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Abstract

Preliminary data relative to the production of light and medium-mass
fragments in the following reactions : “9Ar + 197p4 at 44 MeV/u,
20Ne + 197py at 38,50 and 60 MeV/u, 20Me + Ag at 50 and 60 MeV/u, are com-
parzd to predictions of three models implying evaporation, c¢old break-up or
expansion-condensation of a fireball. A limit is tentatively given to the
stability of excited nuclei at a temperature around 5 MeV.

3

Light and intermediate mass fragments (4 < A < 40-50) emittad at large
angles with typical velocities lower than the beam velocity are usually
associated with the most violent i.e. central collisions.

Recent measurements of the distribution of energies and angles of these
fragments gave a glimmer of hope to discover new fragmentation mechanisms of
nuclei, to get information upon the nuclear equation of state and even to
find possible indication of a phase transition in nuclear matter as it was
predicted by theoretical studies of the nuclear equation of state !.8).

I1lustrating data will be taken from experiments performed at GANIL
relative to the following reactions : “OAr + Au at 44 MeV/u, 2%Ne + Au at 50
and 60 MeV/u, 20Ne + Ag at 50 and 60 MeV/u. These experiments involved the
colliaboration of Y. Cassagnou, D.M. de Castro-Rizzo, R. Dayras, R. Legrain,
E. Pollacco, L. Rodriguez, M. Saunier from Saclay, OPh-N/BE ;

M.G. Saint-Laurent and F. Saint-Laurent from GANIL ; R. Fon%te, G. Raciti,
J. Imme-Raciti from INFN Catania, [taly ; A. Panagiotou, N. Pazpadakis,
N. Yodinas from University of Athens, Greaece.

Additional data will be taken from the reaction 20Me + Au at 38 MeV/u
investigatad at the cyclotron SARA in Grenoble with the joint participation
of Y. Cassagnou, M, Conjeaud, S. Harar, R. Legrain, 2. Pollacco, C. Yolant
frem Saclay, OPh-N/8E ; J. Menet and J.3. Yiano from ISN Grenoble.

In this latter experiment, the fragments detacted by 2-stage solid
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state telescopes were separated through Z discrimination. In the former
experiments at GANIL, Z- and A-discrimination were applied to the fragments
by means of microchannel plates associated with the telescopes. The analysis
of isotopic distributions from these experiments is in progress and will not
be discussed here.

In the following, we present typical experimental results (sect. 2)
then consider three models (sect. 3), discuss a possible overview (sect. 4)
and conclude (sect. 5). ’

2

- Fig. 1 gives examples of the data. On the upper part of the figure,
energy spectra of Z = 5.8 and 11 fragments from the reaction 20Ne + Au at

38 MeV/u are displayed at increasing angles. They exhibit 2 high energy tail
which linearly decreases on a logarithmic scale and a bump at low energy the
origin of which is generally attributed to combination of Coulomb effects
and source velocity effects. In many cases indeed, the emission of fragments
seems to proceed from a common or nearly common source. This is pictured by
the continuous curves calculated in the moving source parametrization :

ddg _ 1/2 ; 1/2 172 '
o Ng(E = ZE_)V/2 exp[ - (E - ZE_ + E¢ - 2EL/2(E-ZE_)!/2 cos3)/T] (1)

where ss(vs) is the energy (velocity) of the source, T a slope parameter
which, as a manner of speaking, is often taken as the temperature of the
source and Ec a parameter standing for the Coulomb repulsion ZfEcof a frag-
men; of given charge Zf by the remainder of the source.

Fragments with cha*ge lighter than the projectile one may originate in
the projectile break-up. Since they have a velocity and direction close to
the projectile ones, they contribute in the high energy part at the most
forward angles (compare Z =5 and 8 to Z = 11 fragments on top of fig. 1).
This contribution has to be set aside in the moving source parametrization.

In the lower part of Fig. 1, energy spectra of 1B fragments from the
reaction *%Ar + Ay at 44 MeV/u are fitted in the same way. However small
systematic deviations can be noticed at the three most backward angles, tne
general features of the energy and angle distributions are well reproduced.
The contribution from the projectile here again appears at the forward
angles.

