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In a decade or two, we can hope to . . .

Understand electroweak symmetry breaking

Observe the Higgs boson

Measure neutrino masses and mixings

Establish Majorana neutrinos (ββ0ν)

Thoroughly explore CP violation in B decays

Exploit rare decays (K, D, . . . )

Observe neutron EDM, pursue electron EDM

Use top as a tool

Observe new phases of matter

Understand hadron structure quantitatively

Uncover the full implications of QCD

Observe proton decay

Understand the baryon excess

Catalogue matter and energy of the universe

Measure dark energy equation of state

Search for new macroscopic forces

Determine GUT symmetry

Detect neutrinos from the universe

Learn how to quantize gravity

Learn why empty space is nearly weightless

Test the inflation hypothesis

Understand discrete symmetry violation

Resolve the hierarchy problem

Discover new gauge forces

Directly detect dark-matter particles

Explore extra spatial dimensions

Understand the origin of large-scale structure

Observe gravitational radiation

Solve the strong CP problem

Learn whether supersymmetry is TeV-scale

Seek TeV-scale dynamical symmetry breaking

Search for new strong dynamics

Explain the highest-energy cosmic rays

Formulate the problem of identity

. . . and learn the right questions to ask

ca. 2000:

Current list: → 120 Questions

https://www.dropbox.com/scl/fi/1qe95ytu223qt4inzpsyh/UIUCPerspectives2024.pdf?rlkey=hyyzx9k9kj0900ikdmuk7ed61&st=3qyi570i&dl=0


65

“sixth place of the decimal” and beyond …

1

ATLAS MW (2024): 80.3665 ± 0.0159 MeV

CMS (2024): a⌧ = 0.0009+0.0032
�0.0031

Chris Quigg Perspectives and Questions . . . UIUC · 19.04.2024 16 / 45
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Robert R. Wilson: “to create a paradise for users"



6

In Leon’s company, it seemed that anything might be possible

Chris Quigg· Honoring Leon Lederman· APS April Meeting, Denver 2019

https://arxiv.org/pdf/2001.01879
https://arxiv.org/pdf/2001.01879
https://arxiv.org/pdf/2001.01879
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Paradise?
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Paradise?

Huge thanks to Doug Glenzinski and Site Access Steering Committee
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CMS / LPC 

HL-LHC to come
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13.6 TeV = 1012 Rydberg
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Neutrinos . . .

Neutrinos oscillate among the three known species, ⌫e , ⌫µ, ⌫⌧
(discovered with neutrinos from natural sources)

Accelerator-based long-baseline experiments NO⌫A and T2K
; DUNE and Hyper-Kamiokande + new short-baseline experiments

Kinematics: 3H �-decay experiment KATRIN; 163Ho !163 Dy
experiments that rely on reactors (JUNO)
or natural sources (IceCube and KM3Net)

Puzzling results: LSND–MiniBooNE, “Reactor anomaly”
; MicroBooNE, . . .

Chris Quigg Perspectives and Questions . . . UIUC · 19.04.2024 28 / 45



12

Some outstanding questions about neutrino physics
64 What is the order of levels of the mass eigenstates ⌫1, ⌫2, ⌫3? It is

known that the ⌫e-rich ⌫1 is the lighter of the “solar pair,” with the
more massive ⌫2. Does the ⌫e-poor ⌫3 lie above or below the other
two (normal or inverted mass ordering)?

65 What is the absolute scale of neutrino masses? KATRIN vs. Cosmo?
66 What is the flavor composition of ⌫3? Is it richer in ⌫µ or ⌫⌧?
67 Is CP violated in neutrino oscillations? To what degree?
68 Are neutrinos Majorana particles? While this issue is primarily

addressed by searches for neutrinoless double-� decay, collider
searches for same-sign lepton pairs also speak to it.

69 Do three light (left-handed) neutrinos su�ce?
70 What is the nature of right-handed neutrinos?
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More outstanding questions about neutrino physics
71 Are there light sterile neutrinos? If so, how could they arise?
72 Do neutrinos have nonstandard interactions, beyond those mediated

by W
± and Z?

73 How can we detect the cosmic neutrino background?
Each species, now: ⇡ 56 cm�3

T⌫ ⇡ 2 K ⇡ 1.7⇥ 10�4 eV
74 Are all the neutrinos stable?
75 Do neutrinos contribute appreciably to the dark matter of the

Universe?
76 How is neutrino mass a sign of physics beyond the standard model?
77 Will neutrinos give us insight into the matter excess in the Universe

(through leptogenesis)?
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Why so little attention to a neutrino factory?
A Neutrino Factory based on a muon storage ring could provide a very
strong second act for the coming generation of accelerator-based neutrino
experiments.

Beyond its application to oscillation experiments as an intense source
with known composition, an instrument that delivered 1020 ⌫ per year
could be a highly valuable resource for on-campus experiments.

