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A first step towards the dynamics of EWSB!



              Open questions

-Where is small scale     coming 
from?


-Higgs composite or elementary?


-Underlying dynamics of EWSB
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               t’ Hooft Naturalness

         A small parameter is natural 
if setting it to zero leads to an enhanced symmetry

 Guideline for model building



          t’ Hooft Naturalness: SM Lesson

⇤UV ⇠ 1018GeV

m⌫ ⇠ 0.05eV
<latexit sha1_base64="0Fs7EKXgS20ew+si1HgaP+7CE1Y=">AAACA3icbVDLSgNBEJz1bXxFvellMAiewq4P9Bj04lHBPCC7hNlJRwdnZpeZXjEsAS/+ihcPinj1J7z5N06SPWi0oKGo6qa7K06lsOj7X97U9Mzs3PzCYmlpeWV1rby+0bBJZjjUeSIT04qZBSk01FGghFZqgKlYQjO+PRv6zTswViT6CvspRIpda9ETnKGTOuUt1Ql1RkMrFPWr/hENEe4xh8ag1ClXnDIC/UuCglRIgYtO+TPsJjxToJFLZm078FOMcmZQcAmDUphZSBm/ZdfQdlQzBTbKRz8M6K5TurSXGFca6Uj9OZEzZW1fxa5TMbyxk95Q/M9rZ9g7iXKh0wxB8/GiXiYpJnQYCO0KAxxl3xHGjXC3Un7DDOPoYhuGEEy+/Jc09qvBQXX/8rBSOy3iWCDbZIfskYAckxo5JxekTjh5IE/khbx6j96z9+a9j1unvGJmk/yC9/EN4jWWZA==</latexit>

Enhanced Chiral symmetry!
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Enhanced Shift symmetry!
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Enhanced Chiral symmetry!
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Enhanced Shift symmetry!
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               Hierarchy problem

⇤UV ⇠ 1018GeV

⇤IR & 103GeV
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              Naturalness as Guideline

- Compositeness


- Supersymmetry       


⇤IR ⇠ ⇤UVe
�8⇡2/g2

UV

Q |�i = | i Enhanced chiral symmetry

Dimensional Transmutation
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             Compositeness
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�8⇡2/g2

UV

 Nambu-Goldstone boson

Enhanced shift symmetry!

⇤UV ⇠ 1018GeV



             Composite Higgs models
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             Composite Higgs models
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    Light Higgs wants Light top partners
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Dibosons provide the smoking gun!

 Pappadopulo,  Thamm, Torre and Wulzer
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      Direct searches: Spin-1



      Direct searches: spin-1/2

Top partners

t, b

 

  Simone, Matsedonskyi, Rattazzi and Wulzer

yL, yR

 ⌘ X5/3, T, B

VL, h



Lower mass threshold!

 

  Simone, Matsedonskyi, Rattazzi and Wulzer

t, b

 
yL, yR

VL

      Direct searches: Single production



           Cascade decays

 

⇢g⇢

Have kinematical advantage!

D. Greco and DL ‘14
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       Bounds and Projections
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Effects on BR
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Indirect Signatures



mh ⇠ 125GeV

Indirect Signatures

mZ ⇠ 90GeV  LEP I

⇤UV ⇠ 1018GeV

⇤IR & 103GeV

HL-LHC

LHC, Higgs factories



            Electroweak Precision Test
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- Two expansions


- A set of selection rules

          Indirect Signature
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          Indirect Signature
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          Indirect Signature
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HL-LHC can play a role!



Precision to scale
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   Benefit more from strong coupling
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Consistent with EFT  
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<latexit sha1_base64="wldkilN3jAGIQxcWX9Ej5ZhP+bM=">AAAB9XicbVDLSsNAFL2pr1pfUZduBotQNyWpgi6LbtxZwT6gjWUynbRDJ5MwM1FK6H+4caGIW//FnX/jpM1CWw8MHM65l3vm+DFnSjvOt1VYWV1b3yhulra2d3b37P2DlooSSWiTRDySHR8rypmgTc00p51YUhz6nLb98XXmtx+pVCwS93oSUy/EQ8ECRrA20kMvxHpEME9vpxX3tG+XnaozA1ombk7KkKPRt796g4gkIRWacKxU13Vi7aVYakY4nZZ6iaIxJmM8pF1DBQ6p8tJZ6ik6McoABZE0T2g0U39vpDhUahL6ZjJLqRa9TPzP6yY6uPRSJuJEU0Hmh4KEIx2hrAI0YJISzSeGYCKZyYrICEtMtCmqZEpwF7+8TFq1qntWrd2dl+tXeR1FOIJjqIALF1CHG2hAEwhIeIZXeLOerBfr3fqYjxasfOcQ/sD6/AHI35IJ</latexit>
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HL-LHC Reach