Fig. 2 shows an alternative comparison between the moving source para-
metrization and the data relative to SLi fragments from the same reaction
“OAr + Au at 44 MeV/u. On top, contours of invariant cross sections are
plotted in a velocity plane 3493, At the bottom, are displayed contours
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Fig. 1. (top) Energy spectra of 1g-3
8,0 and Na nuclei produced in
reaction 20Ne + 197Ay at
38 MeV/u. (bottom) Energy spec-
tra at increasing angles of 118
fons in reaction “0Ar + 1975y

. at £/u = 44 MeV/u.
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Fig. 3 - Temperatures (a) and source
velocities (b) resuiting from moving
source fits to the energy spectra of
fragments produced in “VAr + 137py
at 44 MeV/u.

Fig. 2 - (top) Contour piot of in-
variant cross sections for production
of SLi fragments in the reaction
Ar + Au at E/u = 44 MeV/u. (bottom)
Contour plot of invariant cross
sections for &Li nuclei from the
moving sSource parametrization
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Fig. 4 - Temperatures (a) and source
velocities (b) resulting from moving
source fits to the energy spectra of
fragments from the reaction
20He + 377y at 38 MeV/u.
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that fit the data in the moving source parametrization when the parameters
of eq. 1 are given the values indicated on the right of fig. 1. The source
velocity 8¢ is about 1/3 the beam velocity. The source temperature is of the
order of 15-16 MeV and the Coulomb potential per fragment charge EC close to
one half that of two touching spheres. The significance of the temperature
value will be discussed later.

As is shown in fig. 3, in some cases as the one of reaction “OAr + Au,
a more or less common set of parameters fits the energy spectra of the frag-
ments at all angles. On fig. 4, it does not look the same for the reaction
20Ne + Au at 38 MeV/u. There is rather a tendency for the temperature to
decrease for fragments neavier that neon while the velocity of the source
Tessens more continuously with the fragment size. In such a case no common
source seems to emit the fragments except one which would evolute in time.

Anyway, a great caution is necessary as regards the moving source para-
metrization. In no case one can consider the fairly jood fit of the data
it gives as an evidence for thermal equilibration of the system emitting the
fragments.

' It only is useful in Tetting a
YA comparison detween various systems be

"3"’}5,‘3 - § possible as it will be shown later
“DarsMay (sect. 3-4).
Lh MeV/A -
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E - % Fig. 5 - Fragment cross sections as a
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comparisons to a power law distiri-
pution,

—a
[« )

o P"q—”l"'“l“l"l'lm[
/

colionle e bl bl

w




ZoNE‘Ag {a) i &

\ S0 MeV./u X ¢
00 e, COMPLETE (INCOMPLETE) FUSION
\ (&l
2-3.1 d.
— 6~
10 o &

do/d2

NUCLEAR FRAGMENTATION

-

{mh)
I B an e 1 et et et A A L2/ B ma i i
r("\:

it
. l.
“n_/
\[lﬂ%l["

|

A

10 20 30 FIRE3ALL EXPANSICN
z AND CONDENSATION

Fig. 7 = Three models of nuclear frag-
mentation : (a) fusfon + evaporation
(b) fireball (or hot spot) creation +
target cold break up {c) expansion of
a fireball + condensation.

Fig. 6 - Fragment cross sections as
a function of fragment charge in
208e + Ag at 50 MeVY/u and come-
parison to a power law distribu-
tion.

Integration along energy and angle in the fitting procedure of fig. 1
(bottom) Teads to fragment cross sections or yield curves like those of
fig. S relative to “9Ar + Au at 44 MeV/u and 20Ne + Au at 38 MeV/u.

As it was already pointed out during this meeting, many of these yield

curves can be fitted by a power law :

Y(A) = ATF (2)

with a value c¢f ¢ close to the magic number 7/3. This number appears from
the analogy bdetween nuclear forces and Yan der Waals forces and has Deen
considered as a possible signature of a phase transition. Indeed in Fisher's
theory of gas condensation 2), the size distribution of droplets of water
obeys eq. (2).

