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EW boson collider?

We can have an analytical insight with EWA
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[P. Borel et al. arXiv:1202.1904]
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Weak bosons can be described as partons!
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W luminosities
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W luminosities

ΦW+
λ1

W−
λ2
(τ, μf ) = ∫

1

τ

dξ
ξ

fWλ1/μ (ξ, μf) fWλ2/μ ( τ
ξ

, μf)

Muon vs Proton Muon: WW vs ZZ
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The quest for New Physics

Direct search (Bumps)
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The quest for New Physics

Direct search (Bumps)

E > EcolliderE

SM

Indirect (scouting tails)

⇒ New physics is heavy

Important to assess the potential of a muon collider in indirect searches

New physics effects can lead to unitarity violation at high energy

High energy tails Less statistics, more sensitivity



Luca Mantani

7

Unitarity violation

The most well-known example is longitudinal W-boson scattering
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The framework: SMEFT

❖ Higher dimensional operators preserve SM symmetries. 

❖ Mappable to a large class of BSM models. 

❖ Lambda is scale of NP, allows us to truncated the series.

L = LSM +
P

i
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5
i +

P
i

1
⇤2O

6
i + ...
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Caveat: SMEFT should be treated globally.  
Currently no global analysis including VBS exists.
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VBS overview

VBS provide unique sensitivities at high energies, important to probe EW sector

Significant challenges: signal to background ratio not good. 
Diboson production dominates.@LHC

@Muon Reversed situation: diboson production is negligible at HE

Caveat: SMEFT should be treated globally.  
Currently no global analysis including VBS exists.

Simplified analysis can nonetheless bring useful information 
and help in understanding the underlying phenomenology.
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VBS SMEFT operators
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Current status

[Ethier, Gomez-Ambrosio, Magni, Rojo arXiv:2101.03180]
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CpD and CpWB also constrained by EWPO
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Current status

More information in diboson. 
CpD and CpWB also constrained by EWPO

Basically unconstrained by diboson. 
This is where VBS brings useful info. 

All the 2F operators included  
in this broad analysis are better  
constrained by other processes.

[Ethier, Gomez-Ambrosio, Magni, Rojo arXiv:2101.03180]

Processes included in the fit
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LHC data fit

<latexit sha1_base64="++gIBztX9SjCk8nmlBae2vfAoLc=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBhYZEWnRZ7MZlBfuAJITJdNIOnUnCzKRQQpdu/BU3LhRx6ye482+ctllo9cCFwzn3cu89YcqoVLb9ZZRWVtfWN8qbla3tnd09c/+gI5NMYNLGCUtEL0SSMBqTtqKKkV4qCOIhI91w1Jz53TERkibxvZqkxOdoENOIYqS0FJjHzSD3xkikQwq7U+hJyqF7YVv1+jl0rJofmFXbsueAf4lTkCoo0ArMT6+f4IyTWGGGpHQdO1V+joSimJFpxcskSREeoQFxNY0RJ9LP549M4alW+jBKhK5Ywbn6cyJHXMoJD3UnR2ool72Z+J/nZiq69nMap5kiMV4sijIGVQJnqcA+FQQrNtEEYUH1rRAPkUBY6ewqOgRn+eW/pHNpOXXLvqtVGzdFHGVwBE7AGXDAFWiAW9ACbYDBA3gCL+DVeDSejTfjfdFaMoqZQ/ALxsc35NCXTQ==</latexit>

