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INTERNATIONAL CONFERENCE ON NEUTRINO PHYSICS

Participants of Neutrino ’72 conference. In the front row: T. D. Lee, G. L. Radicati, R. P. Feynman, B. Pontecorvo, G. Marx, V. F. Weisskopf,
F. Reines, C. L. Cowan and P. Budini

AND ASTROPHYSICS 1972–2022

Stephen Parke, Distinguished Scientist at
the Theoretical Physics Department of Fer-
mi National Laboratory, Batavia, USA;
Chair of the International Neutrino Com-
mittee

Stephen Parke

Neutrino ’72 had two exceptional aspects: first, it was
the dawn of the Glashow–Weinberg–Salam era where
neutrino physics was of paramount importance for the
discovery of a new weak force of Nature, mediated by
the Z0 boson, and unified the weak and electromagnet-
ic interactions. This lead to the SU(3)×SU(2)×U(1)
gauge theory of the Standard Model, a monumental
step in our understanding of Strong, Weak and Electro-
magnetic Interactions. Second, this conference
launched what is now the International Conference on
Neutrino Physics and Astrophysics Series, a conference
dedicated to the Neutrino.

In June of 2022, the 50th anniversary of Neutrino
’72, thirty such Neutrino Conferences will have been
held in locations in Europe, North America and Asia/
Oceania. George Marx, as founder of this series, pre-
sided over the first twenty of these meetings. Many
important results in neutrino physics have been re-
ported at one of these conferences. Ray Davis and
John Bahcall frequently reported on the updated
measurements and calculations, respectively, of the
solar neutrino flux puzzle. Other examples are the

definitive discovery of neutrino oscillations by Super-
KamiokaNDE at the 18th conference in 1998 and the
SNO results on solar neutrinos fluxes at the 20th con-
ference in 2002. These discoveries were honored with
the 2015 Nobel prize.

There have been many other important results re-
ported over the years, too numerous to list here. At
the last in-person meeting of this conference series
there were more than 800 registered participants. An
astonishing number given that this is a plenary only
conference in an age of parallel conferences. The
covid pandemic disrupted Neutrino 2020 so that it

was a purely online meeting with even a much larger
number of online participants. The 50th anniversary
meeting, Neutrino 2022 to be held in Seoul, South
Korea, could be an in-person, hybrid or purely on-
line. Neutrino 2030 will celebrate the 100th anniversa-
ry of Wolfgang Pauli’s hypothesis that there exists a
light neutral lepton, the neutrino. The International
Conference on Neutrino Physics and Astrophysics
Series launched and nurtured by George Marx has
become the premier international neutrino confer-
ence where diversity, inclusiveness and transparency
are recognized as of essential importance for great
discoveries.

To end, I quote Isaac Asimov from his popular
book titled, The Neutrino (1966), “And yet the noth-
ing particle is not a nothing at all,” yet in 1966 only a
very, very tiny piece of the neutrino puzzle was
known. There is still much more for all of us to dis-
cover about the neutrino’s nature and its role in shap-
ing the Universe.

Thank you, George.
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Other rare processes foreseen: 
Inverse β decay Bethe & Peierls, 1934 
ννββ decay Goeppert–Mayer 1935 

and, following Majorana 1937,  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1932–1946: Leptonic nature of μ 



CP violation in weak decay
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Bubble chambers for ν physics

1/x

Pointlike structures in proton

High-energy π, K decay → ν beams

νμ ≠ νe

SU(3)flavor symmetry inspires 
Cabibbo universality, 1963 Possibility of νμ – νe mixing 

⤳ oscillations


ν↔︎ν︤ oscillations?

A new superweak interaction?
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𝖩(+)
λ = 𝗎̄γλ(𝟣 − γ𝟧) 𝖽 cos θ𝖢 + 𝗎̄γλ(𝟣 − γ𝟧) 𝗌 sin θ𝖢

⤳ current algebra, 
Kobayashi–Maskawa 3×3, 1973

Rising σ(νμe→μνe) ∝ Ecm2 

⤳ new physics by Ecm ≈ 300 GeV

Second-order needs cutoff 

 
intermediate boson?

ν mass too small to measure, 
ν helicity = –½ 

⤳ Universal Fermi Interaction (V–A) 
with only νL 

“two-component neutrino”

CVC hypothesis
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1960s: Golden Age of β decay

Cf
. W

u 
& 

M
os

zk
ow

sk
i, 1

96
6

5



Issues in the air approaching ν’72* 
 

Status and origin of ΔI =½ rule 
Existence of Intermediate Vector Bosons, W±

Testing lepton universality: 
σ(νee) ≤ 40σV–A; σ(νēe) ≤ 4σV–A 

Existence, properties of Neutral Currents 
KL→μ⁺μ⁻ Puzzle 

CP Violation! 
Search for second-class currents 

Implications of Bjorken scaling, partons: CERN propane BC, σ	∝ Eν 
High-energy ν beams coming at Fermilab and CERN SPS

* Sam Treiman (1971)
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From ν’72 Summary Talks
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Bruno Pontecorvo
“ambitious and difficult investigations in which 
somebody tries very hard to find and measure 

something, but does not see anything.”

1. KL → μμ puzzle (inequalities)

2. Solar neutrinos (upper limit)

3. Lepton charge conservation (upper limits)

4. “Stable heavy leptons” (“negative” results)

5. νē scattering, reactors (upper limits) 

6. Neutral currents (upper limits)

Viki Weisskopf
“You cannot talk about weak interactions alone.”