However, in some cases, the fragment distribution can lead to values of
« far from 2.3 as it is shown on fig. 6. There, a fit in a large range of
fragment charges (5 <7 <25) from the reaction <Jle + Ag at 50 ieV/u gives
- = 3.1,

This is an overview of experimental data. Let us look at possible exe
planations to the formatfon of these fragments (fig. 7).
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3.1 - The most si$ﬁ1e jdea that comes to mind is to anticipate a fusion
process similar to the one which gives so great a success at Tow energies.
In this model, full equilibration is assumed as a result of complete fusion
of target and projectile or even of incomplete fusion with a part only of
the projectile, the remainder of it being nucleons carrying on their way in
the beam direction (fig. 7a). i

A second model is the cne Aichelin, Hiifner and Ibarra proposed last
year in which the projectile forms a fireball with some nucleons of the
targets (the "participants”) while the other nucleons (the target “specta-
tors") remain cold (fig. 7b). Then the fireball deexcites by emitting fast
nucleons which induce fragmentation in the spectator nuclear matter 3.

A third mode] assumes the fireball to expand adiabatically and when its '
density and temperature decrease, it reaches a region of the phase diagram /
of nuclear matter where condensation occurs. Fragments are born frcm the
nucleon gas like droplets in a cooling down vapour (fig. 7c).

In this last model, fragments stem from the fireball whereas in the
previous cold break-up model of Aichelin et al., they come from the target
spectator matter. In the first model, they are emitted from the whole sys-
tem.

We are now going into cach of these models.

3.2 - The assumption of complete or incompiete fusion of projectile and
target is a possible explanation of fragmentation. It is indeed expectad
that the high energy and high angular momentum given to a compound nucleus

E WyaaAg
106 . S0 MaV/u
° Fig. 8 - Fragment cross sections from
[ 20Ne + Ag et 50 MeV/u compared to a
= v calculation of evaporation following
s ! complete fusion (solid curve) and
~ on \:ﬁ ., comlete + incomplete fusion (dashed
< : (R curve). See text for details on the
3 ; ] . Moretto's approach from which the
“ cafculation started.
RV ..
. ': .
¥ *
'nl__ ! %
. ! ,'.' ‘ .a
ERRVAS
LAy ~
i \4ﬁ”“\<.' —— |
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in a heavy ion reaction do enhance probabilitie§ of emission of light and
intermediate mass fragments.

We present here the results of two calculations reiative to the reac-
tion Ne + Ag at 50 MeV/u. The aim was to reproduce the yield curve of
fig. 6. In the present state of the codes, reactions of Ar .ad Ne on a gold
target could not be considered yet, but will be soon.

The first calculation was done at Saclay by J.P. Wieleczko according to
Morretto's approach “). In W. Mittig's talk to this meeting, details can be
found on the program £DCATH which was used. The number of partial waves
which was considered was nearly equal to the critical % value given in
W.4. Wilcke's tables 5). A1l the channels open for evaporation were taken
into account. Fig. 8 shows the result : a dramatic decrease of the yield
when the fragment charge Z increases and, as a whole, cross sections are
very low except for very light fragments (A < 5) and those approaching the
fission domain.

An improvement of this calculaticn was got by considering an additional
contribution from incomplete fusion. We assumed partial fusion with 160 and
12C (i.e. one or two alphas from the projectile are going on with the beam)
to be the most important channels to add. The results is also on fig. 8.

Another calculation (fig. 9) was -

done for us by J. Gomez del Campo from

Ne+Ag Qak Ridge by use of the
o ., 50 Mav/u Hauser-Feshbach formalism and consi-
. dering all open channels implied by
o the high angular momentum attainable
] . for the compound nucleus. This is a

better calculation that the one ¢f
Friedman and Lynch 8) in which the
angular momentum is badly treated.

da/d2

. First chance emission of fragments was

o considered only., In the present state
®et of the calcuiation, the yield curve is

\ only compared to experiment till

: - ' . i 2 =12 : 1ts slope is less steep than

1 7 2 *0 in the previous Moretto's approach and

cross sections are a dit nighar. In

spite of these small differences, the

—

Oy vy I——r—'—'ﬂ'rnn]g—l—l‘l‘rﬂ‘l" '——‘I'—’—I"
L)
L ]
[

Fig. 9 - Fragment c¢ross sections
from 20Ne + Ag at 50 MeV/u compared
to an Hauser-Ffeshbach approach of answer is the same for the two cal-

?:2&;{33122 t::gﬂ°“’"g complete culations : evaporation could be pre-
sent in a fragmentation process,
chiefly as far as light fragments are

.
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concerned, but it does not account for the largest part of it.

