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2 last few vears the improved saccuracy of the
syperimental observations has put the light elements again
to the attention of cosmologists. Kew and more precise

determinations of Helium-4, Deuterium and of Lithium-7 seems
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{the Cosmological Principle) that implies that the

metric:

2. The early universe is correctl
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Einstein’s theory of relativity. The time of the

Energy conservation relates the energy density

to the pressure p
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T™he first,and slowest, nuclear reaction is the capture
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1.4 EBTIMATES OF THE o FREE FARAMETTERS o
1.4.1 The Life-time Of The Heutron

10.61 2 0.16 Cnristensen et al 1372

10,122 0.09% Borndarenko et al 1978
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FROM BIG BANG rage 3-8
Lower limits for Eta are deduced only if it i
pessille in  some way to fix upper limits teo D. I
notice that is thie kKind of approach Lo lead the
more severe difficulties to the EEN,
Helium-3 ;Also He-3 is decreasing with the
ihcreasing of Eta as D but the observed He-3 ig &n

Since there are a lot of problems Lo
understand the evolution of He-3 during the life of
the galaxy I think that the use of he-3 dees  no

Fermit us te say nothing more using He-3. |
Lithium-7; the case of Lithium-7 ig meore complex .
Its Dbehavieur with Eta shows a valley as 1is

£y
Lithium~-7 the unigue privilege &mOng  the light
elements to offer simultam%eu&ly “pper  and  lower
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WHAT CAN WE LEARN FROM BIG EARNG Page 3-9

. Steioman (1883) have suggested that the

ueing He-3 and D togsther. Keeping in mind that

deuterium primarly burns to He-3 via the reaction

an aprecisble fraction (g) of the primordial
Devterium will be returned to the interstellar
medium as He-3.

This fraction has been computed Dby Schranm
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See fig 2-6 and 3-7

Trom e o e
fnow accurately the evolutionary curve for He-3
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Tt ies interesting that this result overlaps

the implied range for the wvalues as derived from binary

Tt should be aslso noted that because from solar
neighborhood and inner part of galaxies we have S <0.01
the Azrk matter on a small scale (galaxies.binaries, small

groups) has an appreciable if not complete Dbaryvonic

that way reguire there to be
non-baryonic dark matter are the large «clusters of
f

svies.This location is particularly well

ke

meutrino hypothesis since neutrines can cluster easily on



WHAT CAN WE LEARN FROM BIG BANG Page 3-~-12

scales of large clusters of gelaxies while have greatl
s - " Y - kN b S RO . ~ -
Clfficulty with clustering on a small scale,
The so0 called "Flatness argument” in cosmclogy reguire
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gzsumes  that half in volume of the universe was in low
density regions with the 10 % of the baryvonc mass and the
other half in high density with the 90 % of the baryons.
ihe output of the BEN cames from the low density regions and

gives the observed abundancies and 1~ 0.1. On the other

recombination in pop III cbiects giving not observable Black

2.4 LIMITS ON THE NUMRER OF NEUTRINO

Since Yp increase with Nv,Eta,Teul/2 an upper limit  to

Yp and lower limits for Eta and Taul/2 put an upper limit to
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WHAT CAN WE LEARN FRCM BIG BANGC

two~component stable neutrinos is 3.(fig 3-14).
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BE-9 IN POP II STARS: AN INDIRECT CONFIRMATION OF THE
PRIMORDIAL CRIGIN OF LI-7

1.1 Summary

An upper limit on the Be-9 abundance in HD 76932, a
popll star, has been derived at 3 dex(~12). The present
upper limit is significantly lower than the average
abundance for pop I stars .This implies an increase of the
Be-9 abundance during the galactic l%fe. The Li-7/Be-9 for
this star is greater than 30, more than three times of the
predicted ratio for a spallation origin. Since others
mechanisms proposed for Li-7 production as red giants and
novae, cannot have operated effectively 1in changing the
chemical composition of very cld stars, the présent lower
limit should be considered as an indication of the

primordial origin of Li-7.

1.2 Introduction

Berillium is the lightest element not sinthesized in
the Big Bang unless the baryon density has the very unlikely
value of dex(-29) g/cm3. (Hagoner 1973) It can be produced
by spallation of heavier stellar synthesized ions by
energetics ccémic rays Dbut burnt in the hot stellar
interiors.Its detection offers insights on the chemical
evelution of the galaxy, the physics of the cosmic rays and
the structure and evolution of stars.

Due to observational difficulties our knowledge of Be
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in the Universe is restricted to the solar nelghborhood.

In the meteorites the Be/H is ~ 2 15;; (Busek 1971),while in
the sun is 41.2 10°“ according to Ross and Aller (1974) or
1.4 10 according to Chimielewski et al 1976.

The cobservations on a large sample of 38 relatively young F
and G stars have given the mean value of 1.3 10 % 0.36
10-“ (Boesgaard 1976). '

It is relevant to the present analysis to notice that
one-third of the stars of this sample hotter than 6600 K
show Be deficiency as well as Li deficiency. This anomalous
depletion 1is probably due to diffusion and rotational
mixing.

