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The Muon Smasher’s Pirate Ship 
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Dario and Raman gave great 
general physics overviews 

including the Higgs already…
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So we could take the canonical approach to 
“Higgs” at colliders
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Slightly fancier (but still same spirit), 
 SMEFT approach



A Muon Collider is great!
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Di-Higgs too!
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A muon collider is great for the Higgs! 
The End.



Plan for the rest of the talk…
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Where do these numbers come/ 
Why is a muon collider so good?

What do these numbers mean? 
Are there important targets? 

Are there novel features available 
with the muon collider?



10+ TeV Muon Collider seems as good 
as all other options for the Higgs!  

The end.
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Various levels of sophistication that went 
into this table



Looking for on-shell Higgs production deviations

12

More Higgses are better!
Need as many Higgs that decay into a particular final state as possible for smallest statistical error!
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How Many Higgs??
Take this with many grains of salt…

Different energies access different dominant processes (different physics you can access), have different experimental challenges
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This is to understand orders of magnitude and what you could do if you could exploit them all!

ILC250/350

FCC-ee 240/365

CEPC 240

CLIC-380

ILC500/1000

CLIC 1500/3000

}
<latexit sha1_base64="DR6456GTIKdu69aQct4S7zjmwBs=">AAAB/XicbVBNSwMxEM3Wr1q/Vnv0EiyCp2UjpXosevFYwdpCdy3ZNNuGJtklyQpLqX/FiwcF8er/8Oa/MW33oK0PBh7vzTAzL0o508b3v53S2vrG5lZ5u7Kzu7d/4B4e3eskU4S2ScIT1Y2wppxJ2jbMcNpNFcUi4rQTja9nfueRKs0SeWfylIYCDyWLGcHGSn23GmgmoNeAgWGCaoj8h0bfrfmePwdcJaggNVCg1Xe/gkFCMkGlIRxr3UN+asIJVoYRTqeVINM0xWSMh7RnqcR2UziZHz+Fp1YZwDhRtqSBc/X3xAQLrXMR2U6BzUgvezPxP6+XmfgynDCZZoZKslgUZxyaBM6SgAOmKDE8twQTxeytkIywwsTYvCo2BLT88irpnHuo7iF0W681r4o8yuAYnIAzgMAFaIIb0AJtQEAOnsEreHOenBfn3flYtJacYqYK/sD5/AH295N+</latexit>

⇠ .6⇥ 106
<latexit sha1_base64="tD8y/tzGRDEG9TwJ+3T27D1p8T4=">AAAB/nicbVDLSgMxFM34rPU1PnZugkVwNUxKUZdFNy4rWFvojCWTZtrQJDMkGaEOxV9x40JB3Pod7vwb03YW2nrgwuGce7n3nijlTBvf/3aWlldW19ZLG+XNre2dXXdv/04nmSK0SRKeqHaENeVM0qZhhtN2qigWEaetaHg18VsPVGmWyFszSmkocF+ymBFsrNR1DwPNBEReFQaGCaoh8u/Pum7F9/wp4CJBBamAAo2u+xX0EpIJKg3hWOsO8lMT5lgZRjgdl4NM0xSTIe7TjqUS201hPr1+DE+s0oNxomxJA6fq74kcC61HIrKdApuBnvcm4n9eJzPxRZgzmWaGSjJbFGccmgROooA9pigxfGQJJorZWyEZYIWJsYGVbQho/uVF0qp6qOYhdFOr1C+LPErgCByDU4DAOaiDa9AATUDAI3gGr+DNeXJenHfnY9a65BQzB+APnM8fZNKTtQ==</latexit>

⇠ 1.2⇥ 106
<latexit sha1_base64="4goKZMNn9Xs1I1DwXFCYEMAAqBc=">AAAB/nicbVDLSgMxFM3UV62v8bFzEyyCq2EiRV0W3bisYG2hM5ZMmmlDk8yQZIQ6FH/FjQsFcet3uPNvTNtZaOuBC4dz7uXee6KUM218/9spLS2vrK6V1ysbm1vbO+7u3p1OMkVokyQ8Ue0Ia8qZpE3DDKftVFEsIk5b0fBq4rceqNIskbdmlNJQ4L5kMSPYWKnrHgSaCYg8BAPDBNUQ+fdnXbfqe/4UcJGgglRBgUbX/Qp6CckElYZwrHUH+akJc6wMI5yOK0GmaYrJEPdpx1KJ7aYwn14/hsdW6cE4UbakgVP190SOhdYjEdlOgc1Az3sT8T+vk5n4IsyZTDNDJZktijMOTQInUcAeU5QYPrIEE8XsrZAMsMLE2MAqNgQ0//IiaZ16qOYhdFOr1i+LPMrgEByBE4DAOaiDa9AATUDAI3gGr+DNeXJenHfnY9ZacoqZffAHzucPY0GTtA==</latexit>

⇠ 1.1⇥ 106
<latexit sha1_base64="cY5dOw+qFHE9OhsXsehUc9iGKIs=">AAAB/XicbVBNSwMxEM3Wr1q/Vnv0EiyCp2VTinosevFYwdpCu5Zsmm1Dk+ySZIVlqX/FiwcF8er/8Oa/MW33oK0PBh7vzTAzL0w408b3v53S2vrG5lZ5u7Kzu7d/4B4e3es4VYS2Scxj1Q2xppxJ2jbMcNpNFMUi5LQTTq5nfueRKs1ieWeyhAYCjySLGMHGSgO32tdMQK8O+4YJqiHyH84Hbs33/DngKkEFqYECrYH71R/GJBVUGsKx1j3kJybIsTKMcDqt9FNNE0wmeER7lkpsNwX5/PgpPLXKEEaxsiUNnKu/J3IstM5EaDsFNmO97M3E/7xeaqLLIGcySQ2VZLEoSjk0MZwlAYdMUWJ4ZgkmitlbIRljhYmxeVVsCGj55VXSqXuo4SF026g1r4o8yuAYnIAzgMAFaIIb0AJtQEAGnsEreHOenBfn3flYtJacYqYK/sD5/AHws5N6</latexit>

⇠ .2⇥ 106

<latexit sha1_base64="ZRA+cPqWzzl7eqcFlyCzXAzV5dA=">AAAB/nicbVDLSgMxFM34rPU1PnZugkVwNUykPpZFNy4rWFvojCWTZtrQJDMkGaEOxV9x40JB3Pod7vwb03YW2nrgwuGce7n3nijlTBvf/3YWFpeWV1ZLa+X1jc2tbXdn904nmSK0QRKeqFaENeVM0oZhhtNWqigWEafNaHA19psPVGmWyFszTGkocE+ymBFsrNRx9wPNBKx6pzAwTFANkX9/1nErvudPAOcJKkgFFKh33K+gm5BMUGkIx1q3kZ+aMMfKMMLpqBxkmqaYDHCPti2V2G4K88n1I3hklS6ME2VLGjhRf0/kWGg9FJHtFNj09aw3Fv/z2pmJL8KcyTQzVJLpojjj0CRwHAXsMkWJ4UNLMFHM3gpJHytMjA2sbENAsy/Pk+aJh6oeQjfVSu2yyKMEDsAhOAYInIMauAZ10AAEPIJn8ArenCfnxXl3PqatC04xswf+wPn8AW4+k7s=</latexit>