3.3 - The Aichelin et al. model describes the reaction in two steps 3).
In the first step, a fireball - or hot spot at low energies - is formed by
the “participant” nucleons in the overlapping region of the target and the
projectile (fig. 7b). The other nucleons ("spectators") are almost unhurt
so that the target matter surrounding the fireball remains cold. It just
receives a small amount of excitation energy which loosens local bonds and
prepare its cracking into fragments. [t also recaives a kick in the beam
direction from the fireball in formation via viscosity forces.

In the second step of the reaction, the fireball deexcites by emission
of fast nucleons which either escape or are absorbed by the target spectator
matter, bringing in that case energy and momentum to the pre-formed frag-
ments. At last, the fragments are further accelerated by the Coulomb repul-
sion from the remainder of the target spectators.

This picture of the reaction mechanism lead Aichelin et al. to express the
triple differential cross section as :

vmax

d% _do, © A
=S T eV F(ER, oy, By, 8 V) (2)

dEdedz dZ 0
where f, the distribution according to angle and energy, is given by :

ZMVC 172 2

l--—_—— ¢-¢ -¢
( 53 )2) (P = Pey) = P
f =exp - e

A

2?-1V 172

x Mp (1~ ) "o [ (B - Bpyy)? - 2MV]

- _* 2
(p pcm)

with 5CM = MVCM ; ECM ’s the fmpulsion received from the firevall. Vo, is
small, even smaller than the compound nucleus velocity VCN sinca a part only
of the fncident enargy is transferred, that part which fs not brought away
by the fireball. The treatment of viscosity forces which convey energy from
the 7ireball to the target spectator mattsr leads up to a linear dependenca
of BCM on the ratio pFB/TFB where Pra and TFB are the {ireball momentum and
temperature.

5, is the mean impulsion given to the fragments by fast nucleons thrown
away b} the firepall wnen it deexcites. Assuming all intaractions of thesea
fast nucleons with the spectator mattar to end up in absorption i.e. com-
oleta enerqy anc momentum transfer one gets p, s dacreasing function




- 10 -

function of Ppg Since at higher energies more "participant” nucleons will
escape in the beam direction. .

a is the width of the Maxwellian distribution which is the leading ternm
of f. The Fermi motion inside the target is assumed to contribute to the
largest part of A. An additional part comes frum the width TFB of the Ez
impulsions received from the fireball fast nucleons. And one has
8% popmi * M Tege |

Once formed, the fragments are further accelerated by the Coulomb re-
pulsion from the remainder of the spectator matter. As the origin of a frag-
ment can be located at any place between the center and the surface inside
this matter, the Coulomb potential is expressed by a distribution of
fractions of the maximum potential Vgax which is that of two touching
spheres.

This distribution is

v

C max

- 8( V.

3 \
g(VC) = E - IC)

max
(VIa%)3

The last term %% in eq. (2) is given by :

do L

@ °F
exp(1.28 v/i-) -1
o

This equation expresses the charge distribution (energy and angle integrated
cross section) as a function of the total fragmentation cross section e and
the charge Z0 of the spectator target matter. [t is derived under two pres-
criptions :

1 - the entropy should be maximum i.e. all partitions of the initial
charge Zo have equal probabilities.

(3)

2 - charge 1is conserved.

Eq. (3) can also be deduced from the principle of minimum information i.e.
if we assume that no particuiar information is known about the fragmentation
mechanism.

A1l in all, six parameters VCM’ P,s 4, ' O and Z0 are only needed
to express the triple differential cross section do/dEdRdZ. Fig. 10 shows as
an example energy spectra at various angles of 180 fragments from “OAr + Au
at 44 YeVY/u in comparison with predictions of <he model.

One observes an agreement in the nignh energy part of the spectra. At
low energies a contribution from another mechanism is needed to account for
experimental data. We then assumed this low 2nergy contribution to come from

max
)
c
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Fig. 10 - Energy spectra of !50

fragments from the reaction

+0Ar + 197Au at 44 MeV/u. Solid

curves are fits from the cold break

up model of Aichelin and al. 3).

evaporation processes in peripheral collisions.
We have approximated this contribution according to the prescription of
Campi et al. 7) by :

Sy ¥ Og exp (=0.5 A;) (Ap = fragment mass) (4)

Fig., 11 shows how it is fitted under tihis assumption : the dashed line
represents the I dependence calculatad by means of eq. J with a value of Z0
close to the target charge. The dottad 1ine is the evaporation contribution
[ just mentioned. Thesa two curves have been arbitrarily normalized so that
thelir sum gives a gocd fit to the data.

