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Mardi 4 octobre 2022                      /
Le noyau atomique - objet quantique

Voyage dans l'infiniment petit où la mécanique quantique nous 
ouvre des voies impénétrables ! Ce cours sera illustré par des 
résultats expérimentaux de spectrométrie nucléaires
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Mardi 11 octobre 2022                      /
À la recherche de nouveaux éléments

Voyage aux limites du monde atomique et isotopique. Combien 
d'éléments existent ? Comment et qui peut les produire ? Où peut-
on les trouver ? Auront-ils de nouvelles propriétés ? Ont-ils existé ?



Physique pour tous

Benoît GALL

Faculté de Physique & Ingénierie

Briques & Fabriques nucléaires

Mardi 18 octobre 2022                      /
Les chaudrons nucléaires

Dans quels lieux la nature fabrique des nouveaux éléments et/ou 
les transforme : nucléosynthèse primordiale, stellaire et explosive, 
radioactivité naturelle et tellurique et réacteurs naturels

https://iphc.cnrs.fr/
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Observons le monde qui nous entoure …

Etat solide

Etat liquide

Etat gazeux

+  plasmas

l’eau …
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Quelle réalité ? …

Sucre  = 5 grammes

Molécule de saccarose 

(C12H22O11 - 342, 29 g/mole)

1 sucre = 5g  ÷ 342 g/mole x 6,02 1023 atomes/mole

              = 9 1021 molécules

              = 9 000 000 000 000 000 000 000 molécules
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Quelle réalité ? …

Sucre
Saccarose 


1 sucre = 5g  ÷ 342 g/mole x 6,02 1023 atomes/mole

              = 9 1021 molécules

              = 9 000 000 000 000 000 000 000 molécules

Oxygène

1 sucre = 9 1021 molécules x 11 oxygènes

              = 1 1023 atomes d’oxygène

              = 100 000 000 000 000 000 000 000 atomes

Noyau d’oxygène

8 protons        (= charge + 8 compense les 8 électrons) 

8 neutrons
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Avogadro : nbre d’atomes dans 12 grammes de C :  NA= 6,22 1023 atomes


Carbone 12,0 grammes / mole  


1 atome de C = 12/NA =  12 x 0,166 10-23 g


=> unité de masse atomique 1/12e d’1 atome de C : 1 uma = 0,166 10-23 g

       = 6 me /12 + 6 mp /12 + 6 mn /12 - BNucl /12 - Belec /12


E = mc2   =>   1 uma.c2  =  931,5 MeV

Masse molaire
12  uma  <—>  12C  <—>  Avogadro


… on a de la masse et de l’énergie de liaison dans l’uma !
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( energie de ) Masse molaire isotopique  


ex :  16O    A = 16                                   ∆(16O) = -4,736998 MeV

                  M ~ A  g / mole   => 16 g/mole

                                                      pas tout à fait vrai …


                  Mc2  = A x uma.c2  + ∆    =   ( A   + ∆ / uma.c2 ) x uma.c2

                   A  —>  A   + ∆ / uma.c2 

                 16  —>  16 + (-4,736998/931,5) 

                             = 16 - 0,00508                        … 0,03% d’écart … 

                             = 15,99491 g / mole

Masse molaire
12  uma  <—>  12C  <—>  Avogadro
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Liaison => différence de masse

Mnoyau (A,Z). c2 = Z.mproton(A,Z).c2  + (N).mneutron(A,Z).c2 - BN (A,Z)

 Mnoyau (A,Z)  <  Z.mproton
  + N.mneutron !!!
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Conservation de l’énergie 

Chaleur de réaction, variation d’EC

Loi de conservation de l’énergie totale

T + V + m.c2 = constante

Q = ∆T = (Vi -Vf) + (mi -mf).c2 

Q = (mi -mf).c2

   = (∆i -∆f).
   = (Bf -Bi)
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Combustions …

15

Énergie chimique

… qq eV

Énergie nucléaire

… qq MeV

 6 ordres de 

grandeur !