Neutrino interactions on thin targets, polarized targets, or active targets
could complement the nucleon-structure programs carried out in electron
scattering at Je↵erson Lab and elsewhere. Gomez-Cadenas & Harris (2002)

Eventually: Multi-TeV muon collider??
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Toward Future Machines 
 

Refine e, p technologies 

Develop exotic technologies 

Accelerate exotic particles
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Past Innovations  Cyclic acceleration 
Phase stability 

Strong focusing 
Colliding beams 

Active optics 
Superconducting magnets 

Ultrahigh vacuum technology 
Superconducting RF 

…
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https://www.dropbox.com/scl/fi/4hljuh39bo5u70zqvdzm1/Users99.pdf?rlkey=w7ridpomqnj977srz9xxlmvfk&st=x4fmlv2h&dl=0
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1999
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Do we still need a Higgs Factory?
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Higgs Coupling Strengths

Snowmass 2021–22 Higgs Report, arXiv:2209.07510

Chris Quigg Perspectives and Questions . . . UIUC · 19.04.2024 10 / 45
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“An offshore Higgs factory, realized in collaboration with international partners, 
 in order to reveal the secrets of the Higgs boson.”

Essential reading: FCC Week 2024

https://fccweek2024.web.cern.ch
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Far away vision 
Higgs boson

precision

Electroweak
precision

Flavor
precision

New
Physics

‘Low mass’ and
high luminosity

Kind of
‘Intensity frontier’

~10 x more precise than HL-LHC

~20 x more data than Belle II

~105 x more data than LEP

Top
Never produced

in e+e-

C. Paus

https://indico.fnal.gov/event/64626/contributions/293153/attachments/179640/245471/fnaluec-fccee.pdf
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FCC-ee Specs 
From Fabiola’s talk

See Also Sam Posen

C. Paus

https://indico.fnal.gov/event/64626/contributions/293153/attachments/179640/245424/Posen_FCC_Accelerator_v2.pptx
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Ayres Freitas

https://indico.fnal.gov/event/64706/contributions/291218/attachments/178741/243758/talk.pdf
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Strong points of FCC-ee are evident 
and so are liabilities: 

size, cost, time scale; 
e+e– machine addresses topics sequentially
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Fermilab + US Community must engage now 
Help define machine and detectors, 

conceive improvements 
Validate cost estimates and technical risks 

Develop the community that will use Higgs Factory 
Prepare theoretical advances, analysis techniques
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A modest proposal: Higgs Factory Fellows 
Show our commitment to the enterprise 

and to young people 
by emulating the SSC Fellowship Program 

(compare also Neutrino Theory Initiative 
and LHC Theory Fellowships) 

Texas funding supported 
ten postdocs + ten junior-faculty members 

(theory + experiment) 
with a year’s salary plus research funds
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1999
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A 10-TeV µ+µ– Collider for My 101st Birthday?

16.5 km

10 km

https://indico.fnal.gov/event/52701/contributions/231910/attachments/151345/195514/22sitefillerfinal.pdf
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Be ambitious. 
Be optimistic. 

Don’t be delusional.
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Fermi National Accelerator Laboratory

FERMILAB-Conf-98/073-T

Physics with a Millimole of Muons

Chris Quigg

Fermi National Accelerator Laboratory
P.O. Box 500, Batavia, Illinois 60510

March 1998

Published Proceedings of theWorkshop on Physics at the First Muon Collider and at the Front End of a
Muon Collider, Fermilab, Batavia, Illinois, November 6-9, 1997

Operated by Universities Research Association Inc. under Contract No. DE-AC02-76CH03000 with the United States Department of Energy

“It is worth keeping in mind Bob Palmer’s estimate that a First 
Muon  Collider might be in operation around the year 2010.”

https://arxiv.org/pdf/hep-ph/9803326
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Recommended reading for aspiring project builders

https://direct.mit.edu/books/oa-monograph/5750/Going-BigA-Scientist-s-Guide-to-Large-Projects-and
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Learn from others

https://doi.org/10.1038/d41586-024-02247-2
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Lessons Learned from my SSC Adventure 
We could have done it. 

The story is more intricate than you will even know. 
Many “lessons learned” are incorrect or incomplete. 

Don’t rely on any single source. 

Leadership matters! 
It will take time. 

Take advantage of available talent. 
Labs can accomplish hard things. You need at least one. 

Develop allies. Be a reliable ally. 
Do not rely on 9-to-5ers. 

Some aging heroes will lose nerve. 
There will be surprises and dislocations (High-Tc) 

You will deal with many imperfect people. Some lie. 
Bad-faith actors exist.
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Lessons Learned from my SSC Adventure (II) 
Well-meaning people can do foolish things. 

Psychos exist—some ascend to power. 
Never cut corners. 

Some are short-sighted, will act in misguided self-interest. 
Do not put in authority Washington insiders not absolutely committed. 

Our field (especially experimental) is under-represented in powerful institutions 
Political appointees may lack political judgment. 

Senators and representatives keep score on a very broad canvas 
Continuously engage international partners. 
Never lose your idealism. (You will need it!) 
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Lessons Learned from my SSC Adventure (II) 
Well-meaning people can do foolish things. 

Psychos exist—some ascend to power. 
Never cut corners. 

Some are short-sighted, will act in misguided self-interest. 
Do not put in authority Washington insiders not absolutely committed. 

Our field (especially experimental) is under-represented in powerful institutions 
Political appointees may lack political judgment. 

Senators and representatives keep score on a very broad canvas 
Continuously engage international partners. 
Never lose your idealism. (You will need it!) 

Don’t trust anyone over 30!
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The Blank Regions on the Collaboration Maps
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https://bit.ly/GraceSimplicity