C'W ⇠ [�0.55, 1.4]
<latexit sha1_base64="SDqwHy9B0MeNJcAOvx7rIuFGUNg=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgQkMiil2WduOygn1AEsJkOmmHziRhZlIooSs3/oobF4q49Rvc+TdO2yy0euDC4Zx7ufeeMGVUKtv+Mkorq2vrG+XNytb2zu6euX/QkUkmMGnjhCWiFyJJGI1JW1HFSC8VBPGQkW44as787pgISZP4Xk1S4nM0iGlEMVJaCszjZpB7YyTSIYWNKfQk5dC9cJxzWLNqfmBWbcueA/4lTkGqoEArMD+9foIzTmKFGZLSdexU+TkSimJGphUvkyRFeIQGxNU0RpxIP5+/MYWnWunDKBG6YgXn6s+JHHEpJzzUnRypoVz2ZuJ/npupqObnNE4zRWK8WBRlDKoEzjKBfSoIVmyiCcKC6lshHiKBsNLJVXQIzvLLf0nn0nKuLfvuqlpvFHGUwRE4AWfAATegDm5BC7QBBg/gCbyAV+PReDbejPdFa8koZg7BLxgf390hlsk=</latexit>

C'B ⇠ [�11, 8.8]

Linear fit[Ethier, Gomez-Ambrosio, Magni, Rojo 

arXiv:2101.03180] Talk by Raquel  

for more details
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<latexit sha1_base64="2wHcN43XUXs81rgUvo6jgZabZgw=">AAACCXicbVC7TsMwFHV4lvIKMLJYVEgMECUVFbBVdGEsEn1ISRQ5rtNatZPIdipVUVcWfoWFAYRY+QM2/ga3zQAtR7rS8Tn3yveeMGVUKtv+NlZW19Y3Nktb5e2d3b198+CwLZNMYNLCCUtEN0SSMBqTlqKKkW4qCOIhI51w2Jj6nRERkibxgxqnxOeoH9OIYqS0FJiwEeTeCIl0QGFnAj1JOXQvbMuunUPbuqn6gVnRrxngMnEKUgEFmoH55fUSnHESK8yQlK5jp8rPkVAUMzIpe5kkKcJD1CeupjHiRPr57JIJPNVKD0aJ0BUrOFN/T+SISznmoe7kSA3kojcV//PcTEXXfk7jNFMkxvOPooxBlcBpLLBHBcGKjTVBWFC9K8QDJBBWOryyDsFZPHmZtKuWU7Ps+8tK/baIowSOwQk4Aw64AnVwB5qgBTB4BM/gFbwZT8aL8W58zFtXjGLmCPyB8fkDXX2XiA==</latexit>

C'W ⇠ [�0.05, 0.92]
<latexit sha1_base64="KUZ/7BW4GYgA6OgWW/p4El5yFVU=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwoWEi1ros7cZlBfuAJITJdNoOnTyYmRRK6NaNv+LGhSJu/QN3/o3TNgttPXDhcM693HtPkHAmFULfRmFtfWNzq7hd2tnd2z8wD4/aMk4FoS0S81h0AywpZxFtKaY47SaC4jDgtBOMGjO/M6ZCsjh6UJOEeiEeRKzPCFZa8k3Y8DN3jEUyZLA+ha5kIXQukXWDLiCyqhXPN8vIQnPAVWLnpAxyNH3zy+3FJA1ppAjHUjo2SpSXYaEY4XRaclNJE0xGeEAdTSMcUull80+m8EwrPdiPha5Iwbn6eyLDoZSTMNCdIVZDuezNxP88J1X9Wy9jUZIqGpHFon7KoYrhLBbYY4ISxSeaYCKYvhWSIRaYKB1eSYdgL7+8StpXll2x0P11uVbP4yiCE3AKzoENqqAG7kATtAABj+AZvII348l4Md6Nj0VrwchnjsEfGJ8/PxmXdQ==</latexit>

C'B ⇠ [�0.60, 0.75]

