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Preparing for Seattle Snowmass Community meeting

All the predictions plots now include the muon collider, major achievement thanks to the work done by “us”

A lot of contributions submitted to the Snowmass process

March 15, 2022

https://muoncollider.web.cern.ch

Muon Collider Physics Summary

Submitted to the Proceedings of the US Community Study

on the Future of Particle Physics (Snowmass 2021)

This is one of the six reports submitted to Snowmass by the International Muon Collider Collaboration.

The Indico subscription page:
https://indico.cern.ch/event/1130036/

contains the link to the reports and gives the possibility to subscribe to the papers.

The policy for signatures is that, for each individual report, you can subscribe as "Author" or as

"Signatory", defined as follows:

– “Author” indicates that you did contribute to the results documented in the report in any form,

including e.g. by participating to the discussions of the community meeting, sending comments

on the drafts, etc, or that you plan to contribute to the future work. The “Authors” will appear as

such in on arXiv.

– "Signatory means that you express support to the Collaboration effort and endorse the

Collaboration plans. The "Signatories" list will be reported in the text only.

The white papers will appear on arXiv on 15 March 2022 (Snowmass deadline).

Additional contributors can subscribe until March 30th and they will be added to the revised version.

Authors:
C. Aimè1,25, A. Apyan2, M.A. Mahmoud.3, N. Bartosik4, F. Batsch5, A. Bertolin6, M. Bonesini7,65,

D. Buttazzo8, M. Casarsa9, A. Cerri10, C. Cesarotti11, G. Chachamis12, S. Chen13, Y.-T. Chien14,

M. Costa15,8, N. Craig16, D. Curtin17, S. Dasu18, J. de Blas19, H. Denizli20, R. Dermisek21,

L. Luzio22,6, B. Di Micco23,66, K. R. Dienes24,67, T. Dorigo6, D. Fiorina25, R. Franceschini23,66,

F. Garosi26, A. Glioti13, M. Greco23, A. Greljo27, R. Gröber22,6, C. Grojean28,68, J. Gu29, T. Han30,

B. Henning13, K. Hermanek21, T.R. Holmes31, S. Homiller11, S. Jana32, S. Jindariani33, Y. Kahn34,

W. Kilian35, K. Kong36, P. Koppenburg37, K. Krizka38, L. Lee31, Q. Li39, Z. Liu40, K.R. Long41,69,

I. Low42,70, D. Lucchesi43,6, Y. Ma30, F. Maltoni44,71, L. Mantani45, D. Marzocca9, B. Mele46,

F. Meloni28, C. Merlassino47, A. Montella9, M. Nardecchia48,46, F. Nardi43,6, P. Panci49,8,

S. Pagan Griso50, G. Panico51,72, P. Paradisi22,6, N. Pastrone4, F. Piccinini25, K. Potamianos47,

D. Redigolo52, L. Reina53, J. Reuter28, C. Riccardi1,25, L. Ricci13, L. Ristori33, F. Sala54, J. Salko27,

P. Salvini25, E. Salvioni22,6, D. Schulte5, M. Selvaggi5, A. Senol20, L. Sestini6, V. Sharma18,

R. Simoniello5, G. Stark55, D. Stolarski56, S. Su24, X. Sun57, R. Sundrum58, J. Tang59,73, B. Thomas60,

R. Torre61, S. Trifinopoulos9, I. Vai25, L. Vittorio15,8, Y. Wu62, A. Wulzer (corresponding author)63,

X. Zhao23,66, J. Zurita64,

Signatories:
K. Agashe67, B.C. Allanach45, P. Asadi74, A. Azatov75,9, E. Barzi33,115, J. Berryhill33, A. Bersani61,

K.M. Black18, A. Braghieri25, A. Bross33, L. Buonincontri6,43, B. Caiffi61, G. Calderini76,116,

ar
X

iv
:2

20
3.

