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ommen analog ist. Wir kdnnen nimlich auf der linken Seite der
Feldgleichung (13) den mit einer vorliufig unbekannten universellen
Konstante —A multiplizierten Fundameutaltensor g, hinzufigen, ohne

daB dadurch die aligemeine Kovarianz zerstdrt wird; wir setzen an
die Stelle der Feldgleichung (13) '

G-'—Ag-'= —x(z:v—%g-- T)' (13‘)

Auch diese Feldgleichung ist bei genlgend kleinem A mit den am
Sonnensystem erlangten Erfahrungstatsachen jedenfalls vereinbar. Sie
befriedigt auch Erhaltungssitze des Impulses und der Energie, denn



schiedenen In(iizzss nichts liefern; die Gleichungen (A) fiir i = k=1l,2;8

geben eine Beziehung:

R'?

™ &
die Gleichung (A) mit i =k = 4 liefert die Beziehung:

3R? 3¢
e +’——l—”0291 (5)

dR d? R
/ " .
B = a 1 und BR'= T 3
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Alexander Friedmann, “Uber die Kriimmung des Raumes,” Zeitschrift fiir Physik 10 (1922), 377-386.
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a major driver for Brazil to ratify #ts ESO

For ESO director-general Tim de Zoeuw,
one proposal does not necessarily
lkdhﬂthdbmlhtGm
is independent of the ratific & xn of Bran!
0 ESO and is very different”. he says. Both
megatelescopes are a decade OF 50 away
from campletion. but being part of the ESO
gves Brazilian astronomers sccess 1O exist-
ing obscrvatorics in Chile, such as the Ata
cama Large Millimeter/smilbmeter ArTay
and the Very Large Telescope, he adds.
“They are cutting edge facilstics available
ummmm-ﬂm{
The ratification

the agreement in the first half of 2014, but
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uncovered
Physicist explored the idea of asteady -state Universein 1931.

SY DAVIDE CASTELVECCHI

manuscript that lay unnoticed by
has

Einstein’s lost theory
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form galaxies and stan. and these would
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recently uncovered work, written in 1931, is
of a theory by Brie

Jess willing to make
dlection year Beatriz Barbuy. htdallhe
Astronomical

struction contracts for the E-ELT cannot be
mwmmnmm

Fred Hoyle nearty 20 years
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Universe was slways infinite, parts g o
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dea much carlicr. “For the densaty 10 remain
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a very dense and hot
But, from the late I!‘ml{opk-'nllhl
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Fanstein Archives in Jerusalemn — and is fredy
available to view on its website — but had been
lassified as a first draft of another

Enstein paper. Cormac m-p&p-

st at the
he ﬁmﬁloﬂdl—
what the manuscript

m Ircland, says that
chair”™ when he realized

was ahont. He and hi

thewr findings. togethet with an English transla
tion of Einsteirs onginal German

‘on the arXiv preprint server (C. O Raifeartaigh
o al Preprint &t hitp-//arxivorg/abs/1 402.0132;

Davide Castelvecchi. Einstein’s lost theory uncovered. Nature 506, 418—419 (27 February 2014)
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z = corrimiento al rojo
Ao = longitud de onda referencia

A = longitud de onda medida

Afio | Hy e | Método

1929 530 Cefeidas

1954 263 Recalibraciéon
Cefeidas

1996 56 Luminosidad
de galaxias

2001 72 HST

H,™' =~ edad del universo

b km o
Hy = 72 ~ 13,7x107anos
s Mpc
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UBLICATION of boief repocte o —

Band, according to the relativistic theory of
the cnpandiog eniverse’ the density om time i
e by p10%/0. Since i o

ey oo
Jroces began at & ceriain G o satidying the

pointed out by one of wn' s
st have originaed a0t " e )
— i o fves w1520 sec. and pud $X 105 & sec. /cmt. This

oy o meaninge: (8) for the Mgher

prior 1o that time tha temperature
© mo agEregation wes taking
the Gemaity o the umiverse never ©

2.5 106 & sec./cmt which cam poibly be wnderstood i we

100/ 3o S X 10%, @

(muase defects) as on the values of their neutron
crows sections. The equations governing such a
v-.-l-nuu.,. process apparently can be written in the form :
dn,
“
where m; and #, are the relative aumbers and capture cross
sections for the nuckei of atomic weight +, and where /(1) is &
factor characterizing the docroase of the density with time.
803

—fUNoirmir—wm) T=12,---238, o)

Alpher, R. A.; Bethe, H.; Gamow, G. The Origin of Chemical Elements. Physical Review 73 (7): 803—804. (1 April 1948).