Another example {s given on f{g. 12 which oresents the charge dis-
tribution of fragments from the reacticn 2%Me + Ag at 50 MeV/u. Here again
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the dashed line is the nuclear frag-
mentation in the Aichelin et al model
and the dotted one stands for the eva-
poration we had to anticipate for the
data fitting. One can see that the
dotted curve has the same shape as that
one calculatad in the previous model
(fig. 9) but the absolute values are
roughly a factor 5 larger.

Fig. 12 - Yield curve in reaction
20Ne + Ag at 50 MeV/u. Dotted, dashed
and solid lines as in fig. 11.

Fig. 13 - (a) velocity V,of the center
of mass system as a function of the
fireball momentum to tamperature ratio.
Expected linear dependence is observed
except at the highest energies. Non
labelled points are neon as a projec-
tile. A11 targets are gold. Triangle
(a) 1is our reaction “%Ar + Ay at
44 MeV/u.

(b) Regions I,II,III, are intervals of
increasing energy. In region [, the
fireball is stopped inside the target.
In region III, it goes through the
target and only a part of the beam
energy 1s gives to the target. Region
Il is the limit wnere all geometrically
possible participants enters the fire-
ball and energy transfer to the tafget
s complete (Vpoy = Vey and p; = p™°).
See ref, 3},

(c) Same data as in fig. 13.a with the
ratio of the center of mass velocity to
the ccmpound nucleus velocity on the
Y-axis.

L 1 L 1 L ot
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A conclusion from this fit is that only fragments with charges higher
than 10 i.e. fragments heavier than neon give an agreement to Aichelin and
al. mocdel if one assumes ZO' the charge of the spectator matter to de lower
than the target charge bu% close to it, in accordance with the model. As
a matter of fact, the distribution (3) is not sensit.ve to Z0 when it has a
large value which is the case here.

A second conclusion is that evaporation seems to be prasent both on
energy spectra and on yield curves.

Next figures show how the values given to other parameters compare with
Aichelin and al. systematics. First one is fig. 13a which displays the
velocity of the target spectator system. Our point agrees with the linear
dependence of this velocity upon the dimensionless ratio of the fireball
momentum to its temperature outlined by previous data. Regions I, Il and [II
as shown on fig. 13.b illustrate three various situations of the fireball
with respect to the surrounding matter which are met when increasing the
beam energy. Region I (E/u < 150 MeV) is the low eneray region where the
fireball is stopped inside the target and gives its whole energy to the
system. At ligher snergy, Region lII, most of the beam energy is brought
away by fireball nucleons. ‘

(4]}
o
ey

Ll ]

Fig. 14 - (a) Width of the momentum
distripution of Z = 8 fragments
from various reactions on gold as a
4 function of the fireball tempera-
l ture. Solid line is the expected
dependence. (b) Ratio of the mean
forward momentum p, of a Z = 8
- fragment to the fireball momentum
as a function of the latter. All
reactions and labels as in
fig.FéB a. In region I, a ratio
.. p.,]/p(i greate; than 1 ﬁeaqs that
uy only "a par%t of the available par-
20 <0 50 &0 100 ticipant nucleons in the overlap-
Temceraturs firsnall [MaV] ping volumes of the projectile and
target actually participated in the
fireball. It consequently means
that the projectile stoppad in the
target. See ref. 3.
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Like in CERN 86 MeV/u 180 + Au experiment of Bock and al.3) our point is in
region [. To make it obvious, we plotted in fig. 13.c on the Y-axis VCM/VCM'
where VCN is the velocity a compound nuclieus should have. VCM approximately
equal to VCN means that the projectile and the fireball born of it mainly
remain inside the target.

Fig. 14 shows that the values we gave to parameters P, and 7 fall in
region I and are very close to those which fitted Bock and al. experiment.