07
25

6v
1 

 [h
ep

-p
h]

  1
4 

M
ar

 2
02

2

https://arxiv.org/abs/2203.07256

April 1, 2022

https://muoncollider.web.cern.ch

A Muon Collider Facility for Physics Discovery

Submitted to the Proceedings of the US Community Study

on the Future of Particle Physics (Snowmass 2021)

This is one of the six reports submitted to Snowmass by the International Muon Collider Collaboration.

The Indico subscription page:
https://indico.cern.ch/event/1130036/

contains the link to the reports and gives the possibility to subscribe to the papers.

The policy for signatures is that, for each individual report, you can subscribe as "Author" or as

"Signatory", defined as follows:

– “Author” indicates that you did contribute to the results documented in the report in any form,

including e.g. by participating to the discussions of the community meeting, sending comments

on the drafts, etc, or that you plan to contribute to the future work. The “Authors” will appear as

such on arXiv.

– "Signatory means that you express support to the Collaboration effort and endorse the

Collaboration plans. The "Signatories" list will be reported in the text only.

The white papers will appear on arXiv on 15 March 2022 (Snowmass deadline).

Additional contributors can subscribe until March 30th and they will be added to the revised version.

Editors:
D. Stratakis1, N. Mokhov1, M. Palmer2, N. Pastrone3, T. Raubenheimer4, C. Rogers5, D. Schulte6,

V. Shiltsev1, J. Tang7,9, A. Yamamoto6,8,

Authors:
C. Aimè10,22, M.A. Mahmoud.11, N. Bartosik3, E. Barzi1,38, A. Bersani12, A. Bertolin13,

M. Bonesini14,39, B. Caiffi12, M. Casarsa15, M.G. Catanesi16, A. Cerri17, C. Curatolo14, M. Dam14,

H. Damerau6, E. De Matteis18, H. Denizli19, B. Di Micco20,40, T. Dorigo13, S. Farinon12, F. Filthaut21,

D. Fiorina22, D. Giove18, M. Greco20, C. Grojean23,41, T. Han24, S. Jindariani1, P. Koppenburg25,

K. Krizka26, Q. Li27, Z. Liu28, K.R. Long29,5, D. Lucchesi30,13, S. Mariotto31,18, F. Meloni23,

C. Merlassino32, E. Métral6, A. Montella15, R. Musenich12, M. Nardecchia33,42, F. Nardi30,13,

D. Neuffer1, S. Pagan Griso26, K. Potamianos32, M. Prioli18, E. Radicioni16, L. Reina34,

C. Riccardi10,22, L. Ristori1, L. Rossi31,18, P. Salvini22, J. Santiago35,43, A. Senol19, L. Sestini13,

M. Sorbi31,18, G. Stark36, M. Statera18, X. Sun37, I. Vai22, R. U. Valente18

Signatories:
K. Agashe44, B.C. Allanach45, A. Apresyan1, P. Asadi46, D. Athanasakos47, A. Azatov48,15, F. Batsch6,

M.E. Biagini49, K.M. Black50, . . Bottaro51,52, A. Braghieri22, A. Bross1, L. Buonincontri13,30,

D. Buttazzo52, G. Calderini53,114, S. Calzaferri22, A. Canepa1, R. Capdevilla54,63, L. Castelli30,

ar
X

iv
:2

20
3.

08
03

3v
1 

 [p
hy

si
cs

.a
cc

-p
h]

  1
5 

M
ar

 2
02

2

https://arxiv.org/abs/2203.08033

March 16, 2022
https://muoncollider.web.cern.ch

Simulated Detector Performance at the Muon
Collider

Submitted to the Proceedings of the US Community Study
on the Future of Particle Physics (Snowmass 2021)

This is one of the six reports submitted to Snowmass by the International Muon Collider Collaboration.
The Indico subscription page:

https://indico.cern.ch/event/1130036/
contains the link to the reports and gives the possibility to subscribe to the papers.
The policy for signatures is that, for each individual report, you can subscribe as "Author" or as
"Signatory", defined as follows:

– “Author” indicates that you did contribute to the results documented in the report in any form,
including e.g. by participating to the discussions of the community meeting, sending comments
on the drafts, etc, or that you plan to contribute to the future work. The “Authors” will appear as
such in on arXiv.

