w==</latexit>

hH0i ' v

<latexit sha1_base64="3kZm9+AQR+0sKp6LpxuayB8kDgg=">AAACBnicbZDNSsNAFIUn9a/Wv6hLXQwWwVVJpKDLopsuK1hbaGKZTG/aoZNJnJkUSujGja/ixoWCuPUZ3Pk2TtsstPXAwMe593LnniDhTGnH+bYKK6tr6xvFzdLW9s7unr1/cKfiVFJo0pjHsh0QBZwJaGqmObQTCSQKOLSC4fW03hqBVCwWt3qcgB+RvmAho0Qbq2sfe5yIPgdcv3ewJ+fsKRbBAx517bJTcWbCy+DmUEa5Gl37y+vFNI1AaMqJUh3XSbSfEakZ5TApeamChNAh6UPHoCARKD+bXTHBp8bp4TCW5gmNZ+7viYxESo2jwHRGRA/UYm1q/lfrpDq89DMmklSDoPNFYcqxjvE0EtxjEqjmYwOESmb+iumASEK1Ca5kQnAXT16G1nnFrVZc96Zarl3leRTRETpBZ8hFF6iG6qiBmoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fvnuX5w==</latexit>

hH0i ' v

<latexit sha1_base64="3kZm9+AQR+0sKp6LpxuayB8kDgg=">AAACBnicbZDNSsNAFIUn9a/Wv6hLXQwWwVVJpKDLopsuK1hbaGKZTG/aoZNJnJkUSujGja/ixoWCuPUZ3Pk2TtsstPXAwMe593LnniDhTGnH+bYKK6tr6xvFzdLW9s7unr1/cKfiVFJo0pjHsh0QBZwJaGqmObQTCSQKOLSC4fW03hqBVCwWt3qcgB+RvmAho0Qbq2sfe5yIPgdcv3ewJ+fsKRbBAx517bJTcWbCy+DmUEa5Gl37y+vFNI1AaMqJUh3XSbSfEakZ5TApeamChNAh6UPHoCARKD+bXTHBp8bp4TCW5gmNZ+7viYxESo2jwHRGRA/UYm1q/lfrpDq89DMmklSDoPNFYcqxjvE0EtxjEqjmYwOESmb+iumASEK1Ca5kQnAXT16G1nnFrVZc96Zarl3leRTRETpBZ8hFF6iG6qiBmoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fvnuX5w==</latexit>

hH0i ' v

All patches where the Higgs  
vev 

<latexit sha1_base64="SjY9QcKbWbAaLqiH7JuFdMuiJCU=">AAACBnicbZDNSsNAFIUn9a/Wv6hLXQwWwVVJpKDLopsuK1hbaGKZTG/aoZNJnJkUSujGja/ixoWCuPUZ3Pk2TtsstPXAwMe593LnniDhTGnH+bYKK6tr6xvFzdLW9s7unr1/cKfiVFJo0pjHsh0QBZwJaGqmObQTCSQKOLSC4fW03hqBVCwWt3qcgB+RvmAho0Qbq2sfe5yIPgdcv3ewJ+fswUPKRnjQtctOxZkJL4ObQxnlanTtL68X0zQCoSknSnVcJ9F+RqRmlMOk5KUKEkKHpA8dg4JEoPxsdsUEnxqnh8NYmic0nrm/JzISKTWOAtMZET1Qi7Wp+V+tk+rw0s+YSFINgs4XhSnHOsbTSHCPSaCajw0QKpn5K6YDIgnVJriSCcFdPHkZWucVt1px3ZtquXaV51FER+gEnSEXXaAaqqMGaiKKHtEzekVv1pP1Yr1bH/PWgpXPHKI/sj5/ALn2l+Q=</latexit>

hH0i ⌘ h

Is outside of a certain range

After a time
<latexit sha1_base64="UW9Oa5RMAqrcVLtUaspQTDT0p50=">AAACC3icbVDNSsNAGNz4W+tf1KOX1SJ4qkkp6MFD0UsPChWsLTQxbDabduluEnY3Qgk5e/FVvHhQEK++gDffxm2bg7YOLAwz3/DtN37CqFSW9W0sLC4tr6yW1srrG5tb2+bO7p2MU4FJG8csFl0fScJoRNqKKka6iSCI+4x0/OHl2O88ECFpHN2qUUJcjvoRDSlGSkueeaA8fA6vvcwRHLZYfuJc6XCApkIzv695ZsWqWhPAeWIXpAIKtDzzywlinHISKcyQlD3bSpSbIaEoZiQvO6kkCcJD1Cc9TSPEiXSzySk5PNJKAMNY6BcpOFF/JzLEpRxxX09ypAZy1huL/3m9VIVnbkajJFUkwtNFYcqgiuG4FxhQQbBiI00QFlT/FeIBEggr3V5Zl2DPnjxPOrWqXa/a9k290rgo+iiBfXAIjoENTkEDNEELtAEGj+AZvII348l4Md6Nj+noglFk9sAfGJ8/SiyZ0Q==</latexit>

