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A NEUTRINO TIMELINE

The following ix a short history of neuntrinos a5 it relates to nentrino osciflation studies.

1920-1927 Charles Drummond Ellis {along with James Chadwick and collgagues) cstablishes clearly
that the beta decay spectrum is really continuows, ending all controversies.

1930 Wolfgang Pauli hypothesizes the existence of neutrinos to account for the beta decay energy
conservation crisis,

1932 JIames Chadwick discovers the neutron.

1933 Enrico Fermi writes down the correct theory for beta decay, incorporating the neutrine,

1938 Hans Befhe | C-F vor Weizmfer Propose PP cycle Loy rofav enesty,

1946 Shoichi Sakata and Takesi Inoue propose the pi-mu schems with a neutrino to accompany muon.
Bruno Pa-r-.‘hranw Shggeiis cd—8p  &r Ve defeciov

1956 Fred Reines and Clyde Cowan discover (electron anti-) neutrings using a nuclear reactor.

1957 Neutrinos found to be left handed by Goldhaber, Grodzins and Sunyar,

1957 Bruno Pontecorve proposes neutrino-antineutrino oscillations anzlogously to K0-K0Obar, this is the
first time neutring oscillations {of some sort) are hypothesized.,

1962 Ziro Maki, Masami Nakagawa and Sakata introduce neutrino flavor mixing and flavor oscillations,

1962 Muon neutrinos are discovered by Leon Lederman, Mel Schwartz, Jack Steinberger and colleagues
at Brookhaven National Laboratories and it is confirmed that they are different from electron neutrinos.

1964 John Bahcall and Ray Davis discuss the feasibility of measuring neutrinos from the sun.

1965 The first natural neutrinos are observed by Reines and colleagues in a gold minc in South Afvica,
and by Gokn Menon and colleagues in Kolar gold fields in India, setting first astrophysical limits.

1968 Ray Davis and colleagues get first radiochemical solar neutrino results using cleaning fluid in the
Homestake Mine in Nerth Dakota, leading to the observed deficit now known as the “solar neutrino

problem”, { wif™ ﬂ'-“-“"‘*:m-j:hj [:a.alnn bj Tohr Bahcals)

1976 The tau lepton is discevered by Martin Perl and colleagues at SLAC in Stanford, California. After
several years, analysis of tau decay modes leads to the conclusion that tav is accompanied by its own
neulrino, nutau, which is neither nue nor numu.

1980s The IMB, the first massive underground nucleon decay search instrument and nentrino detector is
built in & 2000° deep Morton Salt mine near Cleveland, Ohio. The Kamicka experiment is built in o zinc

mine in Japan{ fed }nj Masctossht Ko tha),

1985 The "atmospheric neutring anomaly” is observed by IMB and Kamickande.



1986 Kamiokande group makes first directional counting observation solar of solar nentrinos and
confirms deficit. '

1987 The Kamickande and IMB experiments detect burst of neutrinos from Supernova 1987A,
heralding the birth of nevlrino astronomy, and setting many limits on neutrino properties, such as imass.

1988 Lederman, Schwartz and Steinberger awarded the Physics Nobel Prize for the discovery of the
Tmuon neutring.

1989 The LEP accelerater experiments in Switzeriand and the SLC at SLAC (Stanford) determine that
there are only 3 light neutrino species (electron, muon and tau).

1991-2 SAGE (in Russia) and GALLEX (in Italy) confirm the solar neulrino deficit in radiochemical
experiments.

1995 Frederick Reines and Martin Perl share the Physics Nobel Prize for discovery of electron neutrines
(and observation of supernove neutrinos) and the tau lepton, respectively.

1996 Super-Kamiokande, the largest particle deteclor ever, begins searching for neutrine interactions on
1 April at the site of the Kamioka experiment, with a Japan-US team( é o ‘5_7 @ ' 7-#7&-& fa),

1998 After analyzing more than 500 days of data, the Super-Kamiokande team reports finding
oscillations in attmospheric neutrinos and, thus, neutrine mass.

1999-2000 The Chooz and Palo Verde reactor experiments report no oscillations, concluding that
electron neulrinos are not the dominant pacticipant in the atmospheric neutrino oscillations.

2000 The DONUT Collaboration working at Fermilab announces observation of tau padicles produced
by tau neutrines, making the first direct observation of the tan neutrino.