⇠ 4.5⇥ 106
<latexit sha1_base64="+OOG+y3bUH2zUn6ExgjpjR/wE4c=">AAAB/nicbVDLSgMxFM34rPU1PnZugkVwNUy0qMuiG5cVrC10xpJJM21okhmSjFCH4q+4caEgbv0Od/6NaTsLbT1w4XDOvdx7T5Rypo3vfzsLi0vLK6ultfL6xubWtruze6eTTBHaIAlPVCvCmnImacMww2krVRSLiNNmNLga+80HqjRL5K0ZpjQUuCdZzAg2Vuq4+4FmAp56VRgYJqiGyL8/67gV3/MngPMEFaQCCtQ77lfQTUgmqDSEY63byE9NmGNlGOF0VA4yTVNMBrhH25ZKbDeF+eT6ETyyShfGibIlDZyovydyLLQeish2Cmz6etYbi/957czEF2HOZJoZKsl0UZxxaBI4jgJ2maLE8KElmChmb4WkjxUmxgZWtiGg2ZfnSfPEQ1UPoZtqpXZZ5FECB+AQHAMEzkENXIM6aAACHsEzeAVvzpPz4rw7H9PWBaeY2QN/4Hz+AGsak7k=</latexit>

⇠ 3.4⇥ 106 }

Low energy e+e- Higgs factories  
~ 1 million Higgs

Moderate energy e+e- Higgs factories  
~ few million Higgs

End of LHC ~ O(100) million Higgses!HL-LHC
<latexit sha1_base64="tq1ziFCTB/JuPUdYx7SUC4i7ik8=">AAAB/nicbVDLSgMxFM3UV62v8bFzEyyCq2GiFXVXdOOygrWFzlgyaaYNTTJDkhHqUPwVNy4UxK3f4c6/MX0stPXAhcM593LvPVHKmTa+/+0UFhaXlleKq6W19Y3NLXd7504nmSK0ThKeqGaENeVM0rphhtNmqigWEaeNqH818hsPVGmWyFszSGkocFeymBFsrNR29wLNBPROTmFgmKAaIv/+ou2Wfc8fA84TNCVlMEWt7X4FnYRkgkpDONa6hfzUhDlWhhFOh6Ug0zTFpI+7tGWpxHZTmI+vH8JDq3RgnChb0sCx+nsix0LrgYhsp8Cmp2e9kfif18pMfB7mTKaZoZJMFsUZhyaBoyhghylKDB9Ygoli9lZIelhhYmxgJRsCmn15njSOPVTxELqplKuX0zyKYB8cgCOAwBmogmtQA3VAwCN4Bq/gzXlyXpx352PSWnCmM7vgD5zPH3E1k70=</latexit>

⇠ .35⇥ 109

FCC-hh
<latexit sha1_base64="3hOHnQ8VxIx6h52YsVnd2swwWJI=">AAAB/XicbVBNSwMxEM36WevXao9egkXwVDalUL0VvXisYG2hu5Zsmm1Dk+ySZIVlqX/FiwcF8er/8Oa/MW33oK0PBh7vzTAzL0w408bzvp219Y3Nre3STnl3b//g0D06vtdxqgjtkJjHqhdiTTmTtGOY4bSXKIpFyGk3nFzP/O4jVZrF8s5kCQ0EHkkWMYKNlQZuxddMwHoT+oYJqiHyHi4HbtWreXPAVYIKUgUF2gP3yx/GJBVUGsKx1n3kJSbIsTKMcDot+6mmCSYTPKJ9SyW2m4J8fvwUnlllCKNY2ZIGztXfEzkWWmcitJ0Cm7Fe9mbif14/NdFFkDOZpIZKslgUpRyaGM6SgEOmKDE8swQTxeytkIyxwsTYvMo2BLT88irp1muoUUPotlFtXRV5lMAJOAXnAIEmaIEb0AYdQEAGnsEreHOenBfn3flYtK45xUwF/IHz+QMDbpOG</latexit>

⇠ 27⇥ 109 27 billion Higgses

Speculative high energy options (run plans specified here)

Muon (or electron colliders)

6 TeV 4/ab
10 TeV 10/ab

14 TeV 20/ab

30 TeV 90/ab
100 TeV 100/ab

Collider in the sea

500 TeV 50/ab
<latexit sha1_base64="Aqhb+Mq3L7Q+kL0M46923MQNuEU=">AAAB/XicbVBNSwMxEM36WevXao9egkXwVBIpqLeiF48VrC1015JNs21okl2SrLCU+le8eFAQr/4Pb/4b03YP2vpg4PHeDDPzolRwYxH69lZW19Y3Nktb5e2d3b19/+Dw3iSZpqxFE5HoTkQME1yxluVWsE6qGZGRYO1odD31249MG56oO5unLJRkoHjMKbFO6vmVwHAJ6wgFlktmIEYPlz2/impoBrhMcEGqoECz538F/YRmkilLBTGmi1FqwzHRllPBJuUgMywldEQGrOuoIm5TOJ4dP4EnTunDONGulIUz9ffEmEhjchm5Tkns0Cx6U/E/r5vZ+CIcc5Vmlik6XxRnAtoETpOAfa4ZtSJ3hFDN3a2QDokm1Lq8yi4EvPjyMmmf1XC9hvFtvdq4KvIogSNwDE4BBuegAW5AE7QABTl4Bq/gzXvyXrx372PeuuIVMxXwB97nDxSbk5E=</latexit>

⇠ 400⇥ 109 Can approach a trillion Higgs

<latexit sha1_base64="8udIRQm7qIcD5wkZHEpP+NHEBEc=">AAAB/nicbVDLSgMxFM3UV62v8bFzEyyCq2FSi7osunFZwdpCZyyZNG1Dk8yQZIQ6FH/FjQsFcet3uPNvTNtZaOuBC4dz7uXee6KEM218/9spLC2vrK4V10sbm1vbO+7u3p2OU0Vog8Q8Vq0Ia8qZpA3DDKetRFEsIk6b0fBq4jcfqNIslrdmlNBQ4L5kPUawsVLHPQg0E/DUq8DAMEE1RP79Wcct+54/BVwkKCdlkKPecb+CbkxSQaUhHGvdRn5iwgwrwwin41KQappgMsR92rZUYrspzKbXj+GxVbqwFytb0sCp+nsiw0LrkYhsp8BmoOe9ifif105N7yLMmExSQyWZLeqlHJoYTqKAXaYoMXxkCSaK2VshGWCFibGBlWwIaP7lRdKseKjqIXRTLdcu8zyK4BAcgROAwDmogWtQBw1AwCN4Bq/gzXlyXpx352PWWnDymX3wB87nD2f4k7c=</latexit>

