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A new interest in a muon collider
Motivations

• Recurrent interest in the HEP community for accelerating 
muons.


• However, now a very different context:


• New key technologies are becoming available                                   
=> Multi-TeV accelerators being explored                                    
=> Time scale becoming realistic 


• New Physics opportunities                                                       
=> After 10+ years of LHC: energy gap                                                                                                  
=> Direct searches+precision

Timing is right for R&D! ⇒
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A new interest in a muon collider
2022 papers (including Snowmass)
1. K.M. Black et al., "Muon Collider Forum Report," : 2209.01318 [hep-ex] 
2. Arakawa et al. ,"Probing Muon $g-2$ at a Future Muon Collider et al. “ e-Print: 2208.14464 [hep-ph] 
3. Brendt et al. ,"NLO Electroweak Corrections to Multi-Boson Processes at a Muon Collider,  e-Print: 2208.09438 [hep-ph] 
4. Yang et al. ,“Shining light on the electroweak 't Hooft-Polyakov magnetic monopoles: the high-energy muon collider" , e-Print: 2208.02188 [hep-ph] 
5. Lu et al.,“Unraveling the Scotogenic Model at Muon Collider", e-Print: 2207.07382 [hep-ph] 
6.J. De Blas et al., ”The physics case of a 3 TeV muon collider stage”, arXiv:2203.07261 [hep-ph] (pdf).  
7.Inan et al., “Probe of axion-like particles in vector boson scattering at a muon collider” 2207.03325 [hep-ph] 
8.Chakraborty et al. “ Searches for heavy neutrinos at multi-TeV muon collider : a resonant leptogenesis perspective 2206.07037 [hep-ph] 
9.Azatov et al., “New Physics in b → s µ µ : FCC-hh or a Muon Collider?” 2205.13552 [hep-ph] 
10.Han et al. “ BSM Higgs Production at a Muon Collider “ 2205.11730 [hep-ph] 
11.Senol et al. ” Model-independent study on the anomalous ZZ. ZZγ and Zγγ couplings at the future muon collider” 2205.02912 [hep-ph] 
12.Ji-Chang Yang et al., “Measuring the anomalous quartic gauge couplings in the WW − process at muon collider using artificial neural networks” 2204.10034 [hep-ph] 
13.Haghighat, Search for lepton-flavor-violating decays of the tau lepton at a future muon collider”, 2204.04433 [hep-ph] 
14.S. Homiller et al. “Complementary signals of lepton flavor violation at a high-energy muon collider” 2203.08825 [hep-ph] 
15.Aime et al. , “Muon Collider Physics Summary”, 2203.07256 [hep-ph] 
16.W. Altmannshofer et al, Snowmass White Paper: Probing New Physics with µ+µ−→bs at a Muon Collider 2203.07495 [hep-ph] 
17.Bao et al., “Electroweak ALP searches at a muon collider 2203.04328 [hep-ph] 
18.De Blas et al. ,“Higgs Precision at a 125 GeV Muon Collider” 2203.04324 [hep-ph] 
19.L. Bottura, et al., " A Work Proposal for a Collaborative Study of Magnet Technology for a Future Muon Collider", 2203.13998 [physics.acc-ph] 
20.S. Homiller et al.,  "Complementary Signals of Lepton Flavor Violation at a High-Energy Muon Collider", 2203.08825 [hep-ph] 
21.Yu. Alexahin et al., "Solving Critical Problems of the Muon Collider Higgs Factory: Optics, Magnets and their Protection, Detector Backgrounds, 2203.09010 [physics.acc-ph] 
22.Nazar Bartosiket al. ,"Simulated Detector Performance at the Muon Collider", 2203.07964 [hep-ex] 
23.Brad Abbott et al., "Anomalous quartic gauge couplings at a muon collider", 2203.08135 [hep-ex] 
24.Tao Han, Tong Li, Xing Wang. ”Axion-Like Particles at High Energy Muon Colliders“, arXiv:2203.05484 [hep-ph] (pdf).  
25.Tao Han, Zhen Liu, Lian-Tao Wang, Xing Wang. ”WIMP Dark Matter at High Energy Muon Colliders”, arXiv:2203.07351 [hep-ph] (pdf). 
26.D. Ally, L. Carpenter, T. Holmes, L. Lee, P. Wagenknecht. ”Strategies for Beam-Induced Background Reduction at Muon Colliders“, arXiv:2203.06773 [physics.ins-det] (pdf).  
27.Sergo Jindariani, Federico Meloni, Nadia Pastrone, et al. ”Promising Technologies and R&D Directions for the Future Muon Collider Detectors”, arXiv:2203.07224 [physics.ins-det] (pdf).  
28.D. Stratakis, N. Mokhov, M. Palmer, N. Pastrone, T. Raubenheimer, C. Rogers, D. Schulte, et al. ”A Muon Collider Facility for Physics Discovery“, arXiv:2203.08033 [physics.acc-ph] (pdf).  
29.Nazar Bartosik, Karol Krizka, Simone Pagan Griso, Chiara Aimè, Aram Apyan, et al. ”Simulated Detector Performance at the Muon Collider”, arXiv:2203.07964 [hep-ex] (pdf). 
30.K. Black, T. Bose, S. Dasu, H. Jia, S. Lomte, C. Vuosalo. et al. ”Prospects for the Measurement of the Standard Model Higgs Pair Production at the Muon Colliders“, arXiv:2203.08874 [hep-ex] (pdf).  
31.Matthew Forslund, Patrick Meade. ”High Precision Higgs from High Energy Muon Colliders”, arXiv:2203.09425 [hep-ph] (pdf) 
32.…..