12

LHC data fit

<latexit sha1_base64="++gIBztX9SjCk8nmlBae2vfAoLc=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBhYZEWnRZ7MZlBfuAJITJdNIOnUnCzKRQQpdu/BU3LhRx6ye482+ctllo9cCFwzn3cu89YcqoVLb9ZZRWVtfWN8qbla3tnd09c/+gI5NMYNLGCUtEL0SSMBqTtqKKkV4qCOIhI91w1Jz53TERkibxvZqkxOdoENOIYqS0FJjHzSD3xkikQwq7U+hJyqF7YVv1+jl0rJofmFXbsueAf4lTkCoo0ArMT6+f4IyTWGGGpHQdO1V+joSimJFpxcskSREeoQFxNY0RJ9LP549M4alW+jBKhK5Ywbn6cyJHXMoJD3UnR2ool72Z+J/nZiq69nMap5kiMV4sijIGVQJnqcA+FQQrNtEEYUH1rRAPkUBY6ewqOgRn+eW/pHNpOXXLvqtVGzdFHGVwBE7AGXDAFWiAW9ACbYDBA3gCL+DVeDSejTfjfdFaMoqZQ/ALxsc35NCXTQ==</latexit>

C'W ⇠ [�0.55, 1.4]
<latexit sha1_base64="SDqwHy9B0MeNJcAOvx7rIuFGUNg=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgQkMiil2WduOygn1AEsJkOmmHziRhZlIooSs3/oobF4q49Rvc+TdO2yy0euDC4Zx7ufeeMGVUKtv+Mkorq2vrG+XNytb2zu6euX/QkUkmMGnjhCWiFyJJGI1JW1HFSC8VBPGQkW44as787pgISZP4Xk1S4nM0iGlEMVJaCszjZpB7YyTSIYWNKfQk5dC9cJxzWLNqfmBWbcueA/4lTkGqoEArMD+9foIzTmKFGZLSdexU+TkSimJGphUvkyRFeIQGxNU0RpxIP5+/MYWnWunDKBG6YgXn6s+JHHEpJzzUnRypoVz2ZuJ/npupqObnNE4zRWK8WBRlDKoEzjKBfSoIVmyiCcKC6lshHiKBsNLJVXQIzvLLf0nn0nKuLfvuqlpvFHGUwRE4AWfAATegDm5BC7QBBg/gCbyAV+PReDbejPdFa8koZg7BLxgf390hlsk=</latexit>

C'B ⇠ [�11, 8.8]

Linear fit[Ethier, Gomez-Ambrosio, Magni, Rojo 

arXiv:2101.03180] Talk by Raquel  

for more details
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Global sensitivity WW
<latexit sha1_base64="7vyKxxFscXNjVlIAwk+LgMjUOhU="></latexit>

R(ci) ⌘
�

�SM
= 1 + ci

�i
Int

�SM
+ c2i

�i,i
Sq

�SM
= 1 + ci ri + c2i ri,i.
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Energy sensitivity

WW
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Energy sensitivity

WW ZZ
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Projections

<latexit sha1_base64="PkUa0rnivTPEYGCn1gyaz0QCV2Y="></latexit>

Sp
B

=
|L · (� � �SM )|p

L · �SM
 2
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Projections

3 TeV

<latexit sha1_base64="TMfgOgvUXQmq5OdUM6QMreY+Jr0=">AAACCXicbVC7TsMwFHV4lvIKMLJYVEgMECVVEYxVuzAWiT6kJooc12mt2klkO5WqqCsLv8LCAEKs/AEbf4PTZoCWI92ro3PulX1PkDAqlW1/G2vrG5tb26Wd8u7e/sGheXTckXEqMGnjmMWiFyBJGI1IW1HFSC8RBPGAkW4wbuZ+d0KEpHH0oKYJ8TgaRjSkGCkt+SZs+pk7QSIZUdiYQVdSDvtXtlWrXsK8e75ZsS17DrhKnIJUQIGWb365gxinnEQKMyRl37ET5WVIKIoZmZXdVJIE4TEakr6mEeJEetn8khk818oAhrHQFSk4V39vZIhLOeWBnuRIjeSyl4v/ef1UhbdeRqMkVSTCi4fClEEVwzwWOKCCYMWmmiAsqP4rxCMkEFY6vLIOwVk+eZV0qpZzbdn3tUq9UcRRAqfgDFwAB9yAOrgDLdAGGDyCZ/AK3own48V4Nz4Wo2tGsXMC/sD4/AE19pdv</latexit>