2000 Super-Kamiokande anncunces that the oscillating partner to the muon neutring is not a sterile
oeutrino, but the tan ooutrino.

2001-02 SNO announces observation of neutral currents from solar neutrinos, along with charged
currents and elastic scatters, providing convincing evijlcncc that neutrino oscillations are the cause of the
solar neutrine problem { ¢d @ Azt HeDanaldl,

2002 Masatoshi Koshiba and Raymond Davis win Nobel Prize for measuring solar neutrinos (as well as
SUPEIMOovVA neutrinos).

2002 KamLAND observes neuttine oscitlations consistent with the seclar neutrino puzzle using, for the

first time, man-made neutrinos{ fe< 67 Adsate Sapaks).

Modified by Glorgio Gratia from an original by John Leaned and Sandip Pakvasa.

This page is maintained by jasondet@stanford.edu.
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Pauli’s letter

Denr Radionctive Ladies and Gentlomen,

Asn the bearer of these lines, to whom 1 graciously ask you to listen, will
explain to you in more detail, how becauso of the "wrong” statistics of
the N and Li6G nuclel and the continuous beta spoctrum, I have hit upon
n desporate remedy to save the "exchango theorem" of statistics and the
lnw of conservation of energy. Namely, the ponsibility that there could
oxist in the nuclei electrieally noutral particlea, that I wish to call
neutrons, which have spin 1/2 and obey the exclusion prineciple and
which further differ from light quanta in that they do not travel with the
volocity of light., Tho mass of the noutrons should be of the same ordoer
of magnitude as the clectron mass and in any event not larger than 0,01
proton masses. The continuous betn spectrum would then become
underastandable by the assumption that in beta docay a neutron is
omitted in addition to the electron such that the sum of the enorgies of
the neutron and the electron is constant...

I agree that my remedy could seom incredible because one should have
scen these noutrons much earlior if they really exist. But only the one
who dare can win and thoe difficult situation, due to the continuous
structure of the beta spectrum, is lighted by a remark of my honoured
predocessor, Mr Debye, who told me recently in Bruxellos: "Oh, It's well
better not to think about this at all, like new taxes”. From now on,
overy nolution to the jssue muat be discussed. Thus, dear radioactive
people, look and judge.

Unfortunately, I cannot appear in Tubingen personally since 1 am
indispensable hore in Zurich because of a ball on the night of 6/7
Decoember. With my best regards to you, and also to Mr Back.

Your humble servant, W. Paull

c[MN) ot gprs bt 4ppere <7

- NoT P17V
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Ernest Lawrence and the Cyclotron

Heisenberg

Participants at the seventh Solvay Conference on nuclear
physics, held in Brussels, Belgium in October 1933,
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Figure 1: Schematic view of the KamLAND detector.
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Table 2. Caleulated 7, fluxes [x 10° em—2 s~ for sites around the world.

Uranium Thorium Total Reactor
Site Lecation crust mantle crust mantle (U + Th) backgro:
Gran Sasso Lab (ltaly) 42°N 14°E 1.8 1.4 15 1.2 5.9 0.65
Kamioka Mine (Japan) 36°N IS7PE 1.5 14 13 1.2 5.4 1.5
Sudbury (Carada) 47°N 81°W 23 14 1.9 12 - 68 1.3
Central Austraiia 25°5 133°L 1.9 14 1.6 1.2 6.1 0.016

12 72 0.054

Himayas Tibet)
Pacific Ocean (Hawaii)

Geographic Maxamurn _
Geographic Minimum 015 14 011 1.2 2.9
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NEUTRINOS & ARMS CONTROL WORKSHOP 5-7 FEB 2004 age 1ol 2

AGENDA for NEUTRINOS AND ARMS CONTROL WORKSHOP

5-7 February 2004, Pacific Room, East-West Center, UHM Campus

Click on the links for talks. More to come, 9 February 2004,

Time Subject Speaker
Thur S5Feb
0930 Introductions John Learned, UHM

Dr, Charles Helsely, for

0949 Welcome UHM Chancellor Englert
0950 UH Neutrino Group Activities Peter Gorham, UHM
1000 Introduction to DTRA Arthur Wendel, DTRA
1030 Anti-Neutrino Detection, Earth Reactor Gene Guillian, UH
1100 colTee break
1130 Large Anti-Neutrino Detector Franz von Feilitzsch, TUM
1200 Future Large Underwater Nu Telescopes Leo Resvanis, U Athens
1230 lunch break