Excitement building up on many innovative aspects from 
accelerators, to detectors, to an “unexpected” physics reach. 

A growing interest in the community has allowed to put efforts 

in identifying the key 

1] technologies that make a muon collider possible. 


2] physics motivations that make a muon collider worth it
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Muon collider physics
The essentials #0 : potential

EW : β ∼ 1

QCD : β ∼ (αS /α)2 ∼ 100

Simple/Naive/Rough estimate based on 
parton-parton luminosity for a generic  

 scattering.2 → 2

muC@10 TeV ~ pp@70 TeV

4
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Muon collider physics
The essentials #1 : two colliders in one

σs ∼
1
s

σs ∼
1

M2
logn s

M

A completely new regime opening for a multi-TeV muon collider
Different physics being probed in the two channels  

Energetic final states  
(either heavy or very boosted)

‘

‘

O(10) TeV muon collider energy  allows to have two colliders in one: 

Large production rates,  
SM coupling measurements 

Discovery light and weakly interacting

5
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Muon collider physics
The essentials #2 : luminosity with energy

arXiv:2208.06030 Collider Implementation Task Force  

6

10 ab-1 in 5 years
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[Buttazzo, Franceschini, Wulzer 2012.11555] 

The essentials #2 : luminosity with energy
Muon collider physics

7

https://arxiv.org/abs/2012.11555
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Muon collider physics

2] Luminosity growing with energy: 5 years
⟺ +

15 years 25 years

MuC is an STCC = Space-Time-Compact Collider 

 Goal of the tens:   

10 TeV ,  10 iab,  10 x smaller and O(10) x faster than the FCC 


⇒

⇒

1] O(10) TeV Energy small hybrid collider:

FCC-ee

+

FCC-hh

⟺

100 km10 km 100 km

MuC

t
x

The essentials #3: compactness

8
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Muon collider physics
The essentials

•A O(10 TeV) muC is in the range of what could be 
technically achievable. R&D is necessary.


• It would radically change the way we do collider physics, 
opening the exploration of EW phenomena at higher scales 
through an hybrid direct/indirect approach in a clean 
environment. 


•Given what we know now from the LHC + what will learn 
from HL-LHC what are the muC physics drivers?

9
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Direct reach
s-channel pair production

 A few months of run could be sufficient for a  discovery.  

arXiv:2203.07256  Muon Collider Physics Summary 

HL-LHC

FCC-hh

arXiv:2209.01318  Muon Collider Forum Report

10

 Matching Higgs precision:  
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Direct reach
VBF scalar singlet production

arXiv:2203.07256v1  Muon Collider Physics Summary 
[B

uttazzo et al.  1807.04743]
arXiv:2209.01318  Muon Collider Forum Report

Exclusion contour for a scalar singlet of mass mφ 
mixed with the Higgs boson with strength sin γ.  

