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PPD Future Colliders Group
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§ Introduction 
§ Future Colliders Group composition
§ Planning and activities
§ Brief Status of major global projects
§ Summary

Outline
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§ Physics at the Energy Frontier is of paramount importance!  
Fermilab’s leadership role at the Energy Frontier must continue!

§ The Future Colliders group was proposed to facilitate 
engagement in future collider projects abroad as well as the full 
exploitation of the Fermilab accelerator complex. 

§ The questions we would like to answer : 
– What kind of future is the Lab aspiring to create for itself in particle physics 

and accelerator physics in order to maintain its leadership in these areas?  
– Which international projects would Fermilab engage in to advance the energy 

frontier program and how will that engagement evolve and be managed?  
– What kind of large-scale project(s) can the Lab envision undertaking that 

makes it unique? 
– What steps must be taken from now through the next twenty years so that the 

Lab is well placed to realize that vision?  

Introduction
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From 
Director’s All Hands 
Meeting 03/24/2021 



§ Pushpa Bhat (PPD, Lead)
§ Sergo Jindariani (PPD, Deputy)
§ Alan Bross (ND)
§ Anadi Canepa (PPD)
§ Daniel Elvira (SCD)
§ Giorgio Apollinari (APSTD)
§ Mike Syphers (AD/NIU)
§ Patrick J. Fox (Theory)

PPD Future Colliders Group
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• Petra Merkel (PPD, detectors)
• Sergei Nagaitsev (AD/DO)
• Sergey Belomestnykh (APSTD)
• Sam Posen (APSTD)
• Tanaji Sen (AD) 
• Vladimir Shiltsev (AD)
• Zoltan Gecse (PPD, IPPM)

• Some discussions on division liaisons still ongoing.

*

*

*

* *

* SAC Energy Frontier Conveners

Composition:



• Launch task forces and create forums for discussion among 
experts and enthusiasts in key areas such as engagements 
in ILC, FCC, muon collider study, ...

• The core group meets frequently to discuss and will have 
open forums with brief reports periodically.  

• Mailing lists will be created for key areas that you can self-
subscribe

• A website will be created to provide information on activities 
planned and events.

• Group members will give/arrange seminars to keep Lab 
scientists informed of progress

• Communicate through Fermi News articles
• Planning to organize a workshop this fall.
• Your input and participation is encouraged!

Activities planned
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Snowmass 2013
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In-person meetings!?



§ Recommendation 1: Pursue the most important opportunities wherever 
they are, and host unique, world-class facilities that engage the global 
scientific community.

ILC:
§ Recommendation 11: Motivated by the strong scientific importance of the 

ILC and the recent initiative in Japan to host it, the U.S. should engage in 
modest and appropriate levels of ILC accelerator and detector design in 
areas where the U.S. can contribute critical expertise. Consider higher 
levels of collaboration if ILC proceeds.

FCC: 
§ Recommendation 24: Participate in global conceptual design studies and 

critical path R&D for future very high-energy proton-proton colliders. 
Continue to play a leadership role in superconducting magnet technology 
focused on the dual goals of increasing performance and decreasing 
costs.

P5 (2013) Recommendations
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Status of Major projects
The International Linear Collider 
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§ The International Linear Collider maybe the next (post-LHC) collider to 
be realized, if decision to host is made by the Japanese Government.
– Construction could start within this decade.

§ “It is the one proposal (of a future collider) that is on the table now.”       
-- Michael Peskin at LCWS2021.  

§ Strong support from the US community and a strong endorsement 
from P5 could help funding for US participation in the ILC. 

§ Japan’s Ministry for Science & Technology (MEXT) is aggressively 
advocating for the ILC.  ICFA is encouraging international 
negotiations.

§ The United States will have a pivotal role to play in the preparation and 
construction of the ILC.

§ ICFA has recently created the ILC International Development Team 
to help launch the ILC pre-Lab once the decision to go ahead is 
made.

§ The ILC pre-Lab will be set up as an international collaboration of 
national, intergovernmental and university laboratories governed 
through Memorandum of Understanding (MoUs).

The International Linear Collider (ILC)
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The International Linear Collider
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ICFA Meeting @SLAC, Feb. 2020

The International Linear Collider in Japan (ILC250), if 
approved, could start construction in this decade 
and start operations by 2035.

ICFA launched the ILC-IDT in Feb. 2020

Timeline
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Technical preparatory work are defined 
as work packages and delivered by the 
participating laboratories as in-kind 
contributions.   

