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We may remark at first that the building-up process was
apparently completed when the temperature of the neutron
gag was still rather high, since otherwise the ohserved
abundances would hawve been strongly affected by the
resonances in the region of the stow neutrons. According to
Hughes® the neutron capture cross sections of various
elements {for neutron energies of about 1 Mev) increase
exponentially with atomic number hallway up the periodic
system, remaining approximately constant for heavier
elements.

Using these cross sections, one finds by integrating
Eqgs. (1) as shown in Fig. 1 that the relative abundances of
various nuclear species decrease rapidly for the lighter
elements and remain approximately constant for the ele-
ments heavier than silver. In order to fit the caleulated
curve with the observed abundances® it is necessary 1o
assume the integral of pdf during the building-up period 1=
equal to 33100 g sec, femd,

Chn the other hand, according to the relativistic theory of
the expanding universe* the density dependenceé on time is
given by p=104/f 5Since the integral of this expression
diverges acd =40, 1t 15 pecessary (o assume that the building-
up process bepan al a certain time fg, satislving the
relation :
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The paper by Gamow and Alpher is generally known as the “af3y paper.”
Quite apart from its content, the paper has a famous history, which has made
it part of the physics folklore. As it appeared in Physical Review, it was co-
authored by Bethe, although he did not, in fact, contribute at all. Gamow
recalled the story behind the afy terminology as follows: “In writing up the
preliminary communication of this work, I was unhappy that the letter P was
missing between a and y. Thus, sending the manuscript for publication in
Phys. Rev., I put in the name of Hans Bethe (in absentia) between our names,
This was planned as a surprise to Hans when he would unexpectedly find his
name as co-author and I was sure that, being my old friend, and having a good
sense of humor he would not mind. What I did not know was that at that time
he was one of the reviewers for Phys. Rev. and that the manuscript was sent to
him for evaluation. But he did not make any changes in it except to strike out
the words “in absentia” after his name, thus endorsing the idea and the re-
sults.”™ Gamow even tried to make Herman change his name to Delter so the
af3y theory would become an afyo theory. Although Herman resisted the
temptation, in a later paper Gamow referred to “the neutron-capture theory of
the origin of atomic species recently developed by Alpher, Bethe, Gamow and
Delter,” a reference which must have caused some confusion.” Bethe, who
was not foreign to this kind of fun, took the Joke with good humor as Gamow
expected. As he later told Alpher and Herman, “[ felt at the time that it was
rather a nice joke, and that the paper had a chance of being correct, so that I did
not mind my name being added to it.” The last word on the matter was added
by Gamow in 1960: “There was . . . a rumor that later, when the afy theory
went temporarily on the rocks, Dr. Bethe seriously considered changing his
name to Zacharias.”’
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, other processes than radioactive neutron
decay should also be taken into account. Specitfically, he considered an initial
temperature of about 10'? K, corres
order of 10 s.'*® He argued that
initially present, electron-positron pairs would be created from the electro-
magnetic field. At the high temperatures, induced beta processes such as n +
e —>p+7vandn+v —p+e would have a major effect on the ratio between
protons and neutrons (v and # denote a neutrino and an antineutrino, respec-
tively). In the thermal equilibrium existing at the highest temperatures, the
proton-to-neutron ratio would be given by np/n" =exp [(m ~m )c*/kT] and
thus would be larger than 1. This ratio would become frozen when the uni-
verse cooled and equilibrium was no longer possible, and Hayashi calculated
that this required a ratio between the numbers of neutrons and protons at the
beginning of element formation of around nfp = 1/4. In other words, the ylem
would be far richer in protons than assumed by Gamow, Alpher, and Herman,
namely, 50% by weight corresponding to equilibrium.

Hayashi later became professor of physics at the University of Kyoto and did
important work on stellar formation and other topics of astrophysics.

Alpher and Herman found Hayashi’s approach interesting, but also pointed
out that it was an oversimplification and that the neutron-proton ratio of 1:4
failed to yield a sufficient number of heavier elements. Among other things,
Hayashi had used in his calculations a neutron half-life of 30 min, very differ-
ent from the 13 min currently established experimentally; this alone meant
that his conclusions had to be modified. All the same, Hayashi’s work inspired
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Dicke et al. ApJ 142(1965)414

COSMIC BLACK-BODY RADIATION®*

One of the hasic problems of cosmology is the singularity characteristic of the familiar
cosmological solutions of Einstein’s field equations. Also puzzling is the presence of mat-
ter in excess over antimatter in the universe, for baryons and leptons are thought to be
conserved. Thus, in the framework of conventional theory we cannot understand the
origin of matter or of the universe, We can distinguish three main attempts to deal with
these problems,

We deeply appreciate the helpfulness of Drs, Penzias and Wilson of the Bell Telephone

Laboratories, Crawford Hill, Holmdel, New Jersey, in discussing with us the result of
their measurements and in showing us their receiving system. We are also grateful for
several helpful suggestions of Professor J. A. Wheeler,

E. H. IMckE
P. ]J. E. PEEBLES
P. G, RoLL
I T, WiLkimwson
May 7, 1965
Parmer PavysicAL LABORATORY
PrincEToN, NEW JERSEY
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Penzias & Wilson: ApJ 142(1965)419

A MEASUREMENT OF EXCESS ANTENNA TEMPERATURE
AT 4080 Mc/s

Measurements of the effective zenith noize temperature of the 20-foot horn-reflector
antenna {Crawford, Hogg, and Hunt 1961) at the Crawford Hill Laboratory, Holmdel,
New Jersey, at 4080 Mc,/s have vielded a value about 3.5° K higher than expected, This
excess temperature is, within the limits of our observations, isotropic, unpolarized, and

free from seasonal variations (July, 1964-April, 1965). A possible explanation for the

observed excess noise temperature is the one given by Dicke, Peebles, Roll, and Wilkinson
(1965) in a companion letter in this issue,

B, W, WiLson
May 13, 1965
Berr Tererpone Lasoratories, Inc
Crawrorp Hin, Howmper, New Jersey
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August 4,1946

Irofessor G.Gsmov
Chio State University
Columdbus,Ohic

Dear ¥r.Ganov:

After receiving your manuscrint I read it immediately
and then forwarded it to Dr.initzer. I am convinced that the
abundance of elements as function of the atomic weight it a
highly important starting noint for cosmogonic speculations.
‘The idea that the whole expansion rrocess started with a neutron

~gas seems to be quite natural too. The explanation of the
abundance curve by formation of the heavier elements in making
use of the known facts of probability coefficients seems to me
pretty convincing. Your remarks concerning the formation of the
big units (nehulae) I am not able to judge for lack of srecial
knovwledge.

Thanking you for your kindness,I am

yours sincerely,
A B anass.

Albert Zinstein.
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‘ MAP (Microwave Anisotropy Probe) I
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