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~ For the last years the problem of a l1qu1d—gas phase transrtlon 1n:-
the hot nuclear matter has béen’ widely discussed [1-6]. ‘There are
* two methods to create very hot nuclei.  The ﬁrst one is- collision .of
nuclei with comparable masses at the . energies up to several hundreds
MeV | per nucleon. This ‘way of heat1ng is followed' by compression and
-rotation of the system The second way is the reaction ‘induced by
- relat1V1st1c light ‘ions in which excited’ target spectators are created.
In this case the dynam1cs effects connected with" the compression ‘and
rotation. of the system are negllglble and the target spectator can be
treated as pure thermally excited. Now it is well established that the
main decay mode of very hot nucle1 is a copious emission- of inter- -
mediate mass fragments (IMF 3 < Z < 20)0 Accord1ng to number
of models th1s process is deﬁnltely mﬂuenced by the nuclear llquld-
gas phase transition ‘and the mult1fragmentatlon study is the way to, .
ehmlnate that very 1ntr1gu1ng problem
In recent paper [7] the -experimental data on ‘Au + Au COlllSlOIlS
at 600 MeV/nucleon have been’ presented as a possrble signature of
-,the hquld -gas phase. trans1tlon in nuclear matter. The multlfrag-"
mentation of the prOJectlle spectator was studred with the ALADIN— .
spectrometer which supplied exclusive data on the process. The tem-
perature of the fragmentlng system was obtained by measuring the
yield ratios for He and Li isotopes. The mean excitation energy of .-
the decaying system, was: determlned by a total energy balance af-
ter evaluation of the masses and energles of all the particles involved
.in the process These data are shown in Flgure 1 together wrth the
p01nts measured earller for heavy ion colhsrons at lower e _energies. For
‘the energ1es below 3 MeV/nucleon the temperature is growing with’
the ‘energy accord1ng to the expectatlon for "a’ Fermi- hquld After
that a plateau at the temperature of 5 MeV is observed ranging from
3 MeV/nucleon up to .10 MeV/nucleon (At higher energies the tem-
‘perature is going up hnearly with the energy as for the gas of classical
. particles. Such behaviour is cons1dered to be evidence for a first-order
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phase transition w1th srgnlﬁcant latent heat and the cr1t1cal temper—. :
. ature T, = 5 MeV. This: value is remarkably smaller than the one
pred1cted by varlous models for the nuclear 11qu1d—gas phase transi- :

‘tion (15-18 MeV)... : .
One should remember that the surface tensmn vamshes at the cr1t1—

cal temperature. Below the critical point the surface tension gradually ‘
reduces when the nuclear temperature approaches the critical one. So
one should expect the dramatic reduction of the fission barr1er at nu- .

- clear temperature (2-3) MeV if T, = 5 MeV The temperature effects

in the fission barriérs for that Tange. of T were ‘already cons1dered/

in ref.. [8—11] but for the’ normal” cr1t1cal temperature around (15-
18) MeV.

In this paper we consrder the T- dependence of the hquld drop ﬁs- k

sion barrier with the critical temperature as a parameter It is found
- that the calculated ﬁssron probab1ht1es of the medlum-heavy nucle1 at

the excitation energies around 100 MeV are s1gn1ﬁcantly larger than :

the measured ones, 1f T, is assumed to be around 5 MeV
Temperature dependence of ﬁssion barrier'

In terms of the usual hquld—drop notatlon [12] the ﬁssmn barrler
- asa functlon of temperature can be calculated by the relatlon E

B,;(T) _ BJ(T,) - BX(T) + Bu(T,) — BS(T) =

= BB - +a@EB-D, O

where B, is the surface (free) energy at the saddle point E (T) in

-units of surface energy. E3(T) of the spherical drop, B is the Coulomb
_energy F (T) at the saddle deformation in units of Coulomb energy .

E(T) of the spherical nucleus For the surface energy and ﬁssrhty
parameter x(T) ore can write [8]:

E(T) = E°(0)0(T)/0(0) [n(0)/n(T)]2/3

x(T) k=)D . e

T&T,..

where o(T) and- n(T) are. the surface tension- and the mean nuclear
density for a given temperature T. As’ a first approx1mat10n ‘we ne-
glect the difference between, the, temperature at the saddle T; and
T. In that case the values' B ‘and’ B, are- determined by the’ defor-
mation at the saddle point, which depends on the fissility parameter
z(T). They are tabulated by er [12] for the full range of the fissility
parameter.

