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COSMIC BLACK-BODY RADIATION*

-

One of the basic 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.

R. H. Dicke
P. J. E. PEEBLES
P. G. RoLr
D. T. WILKINSON
May 7, 1965
PALMER PavsicAL LABORATORY
PrincETON, NEW JERSEY

A MEASUREMENT OF EXCESS ANTENNA TEMPERATURE
AT 4080 Mc/s

Measurements of the effective zenith noise 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 yielded a value about 3.5° K higher than expected. This
excess temperature is, within the limits of our observations, isotropic, unpolarized, and

A. A. PENzIAS
f_\ﬂ \/\ . .
6002 B’ﬂ Lbjz R. W. WiLson
May 13, 1965

BeELL TELEPHONE LABORATORIES, INC
Crawrorp HirL, HOLMDEL, NEW JERSEY +- <7
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PHYSICAL REVIEW

Letters to the Editor

UBLICATION of brief reports of important discoveries

in physics may be secured by addressing them lto this
department. The closing date for this department is five weeks
prior to the date of issue. No proof will be sent lo the authors.
The Board of Editors does not hold itself responsible for the
opinions expressed by the correspondents. Communications
should not exceed 600 words in length.

The Origin of Chemical Elements

R. A. ALPHER¥

Applied Physics Laboratory, The Johns Hopkins University,
Silver Spring, Maryland

AND
H. BETHE
Cornell University, Ithaca, New York
AND
G. Gamow
The George Washinglon University, Washington, D. C.
February 18, 1948

VOLUME 73,

NSV

NUMBER 7

APRIL 1, 1948

We may remark at first that the building-up process was
apparently completed when the temperature of the neutron
gas was still rather high, since otherwise the observed
abundances would have been strongly affected by the
resonances in the region of the slow neutrons. According to
Hughes,? the neutron capture cross sections of various
elements (for neutron energies of about 1 Mev) increase
exponentially with atomic number halfway 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 calculated
curve with the observed abundances® it is necessary to
assume the integral of p.d¢ during the building-up period is
equal to 5X10* g sec./cm3.

On the other hand, according to the relativistic theory of
the expanding universe! the density dependence on time is
given by p=10%/f. Since the integral of this expression

1921-2007

VS
g1 J

FiG. 1.
Log of relative abundance

Atomic weight

1906-2005

1904-1968

R.A. Alpher, H. Bethe and G. Gamow
“The Origin of Chemical Elements,” Physical Review, 73, Issue 7, (1948), 803-804.
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M. Pospelov & J. Pradler, Big bang nucleosynthesis as a probe of new physics
Ann. Rev. Nucl. Part. Sci. 60 (2010) 539
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THE ASTROPHYSICAL JOURNAL, Vol. 148, April 1967

ON THE SYNTHESIS OF ELEMENTS AT VERY HIGH TEMPERATURES*

RoOBERT V. WAGONER, WILLIAM A. FOWLER, AND FF. HOYLE

California Institute of Technology, Pasadena, California, and Cambridge University
Recerved September 1, 1966




BBN D /oiE4A

| 7R =
> | I L

K R % . ™ N TN
g G - B i S
1 = S T N
e o=l U N L
=

N.VZLJW..J

| =

i

L

>~ .

—_~ ZJ Wlk -

NV - = | T

Q + Ww_ | =
= Q nfT T
] I~ B,
O N

T E s >
S R B V__ij
L N <




i
i
M
=

® RFIARNE
® AT EHE

0.26

[WMAP: Komatsu+ 2011;
Planck: Ade+ 2013]

0.24

Mass fraction

- 4He [Aver+ 2011: 2013]

Of5

* D [Olive+ 2012, Cooke+ 2013]
*3He [Bania et al. (2002)]
*7Li [Sbordone+ 2010] 0

SHe/H, D/H
=

> ‘He, DAIPHeRFER/RE

A. Coc et al., Standard big bang nucleosynthesis and primordial CNO
abundances after Planck. J. Cosmo. Astropart. Phys., 10 (2014) 50
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FIRST-YEAR WILKINSON MICROWAVE ANISOTROPY PROBE (WMAP)' OBSERVATIONS:
DETERMINATION OF COSMOLOGICAL PARAMETERS
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A probable stellar solution to the cosmological
lithium discrepancy

