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Disclaimer

The following contents are based on personal 
bias and (lack of) understanding, and the 
accuracy is not guaranteed. Some of the 
projects mentioned are hypothetical and may 
or may not occur. In case of disputes, you 
cannot file a lawsuit against the speaker.

OK



Last P5
Science Drivers:

• Use the Higgs boson as a new tool for 
discovery
• Pursue the physics associated with neutrino

mass
• Identify the new physics of dark matter
• Understand cosmic acceleration: dark 

energy and inflation
• Explore the unknown: new particles, 

interactions, and physical principles.

Still very much true



• Energy Frontier
• Neutrino Physics Frontier 
• Rare Processes and Precision
• Cosmic Frontier
• Theory Frontier
• Accelerator Frontier
• Instrumentation Frontier 
• Computational Frontier 
• Underground Facilities
• Community Engagement

We need all of them!



What we need

• public support to our field is by no means 
guaranteed
• convincing case of all proposed research
• nothing is grandfathered in
• percolate individual cases to a cohesive 

program
• they are intertwined anyway!
• need a case for the entire field
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We are not done with SM



Five evidences
for physics beyond SM
• at least five missing pieces in the SM
• dark matter
• neutrino mass
• dark energy
• apparently acausal density fluctuations
• baryon asymmetry

Unusual in science: the problems are clear!
• theoretical problems:
• hierarchy problem
• origin of flavor
• unification of matter and forces
• quantum gravity

also anomalies (H0, flavor, g-2)

Where is the next energy scale?
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Higgs Factory
LHC

Energy,  Accelerator

~$10M R&D for ILC-relatedtechnologies 
in Japan likely for the next fiscal year



I hated it!

• Higgs boson is the only spin 0 particle in the standard 
model• we have never seen one before• faceless particle!• one of its kind, no context• but does the most important job• looks very artificial• we still don’t know dynamics behind the Higgs 
condensate• Higgsless theories: now dead



Context for 
Scalar Bosons?

Supersymmetry• Higgs just one of many spinless bosons• SUSY loops make mh2 negative• many superpartners
composite• spins cancel among constituents• a new strong attractive force• many new composite particles
Extra dimension• Higgs spinning in extra dimensions• new forces from particles running in extra D• many KK particles

looking for new laws of physics
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baryogengesis + DM

SU(2) x U(1)
SU(2) x U(1)

SU(3)SU(3)

SMdark sector

Bdark=Ldark νR
LSM→BSM

Dark baryon: ~1.5 GeV (or ~60 GeV)

Higgs

ndark γ’ – γ mixing
e+e–

π0

16E. Hall, R. McGehee, HM, B. Suter + T. Konstantin, G. Servant



e+e–

HL-LHC

x1000–10000 HL-LHC
exotic Higgs decays

Higgs decay 
to dark matter

direct detection limits
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x10 HL-LHC

Higgs → dark sector → SM



Power of Expedition
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Underground Facilities, Neutrino



successful
region

MPl

Natural to think M is induced from symmetry breaking
e.g. 𝓛=–y⟨𝝋⟩N N

Phase Transition Gravitational Waves?

inflation



covers pretty much the entire range for leptogenesis!
J. Dror, T. Hiramatsu, K. Kohri, HM, G. White, arXiv:1908.03227
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Can’t do justice to many many ideas submitted to Snowmass!
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e+

LHC invisible Higgs

direct detection

γ from dSphindirect detection



Explosion of ideas
• many new dark matter models
• many new experimental proposals
• direct detection with noble gas, quantum 

sensors, cavities, radio, chemistry, …
• indirect detection with g, anti-matter, 

neutrinos
• WIMPs should be searched down to n

floor
• other opportunities should be pursued

Theory, Instrumentation, Cosmic, Underground



Electron mass is natural
by doubling #particles

• Electron creates a force 
to repel itself
• 10–4 fine-tuning?
• quantum mechanics and 

anti-matter
⇒ only 10% of mass even 

for Planck-size re~10–33cm
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Higgs mass is natural
by doubling #particles?

• Higgs also repels itself

• Double #particles again   
⇒ superpartners

• only log sensitivity to UV

• Standard Model made 
consistent up to higher 
energies
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I still take it seriously



R-parity violation
compressed spectrum
disappearing tracks

clever analysis 
precision Higgs, flavor
HL-LHC
FCC, µ, plasma

Better Late Than 
Never



In all of this:
• theory and computation provide 

(mis)guidance, testable theories, support, 
precision predictions, and excitement
• community engagement is crucial to sustain 

healthy community as well as to obtain 
support from policymakers and public at 
large
• Support for “Research” and diversity (both 

people and science) are absolutely critical



What we need

• public support to our field is by no means 
guaranteed
• convincing case of all proposed research
• nothing is grandfathered in
• percolate individual cases to a cohesive 

program
• they are intertwined anyway!
• need a case for the entire field



many things
to look forward to!