tc < MPl/⇤
2

H

<latexit sha1_base64="D8ioqJMQOHOmHk+ofSlnh0RU5mc=">AAACEXicbZBPS8MwGMZT/875r+rRS3CInkYrAz0OvXic4NxgLSXN0jUsSWuSCqP0I3jxq3jxoCBevXnz25huPejmC4Efz/O+hOcJU0aVdpxva2l5ZXVtvbZR39za3tm19/bvVJJJTLo4YYnsh0gRRgXpaqoZ6aeSIB4y0gvHV6XfeyBS0UTc6klKfI5GgkYUI22kwD6Jg9yTHHIqCo8RpRTlMIYG72FlYUl1EdgNp+lMBy6CW0EDVNMJ7C9vmOCME6ExQ0oNXCfVfo6kppiRou5liqQIj9GIDAwKxIny82mgAh4bZQijRJonNJyqvy9yxJWa8NBscqRjNe+V4n/eINPRhZ9TkWaaCDz7KMoY1Aks24FDKgnWbGIAlbkphjhGEmFtOqybEtz5yIvQO2u6rabr3rQa7cuqjxo4BEfgFLjgHLTBNeiALsDgETyDV/BmPVkv1rv1MVtdsqqbA/BnrM8fi4ydVg==</latexit>

hmin . h  hcrit

crunch

ONE EXAMPLE



<latexit sha1_base64="3kZm9+AQR+0sKp6LpxuayB8kDgg=">AAACBnicbZDNSsNAFIUn9a/Wv6hLXQwWwVVJpKDLopsuK1hbaGKZTG/aoZNJnJkUSujGja/ixoWCuPUZ3Pk2TtsstPXAwMe593LnniDhTGnH+bYKK6tr6xvFzdLW9s7unr1/cKfiVFJo0pjHsh0QBZwJaGqmObQTCSQKOLSC4fW03hqBVCwWt3qcgB+RvmAho0Qbq2sfe5yIPgdcv3ewJ+fsKRbBAx517bJTcWbCy+DmUEa5Gl37y+vFNI1AaMqJUh3XSbSfEakZ5TApeamChNAh6UPHoCARKD+bXTHBp8bp4TCW5gmNZ+7viYxESo2jwHRGRA/UYm1q/lfrpDq89DMmklSDoPNFYcqxjvE0EtxjEqjmYwOESmb+iumASEK1Ca5kQnAXT16G1nnFrVZc96Zarl3leRTRETpBZ8hFF6iG6qiBmoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fvnuX5w==</latexit>

hH0i ' v

<latexit sha1_base64="3kZm9+AQR+0sKp6LpxuayB8kDgg=">AAACBnicbZDNSsNAFIUn9a/Wv6hLXQwWwVVJpKDLopsuK1hbaGKZTG/aoZNJnJkUSujGja/ixoWCuPUZ3Pk2TtsstPXAwMe593LnniDhTGnH+bYKK6tr6xvFzdLW9s7unr1/cKfiVFJo0pjHsh0QBZwJaGqmObQTCSQKOLSC4fW03hqBVCwWt3qcgB+RvmAho0Qbq2sfe5yIPgdcv3ewJ+fsKRbBAx517bJTcWbCy+DmUEa5Gl37y+vFNI1AaMqJUh3XSbSfEakZ5TApeamChNAh6UPHoCARKD+bXTHBp8bp4TCW5gmNZ+7viYxESo2jwHRGRA/UYm1q/lfrpDq89DMmklSDoPNFYcqxjvE0EtxjEqjmYwOESmb+iumASEK1Ca5kQnAXT16G1nnFrVZc96Zarl3leRTRETpBZ8hFF6iG6qiBmoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fvnuX5w==</latexit>

hH0i ' v

<latexit sha1_base64="3kZm9+AQR+0sKp6LpxuayB8kDgg=">AAACBnicbZDNSsNAFIUn9a/Wv6hLXQwWwVVJpKDLopsuK1hbaGKZTG/aoZNJnJkUSujGja/ixoWCuPUZ3Pk2TtsstPXAwMe593LnniDhTGnH+bYKK6tr6xvFzdLW9s7unr1/cKfiVFJo0pjHsh0QBZwJaGqmObQTCSQKOLSC4fW03hqBVCwWt3qcgB+RvmAho0Qbq2sfe5yIPgdcv3ewJ+fsKRbBAx517bJTcWbCy+DmUEa5Gl37y+vFNI1AaMqJUh3XSbSfEakZ5TApeamChNAh6UPHoCARKD+bXTHBp8bp4TCW5gmNZ+7viYxESo2jwHRGRA/UYm1q/lfrpDq89DMmklSDoPNFYcqxjvE0EtxjEqjmYwOESmb+iumASEK1Ca5kQnAXT16G1nnFrVZc96Zarl3leRTRETpBZ8hFF6iG6qiBmoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fvnuX5w==</latexit>

hH0i ' v

<latexit sha1_base64="3kZm9+AQR+0sKp6LpxuayB8kDgg=">AAACBnicbZDNSsNAFIUn9a/Wv6hLXQwWwVVJpKDLopsuK1hbaGKZTG/aoZNJnJkUSujGja/ixoWCuPUZ3Pk2TtsstPXAwMe593LnniDhTGnH+bYKK6tr6xvFzdLW9s7unr1/cKfiVFJo0pjHsh0QBZwJaGqmObQTCSQKOLSC4fW03hqBVCwWt3qcgB+RvmAho0Qbq2sfe5yIPgdcv3ewJ+fsKRbBAx517bJTcWbCy+DmUEa5Gl37y+vFNI1AaMqJUh3XSbSfEakZ5TApeamChNAh6UPHoCARKD+bXTHBp8bp4TCW5gmNZ+7viYxESo2jwHRGRA/UYm1q/lfrpDq89DMmklSDoPNFYcqxjvE0EtxjEqjmYwOESmb+iumASEK1Ca5kQnAXT16G1nnFrVZc96Zarl3leRTRETpBZ8hFF6iG6qiBmoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fvnuX5w==</latexit>

hH0i ' v

Only universes with the observed value of the weak scale can live longer than a Planck time and inflate. Today the 
multiverse looks like: 