– “Signatory” means that you express support to the Collaboration effort and endorse the
Collaboration plans. The “Signatories” list will be reported in the text only.

The white papers will appear on arXiv on 15 March 2022 (Snowmass deadline).

Additional contributors can subscribe until March 30th and they will be added to the revised version.

Editors:
N. Bartosik1, K. Krizka2, S. Pagan Griso2

Authors:
C. Aimè3,6, A. Apyan4, A. Bertolin5, A. Braghieri6, L. Buonincontri5,18, S. Calzaferri6, M. Casarsa7,
M.G. Catanesi8, A. Cerri9, G. Chachamis10, A. Colaleo11,8, C. Curatolo12, G. Da Molin13, S. Dasu14,
H. Denizli15, B. Di Micco16,32, T. Dorigo5, F. Errico11,8, D. Fiorina6, L. Giambastiani17,5,
A. Gianelle5, C. Giraldin18, M. Herndon14, T.R. Holmes19, S. Jindariani20, G.K. Krintiras21, L. Lee19,
Q. Li22, K.R. Long23,33, D. Lucchesi18,5, P. Mastrapasqua24, F. Meloni25, A. Montella7, F. Nardi18,5,
N. Pastrone1, A. Pellecchia11, K. Potamianos26, E. Radicioni8, R. Radogna11,8, C. Riccardi3,6,
L. Ristori20, P. Salvini6, D. Schulte27, A. Senol15, L. Sestini5, F. M. Simone11,8, R. Simoniello27,
A. Stamerra11,8, X. Sun28, M. Swiatlowski29, J. Tang30,34, E. A. Thompson25, I. Vai6, M. Valente29,
N. Valle3,6, R. Venditti11,8, P. Verwilligen8, H. Weber31, A. Zaza11,8, D. Zuliani18,5

Signatories:
K. Agashe35, B.C. Allanach36, P. Andreetto5, P. Asadi37, M.A. Mahmoud.38, A. Azatov39,7, E. Barzi20,99,
F. Batsch27, J. Berryhill20, A. Bersani40, K.M. Black14, M. Bonesini12,100, A. Bross20, D. Buttazzo41,
B. Caiffi40, G. Calderini42,101, R. Capdevilla43,50, L. Castelli18, C. Cesarotti44, Z. Chacko35,

ar
X

iv
:2

20
3.

07
96

4v
1 

 [h
ep

-e
x]

  1
5 

M
ar

 2
02

2

https://arxiv.org/abs/2203.07964

March 15, 2022
https://muoncollider.web.cern.ch

Promising Technologies and R&D Directions for

the Future Muon Collider DetectorsSubmitted to the Proceedings of the US Community Study

on the Future of Particle Physics (Snowmass 2021)
This is one of the six reports submitted to Snowmass by the International Muon Collider Collaboration.

The Indico subscription page:
https://indico.cern.ch/event/1130036/

contains the link to the reports and gives the possibility to subscribe to the papers.

The policy for signatures is that, for each individual report, you can subscribe as "Author" or as

"Signatory", defined as follows:– “Author” indicates that you did contribute to the results documented in the report in any form,

including e.g. by participating to the discussions of the community meeting, sending comments

on the drafts, etc, or that you plan to contribute to the future work. The “Authors” will appear as

such on arXiv.– “Signatory” means that you express support to the Collaboration effort and endorse the

Collaboration plans. The “Signatories” list will be reported in the text only.

The white papers will appear on arXiv on 15 March 2022 (Snowmass deadline).

Additional contributors can subscribe until March 30th and they will be added to the revised version.

