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It is a wonderful conference!

10 plenary sessions
30 talks + 4 panels

7 DOE PI  sessions290 participants
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6 mini-symposia
28 talks

63 parallel sessions
344 talks!

Thank you all for the great contributions!
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Very broad topics and coverage:

The field is vibrant and dynamic!



60’s 70’s

80’s

90’s
2012

Particle physics has enjoyed uninterrupted discoveries 
for several decades: from quarks to the Higgs boson
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2000

70’s

The SM is a triumph in science!
The first theory:

• A relativistic & quantum-mechanical
• Perturbative & unitary 
• Renormalizable & UV complete
• Potentially valid to the Planck scale! 



Michelson–Morley experiment (1887):
“the moving-off point for the theoretical aspects 

of the second scientific revolution”

Will History repeat itself (soon)?

“... most of the grand underlying principles 
have been firmly established. The future 
truths of physical science are to be looked 
for in the sixth place of decimals. ”

--- Albert Michelson (1894)

An eminent physicist remarked:
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The Standard Model: “UV completion”

• QED is UV complete, but doesn’t go beyond O(GeV)
               e.g. (g-2)e versus (g-2)𝛍
• QCD is UV complete, could be dynamically
     extrapolated to an exponentially high scale Q

   

            But new physics comes in at 
  

• The SM with the Higgs IS UV complete,
but what confidence do we have to extrapolate it to O(MPL)?   

<latexit sha1_base64="n2sOqqB9Zl8fFwPO2NE4cpPpswk="></latexit>

↵s(Q
2) ⇡ 1/ ln(Q2/⇤2

QCD) ) ⇤QCD ⇡ Q exp(�1/2↵s)

àUV completion needs NOT to be a completion!
i.e. Go for BSM! 

Ethan Neil’s talk

Talks by Andrew Brickerhoff, Valentina Dutta, Aram Apyan …
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L =
X

ci⇤
n
On = c0⇤

4 + c2⇤
2
Odim 2 + c3⇤Odim 3

+ c4Odim 4 +
c6
⇤2

Odim 6 + ...

“The present educated view of the standard model, and of 
general relativity, is again that these are the leading terms 
in effective field theories.” S. Weinberg, hep-th/9702027

- J. Preskill, Quantum Frontier (2013)
“We are all Wilsonians now.”

We are all Wilsonians now
Posted on June 18, 2013 by preskill

Ken Wilson passed away on June 15 at age 77. He

changed how we think about physics.

Renormalization theory, first formulated systematically by

Freeman Dyson in 1949, cured the flaws of quantum

electrodynamics and turned it into a precise computational

tool. But the subject seemed magical and mysterious. Many

physicists, Dirac prominently among them, questioned

whether renormalization rests on a sound foundation.

Wilson changed that.

The renormalization group concept arose in an extraordinary

paper by Gell-Mann and Low in 1954. It was embraced by

Soviet physicists like Bogoliubov and Landau, and invoked

by Landau to challenge the consistency of quantum

electrodynamics. But it was an abstruse and inaccessible

topic, as is well illustrated by the baffling discussion at the

very end of the two-volume textbook by Bjorken and Drell.

Wilson changed that, too.

Ken Wilson turned renormalization upside down. Dyson and

others had worried about the “ultraviolet divergences”

occurring in Feynman diagrams. They introduced an artificial cutoff on integrations over the momenta of virtual particles,

then tried to show that all the dependence on the cutoff can be eliminated by expressing the results of computations in

terms of experimentally accessible quantities. It required great combinatoric agility to show this trick works in

electrodynamics. In other theories, notably including general relativity, it doesn’t work.

Ken Wilson—

Quantum Frontiers
A blog by the Institute for Quantum Information and Matter @ Caltech

In terms of a new physical scale     , 
below which the theory is valid: 

Λ

(relevant operators)

(irrelevant operators)(marginal operators)

The Standard Model: “EFT”
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“… scalar particles are the only kind of free particles whose mass term 
does not break either an internal or a gauge symmetry.” Ken Wilson, 1970

c2⇤
2 ⇠ m2

h : �v2 ⇠ µ2 ⇠ (100 GeV)2 ⇠ (10�16MPlanck)
2

V = -µ2 |ϕ|2 + λ|ϕ|4
The 2nd “relevant operator”:  the Higgs boson mass 

The 1st (most) “relevant operator”:

(MPL/Λ𝑐𝑜𝑠𝑚)4
	~	10120	!	 (ΛQCD/Λ𝑐𝑜𝑠𝑚)4

	~	1044	!

