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| Mass F ound in Elusive Particle;
Unwerse May Never Bethe Same

Dtscovggz-.on Neutrino
Raitles ?mic Theory
Ab”&‘:}tAIlMatter_

LN 'W. IIROWNE

TAKAYAMA, Japan, June 5 — In
what colleagues hailed as a historic
landmark, 130 physicists from 23 re-
search tnsummns in Japan and the

es 2 today that
they had found the ex:stence of mass
in a notoriously elrsive subatomic
particle called the neutrine.

The neutrino, & particle that car-
ties no electric charge, is so light
that it was assumed for many years
1o have no mass at all. After today’s
annolincement, *cosmologists  will
have to confront the possibility that
much of the mass of the universe is
in the form of neutrinos. The discov-
ery will also commpel scientists to
revise a highly successtul theory of
the composition of matter known as
the Standard Model. '

Word of the discovery had drawn
some 300 physicists here to discuss
neutring research, Among other
things, they said, the finding of neu-
trino mass might affect theories
about the formation and evolution of
galaxies and the ultimate fate of the
universe, i neutrinos have sufficient
mass, their presence threughout the
universe would increase the overall
mass of the universe, possibly slow-
ing its present expansion.

Others said the newly detected but
as yet unmeasured mass of the neu-
tring must be too small to cause
cosmological effects. But whatever
the case, there was general agree-
ment here that the discovery will
have far-reaching consequences for
the investigation of the nature of
matter,

Speaking for the coilaboration of
scientists who discovered the exis:-
ence of neutrino mass using a hige
underground detector called Super-
Kamickande, Dr. Takaaki Kajita of
the Institute for Cosmic Ray Re-
search of Tokyo University said that
all expianations for the data collect-

Copyright © 186 Tha New Yerk Tiesm

Detecling
Neutrinos

Neuttinos
pass through
the Earth's
surface o

a tank filled
with 12.5 mil-

.. praduc-
ing & cone—
shaped
flash of light.

The light is
recorded by
11,200 20-
inch kght
amplifiers
that cover :
the inside of
the tark,

LIGHTAMPUFIE‘H

And Detecting Their Mass
By analyzing the canes of light,
physicists determine that some
neutrinos have changed form on
their journey. If they can change
form, they must have mass.

Source: Urnversity of Hawair

Thee Ntrwr Yoek Tlrmes

ed by the detector except the axist-
ence of neutrine mass had been es-
sentially ruled out.

Dr. Yoji Totsuka, leader of the
coalitich and director of the Ka-

mioka Nevtrino Qbservatory where !
the underground detector is situated,
30 miles north of here in the Japan
Alps, acknowledged that his group’s '
announcement was ‘‘very stromg,”
but said, “We have investigated all f

Continued on Page Al4

OKLAHOMA BLAST
BRINGS LIFE TERM
 FOR TERRY NICHOLS

ENEMY OF CONSTITUTION'

Judge Denounces Conspiracy

and Hears From the Yictims
d ] Turi‘lymg Ordeal

nyjomms

DENVER, June 4 — Calling him
“an ~of the Constitution,” a
Federal judge today sentenced Ter-
ry L. Nichols to life in prison without
the possibility of parole for conspir-
ing to bomb the Oklahoma City Fed-
eral Building, the deadliest terrorist
attack ever on American soil.

In passing sentence after hearing

froem survivors of ihe biast and reia- |

tives of some of the 168 prople who
died in it, the judge, Richard P.
Matsch of Federal Disirict Court,
said, ©* This was pot a marder case.”

He added: "It is a crime and the
victims have spoken eloquentiy here.
But it is not a crime as to them s0
much as it is a crime against the
Constitution of the United States
That’s the victim.”

Last December, Mr. Nlchnls was |

convicted of conspiring with Timothy
J. McVeigh to use a weapon of mass
destruction in the April 19, 1985
bombing of the Alfred P. Murrah
Federal Building, but was acquitted
of Federal murder charges in the
deaths of eight Federal agents-who
died. Mr. Nichols was found guilty of
involuntary mansiaughter in those
deaths and today was given the max-
imum sentence of 5ix years in prison
for each, to ran concurrently with his
life sentence. He was alse acquitted

, of actwally committing the bombing.

While the conspiracy charge car-
ried a possibie death semence, the

! jurors need to vote unanimgusly for

such punigiiment, and they could not
i do so. The sentencing then fell 10
Judpe Matsch.

Mr. McVeigh was cn;wicted on all

| counts in an earlier pial and was

sentencead to death.
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Yugodmmtlree(

Refugee:s
A Bitte

PADESH, Albania, .
dent Slobodan Milose:
vig has unleashed ti
tary operation in the
the end of the war in ;
thousands of ethmic /
the border area Wit

their vitlage:

At least &M -
streamed twough
paszes and thonsands
ing in forests on the o
bardar arcordine 7




| A/Qu‘)lrm'o ) ?Aasrcg

.

S“‘ e‘)l.‘e VN ('?OW‘C\ <_

| Forau lals

'Po.whe@ '@\o\\.aov |
Seves Oablics Mnsiamy e
£ NQM”’VMO OSC\l +\Ov\.‘) (2 ‘FIQUOPSB

— e Cumwn (q*v«os‘:w‘c 378 )
K

— m\&e\r (%b\cm \/s'_ )
KAMAND

m R o Move e‘;-\c.oqrg

ﬁ 9\3 oeh C? o 1 Vcé\c&\\’oﬂq
m | A/m”vlwa Masg'-/ @/&ﬁ C{Qcaa Q{t



http://vmsstreamer].fnal gov/VMS_Site_02/_ectures/NUHorizons...

Fiest| Back| Next| - SyncVideo |

Allowed Regions from Several Experiments

VeV
- 90% C.L. contours
2
10 b
NE i SK combined
FC+PC+upmu
+multiving mu
-3
10
.’04...11 ........ | Ladaeiddadal s ssy [T oS TR

c a1 Q2 03 04 05 06 0.7 08 09 1

Sin“20



L(AML#MD + SOLH'R_ (swo, SK .-. >

FIG. 6: Allowed regions of neutrino oscillation parameters for
the rate analysis and the combined rate and shape analysis
from KamLAND at 95% C.L. At the top are the 95% C.L.
excluded region from CHOOZ [15] and Palo Verde [16] ex-
periments, respectively. The 95% C.L. allowed region of the
‘Large Mixing Angle’ (LMA) solution of solar neutrino exper-
iments [13] is also shown. The thick dot indicates the best fit
to the KamLAND data in the physical region: sin®26 = 1.0
and Am? = 6.9 x 10°eV2. All regions look identical under
0 — (7/2 — 0) except for the LMA region.
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FIG. 4: The ratio of measured to expected v, flux from reac-
tor experiments [12]. The solid dot is the KamLAND point
plotted at a flux-weighted average distance (the dot size is
indicative of the spread in reactor distances). The shaded
region indicates the range of flux predictions corresponding
to the 95% C.L. LMA region found in a global analysis of
the solar neutrino data [13]. The dotted curve corresponds
to sin®20 = 0.833 and Am® = 5.5 x 107° eV? [13] and is
representative of recent best-fit LMA predictions while the
dashed curve shows the case of small mixing angles (or no
oscillation).
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