Editors:
S. Jindariani1, F. Meloni2, N. Pastrone3Authors:

C. Aimè4,6, N. Bartosik3, E. Barzi1,26, A. Bertolin5, A. Braghieri6, L. Buonincontri5,16, S. Calzaferri6,

M. Casarsa7, M.G. Catanesi8, A. Cerri9, G. Chachamis10, A. Colaleo11,8, C. Curatolo12,

G. Da Molin13, J. Delahaye14, B. Di Micco15,27, T. Dorigo5, F. Errico11,8, D. Fiorina6, A. Gianelle5,

C. Giraldin16, J. Hauptman17, T.R. Holmes18, K. Krizka19, L. Lee18, K.R. Long20,28, D. Lucchesi16,5,

N. Mokhov1, A. Montella7, F. Nardi16,5, N. Neufeld14, D. Neuffer1, S. Pagan Griso19, A. Pellecchia11,

K. Potamianos21, E. Radicioni8, R. Radogna11,8, C. Riccardi4,6, L. Ristori1, L. Rossi22,29, P. Salvini6,

D. Schulte14, L. Sestini5, V. Shiltsev1, F. M. Simone11,8, A. Stamerra11,8, X. Sun23, J. Tang24,30,

E. A. Thompson2, I. Vai6, N. Valle4,6, R. Venditti11,8, P. Verwilligen8, P. Vitulo4,6, H. Weber25,

K. Yonehara1, A. Zaza11,8, D. Zuliani16,5Signatories:K. Agashe31, B.C. Allanach32, P. Asadi33, M.A. Mahmoud.34, A. Azatov35,7, F. Batsch14, A. Bersani36,

M.E. Biagini37, K.M. Black38, S.A. Bogacz39, M. Bonesini12,101, A. Bross1, D. Buttazzo40, B. Caiffi36,

G. Calderini41,102, R. Capdevilla42,49, L. Castelli16, C. Cesarotti43, Z. Chacko31, A. Chancé44,

ar
X

iv
:2

20
3.

07
22

4v
1 

 [p
hy

sic
s.i

ns
-d

et
]  

14
 M

ar
 2

02
2

https://arxiv.org/abs/2203.07224

March 15, 2022https://muoncollider.web.cern.ch

The physics case of a 3 TeV muon collider stage
Submitted to the Proceedings of the US Community Study

on the Future of Particle Physics (Snowmass 2021)

This is one of the six reports submitted to Snowmass by the International Muon Collider Collaboration.

The Indico subscription page:
https://indico.cern.ch/event/1130036/

contains the link to the reports and gives the possibility to subscribe to the papers.

The policy for signatures is that, for each individual report, you can subscribe as “Author” or as

“Signatory”, defined as follows:
– “Author” indicates that you did contribute to the results documented in the report in any form,

including e.g. by participating to the discussions of the community meeting, sending comments

on the drafts, etc, or that you plan to contribute to the future work. The “Authors” will appear as

such in on arXiv.
– “Signatory” means that you express support to the Collaboration effort and endorse the

Collaboration plans. The “Signatories” list will be reported in the text only.
The white papers will appear on arXiv on 15 March 2022 (Snowmass deadline).
Additional contributors can subscribe until March 30th and they will be added to the revised version.Editors:

J. de Blas1, D. Buttazzo2, R. Capdevilla3,4, D. Curtin4, R. Franceschini5,12, F. Maltoni6,13, P. Meade7,

F. Meloni8, S. Su9, E. Vryonidou10, A. Wulzer11
Authors:
C. Aimè14,33, A. Apyan15, P. Asadi16, M.A. Mahmoud.17, A. Azatov18,21, N. Bartosik19, A. Bertolin20,