11

Reach in terms of the scale f in the Twin Higgs model 

https://arxiv.org/abs/1807.04743
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Minimal DM
Direct reach

2σ exclusion of DM masses with horizontal (thick) bars for combined channels and various 
muon collider running scenarios by the different color codes. The thin bars are the 
estimation of the mono-photon plus one disappearing track search. The vertical bars 
indicate the thermal mass targets for the corresponding WIMP DM.  

arXiv:2209.01318  Muon Collider Forum Report

2σ exclusion of fermion DM masses with horizontal bars for individual 
search channels and muon collider energies by the different colors. The 
vertical bars indicate the thermal mass targets  

See Xiaoran Zhao’s talk on Wed
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Anomalies
g-2 and B-anomalies: EFT scenarios

Reach on the muon g-2 from high-energy measurements 
(solid lines), and from direct searches for new particles in 
explicit models (dashed lines).

Reach from μμ → jj (solid line) on the scale Λ of 
semi-leptonic interactions that can account for the B-
anomalies. 

g-2 anomaly B-anomalies[Buttazzo and Paradisi  2012.02769 ]

arXiv:2203.07256v1  Muon Collider Physics Summary 

See also: [Azatov et al.   2205.13552]See also [Arakawa et al.   2208.14464]

13

https://arxiv.org/abs/2012.02769
https://arxiv.org/abs/2205.13552
https://arxiv.org/abs/2208.14464
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Precision physics
arXiv:2203.07256v1  Muon Collider Physics Summary 

Higgs factory with  107 Higgs bosons produced, 5 104 Higgs pairs bosons 
produced.

Weak boson collider

See Yang Ma’s talk on Wed

14
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Higgs precision physics
Higgs coupling sensitivities

1σ sensitivities (in %) from a 10-parameter fit in the k-
framework at a 10 TeV muon collider with 10 ab−1 , 
compared with HL-LHC. The effect of measurements 
from a 250 GeV e+e− Higgs factory is also reported. 

arXiv:2203.07256v1  Muon Collider Physics Summary 
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Higgs precision physics
The shape of the H potential: HH production

arXiv:2203.07256v1  Muon Collider Physics Summary 
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Reach on the trilinear coupling (and more) extremely competitive. 

https://arxiv.org/abs/2008.12204
https://arxiv.org/abs/2012.11555
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Higgs precision physics
The shape of the H potential : HHH production

[Chiesa et al. 2003.13268]

Quadrilinear determination 
extremely challenging at 
any collider, due to limited 
sensitivity. 

Very preliminary study points to the possibility of 
setting competitive bounds at a muon collider. 

17

https://arxiv.org/abs/2003.13628
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Precision physics
BSM interpretation: Higgs compositeness

95% reach on the Composite Higgs scenario from high-energyy 
measurements in di- boson and di-fermion final states. The green contour 
display the sensitivity from “Universal” effects related with the composite 
nature of the Higgs boson and not of the top quark. The red contour includes 
the effects of top compositeness.

Sensitivity to a minimal Z′

arXiv:2203.07256v1  Muon Collider Physics Summary 

HL 

18
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Precision physics

Higgs factory with  107 Higgs bosons produced, 5 104 Higgs pairs bosons 
produced.

SMEFT analysis

Annihilation can probe  couplings at very high energy with a 
large statistics. 


However, VBF can access a much larger set of dim=6 operators with 
very interesting energy-growth behaviors (yet with lower statistics). 


tt̄γ, tt̄Z

vs

[Costantini et al. 2005.10289]

19

https://arxiv.org/abs/2005.10289
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New SM physics
EW interactions at high energy

•At a muon collider EW interactions will be probed at tens of TeV in a very clear 
environment for the first time.

•Our ability to make accurate measurement and to constrain/discover new 
physics will depend on how accurate will be our SM predictions.

•Not only QED but more in general  EW virtual and real radiation will play an 
important role. 

•A new regime of the SM to be explored…

20
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How events will look at a multi-TeV muon collider?

21

tth production at the LHC (Fully hadronic) 

In  a muon collider gluons and quarks first appear at scales of order 100 GeV in the decays of W,Z,H (from either initial state or final state radiation) or from photon splitting. 


