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Thermal multifragmentation of nucle;:

Production of hot fragments at
T3 — 8 MeV
p (0.1 - 0.3)p
(Nuclear density: pg = 0.15fm3 = 2.5:10Mg e ™)

Interpretation: liquid-gas type phase transition in finite nicled.
A chance {0 investigate properties of hot fragrments, which are
different frorm their ground state properties.

Collapse of massive stars leading to
Supernova IT explosions:

We expect production of hot fragrtents in nuclear
rnatier at

Pl — 10 MeV

£50.50

Characteristic times of the processes are very large
{milliseconds), nuclear equilibrivm is expecled.

Properties of hot fragments influence the collapse and
explosion!



VoLvms 41, Nuaser 23 PHYSICAL REVIEW LETTEERS . 4 DEceMBER 1978

Hot Dense Matter and Stellar Collapse

. D. &. Lamb, J. M, Lattimer, C. J. Pethick, ™ and D. G. Ravenhall
Depariment of Astrongmy and Deporiment of Fhyrice, tmiversity of Hltnets al Urbano-Champeign,
Upbana, Jliltnpic 61801
(Recelved 17 Ootobor 1578}

We calonlete the equation of state for bot denese matter and diaguzs tmplicatlons for
staller collapee.
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FIG. 1. Composition of hot dense matter for ¥,=0.25.
For cornpariscn, the dotted curve shows the boundary
of the two-phase region for buik equilibrium,

 During the collapse many hot and exotic nuclei are
‘produced. This influences the dynamics of the collapse
and formation of proto-neutron star.
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Modeling supernova explosions:

The SN explozion is a complicated dynamical process with
convection of matter and local fluctustions {of epergy, neutrine
and nuclear density, ..., This may lead to conditions favorable

for production of large nuclei.

(comveative)

Fig. L. Sketch of the post-collapse stellar core during the neutring heating and shock
revival phase. R, is the neutrinosphere tadius, FBn, the protonentron star rading, &
the gain radius cutside of which net nentring heating exceeds neutrine cooling, and
R. is the shock radius. The shock expansion is impeded by mass infall at = rate M,
but supported by convective energy transport fromr the xegion of strongest neutrino
heating into the post-shock layer. Convectiou inside the nascent nenfron star rajses the

reuntring lovinosities,



Development of the statistical
multifragmentation model {SMM).

Grand Canonics: density of fragimenfs with mass A and charge
7 in miclear matter

V; 453 1
tazy = gazy g EP [—f (Fag — pA— Eff’]] (1)
Taotal dengity p = M1V = Zi{paz), M iz mumber of nucleons
and V i3 volume of the system. The free’ volnme Ve &= 1,

42 15 the degeneracy of fragments, A = ((2n4%)/(maT)) ™" is
the nucleon thermal wavelength,

u and £ are the chentical potentials for the mucleon number
and charge conservation in the system.

Free energy of fragments:
Fpz = Ffz + Fiz + Efz + B
Bulk energy: F5, = (— W) — T%/ep) A,
Wy = 16 MeV is the binding energy of nuclear matter, and
g = 16 MeV s the inverse level density.
Surface energy: Fip = B A¥{(TE — THHTE + 1T858,
By = 18 MeV is the surface coellicient, and T, = 18 MeV is the
critical temperatore of nuclear matter.
Coulomb energy: B%, = c22/A13,
in the Wigner-Seitz in the case of electro-neutrality
¢ = {3/80e*frg) (1 — 1.5(p/pa)¥* + 0.5(p/ pa)), with wp=1.17 fm.
Symmetry energy: Fig = (A — 2Z)%/A,
v = 25 MeV iz the symmnetry energy parameter.



Reactions with leptons, in equilibrium:

e” P — Nt
et +n—p+ %

(and inverse reactions, also with all nuclei]

Including elecirons.
dengity of eleckrons: pe = pe- = et

charge conservation [electro-neutrality): L pazZ = pe
share of electrons: ¥, = g fp

equilibrium: p, = —£
Relativistic degenerate electron gas:

= () b (-]

Including electron neutrinos.
density of neutrinos: p, == g,,— oo,
conservation of leptons: Yiew = {pe + &)/ = const

equilibrium: g — g = =L

3
2y = 1 (&) [I—I— 3 ETE]

Ba= W e

Self-consistent calculation of all densitics paz, fe, and gp !
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relative yield
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Clonclusions:

1. The caloulations show that a broad variety of excited
exotic nuclal can be produced dunng the gravitational
collapse and explosion of a massive star.

2. Production of these nuclel influences the dynamics of

the collapse (e.g. through the energy balance) and may

be important for explanation of the following supernova
explosion.

3. The explosion may also lead to an gjection of
unstable exotic puclel, which can essentially contribute
to the nucleosynthesis.

4. Some properties of hot and exotic nucla (eg. surface
and symmetry energies, and their femperature
dependences) can be studied in multifragmentation
reactlons.