ONE EXAMPLE



〈H〉 = 175 GeV (< Hcrit)
〈H〉 = 185 GeV (= Hcrit)
〈H〉 = 195 GeV (> Hcrit)
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New Scalar 
<latexit sha1_base64="HwFIRI71mw0NDHOxBagIcjm308Y=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48VrC20S8mm2W5okl2SrFCW/gUvHhTEqz/Im//GbLsHbX0w8Hhvhpl5YSq4sb7/7VXW1jc2t6rbtZ3dvf2D+uHRo0kyTVmHJiLRvZAYJrhiHcutYL1UMyJDwbrh5Lbwu09MG56oBztNWSDJWPGIU2ILaUBjPqw3/KY/B1oluCQNKNEe1r8Go4RmkilLBTGmj/3UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbOnDJCUaJdKYvm6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZQDZBxeNoxDWjVkwdIVRzdyuiMdGEWhdPzYWAl19eJd2LJr5sYnx/2WjdlHlU4QRO4RwwXEEL7qANHaAQwzO8wpsnvRfv3ftYtFa8cuYY/sD7/AGW5o5r</latexit>�

Coupled to the Higgs

ONE EXAMPLE



〈H〉 = 175 GeV (< Hcrit)
〈H〉 = 185 GeV (= Hcrit)
〈H〉 = 195 GeV (> Hcrit)
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True Vacuum
<latexit sha1_base64="xweyCdDoJkiPkFH81MpHIfJuxuI=">AAACGXicbVDLSgMxFM3UV62vqks3wSK4kDpTCrqSopsKChXsAzrTIZOmbWiSGZKMUKb9DDf+ihsXCuJSV/6N6WOhrQcCh3Pu4eaeIGJUadv+tlJLyyura+n1zMbm1vZOdnevpsJYYlLFIQtlI0CKMCpIVVPNSCOSBPGAkXrQvxr79QciFQ3FvR5ExOOoK2iHYqSN5GdPhzU/cSWHnIrREF5A98aE28gvt4on8HbqVdioVYBl/7pV8LM5O29PABeJMyM5MEPFz3667RDHnAiNGVKq6diR9hIkNcWMjDJurEiEcB91SdNQgThRXjI5bASPjNKGnVCaJzScqL8TCeJKDXhgJjnSPTXvjcX/vGasO+deQkUUayLwdFEnZlCHcNwSbFNJsGYDQxCW1PwV4h6SCGvTZcaU4MyfvEjqhbxTzDvOXTFXupz1kQYH4BAcAwecgRIogwqoAgwewTN4BW/Wk/VivVsf09GUNcvsgz+wvn4AcGSeiQ==</latexit>

|Vmin| > ⇤4
H
,M

2
PlH

2
I

<latexit sha1_base64="OeS8oG56seumHMRW9d6Wxqhuk4g=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJAVUJAsFY0YWBoUj0ITUhchy3tWonke0gqigLC7/CwgBCrPwDG3+Dm2aAliNZOjrnXF3f48eMSmVZ30ZpYXFpeaW8Wllb39jcMrd32jJKBCYtHLFIdH0kCaMhaSmqGOnGgiDuM9LxR42J37knQtIovFXjmLgcDULapxgpLXnm/jF0rnU8QF7qCA4bjewuJxw9ZJ5ZtWpWDjhP7IJUQYGmZ345QYQTTkKFGZKyZ1uxclMkFMWMZBUnkSRGeIQGpKdpiDiRbppfkcFDrQSwHwn9QgVz9fdEiriUY+7rJEdqKGe9ifif10tU/8JNaRgnioR4uqifMKgiOKkEBlQQrNhYE4QF1X+FeIgEwkoXV9El2LMnz5P2Sc0+q1k3p9X6ZVFHGeyBA3AEbHAO6uAKNEELYPAInsEreDOejBfj3fiYRktGMbML/sD4/AFfp5ff</latexit>

,⇤max
CC

ONE EXAMPLE



〈H〉 = 175 GeV (< Hcrit)
〈H〉 = 185 GeV (= Hcrit)
〈H〉 = 195 GeV (> Hcrit)

0 5× 1011 1× 1012 1.5 × 1012-5× 1040

0

5× 1040

χ [TeV]

V
(χ

,
H
)
[T

e
V

4
]

-0.1 0 0.1

(χ - χcrit) [TeV]