Multijet final states are of EW origin.  

tth production at the muC 100 TeV HH→4b production at a multi-TeV muC 

Contribution to: 2022 Snowmass Summer Study e-Print: 2203.07256 [hep-ph]

https://inspirehep.net/conferences/1803127
https://arxiv.org/abs/2203.07256
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New SM Physics
EW real and virtual radiation

Using SCET:
[Chiu, Golf, Kelley, Manhoar, 0709.2377, 0712.0396,0806.1240, 0909.0012, 0909.0947] 

[Bauer, Webber et al.  1703.08562, 1712.07147, 1806.10157, 1808.08831, 2007.15001] 
Using DGLAP:

Various approaches available in the literature:

Parton showers: 
[Christiansen and Sjostrand 1401.5238] 
[Kleiss and Verheyen, 2002.09248]

EW splitting functions
[Chen, Han, Tweedie, 1611.00788]
New gauge formulation
[Cuomo, Vecchi, Wulzer, 1911.12366]
[J. Chen et al.2203.10440]
 EW PDF at muon collider
[Han, Ma, Xie, 2007.14300]

EW Soft effects
[Cen, Glioti, Rattazzi, Ricci, Wulzer, 2202.10509]

arXiv:2203.07256v1  Muon Collider Physics Summary 

EW NLO 
[P. Bredt et al. 2208.09438]

µ
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<latexit sha1_base64="HgX5Ajbu0rqs3869VS3+0Ao/A8g=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN4KXjxWsB/QLiWbZruhSXZJskJZCv4CLx4U8eof8ua/Mdv2oK0PBh7vzTAzL0wFN9bzvlFpbX1jc6u8XdnZ3ds/qB4etU2SacpaNBGJ7obEMMEVa1luBeummhEZCtYJx7eF33lk2vBEPdhJygJJRopHnBJbSH0a80G15tW9GfAq8RekBgs0B9Wv/jChmWTKUkGM6fleaoOcaMupYNNKPzMsJXRMRqznqCKSmSCf3TrFZ04Z4ijRrpTFM/X3RE6kMRMZuk5JbGyWvUL8z+tlNroOcq7SzDJF54uiTGCb4OJxPOSaUSsmjhCqubsV05hoQq2Lp+JC8JdfXiXti7p/Wb+5v6w1Gk/zOMpwAqdwDj5cQQPuoAktoBDDM7zCG5LoBb2jj3lrCS0iPIY/QJ8/KQCOvA==</latexit>

X

<latexit sha1_base64="QkPGpSQzP4B7MzfbQVdR59+zCI4=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kEO0CNpYJmA9IjrC3mUvW7O0du3tCOAL2NhaK2PqT7Pw3bj4KTXww8Hhvhpl5QSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkSleSzvzSRBP6JDyUPOqLFSo9MvltyyOwdZJ96SlGCJer/41RvELI1QGiao1l3PTYyfUWU4Ezgt9FKNCWVjOsSupZJGqP1sfuiUXFhlQMJY2ZKGzNXfExmNtJ5Ege2MqBnpVW8m/ud1UxNe+xmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOwIXirL6+T1lXZq5RvGpVSrfa0iCMPZ3AOl+BBFWpwB3VoAgOEZ3iFN+fBeXHenY9Fa85ZRngKf+B8/gDe/41m</latexit>

X̄

<latexit sha1_base64="sDjfmhzieFIHZdGVLj2cgTIVBGM=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN4CXjxGMA9IljA7mU2GzM4sM71CWAL+ghcPinj1e7z5N04eB00saCiquunuilIpLPr+t1dYW9/Y3Cpul3Z29/YPyodHTaszw3iDaalNO6KWS6F4AwVK3k4Np0kkeSsa3U791iM3Vmj1gOOUhwkdKBELRtFJrW5ETd6e9MoVv+rPQFZJsCAVWKDeK391+5plCVfIJLW2E/gphjk1KJjkk1I3szylbEQHvOOoogm3YT47d0LOnNInsTauFJKZ+nsip4m14yRynQnFoV32puJ/XifD+DrMhUoz5IrNF8WZJKjJ9HfSF4YzlGNHKDPC3UrYkBrK0CVUciEEyy+vkuZFNbis3txfVmq1p3kcRTiBUziHAK6gBndQhwYwGMEzvMKbl3ov3rv3MW8teIsIj+EPvM8fnJ6QKw==</latexit>