 LEP S-parameter

LHC di-boson
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2.5

4.0

10.6

13.4

17.6

Remedios+MCHM

Remedios+ISO(4)

r
g⇤
4⇡

<latexit sha1_base64="JtWqaymUBV3+JqhqUFE5TSKyalU=">AAACAHicbVBNS8NAEN3Ur1q/oh48eAkWQTyUpBb0WPTisYL9gCaEzXbTLt1s4u5EKCEX/4oXD4p49Wd489+4bXPQ1gcDj/dmmJkXJJwpsO1vo7Syura+Ud6sbG3v7O6Z+wcdFaeS0DaJeSx7AVaUM0HbwIDTXiIpjgJOu8H4Zup3H6lULBb3MEmoF+GhYCEjGLTkm0euepCQuaHEJBv653nWcBOW575ZtWv2DNYycQpSRQVavvnlDmKSRlQA4VipvmMn4GVYAiOc5hU3VTTBZIyHtK+pwBFVXjZ7ILdOtTKwwljqEmDN1N8TGY6UmkSB7owwjNSiNxX/8/ophFdexkSSAhVkvihMuQWxNU3DGjBJCfCJJphIpm+1yAjrLEBnVtEhOIsvL5NOveZc1Op3jWrzuoijjI7RCTpDDrpETXSLWqiNCMrRM3pFb8aT8WK8Gx/z1pJRzByiPzA+fwB0lZb0</latexit>

r
g⇤
4⇡

<latexit sha1_base64="JtWqaymUBV3+JqhqUFE5TSKyalU=">AAACAHicbVBNS8NAEN3Ur1q/oh48eAkWQTyUpBb0WPTisYL9gCaEzXbTLt1s4u5EKCEX/4oXD4p49Wd489+4bXPQ1gcDj/dmmJkXJJwpsO1vo7Syura+Ud6sbG3v7O6Z+wcdFaeS0DaJeSx7AVaUM0HbwIDTXiIpjgJOu8H4Zup3H6lULBb3MEmoF+GhYCEjGLTkm0euepCQuaHEJBv653nWcBOW575ZtWv2DNYycQpSRQVavvnlDmKSRlQA4VipvmMn4GVYAiOc5hU3VTTBZIyHtK+pwBFVXjZ7ILdOtTKwwljqEmDN1N8TGY6UmkSB7owwjNSiNxX/8/ophFdexkSSAhVkvihMuQWxNU3DGjBJCfCJJphIpm+1yAjrLEBnVtEhOIsvL5NOveZc1Op3jWrzuoijjI7RCTpDDrpETXSLWqiNCMrRM3pFb8aT8WK8Gx/z1pJRzByiPzA+fwB0lZb0</latexit>

DL and L.T. Wang  ‘18 dilepton: M. Farina et al see also R. Franceschini et al

Remedios LHC di-lepton
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G.W.  Bennett et al,  ‘06



Beyond the LHC
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           More from Higgs non-linearity
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           More from Higgs non-linearity
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           More from Higgs non-linearity
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           Prediction from Higgs non-linearity
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           Predictions from Higgs non-linearity
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           Prediction from Higgs non-linearity
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Conclusion

- Compositeness is an elegant way to address the 
hierarchy problem.


- Resonance searches and precision measurement 
are both important.


- Higgs non-linearity predicts universal relations, 
can be probed in the future electron collider.




Back-up Slides



Two approaches for new physics

LEP I

Precision measurement



Two approaches for new physics

Tevatron, LHC

Resonance searches



Can HL-LHC do precision measurement?

LHC?



Uncertainty

• Lepton colliders:  ~ 0.1%

• Hadron Colliders:  3% - 20%



Effective Operators
We are focusing on the following dimension-six operators:





Mass scale reach HL-LHC

- Precision measurement at the HL-LHC will 
be very promising.


- A lot of data can make a big difference 
here!

DL and L.T. Wang  ‘18

see also R. Franceschini et al Dilepton: M. Farina et al 



Helicity structure for WW
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           Conformal Technicolor
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           Conformal Technicolor

From R. Rattazzi, V. Rychkov, E. Tonni and A. Vichi 08