Cosmologically Long-Lived 
Metastable Vacuum

<latexit sha1_base64="D8ioqJMQOHOmHk+ofSlnh0RU5mc=">AAACEXicbZBPS8MwGMZT/875r+rRS3CInkYrAz0OvXic4NxgLSXN0jUsSWuSCqP0I3jxq3jxoCBevXnz25huPejmC4Efz/O+hOcJU0aVdpxva2l5ZXVtvbZR39za3tm19/bvVJJJTLo4YYnsh0gRRgXpaqoZ6aeSIB4y0gvHV6XfeyBS0UTc6klKfI5GgkYUI22kwD6Jg9yTHHIqCo8RpRTlMIYG72FlYUl1EdgNp+lMBy6CW0EDVNMJ7C9vmOCME6ExQ0oNXCfVfo6kppiRou5liqQIj9GIDAwKxIny82mgAh4bZQijRJonNJyqvy9yxJWa8NBscqRjNe+V4n/eINPRhZ9TkWaaCDz7KMoY1Aks24FDKgnWbGIAlbkphjhGEmFtOqybEtz5yIvQO2u6rabr3rQa7cuqjxo4BEfgFLjgHLTBNeiALsDgETyDV/BmPVkv1rv1MVtdsqqbA/BnrM8fi4ydVg==</latexit>

hmin . h  hcrit

ONE EXAMPLE



<latexit sha1_base64="FHOz2YkaprDCSkaPIicNpmgLDAw="></latexit>

ds2 =

✓
R

z

◆2

(⌘µ⌫dx
µdx⌫ � dz2)

<latexit sha1_base64="sdlMc/xDNKdCNqhjxamBB43vt34=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiai6EYoutFdFfuAJoTJdNIOnZmEmYlSYz/FjQtF3Pol7vwbp20W2nrgwuGce7n3njBhVGnH+bYKC4tLyyvF1dLa+sbmll3ebqo4lZg0cMxi2Q6RIowK0tBUM9JOJEE8ZKQVDi7HfuueSEVjcaeHCfE56gkaUYy0kQK7/BhknuTw+nZ07h56uE8Du+JUnQngPHFzUgE56oH95XVjnHIiNGZIqY7rJNrPkNQUMzIqeakiCcID1CMdQwXiRPnZ5PQR3DdKF0axNCU0nKi/JzLElRry0HRypPtq1huL/3mdVEdnfkZFkmoi8HRRlDKoYzjOAXapJFizoSEIS2puhbiPJMLapFUyIbizL8+T5lHVPak6N8eV2kUeRxHsgj1wAFxwCmrgCtRBA2DwAJ7BK3iznqwX6936mLYWrHxmB/yB9fkDMR2TTQ==</latexit>

zIR = 1/�

<latexit sha1_base64="CKVVskyouw66jluezslTUcsy5Wg=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KrtF0WPRi8cK9gO6a8mm2TY0ya5JtlCX/g4vHhTx6o/x5r8xbfegrQ8GHu/NMDMvTDjTxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqCG2QmMeqHWJNOZO0YZjhtJ0oikXIaSsc3kz91ogqzWJ5b8YJDQTuSxYxgo2VAp8MGPI1E+jpodotld2KOwNaJl5OypCj3i19+b2YpIJKQzjWuuO5iQkyrAwjnE6KfqppgskQ92nHUokF1UE2O3qCTq3SQ1GsbEmDZurviQwLrccitJ0Cm4Fe9Kbif14nNdFVkDGZpIZKMl8UpRyZGE0TQD2mKDF8bAkmitlbERlghYmxORVtCN7iy8ukWa14FxX37rxcu87jKMAxnMAZeHAJNbiFOjSAwCM8wyu8OSPnxXl3PuatK04+cwR/4Hz+ANnOkX8=</latexit>

� ⇠ z2

<latexit sha1_base64="xaJDZXIWwCSyuD9GqgaJO20N8wo=">AAAB73icbVBNSwMxEJ34WetX1aOXYBE8lV1R9Fj04kWoaD+gXUo2zbahSXZNskJZ+ie8eFDEq3/Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RkvLK6tr64WN4ubW9s5uaW+/YeJUU1ansYh1KySGCa5Y3XIrWCvRjMhQsGY4vJ74zSemDY/Vgx0lLJCkr3jEKbFOamUdLfH97bhbKnsVbwq8SPyclCFHrVv66vRimkqmLBXEmLbvJTbIiLacCjYudlLDEkKHpM/ajioimQmy6b1jfOyUHo5i7UpZPFV/T2REGjOSoeuUxA7MvDcR//PaqY0ug4yrJLVM0dmiKBXYxnjyPO5xzagVI0cI1dzdiumAaEKti6joQvDnX14kjdOKf17x7s7K1as8jgIcwhGcgA8XUIUbqEEdKAh4hld4Q4/oBb2jj1nrEspnDuAP0OcPt26PwQ==</latexit>

SM

<latexit sha1_base64="8QKZBhXVUWV1AUqrUaa6B5yPaKg=">AAACB3icbVBNS8NAEN3Ur1q/oh4FWSyCp5KIoheh6MVjFdMWmhA22027dDeJu5tCDbl58a948aCIV/+CN/+N2zYHbX0w8Hhvhpl5QcKoVJb1bZQWFpeWV8qrlbX1jc0tc3unKeNUYOLgmMWiHSBJGI2Io6hipJ0IgnjASCsYXI391pAISePoTo0S4nHUi2hIMVJa8s39Bz9zBYdOM7+4dcl9SofQDQXCmZ1ng9w3q1bNmgDOE7sgVVCg4ZtfbjfGKSeRwgxJ2bGtRHkZEopiRvKKm0qSIDxAPdLRNEKcSC+b/JHDQ610YRgLXZGCE/X3RIa4lCMe6E6OVF/OemPxP6+TqvDcy2iUpIpEeLooTBlUMRyHArtUEKzYSBOEBdW3QtxHOgWlo6voEOzZl+dJ87hmn9asm5Nq/bKIowz2wAE4AjY4A3VwDRrAARg8gmfwCt6MJ+PFeDc+pq0lo5jZBX9gfP4ACF6Zaw==</latexit>

zUV = R ⌘ 1

k

CRUNCHING FROM SCALE INVARIANCE



<latexit sha1_base64="FHOz2YkaprDCSkaPIicNpmgLDAw="></latexit>

ds2 =

✓
R

z

◆2

(⌘µ⌫dx
µdx⌫ � dz2)

