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Webster’s Online Dictionary

Main Entry: neu-tri-no
Pronunciation: nd-'tre-(")nO, nyl-
Etymology: Italian, from neutro

. an uncharged elementary particlethat isbelieved to be
massless or to have a very small mass,

that hasany of threeforms,

and that interactsonly rarely with other particles



Early History of the Neutrino

e 1930 — postulated by Wolfgang Paull

» 1933 — incorporated into theory of
radioactive decay by Enrico Fermi who
named the ""neutrino = little neutral one’’

o 1957 —first observed by Cowan and Reines
using nuclear reactor as source



Neutrino Picture of the Sun




4 protons + 2 electrons
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Helium Nucleus (2p2n)
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Day and Night!
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Neutrino Picture of the Sun

Size of the Sun:
about One pixel

4 yr exposure,
big “ camera”

The Energy produced takes 1,000,000 yrsto get to the surface.
The Neutrinostake 2 secondsto get to the surface.

From the surface of the Sun to Earth takes 8 minutes.



Star Trek: The Next Generation

Thevisor “ sees’
Neutrinos!!!

Geordi La Forg:
In “The Enemy”



Super Kamiokande

SUPER NDE D Electonics Catching Meutrinos

trailers
About ance every 90 minutres, & neulting inberacts in he detactor
chamber, generating Cherenkoy radiakion. This aptical equivalent of

a.=s0hic boom oheskes s .cone of light that is registered on he [ Y v L -
photorulipliars that line the tank, Characteristic ring pattams tell = I:I k L] lllﬂk'latE"r CI’"E‘ remn k':"-u" d'E' I:t":t':'
physicists whak kind of neutrinos interacted and in which direction

e e YV located at 1000m underground
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12.5 million gallon
tank aof ulra-pure
wahar

Maountzinz filker out other signals
thak mask neutring detaction.

A few heutinos inkeract
withir the huge tsak of super
pure waher, genaraling 2
cohe of Iigllﬂt.
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The light iz
detected by
photo sensors
that line the
tank, and
ranskated ino 2
digital i age.
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Super Kamiokande
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Supernova




M echanics of a Supernova

1.5M_
20M_ 15M_ neutr of
core star
10,000,000 km 1000 km 10 km

40
Energy Released 10 kilowatt-hours!!!
equivalent to 0.1 M g,



Supernova Energy Budget

= $100
> Light show =0
> Blowing Star Apart $1= 1%
» Neutrinos $99 = 99%
Light show lasts months

wher eas
Neutrino tsunami lasts 10-20 seconds!!!



Supernova 1987a - Feb 24

you are here

Large Magelanic Cloud
170,000 light year s away

First timein over 300 yrs SN visibleto naked eye



Neutrinosfrom SN 1987a
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100,000 times brighter than our Sun in Neutrinos
arrived 3 hoursbeforethelight?



500
Supernova Neutrino Tsunamis
from supernovain our galaxy
areon their way !!!

Bigger Detectors, More Detectors

Rate? Oneevery 10to 30 years



Nobed Prize

2002 Davis, Koshiba,
Japan
“....for the
detection of
cosmic
neutrinos”

solar super nova



Neutrino Sources

Reactors e Earth
Sun « Other Astrophysical
Supernova point sour ces

Cosmic Rayson e Sum of Past
Atmosphere  gypernova

Accelerators » Cosmic Background
Radioactive

Sour ces



Three Neutrino Flavors:
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NEVER

T

Until recently:

L ong Distances needed!!!
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Neutrino Mass Squared

Flavor content of M ass states:
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Heretheworld istruly
? Quantum M echanical.

FUN

?H can oscillate into ?t and back again

Maybe n,
Maybe n;

Mayben,,
Maybe n;

Bornn, —> Pure n, —» Puren ™

>
Time, or Distance Traveled



[y MINOS Experiment

Near Detector: 980 tons
\ Far Detector: 5400 tons

Det. 2
FermV ! 10 km Soudan
Det. 1 735km - |
/ 12 km




Target Shaft Arena

)‘L MINOS Shaft Aren
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Decay Turmel
(AED + Awallorran)
Carriet Tumnel  —
(107 x 107

Beam tbeorber
Target Hall

(25 W 3060 Hx 175°L)

B As of June 2001

I TAMNCE Hall Tignel
Ivhaon Detectors
As of Sep 2001

EE  As of Mar 2002

WINCS Hall
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WIMOS Mear Detector

First piece of decay pipe




and

Neutrinos
behave differently than
Anti-Neutrinos

Maybe n,,| Maybe n,,

Maybe n;

Bornn, = Puren >

Maybent< :

> . .
Time, or Distance Traveled CPviolation



Neutrinosfrom the BIG BANG

1cm 300 ?from Big Bang

30,000,000 inside YOU!!!

Neutrinos are Everywhere
Abundant but Elusive



The Asymmetry in the behavior of
Neutrinos ver ses Anti-Neutrinos
may explain why the universeis

now dominated by matter
and
not a equal parts

matter and anti-matter



1000 tons

Sudbury
Neutrino
Observatory
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After 40 yearsof Solar Nu Exp.

Earth

Born as n_they exit the Sun and
arrive at theearth asn,!!!

le equal mixtureof n, n,andn,



| CE CUBE
1 Km cubed

IlceCube

s

2400 m
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Cosmic Gall
by John Updike NY er 1960

Neutrinos, they are very small.

They have no charge and have no mass
And do not interact at all.
Theearthisjust aslly ball

To them, through which they ssimply pass,
Like dustmaids through a drafty hall

Or photons through a sheet of glass.

http://theory.fnal.gov/people/parke/TAL K S2004



Cosmic Gall
by John Updike NY er 1960

Neutrinos, they are very small.

They have no charge and have no mass
And do not interact at all.

The earthisjust asilly ball

To them, through which they simply pass,
Like dustmaids through a drafty hall

Or photons through a sheet of glass.
They snub the most exquisite gas,
|gnore the most substantial wall,
Cold-shoulder steel and sounding brass,
Insult the stallion in his stall,

And scorning barriers of class,
Infiltrate you and me! Like tall

And painless guillotines, they fall
Down through our heads into the grass.
At night, they enter at Nepal

And pierce the lover and hislass

From underneath the bed-you call

It wonderful; | call it crass.