⇠ 3.2⇥ 106
<latexit sha1_base64="oQUvGMiBEAr2A0v4lc5Gs4XZjP0=">AAAB/XicbVDLSgMxFM3UV62v0S7dBIvgapiIz13RjcsK1hY6Y8mkmTY0yQxJRhhK/RU3LhTErf/hzr8xbWehrQcuHM65l3vviVLOtPH9b6e0tLyyulZer2xsbm3vuLt79zrJFKFNkvBEtSOsKWeSNg0znLZTRbGIOG1Fw+uJ33qkSrNE3pk8paHAfcliRrCxUtetBpoJeOmdBoYJqiHyH866bs33/CngIkEFqYECja77FfQSkgkqDeFY6w7yUxOOsDKMcDquBJmmKSZD3KcdSyW2m8LR9PgxPLRKD8aJsiUNnKq/J0ZYaJ2LyHYKbAZ63puI/3mdzMQX4YjJNDNUktmiOOPQJHCSBOwxRYnhuSWYKGZvhWSAFSbG5lWxIaD5lxdJ69hDJx5Ctye1+lWRRxnsgwNwBBA4B3VwAxqgCQjIwTN4BW/Ok/PivDsfs9aSU8xUwR84nz8clJOW</latexit>

⇠ 9.5⇥ 106
<latexit sha1_base64="hjxOsdek8mGeM27d9LiyNb9ykyA=">AAAB/XicbVBNSwMxEM3Wr1q/Vnv0EiyCp7IpRT0WvXisYG2hu5Zsmm1Dk+ySZIVlqX/FiwcF8er/8Oa/MW33oK0PBh7vzTAzL0w408bzvp3S2vrG5lZ5u7Kzu7d/4B4e3es4VYR2SMxj1QuxppxJ2jHMcNpLFMUi5LQbTq5nfveRKs1ieWeyhAYCjySLGMHGSgO36msmYKMBfcME1RB5D+cDt+bVvTngKkEFqYEC7YH75Q9jkgoqDeFY6z7yEhPkWBlGOJ1W/FTTBJMJHtG+pRLbTUE+P34KT60yhFGsbEkD5+rviRwLrTMR2k6BzVgvezPxP6+fmugyyJlMUkMlWSyKUg5NDGdJwCFTlBieWYKJYvZWSMZYYWJsXhUbAlp+eZV0G3XUrCN026y1roo8yuAYnIAzgMAFaIEb0AYdQEAGnsEreHOenBfn3flYtJacYqYK/sD5/AH2+5N+</latexit>

⇠ 22⇥ 106
<latexit sha1_base64="VKDgc4pnOQC/5jOUBOb5mEMuTpE=">AAAB/nicbVDLSgMxFM34rPU1PnZugkVwNUxKQd0V3bisYG2hM5ZMmmlDk8yQZIQ6FH/FjQsFcet3uPNvTNtZaOuBC4dz7uXee6KUM218/9tZWl5ZXVsvbZQ3t7Z3dt29/TudZIrQJkl4otoR1pQzSZuGGU7bqaJYRJy2ouHVxG89UKVZIm/NKKWhwH3JYkawsVLXPQw0E9BDVRgYJqiGyL+/6LoV3/OngIsEFaQCCjS67lfQS0gmqDSEY607yE9NmGNlGOF0XA4yTVNMhrhPO5ZKbDeF+fT6MTyxSg/GibIlDZyqvydyLLQeich2CmwGet6biP95nczE52HOZJoZKslsUZxxaBI4iQL2mKLE8JElmChmb4VkgBUmxgZWtiGg+ZcXSavqoZqH0E2tUr8s8iiBI3AMTgECZ6AOrkEDNAEBj+AZvII358l5cd6dj1nrklPMHIA/cD5/AGlek7g=</latexit>

⇠ .12⇥ 109
<latexit sha1_base64="PN/LU/pCcy34l8BAhoaSOrh8guc=">AAAB/nicbVDLSgMxFM34rPU1PnZugkVwNUykYN0V3bisYG2hM5ZMmmlDk8yQZIQ6FH/FjQsFcet3uPNvTNtZaOuBC4dz7uXee6KUM218/9tZWl5ZXVsvbZQ3t7Z3dt29/TudZIrQJkl4otoR1pQzSZuGGU7bqaJYRJy2ouHVxG89UKVZIm/NKKWhwH3JYkawsVLXPQw0E9BDNRgYJqiGyL+/6LoV3/OngIsEFaQCCjS67lfQS0gmqDSEY607yE9NmGNlGOF0XA4yTVNMhrhPO5ZKbDeF+fT6MTyxSg/GibIlDZyqvydyLLQeich2CmwGet6biP95nczEtTBnMs0MlWS2KM44NAmcRAF7TFFi+MgSTBSzt0IywAoTYwMr2xDQ/MuLpHXmoaqH0E21Ur8s8iiBI3AMTgEC56AOrkEDNAEBj+AZvII358l5cd6dj1nrklPMHIA/cD5/AHLEk74=</latexit>

⇠ .18⇥ 109

Millions to 100s of millions



Figure of merit LEP had 17 Million Zs



How Many Higgs??
Take this with many grains of salt…

Different energies access different dominant processes (different physics you can access), have different experimental challenges
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This is to understand orders of magnitude and what you could do if you could exploit them all!

ILC250/350

FCC-ee 240/365

CEPC 240

CLIC-380

ILC500/1000

CLIC 1500/3000

}
<latexit sha1_base64="DR6456GTIKdu69aQct4S7zjmwBs=">AAAB/XicbVBNSwMxEM3Wr1q/Vnv0EiyCp2UjpXosevFYwdpCdy3ZNNuGJtklyQpLqX/FiwcF8er/8Oa/MW33oK0PBh7vzTAzL0o508b3v53S2vrG5lZ5u7Kzu7d/4B4e3eskU4S2ScIT1Y2wppxJ2jbMcNpNFcUi4rQTja9nfueRKs0SeWfylIYCDyWLGcHGSn23GmgmoNeAgWGCaoj8h0bfrfmePwdcJaggNVCg1Xe/gkFCMkGlIRxr3UN+asIJVoYRTqeVINM0xWSMh7RnqcR2UziZHz+Fp1YZwDhRtqSBc/X3xAQLrXMR2U6BzUgvezPxP6+XmfgynDCZZoZKslgUZxyaBM6SgAOmKDE8twQTxeytkIywwsTYvCo2BLT88irpnHuo7iF0W681r4o8yuAYnIAzgMAFaIIb0AJtQEAOnsEreHOenBfn3flYtJacYqYK/sD5/AH295N+</latexit>