<latexit sha1_base64="sdlMc/xDNKdCNqhjxamBB43vt34=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiai6EYoutFdFfuAJoTJdNIOnZmEmYlSYz/FjQtF3Pol7vwbp20W2nrgwuGce7n3njBhVGnH+bYKC4tLyyvF1dLa+sbmll3ebqo4lZg0cMxi2Q6RIowK0tBUM9JOJEE8ZKQVDi7HfuueSEVjcaeHCfE56gkaUYy0kQK7/BhknuTw+nZ07h56uE8Du+JUnQngPHFzUgE56oH95XVjnHIiNGZIqY7rJNrPkNQUMzIqeakiCcID1CMdQwXiRPnZ5PQR3DdKF0axNCU0nKi/JzLElRry0HRypPtq1huL/3mdVEdnfkZFkmoi8HRRlDKoYzjOAXapJFizoSEIS2puhbiPJMLapFUyIbizL8+T5lHVPak6N8eV2kUeRxHsgj1wAFxwCmrgCtRBA2DwAJ7BK3iznqwX6936mLYWrHxmB/yB9fkDMR2TTQ==</latexit>

zIR = 1/�

<latexit sha1_base64="56OUvR5Qx9G67OOkPRi/NWP9R6c=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AIHkrZFUWPRS89VrAf2C5lNs22oUl2SbJCLf0lXjwo4tWf4s1/Y9ruQVsfDDzem2FmXphwpo3nfTu5tfWNza38dmFnd2+/6B4cNnWcKkIbJOaxaoegKWeSNgwznLYTRUGEnLbC0e3Mbz1SpVks7804oYGAgWQRI2Cs1HOLtTJulfFDGXcHIAT03JJX8ebAq8TPSAllqPfcr24/Jqmg0hAOWnd8LzHBBJRhhNNpoZtqmgAZwYB2LJUgqA4m88On+NQqfRzFypY0eK7+npiA0HosQtspwAz1sjcT//M6qYmugwmTSWqoJItFUcqxifEsBdxnihLDx5YAUczeiskQFBBjsyrYEPzll1dJ87ziX1a8u4tS9SaLI4+O0Qk6Qz66QlVUQ3XUQASl6Bm9ojfnyXlx3p2PRWvOyWaO0B84nz8y3JGB</latexit>

H,W,Z, �

<latexit sha1_base64="xaJDZXIWwCSyuD9GqgaJO20N8wo=">AAAB73icbVBNSwMxEJ34WetX1aOXYBE8lV1R9Fj04kWoaD+gXUo2zbahSXZNskJZ+ie8eFDEq3/Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RkvLK6tr64WN4ubW9s5uaW+/YeJUU1ansYh1KySGCa5Y3XIrWCvRjMhQsGY4vJ74zSemDY/Vgx0lLJCkr3jEKbFOamUdLfH97bhbKnsVbwq8SPyclCFHrVv66vRimkqmLBXEmLbvJTbIiLacCjYudlLDEkKHpM/ajioimQmy6b1jfOyUHo5i7UpZPFV/T2REGjOSoeuUxA7MvDcR//PaqY0ug4yrJLVM0dmiKBXYxnjyPO5xzagVI0cI1dzdiumAaEKti6joQvDnX14kjdOKf17x7s7K1as8jgIcwhGcgA8XUIUbqEEdKAh4hld4Q4/oBb2jj1nrEspnDuAP0OcPt26PwQ==</latexit>

SM

<latexit sha1_base64="8QKZBhXVUWV1AUqrUaa6B5yPaKg=">AAACB3icbVBNS8NAEN3Ur1q/oh4FWSyCp5KIoheh6MVjFdMWmhA22027dDeJu5tCDbl58a948aCIV/+CN/+N2zYHbX0w8Hhvhpl5QcKoVJb1bZQWFpeWV8qrlbX1jc0tc3unKeNUYOLgmMWiHSBJGI2Io6hipJ0IgnjASCsYXI391pAISePoTo0S4nHUi2hIMVJa8s39Bz9zBYdOM7+4dcl9SofQDQXCmZ1ng9w3q1bNmgDOE7sgVVCg4ZtfbjfGKSeRwgxJ2bGtRHkZEopiRvKKm0qSIDxAPdLRNEKcSC+b/JHDQ610YRgLXZGCE/X3RIa4lCMe6E6OVF/OemPxP6+TqvDcy2iUpIpEeLooTBlUMRyHArtUEKzYSBOEBdW3QtxHOgWlo6voEOzZl+dJ87hmn9asm5Nq/bKIowz2wAE4AjY4A3VwDRrAARg8gmfwCt6MJ+PFeDc+pq0lo5jZBX9gfP4ACF6Zaw==</latexit>