Session Chair Steve (Mven, ['HM
1330 Monitoring Nearby Reactors Adam Bernstein, LLNL
14040 Monitoring All Earth Reactors John Learned, UH
1430 Science with a Low Energy Gigaton Detector  Sandip Pakvasa, UH
1500 colTee break

Getting Serious about Coherent Neutrino-
Nucleus Scattering Detectors

Arms Control, Monitoring and Treaty (slides, Richard Garwin, IBM
1600 transcripts)

Verification: National Tech, Means & Intell.

Eliminating Nuclear Bombs with Ultra-High

1530 Juan Collar, Chicago

1700 Energy Neutrinos Hiroyuki Hagura, KEK
1730 Future UHE Neutrino Beams Kirk McDonald, Princeton
1800 dinner (downstairs at EWC)

Fri 6 Feb

R Fechnology Sessions: Photodetection Chair: Gary Varner, UHM
0900 Photomultipliers Yuji Yoshizawa, Hamamatsu
0930 Photomultipliers Paul Hink, Burle

1000 New Photodetectors Daniel Ferene, UCD

1030 Micro-Pattern Detectors Phil Barbeau, U, Chicago
1104 colTee break

1130 Mark Richmond, MMM

Ady. Flexible Circuit Mtls as Components for

httpi/fwww.phys.hawaii.edu/~jgl/macw/agenda.html 22712004




NEUTRINOS & ARMS CONTROL WORKSHOP 5-7 FEB 2004

1200
1230
(RRI}
1330

1400

1430
1500

1530

1600
1730
1800

sat

1930
1000
[ 100
1130
1230
1330
|500
(530
1630

Particle Detectors and Other Applications
Micromachined Large Area PMT

lunch break

Feehnology Sessions: Ocean | ngneering

Giant Deep Ocean Balloons

H2O and Low Cost Scintillator/Cherenkoy

Liguid Media

Water Doping for Increased Light

ColTee break

Cl Loaded Anti-Neutrino Detector and SN
Early Warning System

Organize working groups

end of session

barbecue (at fgl's house)

7 Feb

Comments
Photodetector discussion
colTee break

Ocean Challenges

lunch break

Neutrino Beams

cofTee break

Summuary and Plans
End of Workshop

htnsfiwww nhvs hawaii edu/=ielnacw/avendn, html

David Winn, Fairfield

( Triter Vik ||r'|4'|i~_ IR TAY
Joe van Ryzin, MOE

David Winn, Fairfield
Art MeDonald, Queens

Mark Vagins, UCT

John Learned, leader

Richard Garwin, IBM
Juan Collar, leader

Hugh Bradner, leader
Kirk MecDonald, leader

All

Page 2 of 2
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Neutrinos and Arms Control:
Thinking Big about Detection of Neutrinos from
Reactors at Long Distances

John G, Learned

Departtitent of Physics and Astronoruy, University of Mawafi, Manse
First Draft {ate QOctober 2003, revision of November 22, 2003,

ABSTRACT

We discuss o somewhat futyristic Plan for a world netwark of enormous neutring detec-
tars, which may be cinployed for menitoring the activity of all reactors .n eartl. Three
(er more} cubjc-kilowneter size instruments with sensitivity down to abrit I MeV, place
in the deep oceans for possibly lakes) ean record the eloctron anti-ng: srinn fluxes fram
rcactors, ne matter whore they reside. Using known power lovels fror the roughly 440
operating reactors, one can detect and monitor any now reacter, in particoclar one which
may be producing illcit nuclear weapons niaterial. Such o signal awno be bidden or
Jammed, and via tomagraphy may be located to a precision of ord - 20 kile 1etors dver a
one y&ar timescale.

The suggested array would haye many ancillary applications, - anging fror detection
of nuclear bomb tests, to studies of neutrines from supernovs  from throw oot our
supercluster and seeking the decay of protons to significant lrrels. Fiest C5ti abes are
that such ap srray of detectors, after industrial develapment purticularly in the crea of
rhotodetectors, could cost in the range of 4 new particle physi = accelerator or an & weralt
CATCIET.
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Array Sketch
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distributed array (to
get gradient along

array). Line?
Triangle? Around

world?
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