⇠ .6⇥ 106
<latexit sha1_base64="tD8y/tzGRDEG9TwJ+3T27D1p8T4=">AAAB/nicbVDLSgMxFM34rPU1PnZugkVwNUxKUZdFNy4rWFvojCWTZtrQJDMkGaEOxV9x40JB3Pod7vwb03YW2nrgwuGce7n3nijlTBvf/3aWlldW19ZLG+XNre2dXXdv/04nmSK0SRKeqHaENeVM0qZhhtN2qigWEaetaHg18VsPVGmWyFszSmkocF+ymBFsrNR1DwPNBEReFQaGCaoh8u/Pum7F9/wp4CJBBamAAo2u+xX0EpIJKg3hWOsO8lMT5lgZRjgdl4NM0xSTIe7TjqUS201hPr1+DE+s0oNxomxJA6fq74kcC61HIrKdApuBnvcm4n9eJzPxRZgzmWaGSjJbFGccmgROooA9pigxfGQJJorZWyEZYIWJsYGVbQho/uVF0qp6qOYhdFOr1C+LPErgCByDU4DAOaiDa9AATUDAI3gGr+DNeXJenHfnY9a65BQzB+APnM8fZNKTtQ==</latexit>

⇠ 1.2⇥ 106
<latexit sha1_base64="4goKZMNn9Xs1I1DwXFCYEMAAqBc=">AAAB/nicbVDLSgMxFM3UV62v8bFzEyyCq2EiRV0W3bisYG2hM5ZMmmlDk8yQZIQ6FH/FjQsFcet3uPNvTNtZaOuBC4dz7uXee6KUM218/9spLS2vrK6V1ysbm1vbO+7u3p1OMkVokyQ8Ue0Ia8qZpE3DDKftVFEsIk5b0fBq4rceqNIskbdmlNJQ4L5kMSPYWKnrHgSaCYg8BAPDBNUQ+fdnXbfqe/4UcJGgglRBgUbX/Qp6CckElYZwrHUH+akJc6wMI5yOK0GmaYrJEPdpx1KJ7aYwn14/hsdW6cE4UbakgVP190SOhdYjEdlOgc1Az3sT8T+vk5n4IsyZTDNDJZktijMOTQInUcAeU5QYPrIEE8XsrZAMsMLE2MAqNgQ0//IiaZ16qOYhdFOr1i+LPMrgEByBE4DAOaiDa9AATUDAI3gGr+DNeXJenHfnY9ZacoqZffAHzucPY0GTtA==</latexit>

⇠ 1.1⇥ 106
<latexit sha1_base64="cY5dOw+qFHE9OhsXsehUc9iGKIs=">AAAB/XicbVBNSwMxEM3Wr1q/Vnv0EiyCp2VTinosevFYwdpCu5Zsmm1Dk+ySZIVlqX/FiwcF8er/8Oa/MW33oK0PBh7vzTAzL0w408b3v53S2vrG5lZ5u7Kzu7d/4B4e3es4VYS2Scxj1Q2xppxJ2jbMcNpNFMUi5LQTTq5nfueRKs1ieWeyhAYCjySLGMHGSgO32tdMQK8O+4YJqiHyH84Hbs33/DngKkEFqYECrYH71R/GJBVUGsKx1j3kJybIsTKMcDqt9FNNE0wmeER7lkpsNwX5/PgpPLXKEEaxsiUNnKu/J3IstM5EaDsFNmO97M3E/7xeaqLLIGcySQ2VZLEoSjk0MZwlAYdMUWJ4ZgkmitlbIRljhYmxeVVsCGj55VXSqXuo4SF026g1r4o8yuAYnIAzgMAFaIIb0AJtQEAGnsEreHOenBfn3flYtJacYqYK/sD5/AHws5N6</latexit>

⇠ .2⇥ 106

<latexit sha1_base64="ZRA+cPqWzzl7eqcFlyCzXAzV5dA=">AAAB/nicbVDLSgMxFM34rPU1PnZugkVwNUykPpZFNy4rWFvojCWTZtrQJDMkGaEOxV9x40JB3Pod7vwb03YW2nrgwuGce7n3nijlTBvf/3YWFpeWV1ZLa+X1jc2tbXdn904nmSK0QRKeqFaENeVM0oZhhtNWqigWEafNaHA19psPVGmWyFszTGkocE+ymBFsrNRx9wPNBKx6pzAwTFANkX9/1nErvudPAOcJKkgFFKh33K+gm5BMUGkIx1q3kZ+aMMfKMMLpqBxkmqaYDHCPti2V2G4K88n1I3hklS6ME2VLGjhRf0/kWGg9FJHtFNj09aw3Fv/z2pmJL8KcyTQzVJLpojjj0CRwHAXsMkWJ4UNLMFHM3gpJHytMjA2sbENAsy/Pk+aJh6oeQjfVSu2yyKMEDsAhOAYInIMauAZ10AAEPIJn8ArenCfnxXl3PqatC04xswf+wPn8AW4+k7s=</latexit>

⇠ 4.5⇥ 106
<latexit sha1_base64="+OOG+y3bUH2zUn6ExgjpjR/wE4c=">AAAB/nicbVDLSgMxFM34rPU1PnZugkVwNUy0qMuiG5cVrC10xpJJM21okhmSjFCH4q+4caEgbv0Od/6NaTsLbT1w4XDOvdx7T5Rypo3vfzsLi0vLK6ultfL6xubWtruze6eTTBHaIAlPVCvCmnImacMww2krVRSLiNNmNLga+80HqjRL5K0ZpjQUuCdZzAg2Vuq4+4FmAp56VRgYJqiGyL8/67gV3/MngPMEFaQCCtQ77lfQTUgmqDSEY63byE9NmGNlGOF0VA4yTVNMBrhH25ZKbDeF+eT6ETyyShfGibIlDZyovydyLLQeish2Cmz6etYbi/957czEF2HOZJoZKsl0UZxxaBI4jgJ2maLE8KElmChmb4WkjxUmxgZWtiGg2ZfnSfPEQ1UPoZtqpXZZ5FECB+AQHAMEzkENXIM6aAACHsEzeAVvzpPz4rw7H9PWBaeY2QN/4Hz+AGsak7k=</latexit>

⇠ 3.4⇥ 106 }

Low energy e+e- Higgs factories  
~ 1 million Higgs

Moderate energy e+e- Higgs factories  
~ few million Higgs

End of LHC ~ O(100) million Higgses!HL-LHC
<latexit sha1_base64="tq1ziFCTB/JuPUdYx7SUC4i7ik8=">AAAB/nicbVDLSgMxFM3UV62v8bFzEyyCq2GiFXVXdOOygrWFzlgyaaYNTTJDkhHqUPwVNy4UxK3f4c6/MX0stPXAhcM593LvPVHKmTa+/+0UFhaXlleKq6W19Y3NLXd7504nmSK0ThKeqGaENeVM0rphhtNmqigWEaeNqH818hsPVGmWyFszSGkocFeymBFsrNR29wLNBPROTmFgmKAaIv/+ou2Wfc8fA84TNCVlMEWt7X4FnYRkgkpDONa6hfzUhDlWhhFOh6Ug0zTFpI+7tGWpxHZTmI+vH8JDq3RgnChb0sCx+nsix0LrgYhsp8Cmp2e9kfif18pMfB7mTKaZoZJMFsUZhyaBoyhghylKDB9Ygoli9lZIelhhYmxgJRsCmn15njSOPVTxELqplKuX0zyKYB8cgCOAwBmogmtQA3VAwCN4Bq/gzXlyXpx352PSWnCmM7vgD5zPH3E1k70=</latexit>