No Berillium has been detected in the interstellar gas but
an upper limit at § ldd' has been given by Boesgaard (1974).
Dravins and Hultgwist (1977) have observed 2.5 10.“ in o
Cen A & solar analogous 8 billions of yearé old . They also
estimate the age for /ﬂ Her A in 7 102 ¥s. and in § Eri
in 8 105 ys. for which Boesgaard and Chesley (1976)
founded Be/H equal to 2.5 10-“ and .22 10‘“ respectively.
They explain the low value of § Eri as the result of a post
main-seguence depletion by a factor three.

The network of all these data is that the Be abundance
inside the observational horizon is of some units of Zﬁmn
practically unchanged during the last 8 billions of years.

Several theoretical models have been proposed to
account for the present Be abundance Meneguzzi, Audouze and

Reeves (1971),(MAR), Truran and Cameron (1871} (TC) Quirkk

and Tinsley (1873),(QT), Audouze and Tinsley (1974),(AT).
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They all assume Be built-up by spallation processes but with
different stellar birthrate at the early infancy of the
galaxy. Since all these models‘fit fairly well the above
mentioned ocbservations but differ drastically in the

predictions of Be abundance in the early stages of the

galaXy observations of very old stars permit to choose

between the models.

1.3 The Data And Data Processing

For the analysis I have used an IUE image LWR 7182 of HD
76932 taken in the High Resolution mode and Large Aperture

available in the Vilspa Data Bank.

For what concerns a guantitative analysis of Berillium the
IUE equipment is not the optimum one because its resolution
( .2 A) is not enough to separate the blends with the other
iines. On the contrary the instrument gives a nearly ideal
signal to noise ratio that permits to detect alsc faint
lines.The low metallicity of the star under study play in
favour of the detection of the Berillium lines since there
is no correlation between the metals that are syntesized in

stars and the Berillium that has a spallation origin.

A little improvement in the vresclution has been obtained

reprocessing the data with the procedure of Ramella et al

(1983).

Unfortunately a reseaux mark falls exactly on the position

of the 3130.2 BeIl line. This line is severely blended by
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the strong VII at 3130.2 A and the fainter Bell line at

3131.04 A is wusualy used to estimate the Berillium

abundance.

in fig 1 it is displayed the vregion of the BelIl doublet
after the reprocessing.The position of the reseaux is marked
with crosses. The electronic noise has been estimated in
portions of the image without signal and 1 ¢ of its average
value is rapresented by the 1line at the botton of the

figure.

1.4 The Analysis Of The Spectra

An identification of the lines in the Be region has
been performed using the synthetic spectrum method and these

are listed in table 1.

Since no reliable identification of the fainter line of the
Be II doublet (3130.4 A) 1is possible due to: the not
sufficient resolution so only an upper limit to the

ipothetical presence of the line can be given.

The characteristics of the atmosphere of the star have been
taken from the Cayrel et al (1980) catalogue: the Teff =
5860 K, the gravity g = 3.5 and the metal deficency

LogLFe/H3 = -1.1 relative to the sun.

The atmospheric model has been interpolated in the grid of
Kurukz, with lightly modification in the region of interest

for what conce:ne lines and log gf according to the more



Page 5

specifics works of Ross et al. (1974) and Boesgard (1876,
The lines and their ascillator strenghs for the region
between 3129.0 and 3133.0 A ére,reparted in table 2. The
radiative transfer equation has been solved within the LTE
hypothesis because in the soclar atmosphere according to Ross

et al. (1974) the departures from LTE are negligible for

the Be lines.

The microturbelence adopted is 1 Km/sec. Anyway the
increase of the micreturbulence decrease the abundance
derived so the low value adopted makes more consistent the

upper limit that I shall derive.

The Be equivalent width and is abundance is almost
insensitive to temperatures between 5700 and 6600 K
{Boesgard 13876).

In the fig 2a are reproduced the stellar spectrum and
the synthetic spectrum with a scolar Berillium abundance (1.3
dex(-11). It is possible to see that the synthetic‘spectrum
with a solar abundance for Berillium overflow the observed
spectrum indicating a deficiency of this element in the
atmosphere of the star compared to the sun.
In fig 2b are reproduced the observed stellar spectrum and
the synthetic spectrum with with a Berillium abundance of
1.26 dex (-12).

Using the Berillium abundance as free parameter I fixed an

upper limit to the Berillium abundance as

Be/H < 3 dex(-12)



A further indication,even more gualitative, is the
comparigon with the solar spectrum and other pop I stars.
In the solar spectrum the centrél depht of the line is 0.55
while in the case of HD 76932 the central depht of a virtual
line at the same position is 0.35. This means that there is
more signal for the halo star in coincidence of the Be 11
3130.4 A line respect to the sun and this is despite the
fact that the Dblinding of the 1lines, due to the IUE
instrumental profile, acts to depress the level of the

signal.

2.0 EVOLUTIONARY BEHAVICUR OF BE

The age of the star under study has been discussed by
Spite and Spite (1882),(35) in about 15 billions of years.
In the fig 3 are plotted the Be/H observations together with
the thecreﬁical models.

