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Com’e possibile che il
cielo notturno sia buio
nonostante ci sia un
numero infinito di stelle?



W (1915 - 2001) G. E. Lemaitre (1894 -1966) . P. Hublfe (1889 — 1953)

«L'essenza della teoria del Big Bang sta nel fatto che I'Universo si sta espandendo e
raffreddando. Lei notera che non ho detto nulla riguardo a un’esplosione. La teoria del Big
Bang descrive come il nostro universo evolve e non come esso inizioy», P. J. E. Peebles, 2001
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PHYSICAL REVIEW VOLUME 73, NUMBER 7

Letters to the Editor

P UBLICATION af brief reports of important discoveries
in physics may be secwred by addressing them lo this
department, The closing date for this department is five weeks
prior to the date of dssue. No proof will be sent lo the anikors.

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 stromgly affected by the
resonances in the region of the slow neutrons, According to
Hughes,! the neutron capture cross sections of various
elements Un.r neutron energies of about 1 Mev) increase

ially with atomic number halfway up the periodic

The Board of Editors does not hold tlulf ponsible for the
opinions expressed by the corresponds C icalions
should wot exceed 600 words i langth,

The Origin of Chemical Elements

R. A Avenem®
Applied Physics Loboratory, The Johns Hophins U niversity,
Silver Spring, Maorslond
AND
H. BetHe
Carnell Liwiversity, Ithaca, Nex Fork
AnD
G. Gamow
The George Washington University, Wathington, . O,
February 15, 1948

5 pointed out by one of us,! various nuclear species
must have originated not as the result of an equilib-
rium corresponding to a certain temperature and deﬁsuy,
but rather as a cc of a i
process arrested by a rapid expansion and cooling 0( lhe
primordial matter. According to this picture, we must
imagine the early stage of matter as a highly compressed
neutron gas (overheated neutral nuclear fluid) which
started decaying into protons and electrons when the gas
pressure fell down as the result of universal expansion, The
radiative capture of the still remaining neutrons by the
newly formed protons must have led first to the formation
of deuterium nuclei, and the subsequent neutron captures
resulted in the building up of heavier and heavier auclei. It
must be remembered that, due to the comparatively short
time allowed for this process,? the building up of heavier
nuclei must have proceeded just above the upper fringe of
the stable elements (short-lived Fermi elements), and the
present frequency distribution of various atomic species
wirs attained only somewhat later as the result of adjust-
ment of their electric charges by #-decay.

Thus the observed slope of the abundance curve must
not be related to the temperature of the original neutron
gas, but rather to the time period permitted by the expan-
sion process. Also, the individual abundances of various
nuclear species must depend not so much on their intrinsic
stabilities (mass defects) as on the values of their neutron
capture cross sections. The equations governing such a
building-up process apparently can be written in the form:

e foema—om) E=12,-238, (1)

where n; and oy are the relative numbers and capture cross
sections for the nuclei of atomic weight 4, and where f(£) isa
factor characterizing the decrease of the density with time.

5)'stem remaining approximately constant for heavier
elements,

Using these cross sections, one finds by integrating
Eqs. (1) as shown in Fig. 1 that the relative abundances of
various nuclear species decrease rapidly for the lighter
elementa and remain approximately constant for the ele-
ments heavier than silver. In order to fit the caleulated
curve with the observed abumdances® it is necessary to
assume the integral of padt during the building-up period is
equal to 5X10° g sec. fem?,

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
diverges at £=0, it is necessary toazsume that the building-
up process began at a certain time f, satislving the
relation

ST aoymar=sxio, @

which gives us tyz=20 sec, and pp=2.5 10" g sec./em®. This
result may have two meanings: (a) for the higher densities
existing prior to that time the temperature of the neutron
gas was so high that no aggregation was taking place, (b)
the density of the universe never exceeded the value
2.5 %107 g sec. /em?® which can possibly be understood if we
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Figure 23.1: The abundances of *He, D, *He, and "Li as predicted by the standard
model of Big-Bang nucleosynthesis — the bands show the 95% CL range. Boxes
indicate the observed light element abundances. The narrow vertical band indicates
the CMB measure of the cosmic baryon density, while the wider band indicates the
BBN concordance range (both at 95% CL).
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| quark, confinati nei barioni, sono come
delle palline chiuse all’interno di un
palloncino (MIT Bag Model). Come possiamo
liberarli?

1) Schiacciando i barioni uno contro
I’altro (aumentando la densita)

2) Riscaldandolia 1012 K

Hagedorn’s Absolute hot



Diagramma di fase della materia nucleare
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CERN's Accelerator Complex Facts and figures about the LHC
CMS Circumference: 26659 m
—)-) ~— _ .
Dipole temperature: 1.9 K (-271.3°C)
o e Number of magnets: 9593
ALICE 10 LHCb Number of main dipoles: 1232
TT40 TT41 .
- p Number of main quadrupoles: 392
" o A ATLAS AWAKE Number of RF cavities: 8 per beam
: :
H'RM?[ TT60 No. of bunches per proton beam: 2808
- I No. of protons per bunch: 1.2 x 101!
G 7> ISOLDE Number of turns per second: 11245
S <l East Area
S Number of collisions per second: 1 billion
n-ToF — PS
e unac2 [—J?'II '.
neutrons } ‘(_‘
macs [ (o
At full energy, each of the two proton
) beams in the LHC have a total energy
P p (proton) ) ion p neutrons P p (antiproton) p electron P protonfantiproton conversion eql_“VaIent tO a 400 t traln (Ilke the FrenCh
TGV) travelling at 150 km/h. This is
LHC Large Hadron Collider SPS Super Proton Synchrotron  PS Proton Synchrotron enough energy to melt 500 kg Of COpper

AD Antiproton Decelerator CTF3 Clic Test Facility AWAKE Advanced WAKefield Experiment ISOLDE Isotope Separator Online DEvice

LEIR Low Energy lon Ring LINAC LINear ACcelerator n-ToF Neutrons Time Of Flight HiRadMat High-Radiation to Materials ©CERN 2013
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The Little Bang

Relativistic Heavy-Ion Collisions
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Run:244918

Timestamp:2015-11-25 11:25:36(UTC)
System: Pb-Pb

Energy: 5.02 TeV
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lustration Philippe Mouche
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