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Equidistant spacing model for
level density evaluation

being E the total energy of the system
how can one distribute A nucleons

in equidistant single particle levels
(respecting Pauli's principle) ?

A
level density r(£) =En

equivalent problem:
decomposition of n=E/c in n+n,+ ...

Nuclear System:

Z protons
N neutrons
2 particles per state (spin up & down)

n
==
IO e e
O

Fermi Gas

BESA P
_‘_'_
—

E, ———

NS

dn/dE

p(E)= (7 112)a"* E~"* exp|2(aE)"]

s %
3 FanY
& ||~
F S S) = p(0)exp|2(akE)
8 1 Fill Y f')
o 35
Vi Pl Y il Y Pl =
! Ny .y T Ly
VB Py Ay
: S P o—P 30r ol
- ARG R . ’
E_48 X PG B N3 &—) 2t : /
e WO Fan Fan a et e
et i D > )
Pan Jan pan pan Pan) 20r pa
Ay T N \ww) ) D g : :--.-.'//
Fany P N D Va e
G—& —fkh—— & ) — 57 ; :/'/-/-,.
P 2 N S R ’
N \j Ly " v D S o RE N Aa
v SR STl R g S s
N \S D ) \uv = v*.:;‘-’/
>—————9 o
P N Ny A :
I — & & & O
- 0 4000 3100 2010 | 2200 O 20 40 &0 80 100 120 140 160 180 200 220 240

" p(n) = (43n) " exp|r(2n/3)"?]
Ramanujan & Hardy

A

example: A=100, E=50MeV = p = 102°MeV-! |



With some care: the nucleus contains few par’ricles
compared to macroscopic systems described by statistical models

entropy S(£) = kyln p(E)=1In p(E)

3S(E)Y Requirement
temperature :(j full statistical equilibrium
def aE
Experimental Thermometers:
(E)= (7 112)a " E" exp[2(aE)1/2] particles and y energy distribution
1 6111,0(E) 5 1 leading o | Maxwell-Boltzmann distribution:
? A r term 2 (_E. IT)
______ > N (Ekm) . km e
ILE — CZT | kinetic
_____ B temperatures
Examples:
a=A/8=160/8=20 ,
CN formation (5MeV/A): E=60MeV, T=1.6MeV E

Binding Energy: E=8 MeV, T=0.6 MeV
Limit of discrete spectroscopy: E=1 MeV, T=0.2 MeV



HOT Giant Dipole Resonance
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Caloric curve of nuclear matter

Caloric curve of nucleus Caloric curve of water
12 L ot tor T L EDD T T T ™T T T 1 T
i ® AL VAU 600 AMeV I ! ' b
0 '%c. %0 +™'ag " AU, 30-84 AMeV Water Vapor j |
10 F o 400f / 5
S | oA + — [ i
% 8 <A _ u - Water .
) 4 9as 2 300} .
o v g - ]
2 6 g ] o [ | Ice ]
o 4 £ 200f ]
o g © i
o 3 — J
£ 4 m ]
) | [ ]
= , 2 (<Egtahgs - 2 MeV) | 100} ]
liquid ]
u 2 2 21 2 _a Lo g L.
ol L1 0 200 400 600
0 5 10 15 20 o
Excitation energy per Nucleon (MeV) Excitaion Energy per Molecule [meV]

’_>‘ ‘ . ’.* Multifragmentation: T=5 MeV, E*~4-5/A MeV

._,‘ f/‘%{ﬂ Vaporization: T>6 MeV, E*>10/A MeV
Vs . ‘4
»

J. Pochodzalla et al., Phys. Rev. Lett. 75(1995)1040



[(MeV]

20

10 [

Heavy Ions Fusion Reactions:
population of excited (0<E<8 MeV), high spins states (>40 #)

neutron decay
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