Il problema a molti corpi in meccanica quantistica

Giampaolo Co’

Lecce 14 Dicembre 2016

Giampaolo Co’ Molticorpi in Meccanica Quantistica



Luca Signorelli, Orvieto (1499-1504)

Giampaolo Co’ Molticorpi in Meccanica Quantistica



(iameu-pueg+)

Ganew-ueg+)

sysenb g

suoyda) 9

15:

everyday matter

2“ﬂ 3"1 electro-weak
generation symmetry breaking outside of
exotic matter force particles (mass giving)  standard model

-
2.4M 127G 9
charge §
color charge (g orb) €
u mass (eV) E
up J charm spin g
i
48M @ 10aM ) g
d ;
°
Ed
S i,
down strange e g
]
0511M ‘ 105.7M E
&
)
e ;
<
electron uon 1 =
H
H
]
<22 ‘ 9126 3
s
V i
° M g
e-neutrino H-neutrino F
/

12 fermions (+12 anti-matter)

increasing mass

iampaolo Co

5 BOSONS (+1 opposite charged W)

n Meccanica Quantistica

~ - ~ N

2010} jeUOHEYNRID



Quantita da definire

e Scala di energie
(sistema non-relativistico).

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

o Interazioni
(effettive).
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Equazione di Schrodinger per una particella

h2
R U(r)] $a(r) = €a00a(r)

Densita
o) = |6a(0)? / Pro(r) =1

Osservabile

Doy ~ (el M|65) \/dwa oo ()|
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Equazione di Schrodinger per molte particelle

N h2 1 N
i ij=1
— HW(L,2,---,N)=EW(1,2,--,N)

[y

Densita
P12 ) = V(L2 NP 5 [P p(1,2) =1

Osservabile

Dag ~ |[(WalM|W)|?
2

= ‘/d3r1d3l’2"' WZ(1,2,--- ,N)./\/l(r)\IJB(l,Z,--- ,/\/)
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3H Binding energy

Exp 8.48 MeV
2 N potential 2N 2N + 3N
CD Bonn 7.953 8.483
Nijm I 7.709 8.477
Nijm | 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




S.C. Pieper and R.B. Wiringa, Ann. Rev. Nucl. Part. Sci. 51 (2001) 53.
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Numero di configurazioni di spin e isospin per alcuni nuclei.

Al
Neont = 2AZ!(A —2)!
Nucleo | Z N=A-Z Neonf
3He 2 1 24
4He 2 2 96
6He 2 4 960
61 3 3 1280
8 He 2 6 7168
12c 6 6 3,784,704
160 8 8 8.4-108
0 Ca 20 20 1.5-10%3
48Ca 20 28 4.7 -10%
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Teoria perturbativa

H = Ho —+ H1
Ho|®0) = Eo|®o)

Hol®o) = > hi ] low) =D e ] Iex)

i k=LA i k=LA
oo 1 n
= (Pg|Ho|® $o|H H )
£ = (@ulrbion) + @olth 3 (g Tt ) 1oue
= Eo + (®o| H1|Po) + (Po|H1 Hi|®g)c + - -
Eo — Ho
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Interazione effettiva

(®o| G(w)|Po)

G|Po) = V|Wy)
= (®o|H1[®o)
4 Z <¢0|H1‘¢Pq><¢Pq’G(w)‘¢0>
w — Ep — Gq
p,g>F
---------- + + o peeeel
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Funzione di correlazione

Principio Variazionale

W(1,2,..,A) = F(1,2,.., A®(1,2, ..., A)

O|FTHF|®
5E[\|;]:5[<W|H‘w>]: [< | ‘ >]:0

<YV > <V|V >
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o e A
Workshop on-Nuclear and Dense Matter, May 3-6, 1977,
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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 160 40(:a 48Ca 208Pb

T 2713 3233 4106 39.64 39.56
VS boqy 2913 3815 -48.97 -46.60 -48.43
Vis 051 -070 -0.85 -0.79 -0.80
Vs + | Veou 067 086 196 157 3.97

ux | T+Vv(2) -184 -566 -6.83 -6.24 -580
V3_body 0.66 0.86 1.76 1.61 1.91
E -1.17  -480 -5.06 -462 -3.78
Eexp -7.68 -797 -855 -8.66 -7.86
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h(i) ¢i(xi) =
n? V20:(x:) + U(x:) dix: Wi(x: . dx. =
e VR66) + Us) 0i0%) — [ W0 i) =
€ ¢i(xi)
Hartree
U(x;) = Z/?b}k((xk)veﬂf(xiaXk)¢k(Xk)ka
P
Fock-Dirac

W0, k) = Y G() Verr (xi, %) bk (k)

k
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