⇠ .35⇥ 109

FCC-hh
<latexit sha1_base64="3hOHnQ8VxIx6h52YsVnd2swwWJI=">AAAB/XicbVBNSwMxEM36WevXao9egkXwVDalUL0VvXisYG2hu5Zsmm1Dk+ySZIVlqX/FiwcF8er/8Oa/MW33oK0PBh7vzTAzL0w408bzvp219Y3Nre3STnl3b//g0D06vtdxqgjtkJjHqhdiTTmTtGOY4bSXKIpFyGk3nFzP/O4jVZrF8s5kCQ0EHkkWMYKNlQZuxddMwHoT+oYJqiHyHi4HbtWreXPAVYIKUgUF2gP3yx/GJBVUGsKx1n3kJSbIsTKMcDot+6mmCSYTPKJ9SyW2m4J8fvwUnlllCKNY2ZIGztXfEzkWWmcitJ0Cm7Fe9mbif14/NdFFkDOZpIZKslgUpRyaGM6SgEOmKDE8swQTxeytkIyxwsTYvMo2BLT88irp1muoUUPotlFtXRV5lMAJOAXnAIEmaIEb0AYdQEAGnsEreHOenBfn3flYtK45xUwF/IHz+QMDbpOG</latexit>

⇠ 27⇥ 109 27 billion Higgses

Speculative high energy options (run plans specified here)

Muon (or electron colliders)

6 TeV 4/ab
10 TeV 10/ab

14 TeV 20/ab

30 TeV 90/ab
100 TeV 100/ab

Collider in the sea

500 TeV 50/ab
<latexit sha1_base64="Aqhb+Mq3L7Q+kL0M46923MQNuEU=">AAAB/XicbVBNSwMxEM36WevXao9egkXwVBIpqLeiF48VrC1015JNs21okl2SrLCU+le8eFAQr/4Pb/4b03YP2vpg4PHeDDPzolRwYxH69lZW19Y3Nktb5e2d3b19/+Dw3iSZpqxFE5HoTkQME1yxluVWsE6qGZGRYO1odD31249MG56oO5unLJRkoHjMKbFO6vmVwHAJ6wgFlktmIEYPlz2/impoBrhMcEGqoECz538F/YRmkilLBTGmi1FqwzHRllPBJuUgMywldEQGrOuoIm5TOJ4dP4EnTunDONGulIUz9ffEmEhjchm5Tkns0Cx6U/E/r5vZ+CIcc5Vmlik6XxRnAtoETpOAfa4ZtSJ3hFDN3a2QDokm1Lq8yi4EvPjyMmmf1XC9hvFtvdq4KvIogSNwDE4BBuegAW5AE7QABTl4Bq/gzXvyXrx372PeuuIVMxXwB97nDxSbk5E=</latexit>

⇠ 400⇥ 109 Can approach a trillion Higgs

<latexit sha1_base64="8udIRQm7qIcD5wkZHEpP+NHEBEc=">AAAB/nicbVDLSgMxFM3UV62v8bFzEyyCq2FSi7osunFZwdpCZyyZNG1Dk8yQZIQ6FH/FjQsFcet3uPNvTNtZaOuBC4dz7uXee6KEM218/9spLC2vrK4V10sbm1vbO+7u3p2OU0Vog8Q8Vq0Ia8qZpA3DDKetRFEsIk6b0fBq4jcfqNIslrdmlNBQ4L5kPUawsVLHPQg0E/DUq8DAMEE1RP79Wcct+54/BVwkKCdlkKPecb+CbkxSQaUhHGvdRn5iwgwrwwin41KQappgMsR92rZUYrspzKbXj+GxVbqwFytb0sCp+nsiw0LrkYhsp8BmoOe9ifif105N7yLMmExSQyWZLeqlHJoYTqKAXaYoMXxkCSaK2VshGWCFibGBlWwIaP7lRdKseKjqIXRTLdcu8zyK4BAcgROAwDmogWtQBw1AwCN4Bq/gzXlyXpx352PWWnDymX3wB87nD2f4k7c=</latexit>

⇠ 3.2⇥ 106
<latexit sha1_base64="oQUvGMiBEAr2A0v4lc5Gs4XZjP0=">AAAB/XicbVDLSgMxFM3UV62v0S7dBIvgapiIz13RjcsK1hY6Y8mkmTY0yQxJRhhK/RU3LhTErf/hzr8xbWehrQcuHM65l3vviVLOtPH9b6e0tLyyulZer2xsbm3vuLt79zrJFKFNkvBEtSOsKWeSNg0znLZTRbGIOG1Fw+uJ33qkSrNE3pk8paHAfcliRrCxUtetBpoJeOmdBoYJqiHyH866bs33/CngIkEFqYECja77FfQSkgkqDeFY6w7yUxOOsDKMcDquBJmmKSZD3KcdSyW2m8LR9PgxPLRKD8aJsiUNnKq/J0ZYaJ2LyHYKbAZ63puI/3mdzMQX4YjJNDNUktmiOOPQJHCSBOwxRYnhuSWYKGZvhWSAFSbG5lWxIaD5lxdJ69hDJx5Ctye1+lWRRxnsgwNwBBA4B3VwAxqgCQjIwTN4BW/Ok/PivDsfs9aSU8xUwR84nz8clJOW</latexit>

⇠ 9.5⇥ 106
<latexit sha1_base64="hjxOsdek8mGeM27d9LiyNb9ykyA=">AAAB/XicbVBNSwMxEM3Wr1q/Vnv0EiyCp7IpRT0WvXisYG2hu5Zsmm1Dk+ySZIVlqX/FiwcF8er/8Oa/MW33oK0PBh7vzTAzL0w408bzvp3S2vrG5lZ5u7Kzu7d/4B4e3es4VYR2SMxj1QuxppxJ2jHMcNpLFMUi5LQbTq5nfveRKs1ieWeyhAYCjySLGMHGSgO36msmYKMBfcME1RB5D+cDt+bVvTngKkEFqYEC7YH75Q9jkgoqDeFY6z7yEhPkWBlGOJ1W/FTTBJMJHtG+pRLbTUE+P34KT60yhFGsbEkD5+rviRwLrTMR2k6BzVgvezPxP6+fmugyyJlMUkMlWSyKUg5NDGdJwCFTlBieWYKJYvZWSMZYYWJsXhUbAlp+eZV0G3XUrCN026y1roo8yuAYnIAzgMAFaIEb0AYdQEAGnsEreHOenBfn3flYtJacYqYK/sD5/AH2+5N+</latexit>

