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The Standard

GAUGE Gauge bosons (SU(8)e. SUERIL)y
B-boson _—ifell =B, (1.1)0
W-bosons AP =W (1,3)n
gluon Af] ® =G (8.1)0
MATTER (SU(8)e. SU)1) y
leptons (A, 2)-3
I'=1,2.3
(1 1)1
quarks , , "i
I=1,2,3 Q = JL (3,2)41
'L
x 3 colors _
( ) et =gl (3,1)_4
cl _ gl o
D! = dg (3.1),2

HIGGS Higgs Boson (SU(3)e. 5U(2)1) y
+
L e ¢ f:-J
Higgs ¢ = ;. (1,2)41
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THE ASTROPHYSICAL JOURNAL, 180: 7-10, 1973 February 15
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GRAVITY OF NEUTRINOS OF NONZERO MASS IN ASTROPHYSICS

R. Cowsik* aND J. MCCLELLAND
Department of Physics, University of California, Berkeley
Received 1972 July 24

ABSTRACT

If neutrinos have a rest mass of a few eV/¢?, then they would dominate the gravitational
dynamics of the large clusters of galaxies and of the Universe, A simple model to understand the
virial mass discrepancy in the Coma cluster on this basis is outlined.

Subject headings: cosmology — galaxies, clusters of — neutrinos
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ILPLWYVY RQ QHXWULQR UHOLF DEXJZGDQFH

&RZVLN OF&OHOORQIGIERYQG P

VoLUME 29, NUMBER 10 PHYSICAL REVIEW LETTERS 4 SEPTEMBER 1972

An Upper Limit on the Neutrino Rest Mass*

R. Cowsgikf and J, McClelland
Department of Physics, University of California, Bevkeley, California 94720
{Received 17 July 1972)

In order that the effect of graviation of the thermal background neutrinos on the expan-
sion of the universe not be too severe, their mass should be less than & eV/c?,
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PHYSICAL REVIEW
LETTERS

VoLumE 39 25 jULY 1977 NumBER 4

Cosmological Lower Bound on Heavy-Neutrino Masses

Benjamin W. Lee'®
Fermi National Accelevator Laboratory,™ Batavia, Mlinois 60510

and

Steven Weinberg(®
Stanford University, Physics Department, Stanford, California 94305
(Received 13 May 1977)

The present cosmic mass density of possible stable neutral heavy leptons is calculated
in a standard cosmological model, In order for this density not to exceed the upper lim-
it of 2x 10-® g/em®, the lepton mass would have to be greater than a lower bound of the
order of 2 GeV.
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LIMITS ON COLD DARK MATTER CANDIDATES
FROM AN ULTRALOW BACKGROUND GERMANIUM SPECTROMETER

S.P. AHLEN *, F.T. AVIGNONE III ®, R.L. BRODZINSKI ¢, A.K. DRUKIER ¢°, G. GELMINI &'
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Density (GeV cm_l)
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An ultralow background spectrometer is used as a detector of cold dark matter can
realistic model for the galactic halo, large regions of the mass—cross section space
particles, In particular, a halo dominated by heavy standard Dirac neutrinos (taken | Dl oy i
dent Z” exchange interactions} with masses between 20 GeV and 1 TeV is exclud 10 L] Illgg — : 1600 10000
neuirinos1s < 0.4 GeY/cm? for masses between 17.5 GeV and 2 5 TeV, at the 68%c
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/KH VWDQGDUG ORUH
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HISHULPHQWDOO\ 60 ZRUNV VXUSULVLQJC
VR VRPHWLPHYVY \RX FDQ KHDU SHRSOH VD
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