A. 1. Korn?, F. Grundahl?, O. Richard?, P. S. Barklem!, L. Mashonkina®* R. Collet!, N. Piskunov! & B. Gustafsson!

LETTER

Observation of interstellar lithium in the
low-metallicity Small Magellanic Cloud

I. Christopher Howk!, Nicolas Lehner!, Brian D. Fields®? & Grant J. Mathews!
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Maxwellian relative energies and

solar neutrinos
THE solar neutrino discrepancy is now regarded? as very
serious. The general attitude is that the Sun is trying to tell us
something but no one is quite sure what. I wish in this note
to add to the list of possible ad hoc explanations; namely that
the scarcity of B neutrinos reflects a departure of the distribu-
tion of relative kinetic energies from the Maxwellian distribu-
tion. I have not been able to calculate a cause of the indicated
depletion of the high energy tail of relative energies, so this
explanation must be limited to the associated effect.

MSELR 2!

131

The constant B, is set by requiring that the distribution function
remain normalised, and is a function of §, and B,.

The B, term has no physical effect although it might seem to
have, since it does seem at first glance to reduce the high
energy tail. This would be true at fixed 7, but to maintain the
Sun’s luminosity at its known value, its central temperature
would have to be increased sufficiently to counteract the effect
of B, on the solar power. This increase in T raises the ®B neutrino
flux back to exactly the value it had for §; = o. Thus §, may
be ignored as having no effect. For the *B neutrinos to be
reduced in a Sun of fixed luminosity, the deviation from
Maxwellian must decrease faster than exp (—[B,£) between
E, (pp) and E, (3, 4); that is, d*//dE® must be negative.

Suppose then that f(E) &~ B,—PB.E* and imagine that By is a
small number so that no great violence is done to the distribu-
tion. It is convenient to think of (,£? as being 3(£/kT)?, where
8 = Bu(kT)? is a smallness parameter for the deviation. My
calculations show that values in the range 5x 10" <8< 102
are adequate to suppress the neutrino flux to Davis’s limit’.
Values of § in this range would mean that the deficiency in the
distribution function is only a few per cent at a few &7, and at
E = 10 kT the rate of change of the distribution function with
energy due to the f; term is still only 109 of the Maxwellian
rate of change. These values of & entail negligible corrections
to the equation of state but large corrections to the ®*B neutrino
flux.

Using the same? unperturbed model of the solar centre, 1
find that the ratio of PPI completions to PPII + IIL is

[PPI/(PPII +1ID] & 10.36 exp (1175) — 0.25 1)
and is 10.11 for the unperturbed model. I also calculate that the
B neutrino flux stands in relation to the unperturbed flux as

®y(°B,8)
®,(*B,56=0)
I-or the two values (l) = 5x 10" and 10 3 the ‘B neutrmo ﬁux

1071005 @

My calculations show that Values in the range 5x10-3

<0 < 10-2are adequate to suppress the neutrino flux to
Davis’s limit.

a good approximation.

Nonetheless we should perhaps be cautious, because the
thermonuclear reactions involve improbable high energy
fluctuations. For example, in a recent model* of the solar
centre having T, — 14.9 X 10° K the most effective® energy
E, for the pp reaction is E, (pp) = 4.58 kT, and the reaction
*He (a, v) "Be leading to production of ®B involves pairs whose
average relative energy is E, (3, 4) = 17.4 kT — very far out
on the tail of the distribution. The power for the Sun comes
from energies of a few k7, whereas the neutrinos come from
nearly 20 kT that causes the ®*B neutrino flux to be strongly
modified if the high energy tail of the two-particle distribution
is depleted.