1. Troubles with V–A “Fermi” interaction: 
unitarity, nonrenormalizability, CP violation


2. Weinberg’s Theory of Leptons 
spontaneously broken SU(2)L⊗U(1)Y → U(1)EM 
↪︎ neutral lepton currents 
gauge cancellation in e⁺e⁻→W⁺W⁻ 
“whole approach disregards CP violation”

3.Weak & EM: tools to investigate hadrons 
Field theory vs. partons; sum rules as diagnostics; 
quarks seemed to have Bose statistics

“danger if you believe really in extraordinary things 
even before you are forced [to] by hard facts”
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SU(5) ⊃ SU(3)c ⨂ SU(2)L ⨂ U(1)Y

SO(10) ⊃ SU(4)c ⨂ SU(2)L ⨂ SU(2)R 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Cosmological arguments:  

3H β decay:

Σi mνi

≲ (0.10-0.26) eV

mνβ
< 0.8 eV, 90% CL
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Matter-modulated oscillation (MSW)
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Ultra-rare decays 
 

1987: ννββ 82Se, T½≈1020 y 
2022: (2νECEC)124Xe, T½≈ 1022 y 

0νββ decay not yet observed 
at level of T½≈ 1025 y


[τp > 1031–1033 y]
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DUNE

KM3NeT Forward Physics Facility for LHC
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Neutrinos through cosmological history

Relic neutrinos present at 
Big-bang nucleosynthesis (few minutes), 

Decoupling era (380 ky), 
Large-scale structure formation (few %) 

 
WMAP, Planck, …
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Some issues approaching ν2022


Why does the neutrino weigh? At what scale are mν set? 
What is the order of the levels ? Absolute scale? 

How is mν ≠ 0 a sign of BSM physics? Is Higgs field implicated? 
How much (how little) do ν contribute to the dark matter? 

Can we find a link between ν and dark matter?


Do neutrinos have nonstandard interactions, not mediated by W  and Z? 
Can we observe electromagnetic properties of ν? 

Can we detect right-handed charged-current interactions? 
What is the nature of right-handed ν? Are there light sterile ν? 

Do 3 light (LH) ν suffice?  

ν1, ν2, ν3

noble



Some issues approaching ν2022bis

Are neutrinos Majorana particles?


Are  stable on cosmological time scales? 
How can we detect the cosmic neutrino background?


Is CP violated in ν oscillations? How does it arise? 
Will ν yield insight into the matter excess in the universe?

What can we learn from the next supernova?

ν1, ν2, ν3
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Some issues approaching ν2022ter

Are the interactions of  universal? 
What about the interactions of charged leptons?


Can we detect charged-lepton flavor violation? 
What is its relation to neutrino mixing?


Need to resolve outstanding anomalies: 
neutron lifetime, LSND/MiniBooNE, reactor flux, W mass, 

LHCb hints of departures from lepton universality.

What have we overlooked? What do we know that is not true?

ν𝖾, νμ, ντ
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A Preview: Highlights of ν2072
Long-baseline experiments will establish oscillation parameters 
with admirable precision, but real predictions are still lacking.


The study of leptonic CP violation will take on a life of its own; 
the connection to leptogenesis remains psychological.


The answer to the matter asymmetry will be “none of the above.”

ν observatories will locate point sources, including transients. 

Flavor identification will characterize flavor mix at steady sources.

A neutrino factory will enable precise νe / νμ comparisons and 

revolutionize nucleon femtoscopy using polarized and active targets.

A meta-analysis will elucidate LSND/Mini-BooNE as a cocktail.

Large-scale experiments will hint that some neutrinos decay.
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A Preview: Highlights of ν2072bis

Systematics of 2νββ will provide new insights into nuclear dynamics.

Intense high-energy beams of ντ will suggest subtle differences with νe, νμ.

0νββ will be observed for several isotopes.

Someone in today’s audience will connect quark and neutrino mixing, but 

debate persists: are particle parameters deeply meaningful or environmental?

Neutrino cosmology will precisely measure light degrees of freedom 

and the sum of neutrino masses; 3H β-decay will yield a larger mν, 
calling into question the canonical history of the universe.


Relic neutrinos will be detected after prodigious effort, and  
“soon” will be studied in undergraduate labs.


Detection of cosmogenic (GZK) neutrinos will fix birth of first stars.
15



A Preview: Highlights of ν2072ter

Neutrino tomography of Earth’s interior and widespread detection 
of geoneutrinos (+ lunar counterpart) draws planetary scientists to ν2072.


Extensive studies of CNO ν will inform solar physics 
and test understanding of matter-modulated flavor change.

Collider experiments will find multi-TeV neutral leptons.


Neutrino observatories will complement multi-messenger astronomy, 
enriching understanding of the Sun, supernovae, and cataclysmic mergers.


RH charged-current interactions, W-bosons suggest new paths to unification.

We will learn to use undersea fiber-optic networks and 

ubiquitous environmental surveillance infrastructure to study ν.

Proton decay will be observed in several modes.
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Thanks to ν’22 Organizers & Participants, 
and to my ν Collaborators, Advisors, Teachers


Carl Albright, Gabriela Barenboim, John Beacom,  
Marcela Carena, Debajyoti Choudhury, Gene Commins,  

Raj Gandhi, Dave Jackson, Joachim Kopp, Ben Lee, Magda Lola,  
Pedro Machado, Olga Mena, Irina Mocioiu, Stephen Parke,  

Mary Hall Reno, Ina Sarcevic, Robert Shrock, Jack Smith, Terry Walker,

and many inspiring experimental colleagues.
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Also see J. Schneps, “Brief history of ‘Neutrino’, the 
International Conference on Neutrino Physics and 
Astrophysics,” in Neutrino 2014.

https://zenodo.org/communities/neutrino-72/
https://doi.org/10.5281/zenodo.6383108
https://doi.org/10.1063/1.4915603