The present upper 1limit is definitively below .all the
previous estimations. Depletion should be excluded since
according to 88 it has not worked for Li-7 for all the pop
II of their sample hotter than 5500 K.

From the fact that we are dealing with a very cld star the
low upper limit derived implies a strong increase of the
ahundance of this element during the first billions of the
galactic life.

From the fig 3 it is possible to see that the models that
assume & costant (MAR), or exponentialy decreasing (TC)

stellar birthrate with the life of the galaxy are favourite
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respect to theose of AT and 07 that assume an initialy very
efficient star formation that makes for old star a Be/H

abundance higher than the solar cne.
3.0 LI/BE AND COSMOLOGICAL IMPLICATIONS

The Li-7 in pop II staré has Dbeen recently measured by
55.The costant value for the Li-7 abundance derived in stars
with different metallicities has been interpreted by 885 to
be the effect of the primordial character of the Lithium

observed.

These observations are among the most powerful tool to
measure the baryon density of the universe via the standard
Big Bang model (Steigman 1983) so any additional argument on
its primordial character strenghen our confidence on its
applications.

The star that I have analized belong to the sample used
by 885 to derive the Li-7 abundance. Using their value of
0.9 dex(-10) and the present upper limit the ratio is:

Li/Be > 30
While the predicted wvalue by spallation reactions of
abundant nuclei ( C-12,N-14,0-16,Ne-20) and cosmic ray
protons and alpha particles with a cosmic ray spectrum 1is
A 10
Li-7 can be built up in several ways as spallation, red
giants,Novae and Big Bang while Be-9 only through

spallation.
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In very old stars red giants and novae have not effectively
operated to change the chemical composition of the material

from which these old stars are formed so we have only:

£Li(BB) + Li(8)3/Be(8)

In HD 76932 this ratio is more than a factor 3 the value
predicted by the spallation so a conspiquous amount of Li-7
cannot have been built wup by spallation but should be
primordial or made in & pregalactic egoch through mechanisms

other than spallation.

The upper limit to the Be abundance constrains to less "than
30 % the fraction of Li-7 that can be built up by spallation
processes so the bulk of the Li-7 observed by S8 should be
primordial and we are allowed to wuse it to derive
informations from the Big Bang model.

It is remarkable that if in the future it will be possible
to estimate the amount of Be/H ,instead of upper limits, it
will be possible to separe the fraction of Li-7 ?reéuced hy
spallation from the primordial one. From the particular
valley of the behaviour of the Li-7 abundance against the
baryon/photon parameter a lower value of primordial 1i-7

means a narrower constrain on the Eta value.(Steigman 1883)

4.0 CONCLUSIONS

A careful analysis of a IUE spectrum of a very old star
has been performed in the attempt to derive the Berillium

abundance. No evidence of the Bell resonance lines has been
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found .With the aynthetic spectrum method the star has been
found to be deficient in Berillium by nearly one rder of
magnitude respect to the suéa - Since this is the first
znalysis on a pop II star it suggests an increase of the

Berillium abundance during the galactic life .From the fact

that this star belong to the sample in which 85 detected the
primorﬁial Lithium the iow value for the berillium given in
this work exclude the possibility that the Lithium observed
by them could be built by spallation processes in the early
times of the galaxy life.

Since the present work needs further confirmations- and
better data it will be carried on in the future using ground
observations in collaboration with J. Audouze . Bpite .M.

Spite and J.E. Beckman .
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Captions to the figures

1;The spectral region of the Be II doublet.The
crosses show the reseau marK. The 1 G level of
the electronic noise is rapresented by the line at

the botton of the figure.

2 a):The observed spectrum (the fin line) and - the
synthetic one (thik 1line) are superimposed. The
theoretical model has been computed using the solar

abundance for Berillium.

Z b);The same of fig. 2 =a), but the Berillium

abundance of the synthetic spectrum is 1.3 dex(-12).

3:The fig is adapted from Dravins et al (1977).The
theoretical models are reported together the Be

determinations.

Captions to the Tables
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Tabhle 1:Ildentification of the main contributors of the

lines in the region of the Be II resonance lines.

Table 2:The full list of the lines uéed in the synthetic

model computation with their Log gf, the energy

potential of the low level and the damping costant.
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Fig. 2. Evolutionany abundance curves for beryllium in the inter-
stellur medium according 10 models by Meneguzzi et al. (1971):
MAR. by Truran and Cameron (197}); TC and, using a galactic
evolution model by Quirk and Tinsley, by Audouze and Tinsley
(1974}, AT/QT, compared with observed beryllium abundances in
objects of different ages. The paint marked “Fesiars™ indicaies the
average zbundince for 23 stars as studjed by Boelgaard {1976), placed
at the reasonable average age of 2 10° vears

Fig, 3
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Oheer. Main contrib.

129.1 ZR II 3128.180

{a?

Ni I 3129.299
Fe I 3129.335
3129.8 Zr II 3129.760
3130.3 V II 3130.261
Be II 3130.420
Ti II 3130.791
Be II 3131.065
3132.0 Cr II 3132.036
3132.5 Fe I 3132.514
V II 3132.587
3133.4 V II 3133,327

Zr II 3133.480
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