zUV = R ⌘ 1

k

<latexit sha1_base64="Bm11c+EfLdk4FLI/OCujsFGnVSs=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVix6LHvRYwX5AdynZNNuGJtk1yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmhQln2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD0e3Mb4+p0iyWj2aS0EDggWQRI9hYKfCTIetlvhLorj3tlStu1Z0DrRIvJxXI0eiVv/x+TFJBpSEca9313MQEGVaGEU6nJT/VNMFkhAe0a6nEguogmx89RWdW6aMoVrakQXP190SGhdYTEdpOgc1QL3sz8T+vm5roOsiYTFJDJVksilKOTIxmCaA+U5QYPrEEE8XsrYgMscLE2JxKNgRv+eVV0rqoerWq+3BZqd/kcRThBE7hHDy4gjrcQwOaQOAJnuEV3pyx8+K8Ox+L1oKTzxzDHzifP4Mrke0=</latexit>

�GW

CRUNCHING FROM SCALE INVARIANCE



Pb, 2.2 nb-1

Pb, 10 nb-1

FCCee

N=3
N=8

Beam dump

LEP

SN1987a

Belle-II

SHiP

SeaQuest

FASER2

NA62

10-1 1 101 10210-8

10-7

10-6

10-5

10-4

10-3

10-2

10-1

1

mχ [GeV]

1
/Λ

γγ
[G

eV
-

1
]

<latexit sha1_base64="Hx3SdOg8xqaLKK4YH2IZqElOv7Q=">AAACCnicbVDLSgMxFM3UV62vqks30SIIYpnxgS6LblxWsA/oTEsmvW1Dk5khyQhl6NqNv+LGhSJu/QJ3/o2ZdhbaeiBwcs69JOf4EWdK2/a3lVtYXFpeya8W1tY3NreK2zt1FcaSQo2GPJRNnyjgLICaZppDM5JAhM+h4Q9vUr/xAFKxMLjXowg8QfoB6zFKtJE6xX1oH0P7xNUhdumAYbdPhCA4vZ9NeadYssv2BHieOBkpoQzVTvHL7YY0FhBoyolSLceOtJcQqRnlMC64sYKI0CHpQ8vQgAhQXjKJMsaHRuniXijNCTSeqL83EiKUGgnfTAqiB2rWS8X/vFase1dewoIo1hDQ6UO9mGMTNO0Fd5kEqvnIEEIlM3/FdEAkodq0VzAlOLOR50n9tOxclO2781LlOqsjj/bQATpCDrpEFXSLqqiGKHpEz+gVvVlP1ov1bn1MR3NWtrOL/sD6/AE4k5lW</latexit>

e+e� ! �� ! 3�

<latexit sha1_base64="HsfmQraL127bhUsDzoZLb7yMDLk=">AAACM3icbVDLSsNAFJ34rPUVdelmsAhCsSShRcFN0Y24qmAf2MQwmU7boTNJmJkIJeSf3PgjLgRxoYhb/8HpY6FtDwwczjmXO/cEMaNSWdabsbS8srq2ntvIb25t7+yae/sNGSUCkzqOWCRaAZKE0ZDUFVWMtGJBEA8YaQaDq5HffCRC0ii8U8OYeBz1QtqlGCkt+eaNXa64F6krOERB9pCe2hmsQu7fFx1rTne434TFBXlHTyjfLFglaww4T+wpKYApar754nYinHASKsyQlG3bipWXIqEoZiTLu4kkMcID1CNtTUPEifTS8c0ZPNZKB3YjoV+o4Fj9O5EiLuWQBzrJkerLWW8kLvLaieqeeykN40SREE8WdRMGVQRHBcIOFQQrNtQEYUH1XyHuI4Gw0jXndQn27MnzpOGU7ErJui0XqpfTOnLgEByBE2CDM1AF16AG6gCDJ/AKPsCn8Wy8G1/G9yS6ZExnDsA/GD+/zsWmyg==</latexit>

145 ab�1@mZ + 20 ab�1@2mW + 5 ab�1@2mt

From 1808.10323

A LIGHT DILATON



<latexit sha1_base64="Zo2NGK+ONE1w1V60t7Uzs87/fsQ=">AAAB8HicdVDLSsNAFL2pr1pfVZduBovgKiRSrN0V3bhwUcE+pI1lMpm0Q2eSMDMRSuhXuHGhiFs/x51/4zStoKIHBg7nnMvce/yEM6Ud58MqLC2vrK4V10sbm1vbO+XdvbaKU0loi8Q8ll0fK8pZRFuaaU67iaRY+Jx2/PHFzO/cU6lYHN3oSUI9gYcRCxnB2ki3/SsTDfBddVCuOHY9B5qTWnVB6i5ybSdHBRZoDsrv/SAmqaCRJhwr1XOdRHsZlpoRTqelfqpogskYD2nP0AgLqrwsX3iKjowSoDCW5kUa5er3iQwLpSbCN0mB9Uj99mbiX14v1eGZl7EoSTWNyPyjMOVIx2h2PQqYpETziSGYSGZ2RWSEJSbadFQyJXxdiv4n7RPbPbWd62qlcb6oowgHcAjH4EINGnAJTWgBAQEP8ATPlrQerRfrdR4tWIuZffgB6+0TD1aQmw==</latexit>

