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(1). The LHC rocks! 

Collider Physics:
The Higgs Factory & Beyond 

(2). The Higgs rules! 

(3). The Energy frontier drives! 

10 TeV pCM Energy @ SppC, FCChh , MuC.  
And the race is on … 

The LHC / HL-LHC deliveries & expectations.

ILC, CEPC, FCCee deliveries & expectations.



U.S. Community Summer Study: Snowmass 2021
July 17 – 26, 2022 @ UW – Seattle
http://seattlesnowmass2021.net
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Opportunities in HEP for the decade & beyond
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Snowmass 2021 & the P5 Recommendations
http://seattlesnowmass2021.net

https://www.usparticlephysics.org/2023-p5-report/

http://seattlesnowmass2021.net/
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Including:
a. HL-LHC  (energy frontier)
b. 1st Phase DUNE & PIP-II (LBN neutrino)
c. The Vera Rubin Observatory (dark energy survey)

P5 report:
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P5 report:
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NAS 2025 Report
Elementary Particle Physics: The Higgs & Beyond

(link …)

Recommendations (8 of them)
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ESPPU
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LHC / HL-LHC lead the way:
Energy frontier for the next 15 years! 

(Caterina Vernieri)

New physics reach:
M, 𝞚 ~ O(a few TeV)

just above the EW scale!

(300 fb-1)

(3 ab-1)
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High priority: Higgs Factories
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FCC-hh @ CERN

proton+proton @ 100 TeV

SppC in China

Toward 10 TeV partonic C.M. Energy (pCM)
fully explore the Higgs sector/mechanism & beyond
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𝝁C Sites at Fermilab and CERN
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Higgs pair production & triple coupling:

Conclusive test for SM EWPT!
→ hhh dictate EW phase transition  & impact on early universe cosmology!

Open a new energy threshold:
• Direct new heavy state production:

Higgs H0A0 , H+H-; SUSY particles; quarks / leptons
reaching M > Ecm/2. 

• Indirect probe of contact interaction / composite scale.

~ 10 TeV pCM energies



→ Higgs mass fine-tune: δmH/mH ~ 1% (1 TeV/Λ)2

Thus, mstop > 8 TeV→ 10-4 fine-tune!
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gauginos

Pushing the “Naturalness” limit:
The searches for top quark partners 

& gluinos, gauginos, & heavy Higgses … 

(Strongest) Motivation for Future Colliders
~ 10 TeV pCM energies

E=30 TeV

10 TeV



-

LUX collaboration

GeV low mass:
DD difficult;
Collider complementary

100 GeV or higher mass:
DD + ID + HE Collider
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Complementarity of DM Direct detection & Colliders
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Covering the thermal target
WIMP Dark Matter coverage

TH, Z. Liu, L.T. Wang, X. Wang: arXiv:2009.11287; arXiv:2203.07351 
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Physics example 2: Heavy Neutral Lepton 
(HNL, NR, sterile neutrino)

Complementary among a variety of  searches.
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• The nature of the neutrino mass

• The nature of the Dark Matter

• The origin of matter – anti-matter 
imbalance

Questions
that we must find answers

• BSM CP violation
• … … 
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• Mass hierarchy: “Naturalness”?

• Flavors: “minimal flavor violation”?

• Unified forces: GUTs?

• Extended symmetry: SUSY?
• New EW dynamics: “Composite”?

• Quantum gravity? … … 

Puzzles
that we may or may not find a solution

• Nature of the EWSR?

The future of HEP is bright!
A future collider will lead!
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Thank You! 



A Grand Picture:

☛

Particle mass generation ✓
Underlying mechanism?

Electroweak phase transition?
Cosmic inflation?

Today’s puzzles:
DE, DM, 𝜈’s, baryogenesis…

Next scale at 
the energy frontier?

☛

The future of HEP is bright!
Exciting journey ahead!
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