W

<latexit sha1_base64="9WJapuV5ml/gRpaKpMHNpHJ3t0E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoN4KXjy2YD+gDWWznbZrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzwkRwbTzv2ylsbG5t7xR3S3v7B4dH5eOTlo5TxbDJYhGrTkg1Ci6xabgR2EkU0igU2A4nd3O//YRK81g+mGmCQURHkg85o8ZKjXa/XPFcbwGyTvycVCBHvV/+6g1ilkYoDRNU667vJSbIqDKcCZyVeqnGhLIJHWHXUkkj1EG2OHRGLqwyIMNY2ZKGLNTfExmNtJ5Goe2MqBnrVW8u/ud1UzO8CTIuk9SgZMtFw1QQE5P512TAFTIjppZQpri9lbAxVZQZm03JhuCvvrxOWleuX3VvG9VKzc3jKMIZnMMl+HANNbiHOjSBAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPshGM0w==</latexit>

q

<latexit sha1_base64="r2t+IYyiv9C2Dy5gEAa2B44FlA8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoN4KXjy2YFuhDWWznbRrN5u4uxFK6S/w4kERr/4kb/4bt20O2vpg4PHeDDPzwlRwbTzv2ymsrW9sbhW3Szu7e/sH5cOjlk4yxbDJEpGo+5BqFFxi03Aj8D5VSONQYDsc3cz89hMqzRN5Z8YpBjEdSB5xRo2VGo+9csVzvTnIKvFzUoEc9V75q9tPWBajNExQrTu+l5pgQpXhTOC01M00ppSN6AA7lkoaow4m80On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRVTDhMs0MSrZYFGWCmITMviZ9rpAZMbaEMsXtrYQNqaLM2GxKNgR/+eVV0rpw/ap73ahWam4eRxFO4BTOwYdLqMEt1KEJDBCe4RXenAfnxXl3PhatBSefOYY/cD5/ANl5jO0=</latexit>

q̄0

<latexit sha1_base64="Ou6kO/yjNPh8Mmj2pSp/qLqLstg=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbRU0mkoN4KXjxWsLXQhjLZbtqlm026uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TRVmTxiJW7QA1E1yypuFGsHaiGEaBYI/B6HbmPz4xpXksH8wkYX6EA8lDTtFYqd0NUGXj6XmvXHGr7hxklXg5qUCORq/81e3HNI2YNFSg1h3PTYyfoTKcCjYtdVPNEqQjHLCOpRIjpv1sfu+UnFmlT8JY2ZKGzNXfExlGWk+iwHZGaIZ62ZuJ/3md1ITXfsZlkhom6WJRmApiYjJ7nvS5YtSIiSVIFbe3EjpEhdTYiEo2BG/55VXSuqx6terNfa1Sr+ZxFOEETuECPLiCOtxBA5pAQcAzvMKbM3ZenHfnY9FacPKZY/gD5/MH+jeP4w==</latexit>

fL

<latexit sha1_base64="J86upnB2nwrvmBeWdnSHJUQZP+0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgddxJQO0CNhYWEc0HJEfY2+wlS/b2jt05IYT8BBsLRWz9RXb+GzfJFZr4YODx3gwz88JUCoOe9+0U1tY3NreK26Wd3b39g/LhUdMkmWa8wRKZ6HZIDZdC8QYKlLydak7jUPJWOLqZ+a0nro1I1COOUx7EdKBEJBhFKz1EvbteueK53hxklfg5qUCOeq/81e0nLIu5QiapMR3fSzGYUI2CST4tdTPDU8pGdMA7lioacxNM5qdOyZlV+iRKtC2FZK7+npjQ2JhxHNrOmOLQLHsz8T+vk2F0FUyESjPkii0WRZkkmJDZ36QvNGcox5ZQpoW9lbAh1ZShTadkQ/CXX14lzQvXr7rX99VKzc3jKMIJnMI5+HAJNbiFOjSAwQCe4RXeHOm8OO/Ox6K14OQzx/AHzucPFwyNoQ==</latexit>