To illustrate these effects I have recalculated the Sun assuming
all Maxwellian distributions are multiplied by the same factor
expf(E), where f(E) is a slowly varying function of energy.
I find that the ®B flux from the Sun depends on d2f/dE?: if
d*/dE* < o, the ®B flux is reduced and if d*/dE*>o0 it is
increased. The findings are most easily discussed by expanding
f(E) in Taylor series as f(E) = Po—B.E—B.E*+ . . . and
ignoring higher terms as having negligible importance near E,.

many-body physics involved, so I write in the hope of more
authoritative treatment from others.
I thank many colleagues who have urged me to publish this
abbreviated account of a more detailed paper I circulated
privately in 1971. This research was supported in part by the

National Science Foundation.
DonNALD D. CLAYTON

Department of Space Physics and Astronomy
Rice University,
Houston, Texas 77001,
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ABSTRACT

The abundances of light elements based on the big bang nucleosynthesis model are calculated using the Tsallis
non-extensive statistics. The impact of the variation of the non-extensive parameter g from the unity value is
compared to observations and to the abundance yields from the standard big bang model. We find large differences
between the reaction rates and the abundance of light elements calculated with the extensive and the non-extensive
statistics. We found that the observations are consistent with a non-extensive parameter g = 173% indicating that
a large deviation from the Boltzmann—Gibbs statistics (g = 1) is highly unlikely.
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Table 2
The Predicted Abundances for the BBN Primordial Light Elements®

Nuclide Coc etal. (2012)  Cyburt et al. (2016)  Bertulani ef al. (2013) hots, ok Observation

G="1) @=1) g1 g=1 | q— 1069 ~ 1082
He 0.2476 0.2470 0.249 0.247 0.2469 0.2561 + 0.0108 (Aver et al. 2010)
D/H(x10~%) 259 2.58 2.62 2.57 314 ~ 325 3.02 + 0.23 (Olive et al. 2012)
3He /H(x10™%) 1.04 1.00 0.98 1.04 146 ~ 150 1.1 + 0.2 (Bania et al. 2002)
Li/H(x 107 524 4.65 4.39 5.23 1.62 ~ 1.90 1.58 + 031 (Sbordone et al. 2010)

(a) The observational data are listed for comparisomn.
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ApJ - AAS03189 Decision Letter

Dear Prof. He,

| am happy to report that the above paper is accepted for publication in The Astrophysical Journal pvithout revision.

| am attaching the final report with this letter.

Correspondence concerning the logistical aspects of publishing this manuscript should be directed to journals.manager@aas.org. If you have any additional guestions concerning the scientific
content, please direct them to me.

Congratulations and best wishes;
Dieter H. Hartmann

AAS Scientific Editor
dieter.hartmann@aas.org

Referee Report

This is a very important and most interesting paper, presenting a simple but highly plausible solution to the Lithium Problem. The idea is to abandon the assumption that the lithium was created in
exact thermodynamic equilibrium, and replace the Maxwell- Boltzman distribution with the corresponding distribution from Tsallis non-extensive statistics, which has found applications in a very
wide range of problems. This approach provides an additional parameter ¢ which is determined by the observations. The authors find an excellent fit to the ohservations with the parameter 1.069 <=
q <= 1.082. This value of q s very close to the value q = 1 assumed for the Maxwell-Boltzman distribution function, implying that only very small deviations from thermodynamic equilibrium are
required. The authors find excellent agreement between the predicted and observed primordial abundances of deuterium, helium and lithium. The authors also give a possibility argument based on
the fact that nuclear reaction cross-sections favor the most energetic nuclei, which tends to diminish the distributions in the highest energies, while ambient electrons and photons restore the
distributions to equilibrium slightly.

| strongly recommend publication of this paper.
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A Solution to *Too Big to Fail”

Artist's representation of the evolution of the universe, with time flowing to the right in the direction of the
ammow. The Big Bang theory is the most widely accepted cosmological model of the universe, but it still
contains a few puzzles. [NASA]

Awards

How did our universe come into being? The Big Bang theory is a widely accepted and highly successful

cosmological model of the universe, but it does introduce one puzzle: the “cosmological lithium
problem.” Have scientists now found a solution? =S ONI INE

Too Much Lithium

In the Big Bang theory, the universe expanded rapidly from a very high-density and high-temperature
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