Penzias, A. A.; Wilson, R. W. A Measurement of Excess Antenna Temperature at 4080 Mc/s. Astrophysical Journal, vol. 142, p.419-421.1965
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densidad bariones (1073 grs/cm3)

B Scott Burles, Kenneth M. Nollett and Michael S. Turner. BIG BANG NUCLEOSYNTHESIS PREDICTIONS FOR PRECISION COSMOLOGY. The
Astrophysical Journal, 552:L1-L5, 2001 May 1




ﬁ

\.\\.'\.\."h.\.'\.\.\."h."'h.\.\\.'\.\."h.\.'\.\.\."h."'h.\.\\.'\.\.‘\.\.'\.\\.\“\\\\.\\.\\.'\\\.\“\\\\.'\.\‘ / W

Distant .
galaxy .
‘ : -Background -

B

quasar

. ¢ » 4
N y
. » -
’ ' -

1 Hydrogen emission
/ from quasar

To Earth,

Intervening

e Hydrogen

~~ _ ,absorption
(T A\
‘ I

‘Metal’ absorption lines

| . . . . | L
4000 5000 6000
Observed Wavelength [Angstroems]

Schramm, D. N. and Turner M. S. Rev. Mod. Phys, 70,303. 1998

I L i L L i L i i L L L T i L i T L L N L L L e L L T e L L T L L L N L L T L T T L L N L L L N L T T N L T L L L T L L T T L T L L L L L L e L e e



T=2,7k
z=0
T=108k 9 % R/Ro=1
z=25x107 o3 R/R,=0,094 energia oscura
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nucleosintesis

1. nop+e~+9, "o 10 %0
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CJ Copi, DN Schramm, MS Turner. Big-bang nucleosynthesis and the baryon density of the universe. Science Vol. 267 no. 5195 pp. 192-199. 1997



nucleosintesis

Temp. del nucleo del sol~1,36 x 107 K
» t=0,1seg

lonizacion de H =13,6 eV

b T=3x1010K Ligazdn D=2,2Mev
LHC=7TeV

b energia x fotén =10 Mev

n+v, <opt+e

n+et op+7,



nucleosintesis

n+v, <opt+e

n+eteop+v,

m, kT 32 m,
Nn = Yn 2R 2 exp[—

mykT 3/2
Tlp = gp 211h2 exp[—



nucleosintesis

Np Qn Iin =0,2
n, exp| kT] np
1 T Ireezout ’
0.1¢F -
e 0.01 | .
~ 0001 .
£ 0.0001 | .
10-8 .
-6 1 1 1
10 100 10 1
T{10%K)
kT~0,8Mev

Tfreez = 9x10°K

desacople = 2seg

T>>1,5x1010K
t<<1 seg
n, = Ny

T = 195K
fondo
cosmico

de neutrinos (CNB)




nucleosintesis

Ttreez = 9x10°K

desacople = 2seg

p+peD+et+v,
n+neD+e +v,
ptneD+y

energia liberada By, = (m, + m, — Mp)c? = 2,22Mev

Nyny  9pIn

3/2 ~3/2
np 9gp < mp )/ < kT) / exp[[mp+mn_mD]C2

m,mp 2mh? kT

kT \2 B,
m,,c? eXp[kT



nucleosintesis

kT \2 b
my,c? eXp[kT]

kT~0,066Mev
Touc = 7,6x108K

tiempo = 200seg



nucleosintesis

D+pe 3He+y
D+neo H+y ‘He+D & ®Li+y
D+D o 3He+n ‘He+3H o "Li+y

D+D e 3H+p
*“He + 3He & 'Be +y

D+D o *He+y ‘*He + *He © 8Be
SH+p o *He+y
SHe +n o *He+y
SH+D o *He+n
SHe+ D o *He +p

vida media 3x101°seg



nucleosintesis

n
» 2 =0,2 % exp[—t/t] = 0,13

Ny

Vida media del neutrén
890seg

n
» 4n4He _ 4(711) n
np _np+nn_1_|_(n
» 0,241 + 0,002
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Today 14 billion years
Life on earth . - s

Acceleration  \—— 11 billion years
Dark energy dominate i NG

Solar system forms\ % S
Star formation peak s
Galaxy formation era\ \

Earliest visible galaxies V- 700 mill.ion years

Recombination Atoms form /400,000 years @
Relic radiation decouples (CMB) \,

v,) @ gi‘!f

Matter domination —— 5,000 years
Onset of gravitational collapse ; ‘ %

Nucleosynthesis '. . Qminutes |

Light elements created - D, He, Li | Y
Nuclear fusion begins —— 0.01 seconds

1 ~

Quark-hadron transition
Protons and neutrons formed

Electroweak transition
Electromagnetic and weak nuclear
forces first differentiate

Supersymmetry breaking

Axions etc.?

Grand unification transition
Electroweak and strong nuclear
forces differentiate

Inflation

Quantum gravity wall e :
Spacetime description breaks down A WU ot s
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«Cada vez que me
encuentro con alguien que
no da crédito al Big Bang,
me gusta ensenarle la

figura siguiente, que
guardo en una tarjeta en
mi billetera. Y entonces
digo: iYa lo ve !. {Si que
hubo un Big

Lawrence M. Krauss. El universo de la nada.
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