fR

<latexit sha1_base64="RC26WyfniFMd/zdLU+IIz1f4gOw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgadmVgHoLePEYH3lAsoTZSW8yZHZ2mZkVQsgnePGgiFe/yJt/4yTZgyYWNBRV3XR3hang2njet1NYW9/Y3Cpul3Z29/YPyodHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObmZ+6wmV5ol8NOMUg5gOJI84o8ZKD1HvvleueK43B1klfk4qkKPeK391+wnLYpSGCap1x/dSE0yoMpwJnJa6mcaUshEdYMdSSWPUwWR+6pScWaVPokTZkobM1d8TExprPY5D2xlTM9TL3kz8z+tkJroKJlymmUHJFouiTBCTkNnfpM8VMiPGllCmuL2VsCFVlBmbTsmG4C+/vEqaF65fda/vqpWam8dRhBM4hXPw4RJqcAt1aACDATzDK7w5wnlx3p2PRWvByWeO4Q+czx8gJI2n</latexit>

f

<latexit sha1_base64="gR755iBUQYEhH4C8I/f37HwDB/0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoN4KXjy2YD+gDWWznbRrN5uwuxFK6S/w4kERr/4kb/4bt20O2vpg4PHeDDPzwlRwbTzv2ylsbG5t7xR3S3v7B4dH5eOTlk4yxbDJEpGoTkg1Ci6xabgR2EkV0jgU2A7Hd3O//YRK80Q+mEmKQUyHkkecUWOlRtQvVzzXW4CsEz8nFchR75e/eoOEZTFKwwTVuut7qQmmVBnOBM5KvUxjStmYDrFrqaQx6mC6OHRGLqwyIFGibElDFurviSmNtZ7Eoe2MqRnpVW8u/ud1MxPdBFMu08ygZMtFUSaIScj8azLgCpkRE0soU9zeStiIKsqMzaZkQ/BXX14nrSvXr7q3jWql5uZxFOEMzuESfLiGGtxDHZrAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHyM2M4g==</latexit>

�

<latexit sha1_base64="/3PRSVqHRBUYdhbnTH8WYFIShSQ=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0JqLeAF48RzAOSJfROJsmYeSwzs0JY8g9ePCji1f/x5t84SfagiQUNRVU33V1xwpmxQfDtra1vbG5tF3aKu3v7B4elo+OmUakmtEEUV7odo6GcSdqwzHLaTjRFEXPaise3M7/1RLVhSj7YSUIjgUPJBoygdVKzO0QhsFcqB5VgDn+VhDkpQ456r/TV7SuSCiot4WhMJwwSG2WoLSOcTovd1NAEyRiHtOOoREFNlM2vnfrnTun7A6VdSevP1d8TGQpjJiJ2nQLtyCx7M/E/r5PawXWUMZmklkqyWDRIuW+VP3vd7zNNieUTR5Bo5m71yQg1EusCKroQwuWXV0nzshJWKzf31XKtmsdRgFM4gwsI4QpqcAd1aACBR3iGV3jzlPfivXsfi9Y1L585gT/wPn8AhpWPEw==</latexit>

e+

<latexit sha1_base64="vGE0bL4jxfS89zyShaXNlY3mZS8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSIIQkmkoN4KXjxWtB/QxrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aysrq1vbBa2its7u3v7pYPDpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YRK81g+mHGCfkQHkoecUWOle3w875XKbsWdgSwTLydlyFHvlb66/ZilEUrDBNW647mJ8TOqDGcCJ8VuqjGhbEQH2LFU0gi1n81OnZBTq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0ijYEb/HlZdK8qHjVyvVdtVyr5nEU4BhO4Aw8uIQa3EIdGsBgAM/wCm+OcF6cd+dj3rri5DNH8AfO5w/jvI2E</latexit>

p̄

<latexit sha1_base64="lHZzTapsDkbh+2fu4OeaqW1bT7s=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvHiMYB6QLKF3MkmGzM4OM7NCWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dkRLcWN//9gobm1vbO8Xd0t7+weFR+fikZZJUU9akiUh0J0LDBJesabkVrKM0wzgSrB1N7uZ++4lpwxP5aKeKhTGOJB9yitZJ7V6EOlOzfrniV/0FyDoJclKBHI1++as3SGgaM2mpQGO6ga9smKG2nAo2K/VSwxTSCY5Y11GJMTNhtjh3Ri6cMiDDRLuSlizU3xMZxsZM48h1xmjHZtWbi/953dQOb8KMS5VaJuly0TAVxCZk/jsZcM2oFVNHkGrubiV0jBqpdQmVXAjB6svrpHVVDWrV24dapV7L4yjCGZzDJQRwDXW4hwY0gcIEnuEV3jzlvXjv3seyteDlM6fwB97nD5d6j7c=</latexit>