⇤4

A GENERAL LESSON



Symmetric Sector

SM Landscape

GENERAL STRUCTURE

<latexit sha1_base64="HDXxWiEZKF+dE+ld0pe52aEL8c0=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRS1GXRjZtCRfuAJoTJdNIOnZmEmYlYQn7FjQtF3Poj7vwbp20W2nrgwuGce7n3njBhVGnH+bZKa+sbm1vl7crO7t7+gX1Y7ao4lZh0cMxi2Q+RIowK0tFUM9JPJEE8ZKQXTm5mfu+RSEVj8aCnCfE5GgkaUYy0kQK72gruoccYbAWZJzlsszywa07dmQOuErcgNVCgHdhf3jDGKSdCY4aUGrhOov0MSU0xI3nFSxVJEJ6gERkYKhAnys/mt+fw1ChDGMXSlNBwrv6eyBBXaspD08mRHqtlbyb+5w1SHV35GRVJqonAi0VRyqCO4SwIOKSSYM2mhiAsqbkV4jGSCGsTV8WE4C6/vEq653X3ot64a9Sa10UcZXAMTsAZcMElaIJb0AYdgMETeAav4M3KrRfr3fpYtJasYuYI/IH1+QOvz5OW</latexit>

MS ⌧ MPl



An event triggered by the 
symmetric sector selects 

the observed 

<latexit sha1_base64="/22xexMNoWN4UWunZB+AbJccOw8=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmLiiewiUY9ELx4xcYEEVtItXWhou5u2a0I2/AYvHjTGqz/Im//GAntQ8CWTvLw3k5l5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRS8epItQnMY9VJ8Saciapb5jhtJMoikXIaTsc38789hNVmsXywUwSGgg8lCxiBBsr+aI/eqz1yxW36s6BVomXkwrkaPbLX71BTFJBpSEca9313MQEGVaGEU6npV6qaYLJGA9p11KJBdVBNj92is6sMkBRrGxJg+bq74kMC60nIrSdApuRXvZm4n9eNzXRdZAxmaSGSrJYFKUcmRjNPkcDpigxfGIJJorZWxEZYYWJsfmUbAje8surpFWrepfVi/t6pXGTx1GEEziFc/DgChpwB03wgQCDZ3iFN0c6L86787FoLTj5zDH8gfP5A3fNjng=</latexit>

m2
h

Symmetric Sector

SM Landscape

<latexit sha1_base64="HDXxWiEZKF+dE+ld0pe52aEL8c0=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRS1GXRjZtCRfuAJoTJdNIOnZmEmYlYQn7FjQtF3Poj7vwbp20W2nrgwuGce7n3njBhVGnH+bZKa+sbm1vl7crO7t7+gX1Y7ao4lZh0cMxi2Q+RIowK0tFUM9JPJEE8ZKQXTm5mfu+RSEVj8aCnCfE5GgkaUYy0kQK72gruoccYbAWZJzlsszywa07dmQOuErcgNVCgHdhf3jDGKSdCY4aUGrhOov0MSU0xI3nFSxVJEJ6gERkYKhAnys/mt+fw1ChDGMXSlNBwrv6eyBBXaspD08mRHqtlbyb+5w1SHV35GRVJqonAi0VRyqCO4SwIOKSSYM2mhiAsqbkV4jGSCGsTV8WE4C6/vEq653X3ot64a9Sa10UcZXAMTsAZcMElaIJb0AYdgMETeAav4M3KrRfr3fpYtJasYuYI/IH1+QOvz5OW</latexit>

MS ⌧ MPl



Symmetric Sector
<latexit sha1_base64="RKn8M3ZqxHW4CZ17DhWMASvzs8A=">AAACAnicbVDLSsQwFE19juOr6krcBAfB1dCqqMtBNy4URnQeMC0lTdOZMElaklQYSnHjr7hxoYhbv8Kdf2PmsdAZDwQO55zLzT1hyqjSjvNtzc0vLC4tl1bKq2vrG5v21nZTJZnEpIETlsh2iBRhVJCGppqRdioJ4iEjrbB/OfRbD0Qqmoh7PUiJz1FX0JhipI0U2LvetQlHKMjvCo8xeBPknuSwzorArjhVZwQ4S9wJqYAJ6oH95UUJzjgRGjOkVMd1Uu3nSGqKGSnKXqZIinAfdUnHUIE4UX4+OqGAB0aJYJxI84SGI/X3RI64UgMemiRHuqemvaH4n9fJdHzu51SkmSYCjxfFGYM6gcM+YEQlwZoNDEFYUvNXiHtIIqxNa2VTgjt98ixpHlXd0+rx7UmldjGpowT2wD44BC44AzVwBeqgATB4BM/gFbxZT9aL9W59jKNz1mRmB/yB9fkDu02XAw==</latexit>

⇤S ⌧ MPl

SM Landscape

Sensitive to 
the  

Higgs mass



<latexit sha1_base64="cJsaN376fYE48613Hn/5P+Qq43E=">AAAB9HicbVDLTgJBEJzFF+IL9ehlIjHxRHbVqEeiBzxiIo8ENmR2toEJsw9nejFkw3d48aAxXv0Yb/6NA+xBwUo6qVR1p7vLi6XQaNvfVm5ldW19I79Z2Nre2d0r7h80dJQoDnUeyUi1PKZBihDqKFBCK1bAAk9C0xveTv3mCJQWUfiA4xjcgPVD0ROcoZHcaudJ+IBC+kCr3WLJLtsz0GXiZKREMtS6xa+OH/EkgBC5ZFq3HTtGN2UKBZcwKXQSDTHjQ9aHtqEhC0C76ezoCT0xik97kTIVIp2pvydSFmg9DjzTGTAc6EVvKv7ntRPsXbupCOMEIeTzRb1EUozoNAHqCwUc5dgQxpUwt1I+YIpxNDkVTAjO4svLpHFWdi7L5/cXpcpNFkeeHJFjckocckUq5I7USJ1w8kieySt5s0bWi/Vufcxbc1Y2c0j+wPr8AUdRkck=</latexit>