⇠ 22⇥ 106
<latexit sha1_base64="VKDgc4pnOQC/5jOUBOb5mEMuTpE=">AAAB/nicbVDLSgMxFM34rPU1PnZugkVwNUxKQd0V3bisYG2hM5ZMmmlDk8yQZIQ6FH/FjQsFcet3uPNvTNtZaOuBC4dz7uXee6KUM218/9tZWl5ZXVsvbZQ3t7Z3dt29/TudZIrQJkl4otoR1pQzSZuGGU7bqaJYRJy2ouHVxG89UKVZIm/NKKWhwH3JYkawsVLXPQw0E9BDVRgYJqiGyL+/6LoV3/OngIsEFaQCCjS67lfQS0gmqDSEY607yE9NmGNlGOF0XA4yTVNMhrhPO5ZKbDeF+fT6MTyxSg/GibIlDZyqvydyLLQeich2CmwGet6biP95nczE52HOZJoZKslsUZxxaBI4iQL2mKLE8JElmChmb4VkgBUmxgZWtiGg+ZcXSavqoZqH0E2tUr8s8iiBI3AMTgECZ6AOrkEDNAEBj+AZvII358l5cd6dj1nrklPMHIA/cD5/AGlek7g=</latexit>

⇠ .12⇥ 109
<latexit sha1_base64="PN/LU/pCcy34l8BAhoaSOrh8guc=">AAAB/nicbVDLSgMxFM34rPU1PnZugkVwNUykYN0V3bisYG2hM5ZMmmlDk8yQZIQ6FH/FjQsFcet3uPNvTNtZaOuBC4dz7uXee6KUM218/9tZWl5ZXVsvbZQ3t7Z3dt29/TudZIrQJkl4otoR1pQzSZuGGU7bqaJYRJy2ouHVxG89UKVZIm/NKKWhwH3JYkawsVLXPQw0E9BDNRgYJqiGyL+/6LoV3/OngIsEFaQCCjS67lfQS0gmqDSEY607yE9NmGNlGOF0XA4yTVNMhrhPO5ZKbDeF+fT6MTyxSg/GibIlDZyqvydyLLQeich2CmwGet6biP95nczEtTBnMs0MlWS2KM44NAmcRAF7TFFi+MgSTBSzt0IywAoTYwMr2xDQ/MuLpHXmoaqH0E21Ur8s8iiBI3AMTgEC56AOrkEDNAEBj+AZvII358l5cd6dj1nrklPMHIA/cD5/AHLEk74=</latexit>

⇠ .18⇥ 109

Millions to 100s of millions



More energy = More Higgs 
(IF  you can provide the luminosity)

16

Keef h

or
2

Hin I

joo Eary

production decay

ki courlingt.llig.gs

SM value

more gluons at low x



More energy = More Higgs 
(IF  you can provide the luminosity)

17

Same lesson holds for electron/muon colliders
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Versus



Muon colliders are gauge boson colliders

Winner at moderate energies!

Can think of this as VV to H fusion, with VV initial states (PDF like for hadron colliders)

<latexit sha1_base64="7unVcYC1kBNjo/w18/JrT9IpK5o=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5IURY9FETxWsB/QxrLZbtqlm03Y3Sgl5qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5fsyZ0o7zbRVWVtfWN4qbpa3tnd09u7zfUlEiCW2SiEey42NFORO0qZnmtBNLikOf07Y/vpr67QcqFYvEnZ7E1AvxULCAEayN1LfLPcXCXiAxSd0svb6vZX274lSdGdAycXNSgRyNvv3VG0QkCanQhGOluq4Tay/FUjPCaVbqJYrGmIzxkHYNFTikyktnp2fo2CgDFETSlNBopv6eSHGo1CT0TWeI9UgtelPxP6+b6ODCS5mIE00FmS8KEo50hKY5oAGTlGg+MQQTycytiIywyUGbtEomBHfx5WXSqlXds6pze1qpX+ZxFOEQjuAEXDiHOtxAA5pA4BGe4RXerCfrxXq3PuatBSufOYA/sD5/ACZlk+w=</latexit>

⇠ 1

E2

<latexit sha1_base64="ao8gF9qlSqf4YHR/GA11YnFF2QI=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hd2g6DEogscI5gHZNcxOZpMh81hmZoUQ8htePCji1Z/x5t84SfagiQUNRVU33V1xypmxvv/trayurW9sFraK2zu7e/ulg8OmUZkmtEEUV7odY0M5k7RhmeW0nWqKRcxpKx7eTP3WE9WGKflgRymNBO5LljCCrZPC0DARctVHt4/VbqnsV/wZ0DIJclKGHPVu6SvsKZIJKi3h2JhO4Kc2GmNtGeF0UgwzQ1NMhrhPO45KLKiJxrObJ+jUKT2UKO1KWjRTf0+MsTBmJGLXKbAdmEVvKv7ndTKbXEVjJtPMUknmi5KMI6vQNADUY5oSy0eOYKKZuxWRAdaYWBdT0YUQLL68TJrVSnBR8e/Py7XrPI4CHMMJnEEAl1CDO6hDAwik8Ayv8OZl3ov37n3MW1e8fOYI/sD7/AFG45Eu</latexit>

⇠ logE2



More energy = More Higgs 
(IF  you can provide the luminosity)

19

Same lesson holds for electron/muon colliders



This can be extended to thinking of  
gauge bosons as constituents of muons! 

Can think of this as VV to H fusion, with VV initial states (PDF like for hadron colliders)

Vector Boson really wants to be soft or collinear….



So what does this get you?

21



How Many Higgs??
Take this with many grains of salt…

Different energies access different dominant processes (different physics you can access), have different experimental challenges
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This is to understand orders of magnitude and what you could do if you could exploit them all!

ILC250/350

FCC-ee 240/365

CEPC 240

CLIC-380

ILC500/1000

CLIC 1500/3000

}
<latexit sha1_base64="DR6456GTIKdu69aQct4S7zjmwBs=">AAAB/XicbVBNSwMxEM3Wr1q/Vnv0EiyCp2UjpXosevFYwdpCdy3ZNNuGJtklyQpLqX/FiwcF8er/8Oa/MW33oK0PBh7vzTAzL0o508b3v53S2vrG5lZ5u7Kzu7d/4B4e3eskU4S2ScIT1Y2wppxJ2jbMcNpNFcUi4rQTja9nfueRKs0SeWfylIYCDyWLGcHGSn23GmgmoNeAgWGCaoj8h0bfrfmePwdcJaggNVCg1Xe/gkFCMkGlIRxr3UN+asIJVoYRTqeVINM0xWSMh7RnqcR2UziZHz+Fp1YZwDhRtqSBc/X3xAQLrXMR2U6BzUgvezPxP6+XmfgynDCZZoZKslgUZxyaBM6SgAOmKDE8twQTxeytkIywwsTYvCo2BLT88irpnHuo7iF0W681r4o8yuAYnIAzgMAFaIIb0AJtQEAOnsEreHOenBfn3flYtJacYqYK/sD5/AH295N+</latexit>