See talks at LCWS2021 for more info on ILC status
https://indico.cern.ch/event/995633/

https://indico.cern.ch/event/995633/


§ ILC 250 will have 10 km SRF main linacs (MLs) with 900 cryomodules with 
8 cavities in each;  9-cell cavities operating at 31.5 MV/m; SRF crab 
cavities for Beam Delivery system

§ During the ILC pre-Lab, three work packages in SRF R&D are planned.
§ WP-1: Cavity Industrial-Production Readiness (Prepare for mass 

production)
– US-Japan collaborative work to improve cavity performance and for cost-reduction 

ongoing since 2017 
– 120 cavities to be produced (40 x 3 regions) using cost-effective methods while 

maintaining performance higher than baseline
§ WP-2: Cryomodule (CM) Global Transfer and Performance Assurance

– Demonstrate cryomodule transport from abroad to Japan by sea with no performance 
degradation after transport

– CM must satisfy high-pressure-gas safety regulations
– The CM design to be re-evaluated and the design fixed before production

§ WP-3: Crab Cavity (CC) for BDS
– Produce and test a prototype two-cavity cryomodule (pCM) 

SRF Work Packages for the ILC Main Linac
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Sergey Belomestnykh



SRF R&D for ILC++
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§ Significant progress in SRF technology since ILC-
TDR with new innovative cavity treatments 
– The ILC TDR design spec 31.5 MV/m.
– Aiming for 38 MV/m, Q>1010 ; stretch goal ~ 40 

MV/m
– Nb cavities have reached  ~ 48-50 MV/m 

§ Higher gradients  è Cost reduction and upgrades 

Nb

Nb3Sn§ Nb3Sn cavities could 
potentially provide much 
higher gradients (>100 
MV/m) in the future

§ Possible use in ILC 
energy upgrades. 
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Sam Posen



§ Fermilab EF scientists primarily engaged in physics 
and detectors at hadron colliders so far

§ ILC physics is of great interest even at 250 GeV
– A lot of interest in the US community
– A small ILC physics group foreseeable for ILC physics

§ Great potential for engagement with detector R&D
– Precision tracking, High granularity calorimeters, timing 

detectors
– Two detector systems – SiD, ILD
– Experiment LoIs to be requested once pre-Lab is set up
– A workshop on ILC experiments (ILCX) this fall in Tsukuba 
– Detector R&D in the context of ILC or EIC could be beneficial 

for other future collider experiments

Physics and Detectors
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Petra Merkel, Artur Apresyan



Status of Major projects
Future Circular Colliders  
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§ As per the 2020 European Strategy update, the FCC Study is now 
focused on investigating the technical and financial feasibility of a ~100 
TeV pp collider at CERN in a 100 km ring, with an e+e- Higgs and 
electroweak factory as a first stage  
– FCC(ee) followed by FCC(hh)

§ Highest priority studies:
q tunnel: high-risk zones, surface areas, administrative processes, environment
q machines: R&D (e.g. superconducting RF for FCC-ee; magnets for FCC-hh); design

à Goal is CDR++ with results of feasibility studies by ~ 2026.  

Future Circular Colliders @CERN
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~ 70 years timeframe



Future Circular Colliders (FCC)
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Jim Siegrist 
at HEPAP mtg.
Dec. 2020



Status of Major Projects
Renewed Enthusiasm for Muon Colliders
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Status of Major Projects
Renewed Enthusiasm for Muon Colliders

04/02/2021 Bhat/Canepa/Fox/Jindiariani/Nagaitsev               PPD Future Colliders Group 28

An explosion of interest!
Touted as a precision and discovery machine

Technologically challenging and hence exciting
Unique opportunities for innovation



§ A high energy Muon Collider (~10 TeV) can give excellent precision for Higgs 
couplings measurements and allow to probe trilinear Higgs coupling (also quartic 
coupling at higher energies)

§ Direct New Physics Reach: for colored particles 10 TeV µµ ~ 70 TeV pp. For 
colorless particles 10 TeV µµ ~ 150 TeV pp
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Equivalent reach in pp 
after rescaling for pdf’s

Physics at the Muon Collider

Also see recently released “The Muon Smasher’s 
Guide”  https://arxiv.org/abs/2103.14043

Precision and Discovery Machine

https://arxiv.org/abs/2103.14043


2020 2030 2035

Fabiola, ICFA spring 2020 

§ International Muon Collider Collaboration
– The 2020 European Strategy Update recommended integration of an international 

design study for a muon collider within the European Roadmap for accelerator R&D.
(The ESPPU document actually says “bright muon beams”)

– In response, the Laboratory Directors Group (comprising directors of major particle 
physics laboratories in Europe) has initiated an International Muon Collider 
Collaboration hosted at CERN to study the concept. 

§ NeUtrinos from STOred Muons (nuSTORM)
– Part of Beyond Collider Physics study @ CERN

• ~250 kW target station
• Pion transport line
• Stochastic muon capture into storage ring 
• Conventional FODO or high aperture FFA ring

§ Enhanced NeUtrino BEams from kaon Tagging (ENUBET)
– Part of Beyond Collider Physics study @ CERN

• Design a narrow band neutrino beam at the GeV scale 
whose flux can be determined at the 1% level (Kaon tagging).