G eG

<latexit sha1_base64="FHkjZ1gQNdZdr+myq0RFJ2IWV08=">AAACAnicbVDLSgNBEJyNrxhfq57Ey2AQBCHsqqjHoBhy8BDBPCCJYXa2kwyZnV1mZpWwBC/+ihcPinj1K7z5N04eB00saCiquunu8iLOlHacbys1N7+wuJRezqysrq1v2JtbFRXGkkKZhjyUNY8o4ExAWTPNoRZJIIHHoer1Lod+9R6kYqG41f0ImgHpCNZmlGgjteydQuOB+aAZ9wEX8CHu42tcxFd3tGVnnZwzAp4l7oRk0QSllv3V8EMaByA05USpuutEupkQqRnlMMg0YgURoT3SgbqhggSgmsnohQHeN4qP26E0JTQeqb8nEhIo1Q880xkQ3VXT3lD8z6vHun3eTJiIYg2Cjhe1Y451iId5YJ9JoJr3DSFUMnMrpl0iCdUmtYwJwZ1+eZZUjnLuae745iSbv5jEkUa7aA8dIBedoTwqohIqI4oe0TN6RW/Wk/VivVsf49aUNZnZRn9gff4AGSeVTg==</latexit>

F eF + yLHE
c

<latexit sha1_base64="it2nrPQauO0sBz/eMktcKFm2YPc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Vj00mMF+wFtCJvtpl262YTdiVBKf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4ej+5nffuLaiEQ94jjlfkwHSkSCUbRSux54pB5Ug1LZrbhzkFXi5aQMORpB6avXT1gWc4VMUmO6npuiP6EaBZN8WuxlhqeUjeiAdy1VNObGn8zPnZJzq/RJlGhbCslc/T0xobEx4zi0nTHFoVn2ZuJ/XjfD6NafCJVmyBVbLIoySTAhs99JX2jOUI4toUwLeythQ6opQ5tQ0YbgLb+8SlrVindduXy4Ktfu8jgKcApncAEe3EAN6tCAJjAYwTO8wpuTOi/Ou/OxaF1z8pkT+APn8wfW+o6Z</latexit>

H1H2

ALPs

<latexit sha1_base64="ZyTDdXNg0Uj6ZKWtexMCi7DsvBQ=">AAACCnicbVC7TsMwFHV4lvIKMLIYKiSmKkEVZaxggLFI9CE1UeW4t61VOwm2U6mKysrCr7AwgBArX8DG3+C2GaDlSFf36Jx7Zd8TxJwp7Tjf1tLyyuraem4jv7m1vbNr7+3XVZRICjUa8Ug2A6KAsxBqmmkOzVgCEQGHRjC4mviNIUjFovBOj2LwBemFrMso0UZq20cCexyUUkzgIfZMg3vslksPqScFvob6uG0XnKIzBV4kbkYKKEO1bX95nYgmAkJNOVGq5Tqx9lMiNaMcxnkvURATOiA9aBkaEgHKT6enjPGJUTq4G0lTocZT9fdGSoRSIxGYSUF0X817E/E/r5Xo7oWfsjBONIR09lA34VhHeJIL7jAJVPORIYRKZv6KaZ9IQrVJL29CcOdPXiT1s6J7XizdlgqVyyyOHDpEx+gUuaiMKugGVVENUfSIntErerOerBfr3fqYjS5Z2c4B+gPr8we3W5mn</latexit>

m . v ' 174 GeV

<latexit sha1_base64="ZyTDdXNg0Uj6ZKWtexMCi7DsvBQ=">AAACCnicbVC7TsMwFHV4lvIKMLIYKiSmKkEVZaxggLFI9CE1UeW4t61VOwm2U6mKysrCr7AwgBArX8DG3+C2GaDlSFf36Jx7Zd8TxJwp7Tjf1tLyyuraem4jv7m1vbNr7+3XVZRICjUa8Ug2A6KAsxBqmmkOzVgCEQGHRjC4mviNIUjFovBOj2LwBemFrMso0UZq20cCexyUUkzgIfZMg3vslksPqScFvob6uG0XnKIzBV4kbkYKKEO1bX95nYgmAkJNOVGq5Tqx9lMiNaMcxnkvURATOiA9aBkaEgHKT6enjPGJUTq4G0lTocZT9fdGSoRSIxGYSUF0X817E/E/r5Xo7oWfsjBONIR09lA34VhHeJIL7jAJVPORIYRKZv6KaZ9IQrVJL29CcOdPXiT1s6J7XizdlgqVyyyOHDpEx+gUuaiMKugGVVENUfSIntErerOerBfr3fqYjS5Z2c4B+gPr8we3W5mn</latexit>

m . v ' 174 GeV

HL-LHC and FCC-ee

HL-LHC and FCC-ee