⇠ .6⇥ 106
<latexit sha1_base64="tD8y/tzGRDEG9TwJ+3T27D1p8T4=">AAAB/nicbVDLSgMxFM34rPU1PnZugkVwNUxKUZdFNy4rWFvojCWTZtrQJDMkGaEOxV9x40JB3Pod7vwb03YW2nrgwuGce7n3nijlTBvf/3aWlldW19ZLG+XNre2dXXdv/04nmSK0SRKeqHaENeVM0qZhhtN2qigWEaetaHg18VsPVGmWyFszSmkocF+ymBFsrNR1DwPNBEReFQaGCaoh8u/Pum7F9/wp4CJBBamAAo2u+xX0EpIJKg3hWOsO8lMT5lgZRjgdl4NM0xSTIe7TjqUS201hPr1+DE+s0oNxomxJA6fq74kcC61HIrKdApuBnvcm4n9eJzPxRZgzmWaGSjJbFGccmgROooA9pigxfGQJJorZWyEZYIWJsYGVbQho/uVF0qp6qOYhdFOr1C+LPErgCByDU4DAOaiDa9AATUDAI3gGr+DNeXJenHfnY9a65BQzB+APnM8fZNKTtQ==</latexit>

⇠ 1.2⇥ 106
<latexit sha1_base64="4goKZMNn9Xs1I1DwXFCYEMAAqBc=">AAAB/nicbVDLSgMxFM3UV62v8bFzEyyCq2EiRV0W3bisYG2hM5ZMmmlDk8yQZIQ6FH/FjQsFcet3uPNvTNtZaOuBC4dz7uXee6KUM218/9spLS2vrK6V1ysbm1vbO+7u3p1OMkVokyQ8Ue0Ia8qZpE3DDKftVFEsIk5b0fBq4rceqNIskbdmlNJQ4L5kMSPYWKnrHgSaCYg8BAPDBNUQ+fdnXbfqe/4UcJGgglRBgUbX/Qp6CckElYZwrHUH+akJc6wMI5yOK0GmaYrJEPdpx1KJ7aYwn14/hsdW6cE4UbakgVP190SOhdYjEdlOgc1Az3sT8T+vk5n4IsyZTDNDJZktijMOTQInUcAeU5QYPrIEE8XsrZAMsMLE2MAqNgQ0//IiaZ16qOYhdFOr1i+LPMrgEByBE4DAOaiDa9AATUDAI3gGr+DNeXJenHfnY9ZacoqZffAHzucPY0GTtA==</latexit>

⇠ 1.1⇥ 106
<latexit sha1_base64="cY5dOw+qFHE9OhsXsehUc9iGKIs=">AAAB/XicbVBNSwMxEM3Wr1q/Vnv0EiyCp2VTinosevFYwdpCu5Zsmm1Dk+ySZIVlqX/FiwcF8er/8Oa/MW33oK0PBh7vzTAzL0w408b3v53S2vrG5lZ5u7Kzu7d/4B4e3es4VYS2Scxj1Q2xppxJ2jbMcNpNFMUi5LQTTq5nfueRKs1ieWeyhAYCjySLGMHGSgO32tdMQK8O+4YJqiHyH84Hbs33/DngKkEFqYECrYH71R/GJBVUGsKx1j3kJybIsTKMcDqt9FNNE0wmeER7lkpsNwX5/PgpPLXKEEaxsiUNnKu/J3IstM5EaDsFNmO97M3E/7xeaqLLIGcySQ2VZLEoSjk0MZwlAYdMUWJ4ZgkmitlbIRljhYmxeVVsCGj55VXSqXuo4SF026g1r4o8yuAYnIAzgMAFaIIb0AJtQEAGnsEreHOenBfn3flYtJacYqYK/sD5/AHws5N6</latexit>

⇠ .2⇥ 106

<latexit sha1_base64="ZRA+cPqWzzl7eqcFlyCzXAzV5dA=">AAAB/nicbVDLSgMxFM34rPU1PnZugkVwNUykPpZFNy4rWFvojCWTZtrQJDMkGaEOxV9x40JB3Pod7vwb03YW2nrgwuGce7n3nijlTBvf/3YWFpeWV1ZLa+X1jc2tbXdn904nmSK0QRKeqFaENeVM0oZhhtNWqigWEafNaHA19psPVGmWyFszTGkocE+ymBFsrNRx9wPNBKx6pzAwTFANkX9/1nErvudPAOcJKkgFFKh33K+gm5BMUGkIx1q3kZ+aMMfKMMLpqBxkmqaYDHCPti2V2G4K88n1I3hklS6ME2VLGjhRf0/kWGg9FJHtFNj09aw3Fv/z2pmJL8KcyTQzVJLpojjj0CRwHAXsMkWJ4UNLMFHM3gpJHytMjA2sbENAsy/Pk+aJh6oeQjfVSu2yyKMEDsAhOAYInIMauAZ10AAEPIJn8ArenCfnxXl3PqatC04xswf+wPn8AW4+k7s=</latexit>

⇠ 4.5⇥ 106
<latexit sha1_base64="+OOG+y3bUH2zUn6ExgjpjR/wE4c=">AAAB/nicbVDLSgMxFM34rPU1PnZugkVwNUy0qMuiG5cVrC10xpJJM21okhmSjFCH4q+4caEgbv0Od/6NaTsLbT1w4XDOvdx7T5Rypo3vfzsLi0vLK6ultfL6xubWtruze6eTTBHaIAlPVCvCmnImacMww2krVRSLiNNmNLga+80HqjRL5K0ZpjQUuCdZzAg2Vuq4+4FmAp56VRgYJqiGyL8/67gV3/MngPMEFaQCCtQ77lfQTUgmqDSEY63byE9NmGNlGOF0VA4yTVNMBrhH25ZKbDeF+eT6ETyyShfGibIlDZyovydyLLQeish2Cmz6etYbi/957czEF2HOZJoZKsl0UZxxaBI4jgJ2maLE8KElmChmb4WkjxUmxgZWtiGg2ZfnSfPEQ1UPoZtqpXZZ5FECB+AQHAMEzkENXIM6aAACHsEzeAVvzpPz4rw7H9PWBaeY2QN/4Hz+AGsak7k=</latexit>

⇠ 3.4⇥ 106 }

Low energy e+e- Higgs factories  
~ 1 million Higgs

Moderate energy e+e- Higgs factories  
~ few million Higgs

End of LHC ~ O(100) million Higgses!HL-LHC
<latexit sha1_base64="tq1ziFCTB/JuPUdYx7SUC4i7ik8=">AAAB/nicbVDLSgMxFM3UV62v8bFzEyyCq2GiFXVXdOOygrWFzlgyaaYNTTJDkhHqUPwVNy4UxK3f4c6/MX0stPXAhcM593LvPVHKmTa+/+0UFhaXlleKq6W19Y3NLXd7504nmSK0ThKeqGaENeVM0rphhtNmqigWEaeNqH818hsPVGmWyFszSGkocFeymBFsrNR29wLNBPROTmFgmKAaIv/+ou2Wfc8fA84TNCVlMEWt7X4FnYRkgkpDONa6hfzUhDlWhhFOh6Ug0zTFpI+7tGWpxHZTmI+vH8JDq3RgnChb0sCx+nsix0LrgYhsp8Cmp2e9kfif18pMfB7mTKaZoZJMFsUZhyaBoyhghylKDB9Ygoli9lZIelhhYmxgJRsCmn15njSOPVTxELqplKuX0zyKYB8cgCOAwBmogmtQA3VAwCN4Bq/gzXlyXpx352PSWnCmM7vgD5zPH3E1k70=</latexit>