L. Buonincontri20,51, M. Casarsa21, M.G. Catanesi22, A. Cerri23, C. Cesarotti24, G. Chachamis25,

S. Chen26, Y.-T. Chien27, M. Costa28,2, G. Da Molin11, S. Dasu29, H. Denizli30, R. Dermisek31,

L. Luzio32,20, B. Di Micco5,12, K. R. Dienes9,72, T. Dorigo20, M. Fabbrichesi21, D. Fiorina33,

M. Forslund7, E. Gabrielli34,21, F. Garosi35, A. Glioti26, M. Greco5, A. Greljo36, R. Gröber32,20,

C. Grojean8,73, J. Gu37, C. Han38, T. Han39, K. Hermanek31, M. Herndon29, T.R. Holmes40,

S. Homiller24, G.-y. Huang41, S. Jana41, S. Jindariani42, Y. Kahn43, W. Kilian44, P. Koppenburg45,

N. Kreher44, K. Krizka46, L. Lee40, Q. Li47, Z. Liu48, K.R. Long49,74, I. Low50,75, Q. Lu24,

D. Lucchesi51,20, Y. Ma39, L. Mantani52, D. Marzocca21, N. McGinnis53, B. Mele54, C. Merlassino55,

A. Montella21, F. Nardi51,20, P. Panci56,2, S. Pagan Griso46, G. Panico57,76, P. Paradisi32,20,

N. Pastrone19, F. Piccinini33, K. Potamianos55, E. Radicioni22, D. Redigolo58, L. Reina59, J. Reuter8,

C. Riccardi14,33, L. Ricci26, L. Ristori42, W. Rodejohann41, F. Sala60, J. Salko36, P. Salvini33,

J. Santiago61,1, D. Schulte62, M. Selvaggi62, A. Senol30, L. Sestini20, V. Sharma29, R. Simoniello62,

G. Stark63, D. Stolarski64, X. Sun65, T. Tait66, J. Tang67,77, B. Thomas68, E. A. Thompson8, R. Torre69,

S. Trifinopoulos21, I. Vai33, L. Vittorio28,2, Y. Wu70, K. Xie39, X. Zhao5,12, J. Zurita71

ar
X

iv
:2

20
3.

07
26

1v
1 

 [h
ep

-p
h]

  1
4 

M
ar

 2
02

2
https://arxiv.org/abs/2203.07261

2

Preparation of a paper to be submitted to Eur. Phys. Journal C by the end of September 

https://arxiv.org/abs/2203.07256
https://arxiv.org/abs/2203.08033
https://arxiv.org/abs/2203.07964
https://arxiv.org/abs/2203.07224
https://arxiv.org/abs/2203.07261


Seattle Snowmass Community meeting: theory vision

A leptonic v!ion for " future
Higgs Factories High Energy

ILC 
 

CLIC 
FCC-ee 
CEPC 

… 
More in  forum talk 
Possible  staging

C3

e+e−

μ+μ−

10+ TeV Collider 
More in  forum talk 

10+ TeV WFA  collider  

μ
μ+μ−

e+e−

So what are " %ysics cas&?

Patrick Meade

3



Seattle Snowmass Community meeting: theory vision-2

High energy leptons allows us to push forwards 
on understanding the Higgs
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Seattle Snowmass Community meeting: theory vision-3

High energy leptons let us push forwards numerous  
BSM directions as well!

Simple Singlet extension of SM

10 TeV very 
complementary with 

FCC-hh, 30 TeV 
blows away  
other ideas

Can map to 
Neutral Naturalness 

Reach

Patrick Meade
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Seattle Snowmass Community meeting: experiment vision

• Lattice designs for a 3 and 6 TeV Colliders are in place 
• Optics and magnet parameters have been specified [ref]

• Addressed the challenges associated with radiation loads on magnets as well 
as particle background in the collider detector [ref]

• The decay of muons in the collider ring produces a dense flux of 
neutrinos at significant distance from the collider 
• Several solutions in place to mitigate the problem: Examples include situating 

the collider at ~100 m depth [ref] or move lattice overtime (IMCC approach) 
[ref].

• These solutions illustrate that neutrino flux can be manageable, similar to LHC.