§ Integration of nuSTORM and ENUBET with iMC
– Neutrino science; cross section and BSM
– Muon collider demonstrator and test bed

CERN/European Muon (Collider) Initiatives 
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Establish whether the investment 
into a full CDR and a demonstrator 
is scientifically justified in time for 
the next European Strategy Update 
(~5 years)

Alan Bross



§ Clear resurgence of interest in Muon Colliders within Snowmass
– Many LOIs and ongoing studies and White Papers expected. AF, EF and TF have 

recently established a cross-frontier forum dedicated specifically to Muon Collider
– A three-day workshop organized by University of Pittsburgh. Covered recent 

developments in the areas of physics, accelerator and detectors (link)
– An informal event organized jointly by USATLAS and USCMS collaboration members to 

provide more information to the LHC community (link)
– LHC Physics Center (LPC) bi-weekly discussions. Mainly focused on detector and 

reconstruction.
– Upcoming Muon Collider mini-symposium during the APS April Meeting

§ Contact info
– LPC muon collider physics/detectors

• Subscribe to muoncolliderphysics@listserv.fnal.gov

– Snowmass forum
• Snowmass-muon-collider-forum@listserv.fnal.gov

– International Collaboration
• https://muoncollider.web.cern.ch/
• (For NuStorm, see https://www.nustorm.org/trac/wiki/WikiStart)
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Muon Collider in Snowmass’21

https://indico.cern.ch/event/969815/
https://agenda.hep.wisc.edu/event/1538/
mailto:muoncolliderphysics@listserv.fnal.gov
mailto:Snowmass-muon-collider-forum@listserv.fnal.gov
https://muoncollider.web.cern.ch/
https://www.nustorm.org/trac/wiki/WikiStart


Detectors at the Muon Collider

32

• Three main challenges identified: beam background, high 
power targets and neutrino radiation 
• At 1.5 TeV 𝜆 = 9.3×10!m, with 2×10"#𝜇/bunch ⇒ 2×10$decays per meter of 

lattice.

• Cutting-edge detector technologies to mitigate effects of the 
Beam Induced Background
• Smart trackers with high granularity and timing capabilities
• PF Calorimetry with good timing capabilities 
• Innovative event reconstruction strategies exploiting time correlations 

between different subdetectors

• Simulation Framework exists, need design studies, 
optimization, and new ideas
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§ A group of Fermilab scientists are already involved in Muon Collider 
studies in the context of Snowmass
§ Physics Studies
§ Detector simulation and event reconstruction
§ BIB Simulations and MDI optimization

§ Unique expertise at Fermilab in many other key areas:
§ Overall system design
§ RF and high field magnets
§ Ionization cooling 
§ Targets
§ Advanced detector design
§ Neutrino radiation issues and mitigation

§ Exploring synergies with Intensity and Precision Frontiers. The goal is to 
understand what other physics can be done with intense muons beams.

§ Work within Snowmass and in collaboration with CERN to understand the 
evolving interest within the US community, identify key R&D needs and 
outline path forward

§ Sergo Jindariani and Diktys Stratakis are among 6 coordinators for the Snowmass Muon 
Collider Forum; Sergo is coordinating LPC Forum with Kevin Black (Wisonsin).
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Contributions and Synergies



“Nothing happens unless first a dream!”

--Carl Sandburg

04/02/202
1
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Future Colliders at Fermilab??



§ Given the planned development of the accelerator complex for 
LBNF/DUNE program, Fermilab will have a robust infrastructure for a 
future muon collider or a hadron collider
– Multi-MW proton beam with PIP-II linac and Booster replacement 
– A lot of expertise in all relevant areas

§ A Site Filler for a Muon Collider or a Compact Hadron Collider?
§ Muon accelerator complex at Fermilab

– Muon Collider R&D facility with muon and neutrino programs
– Multi-TeV (5 -10 TeV) Muon Collider (Neuffer, et al.)

§ A Compact Hadron Collider at Fermilab 
– Site Filler (16 km, 24-28 TeV)
– > 20 T LTS/HTS magnets
– IBS magnet research promising for >20T but early days

§ An Advanced Linear Collider (ALC?) > 10TeV

Future Collider Options 
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§ The PPD Future Colliders group with representatives drawn from 
across the Lab has been formed. 

§ We plan to engage in cross-divisional collaboration as well as 
explore synergies with intensity and precision frontier plans.

§ In the near term, we will continue to work with the US university 
and other national labs and the international community within the 
context of Snowmass.

§ The ongoing and planned development of the Fermilab accelerator 
complex for LBNF/DUNE provides a great impetus and 
infrastructure for longer-range planning of future facilities.  

§ We look forward to your active participation!

Summary
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Extra Slides
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CERN    plan:

High Field Magnet R&D for pp Collider
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