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Quantità da definire

Scala di energie
(sistema non-relativistico).

Particelle che formano il sistema
(prive di struttura interna).

Interazioni
(effettive).
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Equazione di Schrödinger per una particella[
− ~2

2m
∇2 + U(r)

]
φa(r) = εaφa(r)

Densità

ρ(r) = |φa(r)|2 ;

∫
d3r ρ(r) = 1

Osservabile

Da,b ∼ |〈φa|M|φb〉|2 =

∣∣∣∣∫ d3r φ∗a(r)M(r)φb(r)

∣∣∣∣2
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Equazione di Schrödinger per molte particelle

[ N∑
i=1

(
− ~2

2m
∇2

i + U(i)
)

+
1

2

N∑
i ,j=1

V (i , j)
]
Ψ(1, 2, · · · ,N)

= H Ψ(1, 2, · · · ,N) = E Ψ(1, 2, · · · ,N)

Densità

ρ(1, 2, · · · ) = |Ψ(1, 2, · · · ,N)|2 ;

∫
d3r1d3r2 · · · ρ(1, 2, · · · ) = 1

Osservabile

DA,B ∼ |〈ΨA|M|ΨB〉|2

=

∣∣∣∣∫ d3r1d3r2 · · · Ψ∗A(1, 2, · · · ,N)M(r)ΨB(1, 2, · · · ,N)

∣∣∣∣2
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3H Binding energy
Exp 8.48 MeV

2 N potential 2N 2N + 3N

CD Bonn 7.953 8.483
Nijm II 7.709 8.477
Nijm I 7.731 8.480
Nijm 93 7.664 8.480
Reid 93 7.648 8.480
AV14 7.683 8.480
AV18 7.576 8.479



Forza a 3 corpi


∆



π



π




S.C. Pieper and R.B. Wiringa, Ann. Rev. Nucl. Part. Sci. 51 (2001) 53.
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Argonne v18

with Illinois-7

GFMC Calculations
10 January 2014

• IL7: 4 parameters fit to 23 states

• 600 keV rms error, 51 states

• ~60 isobaric analogs also computed
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Numero di configurazioni di spin e isospin per alcuni nuclei.

Nconf = 2A
A!

Z !(A− Z )!

Nucleo Z N=A-Z Nconf
3He 2 1 24
4He 2 2 96
6He 2 4 960
6Li 3 3 1280
8He 2 6 7168
12C 6 6 3,784,704
16O 8 8 8.4 · 108
40Ca 20 20 1.5 · 1023
48Ca 20 28 4.7 · 1027
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Teoria perturbativa

H = H0 + H1

H0|Φ0〉 = E0|Φ0〉

H0|Φ0〉 =
∑
i

hi

∏
k=1,A

|φk〉 =
∑
i

εi
∏

k=1,A

|φk〉

E = 〈Φ0|H0|Φ0〉+ 〈Φ0|H1

∞∑
n=0

(
1

E0 − H0
H1

)n

|Φ0〉c

= E0 + 〈Φ0|H1|Φ0〉+ 〈Φ0|H1
1

E0 − H0
H1|Φ0〉c + · · ·
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lim
V→∞

V (r)ψ(r)→ finito

lim
V→∞

V (r)φ(r)→∞
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Interazione effettiva

G |Φ0〉 = V |Ψ0〉

〈Φ0|G (ω)|Φ0〉 = 〈Φ0|H1|Φ0〉

+
∑

p,q>F

〈Φ0|H1|Φpq〉〈Φpq|G (ω)|Φ0〉
ω − εp − εq


=



G



+
 
+
 
+ .....
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Funzione di correlazione

Principio Variazionale

Ψ(1, 2, ...,A) = F (1, 2, ...,A)Φ(1, 2, ....,A)

δE [Ψ] = δ

[
< Ψ|H|Ψ >

< Ψ|Ψ >

]
= δ

[
< Φ|F †HF |Φ >

< Ψ|Ψ >

]
= 0
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F. Arias de Saavedra, C. Bisconti, G. Co’ and A. Fabrocini

Renormalized Fermi hypernetted chain approach in medium-heavy nuclei. Phys. Rep. 450 (2007) 1

12C 16O 40Ca 48Ca 208Pb

T 27.13 32.33 41.06 39.64 39.56
V 6
2−body -29.13 -38.15 -48.97 -46.60 -48.43

VLS -0.51 -0.70 -0.85 -0.79 -0.80
v ′8 + VCoul 0.67 0.86 1.96 1.57 3.97
UIX T + V (2) -1.84 -5.66 -6.83 -6.24 -5.80

V3−body 0.66 0.86 1.76 1.61 1.91
E -1.17 -4.80 -5.05 -4.62 -3.78

Eexp -7.68 -7.97 -8.55 -8.66 -7.86

Giampaolo Co’ Molticorpi in Meccanica Quantistica



Hartree-Fock

h(i)φi (xi ) =

− ~2

2mi
∇2

i φi (xi ) + U(xi )φi (xi )−
∫
W(xi , xk)φi (xk)d xk =

εi φi (xi )

Hartree

U(xi ) =
∑
k

∫
φ∗k(xk)Veff(xi , xk)φk(xk)d xk

Fock-Dirac

W(xi , xk) =
∑
k

φ∗k(xi )Veff(xi , xk)φk(xk)
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