Feasibility: Collider Ring design & neutrino flux 

7/19/202214

6 TeV
lattice
design

Diktys Stratakis
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Seattle Snowmass Community meeting: experiment vision-2

16

Beam Induced Background

• Beam background is one of the unique features/challenges of Muon Colliders
• Main Source of Beam Induced Background (BIB) are showers produced by electrons 

originating in beam muon decays 
• Muons decay with an average lifetime of 2.2 ∙ 10−6 seconds at rest, at 𝑠 = 3 TeV they live 

for about 3.1 ∙ 10−2 seconds
• The challenge is to separate collision particles from the BIB

HCAL
ECAL

Diktys Stratakis
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Seattle Snowmass Community meeting: experiment vision-3

17

Detectors: Key Developments

✦ Detector Environment: 
✓ Radiation levels similar to HL-LHC and much smaller 

than at the future hadron colliders

✦ Beam induced background evolution 
studied:
✓ The BIB in detector volume is approximately constant 

with COM energy (even without MDI optimization) →
higher energies possible 

✦ Detector technologies have been rapidly 
advancing (in large due to HL-LHC needs): 
✓ Particle Flow detectors with excellent position, energy 

and timing resolution 
✓ Advanced on- and off- detector data processing
✓ Using reconstruction from pp makes a huge difference

✦ Minimum muon collider detector requirements are 
within reach or already technologically available.

Diktys Stratakis
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Detector performance

The detector configuration and simulation is described in Sec. 5.3. The beam-induced back-1693

ground is included. Jets are reconstructed using a Particle Flow algorithm for selecting tracks and1694

calorimeter clusters, and the kt algorithm with radius R = 0.5 is used for the clustering. In order1695

to select jets in the region with the best performance in term of reconstruction efficiency and jet1696

energy resolutions, the requirements pT > 40 GeV and |⌘| < 2.5| are applied.1697

The heavy flavour identification efficiencies and misidentification rate have been determined1698

with independent samples of bb̄, cc̄ and light jets. Secondary vertices (SVs) are reconstructed using1699

tracks in the jet cones, and a jet is tagged as heavy flavour if at least one SV is found. The light1700

jet misidentification rate is found negligible, and for this reason light jets have not been included1701

in the background. The tagging efficiencies have been determined as a function of the jet pT and1702

polar angle (✓). These efficiencies are then applied to the reconstructed H ! bb̄ and background1703

samples with a reweighting technique.1704

The dijet invariant mass distributions for signal and background are then fitted with double-1705

gaussian pdfs, in order to obtain the signal and background models. The number of expected1706

signal and background events is determined by considering the WHIZARD cross sections, the total1707

selection efficiency and the integrated luminosity. In particular of about 59.5k H ! bb̄ events and1708

65.4k background events are expected to be collected with 1 ab�1.1709

The signal and background invariant mass models and the expected number of events are used1710

to generate pseudo-data. The pseudo-data are then fitted with the invariant mass models, by using1711

an unbinned maximum likelihood fit, and by letting the signal and background yields float. In this1712

way the measured H ! bb̄ yield is extracted. A result of one of this fits is shown in figure 24.1713

The uncertainty on the signal yield obtained from the fit is 0.75%. Several pseudo-experiments1714

(1k) have been performed to check the stability of this result, and to rule out possible biases. This1715

uncertainty can be taken as statistical uncertainty on the measurement of the H ! bb̄ cross-section.1716

0 50 100 150 200
]2dijet invariant mass [GeV/c

0

500

1000

1500

2000

2500

3000

3500

)2
Ev

en
ts

 / 
(2

 G
eV

/c Muon Collider
Simulation

=3 TeVs
  

(j) > 40 GeV/c
T

p
(j)| < 2.5η|

pseudo-data
fit total

b b →H
background

Figure 24: Result of the dijet invariant mass fit used to extract the H ! bb̄ yield and uncertainty.
Pseudo-data are obtained by exploiting the Muon Collider experiment simulation at

p
s =3 TeV,

and assuming an integrated luminosity of 1 ab�1.