Matching

<latexit sha1_base64="+bK9DrA3/0O0tcC6E4ZV2XHVX2Y=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKexKwHgLePEiRDAPSNYwO5kkQ2Znl5leJSz5Dy8eFPHqv3jzb5wke9DEgoaiqpvuriCWwqDrfju5tfWNza38dmFnd2//oHh41DRRohlvsEhGuh1Qw6VQvIECJW/HmtMwkLwVjK9nfuuRayMidY+TmPshHSoxEIyilR7Srg7JLUU2Emo47RVLbtmdg6wSLyMlyFDvFb+6/YglIVfIJDWm47kx+inVKJjk00I3MTymbEyHvGOpoiE3fjq/ekrOrNIng0jbUkjm6u+JlIbGTMLAdoYUR2bZm4n/eZ0EB1U/FSpOkCu2WDRIJMGIzCIgfaE5QzmxhDIt7K2EjaimDG1QBRuCt/zyKmlelL1K+equUqpVszjycAKncA4eXEINbqAODWCg4Rle4c15cl6cd+dj0Zpzsplj+APn8weHoJKG</latexit>

DGLAP

<latexit sha1_base64="EDhGggMEsi2njdSUWClAPHumxrA=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVwXqrKOjBQwX7AdulZNNsG5psliQrlKU/w4sHRbz6a7z5b0zbPWjrg4HHezPMzAsTzrRx3W+nsLK6tr5R3Cxtbe/s7pX3D1paporQJpFcqk6INeUspk3DDKedRFEsQk7b4eh66refqNJMxo9mnNBA4EHMIkawsZKfdZVAN7f3V41Jr1xxq+4MaJl4OalAjkav/NXtS5IKGhvCsda+5yYmyLAyjHA6KXVTTRNMRnhAfUtjLKgOstnJE3RilT6KpLIVGzRTf09kWGg9FqHtFNgM9aI3Ff/z/NREtSBjcZIaGpP5oijlyEg0/R/1maLE8LElmChmb0VkiBUmxqZUsiF4iy8vk9ZZ1TuvXj6cV+q1PI4iHMExnIIHF1CHO2hAEwhIeIZXeHOM8+K8Ox/z1oKTzxzCHzifP13JkKU=</latexit>

Pythia

<latexit sha1_base64="eu1e+MyN1P3vtP8RYQu93M9v8j4=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETyWRgvVW8OKxgv2ANpTNdtou3WzC7kSMob/EiwdFvPpTvPlv3LY5aOuDgcd7M8zMC2LBNbrut1XY2Nza3inulvb2Dw7L9tFxW0eJYtBikYhUN6AaBJfQQo4CurECGgYCOsH0Zu53HkBpHsl7TGPwQzqWfMQZRSMN7HIf4RERs2aKE05nA7viVt0FnHXi5aRCcjQH9ld/GLEkBIlMUK17nhujn1GFnAmYlfqJhpiyKR1Dz1BJQ9B+tjh85pwbZeiMImVKorNQf09kNNQ6DQPTGVKc6FVvLv7n9RIc1f2MyzhBkGy5aJQIByNnnoIz5AoYitQQyhQ3tzpsQhVlaLIqmRC81ZfXSfuy6tWq13e1SqOex1Ekp+SMXBCPXJEGuSVN0iKMJOSZvJI368l6sd6tj2VrwcpnTsgfWJ8/nW+Tsw==</latexit>

⌫

<latexit sha1_base64="ntef6D3glm6LML0cUydxlY/BeNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUL0VvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh75MB+WKW3UXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbSvql6tenNfqzRqeRxFOINzuAQP6tCAO2hCCxiM4Ble4c0Rzovz7nwsWwtOPnMKf+B8/gBejY3V</latexit>