Wilsonian argument failed (badly)!
“… I do not understand (quantum) gravity” 

𝑐0Λ4

--- William Bardeen

Known physics scales and the observation:

àWe are only in command with 
“marginal & irrelevant operators”!

Anything big missing?
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Observationally, 
Three Problems

that we must find BSM solutions!



𝜈’s: the most elusive/least known particle in the SM:
• How many species:  3 𝝂L ’s + NR? 
• Absolute mass scale:
       

    or a new physics scale via “see-saw”:
• Flavor oscillations & CP violation? 
• Mixing with sterile/Majorana 𝜈’s? 
• Portal to dark sector? 

m𝝂 ~ y𝝂 𝑣 < 1 eV? 
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Studying neutrino physics has been rewarding:
     6+ Nobel Prizes related to 𝜈’s! 
 

     Great playground for theory & experimentation.

m⌫ ⇠ 
hH0i2

M

BSM 1: Neutrinos ARE massive

à Determine the masses & their generation mechanism!
See talks by Kendall Mahn, Mayly Sanchez, Kevin Kelly, …
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Mounting evidences for DM, thus BSM
Dark Matter in theory: “embarrassment of riches”

Dark Matter in practice:
axions, dark photons … sterile 𝜈’s WIMPs WIMPzillas PBH?

Much more recent activities in light DM detection!

BSM 2: Dark Matter exists

à Possible next breakthrough: WIMPs, ALPs … 
See talks by Kathryn Zurek, Carter Hall, Elliot Lipeles, …
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Sakharov conditions:
• Baryon # violation (EW sphalerons)
• C & CP violation (BSM)
• Out of equilibrium (1st order PT, BSM)

The observed baryon dominance à BSM 

Many BSM theories to accommodate
• Affleck-Dine mechanism (primordial universe)
• Lepto-genesis (𝛥B = 𝛥L via sphalerons)
• EW baryogenegis (1st order PT, BSM)
Observationally, 
𝛥B ≠ 0 à proton decay,           oscillation
𝛥L ≠ 0 à Majorana neutrinos
Plus extra Higgs bosons to search for
Stochastic gravitational waves …

<latexit sha1_base64="asMJ244YqaQuxpL6831yNS9gt6M=">AAAB5XicbVDLSgMxFL1TX7W+qi7dBIvgxjIjvpZFNy4r2Ae0pWTSTBuaSYbkjlBKP8GNiBsFf8df8G9M29m09UDgcM4J954bJlJY9P1fL7e2vrG5ld8u7Ozu7R8UD4/qVqeG8RrTUptmSC2XQvEaCpS8mRhO41DyRjh8mPqNF26s0OoZRwnvxLSvRCQYRSc11UU7pIaobrHkl/0ZyCoJMlKCDNVu8afd0yyNuUImqbWtwE+wM6YGBZN8UminlieUDWmfj2dbTsiZk3ok0sY9hWSmLuRobO0oDl0ypjiwy95U/M9rpRjddcZCJSlyxeaDolQS1GRamfSE4QzlyBHKjHAbEjaghjJ0hym46sFy0VVSvywHN+Xrp6tS5T47Qh5O4BTOIYBbqMAjVKEGDCS8wSd8eX3v1Xv3PubRnJf9OYYFeN9/P+6LOQ==</latexit>

n� n̄

BSM 3: Our existence -- Baryogenesis
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• Mass hierarchy: “Naturalness”?
• Flavors: “minimal flavor violation”?

• Unified forces: GUTs?
• Extended symmetry: SUSY?
• New dynamics: “Composite”?

• Extra dimensions / Quantum gravity?
• … … 

Puzzles
that we may or may not find a solution

Jure Zupan
Peter Lewis …
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exciting journey ahead!

Snowmass 2021 & the P5 recommendatons
http://seattlesnowmass2021.net

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

http://seattlesnowmass2021.net/
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Thank you all!
Hope to see you at Pheno 25!