The sensitivity in this channel, among others, has been studied in [14] including physics back-1717

grounds using fast simulation at both 3 TeV and 10 TeV. Here we briefly summarise the analysis1718

strategy used there at 3 TeV for comparison with the above full simulation results. Events were1719

generated using MadGraph5 [210] and showered with Pythia8 [211], with detector reconstruc-1720

tion and performance approximated by using the muon collider detector card included in the latest1721

Delphes [212] releases. Jets were clustered using the exclusive Valencia jet clustering algorithm1722

with R = 0.5 and N = 2. After applying a pT correction factor, preselection cuts of pT > 40 GeV1723

and |⌘| < 2.5 were applied.1724

A flat flavour tagging efficiency of 50% was taken for b-jets, with a c-jet misidentification rate1725

of roughly 1-3%, and negligible light-jet mistagging rate. Events with two b-tagged jets passing1726

49

Event reconstruction feasibility demonstrated already with simple algorithms
Detector occupancy and energy density are manageable

Detector design for a multi-TeV muon collider - PM 2022 - May 23, 2022M. Casarsa 9

Track reconstruction performance

Track reconstruction 

performance already

satisfactory despite a

not-optimized detector 

and crude background

mitigation measures.

N. Bartosik et al., arXiv:2203.07964 

~100000 fake 
tracks per event

endcap    barrel

Detector design for a multi-TeV muon collider - PM 2022 - May 23, 2022M. Casarsa 9

Track reconstruction performance

Track reconstruction 

performance already

satisfactory despite a

not-optimized detector 

and crude background

mitigation measures.

N. Bartosik et al., arXiv:2203.07964 

~100000 fake 
tracks per event

endcap    barrel

Fast simulation performance validated against full 
simulation using some benchmark physics scenario
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Seattle Snowmass Community meeting: final vision
The immediate future is the HL-LHC 
● During the next decade it is essential to complete the highest priority recommendation of the 

last P5 and to fully realize the scientific potential of the HL-LHC collecting at least 3 ab-1 of data.

● Continued strong US participation is critical to the success of the HL-LHC physics program, in 
particular for the Phase-2 detector upgrades, the HL-LHC data taking operations and physics 
analyses based on HL-LHC data sets, including the construction of auxiliary experiments that 
extend the reach of HL-LHC in kinematic regions uncovered by the detector upgrades

● For the next decade and beyond

○ 2025-2030: Prioritize HL-LHC physics program, including auxiliary experiments

○ 2030-2035: Continue strong support for HL-LHC physics program

○ After 2035: Support continuing the HL-LHC physics program to the conclusion of archival 
measurements
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The intermediate future is an e+e- Higgs factory
The intermediate future is an e+e- Higgs factory, either based on a linear (ILC, C3, 
CLIC) or circular collider (FCC-ee, CepC).

● The various proposed facilities have a strong core of common physics goals: it is 
important to realize at least one somewhere in the world.

● A fast start towards construction is important. There is strong US support for initiatives 
that could be realized on a time scale relevant for early career physicists.

● For the next decade and beyond

○ 2025-2030: Establish a targeted e+e- Higgs Factory detector R&D for US participation in a global 
collider

○ 2030-2035: Support and advance construction of an e+e- Higgs Factory

○ After 2035: Begin and support the physics program of an e+e- Higgs Factory
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The long-term future is a multi-TeV collider
● A 10-TeV muon collider (MuC) and 100-TeV proton-proton collider (FCC-hh, SppC) directly probe the 

order 10 TeV energy scale with different strengths that are unparalleled in terms of mass reach, precision, 
and sensitivity.

● The main limitation is technology readiness. A vigorous R&D program into accelerator and detector 
technologies will be crucial.

● For the next decade and beyond
○ 2025-2030: 

■ Develop an initial design for a first stage TeV-scale Muon Collider in the US (pre-CDR)
■ Support critical detector R&D towards EF multi-TeV colliders

○ 2030-2035: Demonstrate principal risk mitigation and deliver CDR for a first-stage TeV-scale Muon 
Collider

○ After 2035: 
■ Demonstrate readiness to construct and deliver TDR for a first-stage TeV-scale Muon Collider
■ Ramp up funding support for detector R&D for EF multi-TeV colliders
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