C'B ⇠ [�0.42, 0.42]
<latexit sha1_base64="wITgJbvd5Boua8rHzz/x9iiJ7V0=">AAACC3icbZC7TsMwFIYdrqXcAowsViskBqgSBCpsFV0Yi0QvUhJFjuu0Vh0nsp1KVdSdhVdhYQAhVl6AjbfBTTNAy5Esf/r/c2SfP0gYlcqyvo2V1bX1jc3SVnl7Z3dv3zw47Mg4FZi0ccxi0QuQJIxy0lZUMdJLBEFRwEg3GDVnfndMhKQxf1CThHgRGnAaUoyUlnyz0vQzd4xEMqSwO4WupBF0zq2adVM/g/nl+WZVQ15wGewCqqColm9+uf0YpxHhCjMkpWNbifIyJBTFjEzLbipJgvAIDYijkaOISC/Ld5nCE630YRgLfbiCufp7IkORlJMo0J0RUkO56M3E/zwnVeG1l1GepIpwPH8oTBlUMZwFA/tUEKzYRAPCguq/QjxEAmGl4yvrEOzFlZehc1Gzr2rW/WW1cVvEUQLHoAJOgQ3qoAHuQAu0AQaP4Bm8gjfjyXgx3o2PeeuKUcwcgT9lfP4AZTmYDA==</latexit>

C'W ⇠ [�0.097, 0.097]

<latexit sha1_base64="PkUa0rnivTPEYGCn1gyaz0QCV2Y="></latexit>

Sp
B

=
|L · (� � �SM )|p

L · �SM
 2
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Projections

3 TeV

<latexit sha1_base64="TMfgOgvUXQmq5OdUM6QMreY+Jr0=">AAACCXicbVC7TsMwFHV4lvIKMLJYVEgMECVVEYxVuzAWiT6kJooc12mt2klkO5WqqCsLv8LCAEKs/AEbf4PTZoCWI92ro3PulX1PkDAqlW1/G2vrG5tb26Wd8u7e/sGheXTckXEqMGnjmMWiFyBJGI1IW1HFSC8RBPGAkW4wbuZ+d0KEpHH0oKYJ8TgaRjSkGCkt+SZs+pk7QSIZUdiYQVdSDvtXtlWrXsK8e75ZsS17DrhKnIJUQIGWb365gxinnEQKMyRl37ET5WVIKIoZmZXdVJIE4TEakr6mEeJEetn8khk818oAhrHQFSk4V39vZIhLOeWBnuRIjeSyl4v/ef1UhbdeRqMkVSTCi4fClEEVwzwWOKCCYMWmmiAsqP4rxCMkEFY6vLIOwVk+eZV0qpZzbdn3tUq9UcRRAqfgDFwAB9yAOrgDLdAGGDyCZ/AK3own48V4Nz4Wo2tGsXMC/sD4/AE19pdv</latexit>

C'B ⇠ [�0.42, 0.42]
<latexit sha1_base64="wITgJbvd5Boua8rHzz/x9iiJ7V0=">AAACC3icbZC7TsMwFIYdrqXcAowsViskBqgSBCpsFV0Yi0QvUhJFjuu0Vh0nsp1KVdSdhVdhYQAhVl6AjbfBTTNAy5Esf/r/c2SfP0gYlcqyvo2V1bX1jc3SVnl7Z3dv3zw47Mg4FZi0ccxi0QuQJIxy0lZUMdJLBEFRwEg3GDVnfndMhKQxf1CThHgRGnAaUoyUlnyz0vQzd4xEMqSwO4WupBF0zq2adVM/g/nl+WZVQ15wGewCqqColm9+uf0YpxHhCjMkpWNbifIyJBTFjEzLbipJgvAIDYijkaOISC/Ld5nCE630YRgLfbiCufp7IkORlJMo0J0RUkO56M3E/zwnVeG1l1GepIpwPH8oTBlUMZwFA/tUEKzYRAPCguq/QjxEAmGl4yvrEOzFlZehc1Gzr2rW/WW1cVvEUQLHoAJOgQ3qoAHuQAu0AQaP4Bm8gjfjyXgx3o2PeeuKUcwcgT9lfP4AZTmYDA==</latexit>