For O'(T) the approxrmatlon from ref [13] is used

T T ] 5/41.‘

Y (T) =0 o(0) [W - (3)

'The expressions for E°(O) and x(O) are taken from’ [11]:

E;(o) =17.94y- A% MeV - z(0) = m% (4)
Cy=1-1. 7826[(N Z)/A]2 -

- In paper. [9] the thermal properties of nuclei are 1nvest1gated us-

- ing the Hartree- Fock approx1mat1on with, the Skyrme force.” ~The

equation of the state ‘was obtained wh1ch glves the cr1t1cal temper-

‘ature T = = 18 MeV. For that case the temperature dependence of
“the mean nuclear: densrty is found as n(T) = n(O)(l —~aT2) ‘with

a=1.26-10"% MeV72 If in. fact T. has another value the parameter

a is also changed.  We assume o ~ T- 2 as in the case of O'(T) for

Usmg the results of [9] we get

" Figure 2 presents the- relat1ve values of O'(T) n(T) and w(T) as e

- function of T'/T... One should expect drast1c change in nuclear fissil-
-1ty even half way.to the critical point. Flgure 3 shows the calculated
-+ liquid-drop fission barries for 188Os as a functlon of temperature It

practically vanishes for T" > 0.4T,. ThlS nucleus has been chosen ‘as
it presents a good example for the comparison of the calculated and
experlmental data._



'AEstlmatlon of ﬁssmn probablllty

| The ﬁrst chance ﬁssmn probab111ty F s / (F 7 + Fn) is calculated by
) .the relatlon of Moretto [14]

r, ' 7rh2 T, ps(E Bf) ' ©)
: Fn‘ dmocy TR pr(E — By)’ '
where p;s is th level den51ty at the saddle po1nt pr and TR are the level
density and the temperature of the residual nucleus (after neutron
"ermss1on) m and ocy are the neutron mass and the capture cross-
- “section. For thelevel dens1ty the express1on from the Ferm1 gas model
is used , 4

o p(E*) = ﬁ 1/4(2*)5/4 exp(2V aE*)

:_ The level den51ty parameter for fission ay is usually taken: shghtly
_larger than for neutron evaporation a,. In this paper-we believe ay =
, a‘,‘,',,' hav1ng in m1nd 51gn1ficant diminishing of the fission barrier.
o Flgure 4 presents the results of calculatlons of the fission probab1l—
‘h1t1es for. 18805 assummg T, =5 MeV and T, =10 MeV as a function

- of the exc1tat10n energy. We Trestricted’ ourselves to the temperature

v‘range (2 2. 5) MeV as the calculations were made under the assump-
tion that T, = T. The experimental points for fission in 4He + 184wy
_collisions are taken from ref. [15]. ‘

The curve going through the points is a result of theoret1cal fit

- 1made in [15] with a fission barrier By = 24.2 MeV, corrected for the
" shell eﬁects These exper1mental data definitely exclude T, =5 MeV.

Even T, = 10 MeV 'should be also excluded though the assumption

‘ ‘T =T is not as good as'in the ‘case of T, = 5 MeV, but it is’com-

‘k pensated for by the fact that the actual value of ay is larger than. an‘

(accordlng to ref [15] af =1 08 an for 18805)
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Fig. 1. Temperature as a- function-of the exc1tat1on energy ‘per -
nucleon. The exper1mental data are from [7] “The line is-
[16] w1th Copenhagen s

~ calculated for A, =100 in ref
' stat1st1cal model of mult1fragmentat1on ST
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- Fig. 2. Relatlve values of the surface tens1on mean nuclear den-
sity and fissility parameters as a functlon of temperature :

1n the units of cr1t1cal one.
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- Fig. 3. Temperature dependence of the hquld drop fission barrier

for 1880s.
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Flg 4 Flssron probabrhtles for 18805 The experlmental data are
' from [15]. The upper: llnes are calculated for T.=5MeV
- and 10 MeV. : S ~

Conclusion

| The eXperlmental dataon fission 'prohabilities for medium4heavy

".nuclei contradict the idea that the critical temperature for the llquld-f
‘gas phase transition (When ‘the surface tension vanlshes) is lower than
: 10 MeV. The. caloric curve obtained by the ALADIN group can be

conventlonally explained in ‘the framework of the Copenhagen- statis-
tical model of multlfragmentatlon ‘'The line in Flg 1 is calculated

“in [16] for a nucleus- w1th A, =100, assumlng T = 16 MeV The_
- plateau-like behaviour is associated w1th the: ¢ onset of ‘the’ multlfrag- ;
- mentation. At the crack temperature T = 5 — 6 MeV ‘there exists a

transition from the compound nucleus to the mult1drop ensémble. In’
[16] it is called the cracking-phase transition, when'energy is needed
for .increasing the surface of the system, whlle at ‘higher excitation

. energy it is dep051ted into translation motion: of the fragments (An-

other proper term for that is the ”liquid-fog” transition.) The second",

plateau pred1cted by the model at T =11 MeV corresponds to the

transition to the gas phase cons1st1ng of hght nuclei with' A<4 But‘
in fact this transition is masked by the intense secondary evaporatlon
from the excited fragments even at the s1gn1ﬁcantly lower tempera—r

- fures.
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