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Neutrino /2,

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
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V mass too small to measure,

v helicity = —7> 1960s: Golden Age of B decay
~ Universal Fermi Interaction (V-A)

High-energy 1, K decay — vV beams
Vi # Ve

with only vi
“two-component neutrino’

CVC hypothesis

. OBSERVATION OF HIGH-ENERGY NEUTRINO REACTIONS AND THE EXISTENCE
OF TWO KINDS OF NEUTRINOS*

G. Danby, J-M. Gaillard, K. Goulianos, L. M. Lederman, N, Mistry,
M. Schwartz,T and J. Steinbergerf

iColurnbia University, New York, New York and Brookhaven National Laboratory, Upton, New York
(Received June 15, 1962)

Cf.WuU & Moszkowski, 1966

SU(3)flavor SYmmetry inspires

Rising O(Vye—UVe) < Ecm?
Cabibbo universality, 1963 8 O(Vue—>HVe)

Possibility of Vi — Ve mixing new physics by E 300 GeV
~> NEW pnysl Y Eem =~

~ osclllations

SV = r,(1 = ys)dcos Oc + Uy (1 — ys) ssin b Second-order needs cutoff

~ current algebra,
Kobayashi—Maskawa 3% 3, 1973

e | |
VeV oscillations: intermediate boson?
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(Pontecorvo, 1957)
~ Maki, Nakagawa, Sakata, 1962
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Pointlike structures in proton N
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CP violation in weak deca ‘ ¢ ~N
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EVIDENCE FOR THE 27 DECAY OF THE K,° MESON* = T ;}¢ .f <ZE

J. H. Christenson, J. W. Cronin,} V. L. Fitch,} and R. Turlay® S
Princeton University, Princeton, New Jersey - °.:% +

(Received 10 July 1964) ol @ _ Il:’
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ssues In the air approaching v /2"

Status and origin of Al =2 rule
Existence of Intermediate Vector Bosons, W=

lesting lepton universality:

O(Vee) < 400v-a; O(Vee) < 40v-A
Existence, properties of Neutral Currents
K= U U~ Puzzle
CP Violation!

Search for second-class currents

blications of Bjorken scaling, partons: CERN propane BC, G o< Ly

High-energy Vv beams coming at Fermilab and CERN SPS

“Sam Treiman (1971)



From V' /2 Summary lalks

Bruno Pontecorvo Viki Weisskopf
“ambrtious and difficult investigations in which “You cannot talk about weak interactions alone.”
somebody tries very hard to find and measure . Troubles with V=A “Fermi’”’ interaction:
something, but does not see anything. unrtarrty, nonrenormalizability, CP violation
KL = UU puzzle (inequalities) 2. Weinberg's Theory of Leptons

Solar neutrinos (upper limit) spontaneously broken SU(2Lr®@U( )y = U(I)em

Lepton charge conservation (upper limits) < neutral lepton currents
cauge cancellation in e’e” =W W~

“whole approach disregards CP violation”

.

2

3

4. "'Stable heavy leptons™ (“'negative” results)
D. Ve scattering, reactors (upper limits)

6

Neutral currents (upper limits) 3.Weak & EM: tools to investigate hadrons
- - -PPEr M 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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Multi-GeV e-like Multi-GeV p-like + PC
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V mass constraints

KATRIN, ...

3 decay:
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Some Issues approaching v2022

Why does the neutrino weigh! At what scale a

What Is the order of the levels vy, 1,, 15! Absolute

How I1s my # 0 a sign of BSM

dbhysics! Is Higgs field im

e my set!?

scale!?
dlicated!?

How much (how little) do v contribute to the dark matter?
Can we find a link between v and dark matter?

Do neutrinos have nonstandarc

iNteractions, not mec

Eitsle

by Wanc

Can we observe electromagnetic properties of V!

Can we detect right-hanc

ed charged-current interactions?

What is the nature of right-handed V? Are there light stefile V?
Do 3 light (LH) Vv suffice?

/!



Some Issues approaching v20220s

Are neutrinos Majorana

harticles?

Are Uy, Uy, U5 Stable on cosmological time scales?

How can we detect the cosmic neutrino background?

s CP violatec

N V oscillations! How ¢

oes It arise!

Wil v yield insight Into the matter excess in the universe!

What can we learn from the next supernova!’




Some Issues approaching V202 2ter

Are the interactions of v, VU, 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 litetime, LSND/MiniBooNE, reactor flux, W mass,
LHCb hints of departures from lepton universality.

What have we overlooked?! What do we know that 1s not true!



A Preview: Highlights of v20/2

L ong-baseline ex
with admirable

beriments will es

ablish oscillation

brecision, but rea

Darameters

bredictions are still lacking.

The study of leptonic CP violation will take on a life of its own;
S remains psychological.

the connect

on to leptogenes

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

V observatories

will locate point sources, Incluc

iNg transients.

Flavor identification will characterize flavor mix at steady sources.

A neutrino factory will enable

revolutionize nucleon femtoscopy us

A meta-analysis will elucic

brecise Ve / Vy com

DarisSoOns anc

iNg polarized anc

active targets.

ate LSND/Mini-BooNE as a cocktall.



Intense high-energy beams of vt will suggest subtle ¢

OVBB will be observec
today's auc

Someone Ir

A Preview: Highlights of v20/2b's

Systematics of 2V[3[3 will provide new insights into nuclear dynamics.

debate persis

Neutrino cosmology will

and the sum of neutrino masses; 3H 3-c
uestion the canonical history o

calling Into ¢

Relic heutrinos wi
“soon’ Wi

LS. dI'E

Nartic

ience will connect ¢

c

| be detectec
be studied In unc

Darameters c

cePp

brecisely measure light ¢

after prodigious effort, anc
ergraduate

for several 1soto

uark and r

DES.

eutrino mixing, bL

Yy meaning

ecay Wil yi

egrees of freedom

eld a larger my,

“the universe.

Els}S

‘ul or environment

flerences with Ve, V.

_t
al!



A Preview: Highlights of v20/2ter

Neutrino tomogra

of geoneutrinos (+ lunar counter

Extensive studies of CNO v will inform solar
and test understanding of matter-modulatec

Collider experiments will finc

Neutrino observatories will com

dbhy of karth's interior and wic

enriching understanding of the Sun, supernovae, anc

RH charged-current interactions, W-bosons suggest new
We will learn to use undersea fiber-optic networks anc

€S

DIredc

C

etection

part) draws planetary scientists to v20/2.
DNYSICS

flavor change.

multi- eV neutral le

Dtons.
blement multi-messenger astronomy,

cataclysmic mergers.

baths to unification.

ubigurtous environmental survelllance infrastructure to study V.




Thanks to v'22 Organizers & Participants,

and to my v Collaborators, Advisors, leachers

Carl Albright, Gabriela Barenboim, John Beacom,
Marcela Carena, Debajyoti Choudhury, Gene Commins,
Ra] Gandhi, Dave Jackson, Joachim Kopp, Ben Lee, Magda Lola,
Pedro Machado, Olga Mena, Irina Mocliolu, Stephen Parke,
Mary Hall Reno, Ina Sarcevic, Robert Shrock, Jack Smith, Terry Walker,

and many Inspiring experimental colleagues.
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