C'W ⇠ [�0.097, 0.097]

14 TeV

<latexit sha1_base64="QfQEhOt+txYa2WGAkurSnR3xM6Y=">AAACCXicbVC7TsMwFHV4lvIKMLJYVEgMUCU8BGNFF8Yi0YeURJXjOq1V24lsp1IVdWXhV1gYQIiVP2Djb3DaDNByJPsenXOv7HvChFGlHefbWlpeWV1bL22UN7e2d3btvf2WilOJSRPHLJadECnCqCBNTTUjnUQSxENG2uGwnvvtEZGKxuJBjxMScNQXNKIYaSN1bVjvZv4IyWRAYXsCfUU59M6cqnNxCvM76NoVU6eAi8QtSAUUaHTtL78X45QToTFDSnmuk+ggQ1JTzMik7KeKJAgPUZ94hgrEiQqy6SYTeGyUHoxiaY7QcKr+nsgQV2rMQ9PJkR6oeS8X//O8VEc3QUZFkmoi8OyhKGVQxzCPBfaoJFizsSEIS2r+CvEASYS1Ca9sQnDnV14krfOqe1V17i8rtdsijhI4BEfgBLjgGtTAHWiAJsDgETyDV/BmPVkv1rv1MWtdsoqZA/AH1ucPTjaXfg==</latexit>

C'W ⇠ [�0.03, 0.03]
<latexit sha1_base64="zlBlHDHFLPeoAlTWJvHdI+loe7I=">AAACCXicbVC7TsMwFHXKq5RXgJHFokJigCipQDBW7cJYJPqQmihyXKe1aieR7VSqoq4s/AoLAwix8gds/A1OmwFajnSvjs65V/Y9QcKoVLb9bZTW1jc2t8rblZ3dvf0D8/CoI+NUYNLGMYtFL0CSMBqRtqKKkV4iCOIBI91g3Mz97oQISePoQU0T4nE0jGhIMVJa8k3Y9DN3gkQyorAxg66kHPYvbcupXcC8e75ZtS17DrhKnIJUQYGWb365gxinnEQKMyRl37ET5WVIKIoZmVXcVJIE4TEakr6mEeJEetn8khk808oAhrHQFSk4V39vZIhLOeWBnuRIjeSyl4v/ef1UhbdeRqMkVSTCi4fClEEVwzwWOKCCYMWmmiAsqP4rxCMkEFY6vIoOwVk+eZV0apZzbdn3V9V6o4ijDE7AKTgHDrgBdXAHWqANMHgEz+AVvBlPxovxbnwsRktGsXMM/sD4/AEswJdp</latexit>

C'B ⇠ [�0.12, 0.12]

<latexit sha1_base64="PkUa0rnivTPEYGCn1gyaz0QCV2Y="></latexit>

Sp
B

=
|L · (� � �SM )|p

L · �SM
 2
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Conclusions

❖ Muon collider is a dream machine to explore EW sector 

❖ Both precision and discovery potential are top notch 

❖ A multi-TeV machine would be effectively a EW boson  

❖ A naive projection was performed, considering only inclusive cross 

sections. No observable optimisation was performed, likely a very 

conservative projection. 

❖ Muon collider would give us access to new set of processes (multiboson), 

increasing our sensitivity to NP effects.
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Conclusions

Thanks!

❖ Muon collider is a dream machine to explore EW sector 

❖ Both precision and discovery potential are top notch 

❖ A multi-TeV machine would be effectively a EW boson  

❖ A naive projection was performed, considering only inclusive cross 

sections. No observable optimisation was performed, likely a very 

conservative projection. 

❖ Muon collider would give us access to new set of processes (multiboson), 

increasing our sensitivity to NP effects.