1

<latexit sha1_base64="XW/2sFSnOgppSReUk5gfTastosg=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmaS0WRuAS96S8AskAyhp9OTtOlZ6O4RwpAv8OJBEa9+kjf/xs4iqOiDgsd7VVTV8xPOpLKsDyO3tr6xuZXfLuzs7u0fFA+P2jJOBaEtEvNYdH0sKWcRbSmmOO0mguLQ57TjT67mfueeCsni6FZNE+qFeBSxgBGstNS0B8WSZVZq9qVTQ5ZZrjquU9GkWim77gWyTWuBEqzQGBTf+8OYpCGNFOFYyp5tJcrLsFCMcDor9FNJE0wmeER7mkY4pNLLFofO0JlWhiiIha5IoYX6fSLDoZTT0NedIVZj+dubi395vVQFNS9jUZIqGpHloiDlSMVo/jUaMkGJ4lNNMBFM34rIGAtMlM6moEP4+hT9T9pl03ZMt+mU6jerOPJwAqdwDjZUoQ7X0IAWEKDwAE/wbNwZj8aL8bpszRmrmWP4AePtEwh0jSY=</latexit>

2

<latexit sha1_base64="AsmPoPiIAvHMKAd67VRije65fQw=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxWrMruNFdC/YBbSiT6aQdO5mEmYlQQr/AjQtF3PpJ7vwbpw9BRQ9cOJxzL/feE6acKY3Qh1VYWV1b3yhulra2d3b3yvsHLZVkktAmSXgiOyFWlDNBm5ppTjuppDgOOW2H46uZ376nUrFE3OpJSoMYDwWLGMHaSA23X64g26n6Z+cIIruKPPfCM8T1fN8ojo3mqIAl6v3ye2+QkCymQhOOleo6KNVBjqVmhNNpqZcpmmIyxkPaNVTgmKognx86hSdGGcAokaaEhnP1+0SOY6UmcWg6Y6xH6rc3E//yupmOLoOciTTTVJDFoijjUCdw9jUcMEmJ5hNDMJHM3ArJCEtMtMmmZEL4+hT+T1qu7Xi23/AqtZtlHEVwBI7BKXBAFdTANaiDJiCAggfwBJ6tO+vRerFeF60FazlzCH7AevsE8XSNFg==</latexit>

3

<latexit sha1_base64="Wgm3pGQVYKiWdgyVMs0SlxZeL6M=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GmbGLM4t4EVvCZgFkiH0dGqSNj0L3T1CGPIFXjwo4tVP8ubf2FkEFX1Q8Hiviqp6fsKZVJb1YeTW1jc2t/LbhZ3dvf2D4uFRW8apoNCiMY9F1ycSOIugpZji0E0EkNDn0PEnV3O/cw9Csji6VdMEvJCMIhYwSpSWmheDYskyXbvqVB1smWWn5lZsTRyrYrtVbJvWAiW0QmNQfO8PY5qGECnKiZQ920qUlxGhGOUwK/RTCQmhEzKCnqYRCUF62eLQGT7TyhAHsdAVKbxQv09kJJRyGvq6MyRqLH97c/Evr5eq4NLLWJSkCiK6XBSkHKsYz7/GQyaAKj7VhFDB9K2YjokgVOlsCjqEr0/x/6TtmHbZdJvlUv1mFUcenaBTdI5sVEN1dI0aqIUoAvSAntCzcWc8Gi/G67I1Z6xmjtEPGG+f8ySNFw==</latexit>

See Mauro Chiesa’s talk on Wed
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https://arxiv.org/abs/2203.10440
https://inspirehep.net/authors/2064664
https://arxiv.org/abs/2208.09438
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Final considerations
Muon Collider 

• Enthusiastic return from the theory community on the opportunities that a muon collider will 
open up to explore the energy frontier after what we have learnt from the HL-LHC.


• A Multi-TeV MuC is a space-time-compact collider with the unique ability to act as a 
lepton collider as well as a VV collider. 


• In the last two years a wealth of phenomenological explorations have clearly indicated how 
rich the physics program of a 10 TeV/10 iab machine will be. 


• A broad and convincing physics case has been layed out, together with the identification of 
open directions for more detailed studies.   
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