⇠ .35⇥ 109

FCC-hh
<latexit sha1_base64="3hOHnQ8VxIx6h52YsVnd2swwWJI=">AAAB/XicbVBNSwMxEM36WevXao9egkXwVDalUL0VvXisYG2hu5Zsmm1Dk+ySZIVlqX/FiwcF8er/8Oa/MW33oK0PBh7vzTAzL0w408bzvp219Y3Nre3STnl3b//g0D06vtdxqgjtkJjHqhdiTTmTtGOY4bSXKIpFyGk3nFzP/O4jVZrF8s5kCQ0EHkkWMYKNlQZuxddMwHoT+oYJqiHyHi4HbtWreXPAVYIKUgUF2gP3yx/GJBVUGsKx1n3kJSbIsTKMcDot+6mmCSYTPKJ9SyW2m4J8fvwUnlllCKNY2ZIGztXfEzkWWmcitJ0Cm7Fe9mbif14/NdFFkDOZpIZKslgUpRyaGM6SgEOmKDE8swQTxeytkIyxwsTYvMo2BLT88irp1muoUUPotlFtXRV5lMAJOAXnAIEmaIEb0AYdQEAGnsEreHOenBfn3flYtK45xUwF/IHz+QMDbpOG</latexit>

⇠ 27⇥ 109 27 billion Higgses

Speculative high energy options (run plans specified here)

Muon (or electron colliders)

6 TeV 4/ab
10 TeV 10/ab

14 TeV 20/ab

30 TeV 90/ab
100 TeV 100/ab

Collider in the sea

500 TeV 50/ab
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⇠ 400⇥ 109 Can approach a trillion Higgs
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⇠ .12⇥ 109
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⇠ .18⇥ 109

Millions to 100s of millions



With a million Higgses…
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Statistically you get .1% at best



10+ TeV Muon Collider seems as good 
as all other options for the Higgs!  

The end.
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Not crazy for Higgs factories…



Why does it fail so badly for LHC and FCC-hh?
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Backgrounds!
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As a first example of a general Higgs physics program

SIGNAL ONLY + DELPHES

Keef h

or
2

Hin I

joo Eary

production decay

ki courlingt.llig.gs

SM value



As a first example of a general Higgs physics program

Adding other colliders to the fit…



As a first example of a general Higgs physics program

Completely unfair comparison… but still interesting nonetheless!



Throw in di-Higgs
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A muon collider could potentially be an all in one wonder for the Higgs



But why do we care so much about these numbers and 
what do they mean? And where do they come from!?
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Building our Foundational Physics Potential Cases

HIGGS BSM/UNKNOWN



Building our Foundational Physics Potential Cases

HIGGS BSM/UNKNOWN



Building our Foundational Physics Potential Cases

HIGGS BSM/UNKNOWN

Gauranteed returns are hard!



So it seems these numbers matter a lot!
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But in many ways they matter even more than a 
“guaranteed” return
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But in many ways they matter even more than a 
“guaranteed” return
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HIGGS PHYSICS  
IS  

BSM PHYSICS



Connections to the Higgs!
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 How do we turn this into a BSM understanding? 
Is this(or SMEFT version) good enough?
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Luckily the fancy theories can be replaced by very 
simple questions about the Higgs…

• Why did Electroweak Symmetry Breaking occur?


• Why is the weak scale what it is?


• Why is there an apparent light spin 0 particle?


• What is the Higgs potential?


• What role did the Higgs have in the early universe?


• Is there a “scalar equivalence principle”?


• What is causing flavor/CPV as we see it?


• Is the Higgs a portal to other sectors?

42
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So what do we want to glean from this table and 
specifically about the potential for a muon collider?



So what do we want to glean from this table and 
specifically about the potential for a muon collider?

• When do these numbers tell us something about the fundamental 
questions we’re stuck with now that we’ve seen the “Higgs”?


• Is there a particular set of experiments that are more interesting than 
others?


• Is this deviation parametrization framework useful and when do we 
actually go beyond the HL-LHC since new physics doesn’t have to only 
show up in the Higgs?


• What are we missing and what are the studies left to be done? What new 
types of measurements are available at high energies!
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Theorist vs. Experimentalist



So I’ve already shown where the muon collider is potentially 
great… but let me also throw out a few slides dreaming bigger

46

Where does the HL-LHC leave us with the least understanding about the Higgs?



So I’ve already shown where the muon collider is potentially 
great… but let me also throw out a few slides dreaming bigger
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Where does the HL-LHC leave us with the least understanding about the Higgs?

Light Fermions
Higgs self interactions



Higgs self interactions
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What’s the aspirational target?
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New physics is needed to generate these effects
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�� ⇠ 10�3

E.g. quartic we “know”

What is reach 
beyond LHC?



Higgs Self Couplings
How well do we need to measure?

Lore - Easy to distinguish 2 possible early universes with Triple Higgs

Strong First Order Phase Transition SM Crossover

��3 ⇠ 0%
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Higgs Self Couplings
How well do we need to measure?

Known Current Universe

Currently Assumed
Early Universe

Alternative
Early Universe

Higgs
Field Value

Higgs Potential

Unrestored Electroweak Symmetry 
PM, H. Ramani 

1807.07578

Three qualitatively DIFFERENT histories of our universe

In principle need                   to distinguish
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Really hard in 1st and 2nd gen
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1st and 2nd Gen Yukawa
Very difficult to measure but clean environment 

with lots of Higgses are what is needed!

Ratio to SM Yukawa
But… There are now models with sizable enhancements!

D. Egaña, S.Homiller, PM 
1811.00017, 1908.11376, 

2101.04119

56



57

Aspirational targets

Easiest place to get beyond LHC but also how far 
can the muon collider go?
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Perturbative Unitarity Bounds!
Lee-Quigg-Thacker Higgs mass bound
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mh . 1TeV

Last but not least what can you do with high energies that is novel?



What can you do with energy and EWSB?
These delicate cancellations persist all over the place!

For example a modified Top Yukawa… 



What can you do with energy and EWSB?
These delicate cancellations persist all over the place!

For example a modified Top Yukawa… 



Ok I’ll stop here but I’ve only 
scratched the surface, and 

remember the Higgs is the key!
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Naturalness, EWSB, EWPT, future 
of universe, Flavor  - all come back 

to Higgs!
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Conclusions
• The muon collider is an incredible option for the Higgs


• What needs to be done


• Backgrounds, Backgrounds, Backgrounds (PDFs)


• Novel new studies available for off-shell properties, high p_T physics


• How much can the detector be optimized to really get flavor tagging down  for light 
quarks?


• How much can the luminosity be increased? 


• Can the muon collider be an all in one Higgs machine or is there a stronger case for ILC + 
muC in analogy with FCC ee/hh? Is there a better option Higgs physics wise?


• How do we actually finish measuring all the properties of the Higgs sufficiently for current 
BSM theory? A: I have no clue…
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