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The nuclear landscape and nuclear matter
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The nuclear landscape and nuclear matter

\

110 T B A
stable e
100 + beta+ e

beta- SEEsE=o=soooEmS=sas
P PR gEEEdEce

0 T

n _.=_.555=== " EE

alpha - FEEEEEE

fission ) E;:g::"

80 T

-

70+
60 1+
sor  Sn
40 1

30 thermodynamic limit:

201 = pEESEEEEEY A — o0
A/V — const = p

10 T

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170
www-nds.iaea.org N



The nuclear landscape and nuclear matter
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The nuclear landscape and nuclear matter
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The EOS of high-density matter: neutron stars

¢ consider forces on a mass element:

GM(r)p(r)A dr

72

gravity: F, =

pressure _ o
dittorence:  1p = A (Pout —pin) = Adp

* hydrostatic equilibrium condition:
dp _ GM(r)p(r)

dr r2

* include general-relativistic corrections:

dp  GM(r)e(r)

dr r2

[1+p(r) ] [1+4UTT3p(T)] [1 QC}AJ(T)]

e(r)c? M (r)c? 2r

‘Tolman-Oppenheimer-Volkov’ equation



The EOS of high-density matter: neutron stars

¢ consider forces on a mass element:

GM (r)p(r)Adr

gravity: F, = >
-

pressure
difference:

Fp:A(pout_pin) :Adp

M hydrostatic equilibrium condition:
dp _ GM(r)p(r)

dr r2
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‘Tolman-Oppenheimer-Volkov’ equation
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Nuclear saturation
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Nuclear saturation
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Nuclear saturation and the liquid drop model
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Nuclear saturation
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Practical calculation of the EOS

Statistical mechanics reminder: Hamiltonian:

Z =Tre PH. H=T4+Vyn+ V3y
F=—kgTlog/Z =FE —-1T6, = Hyg+ (—Ho + VN + Van)
0 logZ H,

P =krT '
B2 oy

Ho defines reference state:
(e.g. free state or HF state)
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Practical calculation of the EOS

Statistical mechanics reminder: Hamiltonian:

Z =Tre PH. H=T4+Vyn+ V3y
F=—kgTlogZ =E—-TS, = Hy + (—Ho + VN + Van)
0 logZ H,

P =krT '
BE oy

Evaluation of exact partition function in general highly nontrivial:

_ —BH __ —B(Ho+H1) __ —BH
Z = Tre PH = Ty ¢~ B(Ho 1)—ZO<65 1>Ho

One way to approximately evaluate Z:perturbation theory
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Many-body perturbation theory:
Diagrammatic representation

kinetic energy

Hartree-Fock

2nd-order

3rd-order
and beyond