d = qq 10-10 m d = qq 10-15 m

CH4 + 2 O2 CO2 + 2 H2O

Réaction chimique : Réaction nucléaire :

n + 235U x.n + y.L + 2 PF
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or where it occurs in nature

_____ium
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The Periodic Table of the Elements, in Pictures
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vecteur isotopique

enrichissement

Séries isotopiques
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Séries isotopiques
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uma.c2 (MeV) A 46 47 48 49 50

931,5 ∆ -44,1253 -44,9317 -48,487 -48,558 -51,4258

% 8,25 % 7,44 % 73,72 % 5,41 % 5,18 %

47,918 g/mole A x % 3,795 3,497 35,386 2,651 2,590

∆A -0,0474 -0,0482 -0,0521 -0,0521 -0,0552

M 45,9526 46,9518 47,9479 48,9479 49,9448

47,867 g/mole M x % 3,791 3,493 35,347 2,648 2,587

100 % 0,20 % 0,50 % 3 % 1 % 95 %

49,846 g/mole M x % 0,092 0,235 1,582 0,489 47,448



application of modern optimization and statistical methods, together
with high-performance computing, has revolutionized nuclear DFT
during recent years.

In our study, we use quasi-local Skyrme functionals15 in the
particle–hole channel augmented by the density-dependent, zero-
range pairing term. The commonly used Skyrme EDFs reproduce total
binding energies with a root mean square error of the order of
1–4 MeV (refs 15, 16), and the agreement with the data can be signifi-
cantly improved by adding phenomenological correction terms17. The
Skyrme DFT approach has been successfully tested over the entire
chart of nuclides on a broad range of phenomena, and it usually per-
forms quite well when applied to energy differences (such as S2n), radii
and nuclear deformations. Other well-calibrated mass models include

the microscopic–macroscopic finite-range droplet model (FRDM)18,
the Brussels–Montreal Skyrme–HFB models based on the Hartree–
Fock–Bogoliubov (HFB) method17 and Gogny force models19,20.

Figure 2 illustrates the difficulties with theoretical extrapolations
towards drip lines. Shown are the S2n values for the isotopic chain of
even–even erbium isotopes predicted with different EDF, SLy421, SV-
min13, UNEDF015, UNEDF122, and with the FRDM18 and HFB-2117

models. In the region for which experimental data are available, all
models agree and well reproduce the data. However, the discrepancy
between various predictions steadily grows when moving away from
the region of known nuclei, because the dependence of the effective
force on the neutron-to-proton asymmetry (neutron excess) is poorly
determined. In the example considered, the neutron drip line is
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Figure 2 | Calculated and experimental two-neutron separation energies of
even–even erbium isotopes. Calculations performed in this work using SLy4,
SV-min, UNEDF0 and UNEDF1 functionals are compared to experiment2 and
FRDM18 and HFB-2117 models. The differences between model predictions are
small in the region where data exist (bracketed by vertical arrows) and grow

steadily when extrapolating towards the two-neutron drip line (S2n 5 0). The
bars on the SV-min results indicate statistical errors due to uncertainty in the
coupling constants of the functional. Detailed predictions around S2n 5 0 are
illustrated in the right inset. The left inset depicts the calculated and
experimental two-proton separation energies at N 5 76.
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Figure 1 | Nuclear even–even landscape as of 2012. Map of bound even–even
nuclei as a function of Z and N. There are 767 even–even isotopes known
experimentally,2,3 both stable (black squares) and radioactive (green squares).
Mean drip lines and their uncertainties (red) were obtained by averaging the
results of different models. The two-neutron drip line of SV-min (blue) is

shown together with the statistical uncertainties at Z 5 12, 68 and 120 (blue
error bars). The S2n 5 2 MeV line is also shown (brown) together with its
systematic uncertainty (orange). The inset shows the irregular behaviour of the
two-neutron drip line around Z 5 100.
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