3.4, Let us now turn to the third model where fragments are assumed to
come from an expanding fireball (fig. 7c). In the moving source fits to en-
ergy spectra at various angles of reactions “OAr(44 MeV/u) + Au and 20Ne

(38 MeY/u) + Au, we have found velocities of the source of the order of.§ -

&l

of the beam one and source temperatures (slope parameter would be a better
word) around 14 - 16 MeV (figs. 3, 4). We also have seen that fragment cross
sections can be fitted by a relation on the fragment mass of the form A™-.
t, the "apparent exponent”, get values ranging between 2 and 3 (figs. 5,6).
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Fig. 15 - The apparent exponent <t of the power law fit to the
fragment distributions as a function of the "temperature" ({i.e.
slope parameter of enerqy specira). (a) Data of proton induced
reactions at various energies as ccnsidered by Panagiotou et
al. 3). (b) The dashed 1ine represents the smooth energy depen-
dence claimed by Boal ?), See this last reference for differencas
in the data set.

Data from many other reactions were analyzad in the same way and
Panagiotou et al, 8) tried to compare proton induced reactions on various
targets at various energies by plotting the apparant exponent ¢ versus the
slope parameter T (fig. 15). The points on the left sfde of the figqura cor-
respond to lcw incident energfes. They show a decrease of ¢ as the eneryy
{ncreases, independent of target.




-15-

s2- % :
¥ 8- -—?j~ -
-~
S 34k 4 Fig. 16 - Same as fig. 15 on top.
3 L__ Heavy ion data are aaded (see
s‘.sc- L_T I 1 ref.3) : 12C induced reactions on Ag
- ] co (a) and Au (7) at 15 and 30 MeV/u.
= ?! I Btack triangles are for our reaction
gasr : - Ne + Au at 38 MeV/u and Ar + Au at
< f oL | 44 MeV/u.
< e N o,
22- | L1 s
s 1T
— 7
14 : : ' L '
3 8 12 18

TEMPERATURE (Meav)

Other points at higher and relativistic energies suggest that a minimum
of - could exist for systems characterized by a value of T around 11 Mev.
This is the value which would correspond to acritical point if a liquid-gas
phase transition were to take place in the fragmentation process.

Boal, in a contradictory naper %), criticized the above analysis, re-
Jected some data, added a few more and gave a more simple explanation in
terms of a monotonous decrease of t versus energy due to penetrabilities
through a2 Coulomb barrier (fig. 15).

If heavy ion induced reactions are now considered, one gets 4 points at
Tow energy in good agreement with proton inducad reactions on the left side
of fig. 16 f.e. in the region where ¢ decreases rather steeply with T in
contrast to Boal's more gentle prediction.

The points corresponding to our reactions “OAr + Au at 44 MeV/u and
20Ne + Au at 38 MeV/u, place themselves on Panagintcu's figure on the right
side of the assumed minimum of < in agreement with proton induced reactions.

The minimum of ¢ (the critical point ?) should then be looked for at
Tower energies in these reactions.

4,

In order to get an insignt into this game, we tried another plotting.
As a matter of fact, the slope parameter T is tremendously discussed. We
fndeed have seen that in some cases it can depend on the fragment size. This
made an extrapolation procedure to be proposed in order to get its rignt
value. Furthermore, T could depend on the ratio of the fragment to the fira-
ball size {.e. to the projectile size, [f it were so, it would invalidate
whe compariscn between proton induced and neavy fon-induced reactions mace




Fig. 17 - The apparent exponent t as a 22L
function of the c¢ompound nucleus tem-
perature. Data are only from heavy ion
reactions :

12¢ + 1972y (&) at 15 and 30 MeV/u

12¢ + Ag (A) " "

2040 + 1974y (e) at 38, 50 and 60 MeV/u
“0ar + 1974y (@) at 44 MeV/u

20Ne + Ag (A) at 50 and 60 MeV/u

200 + 2771 () at 30 MeV/u, ref.l0)
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by Panagiotocu.

So we decided to put on the X-axis the temperature the compound nucleus
should have. We thought it as a good way to take into account energy and
projectile i.e. the entrance channel characteristics. In fig. 17 the appa-
rent exponent < is thus plotted versus TCN’ the compound nucleus tempera-
ture.

On the left side, we found back the four reactions with 12C and 130 at
15 and 30 MeV/u of the MSU group. The representative points show a decrease
of v with T independently of the projectile as in the previous figure. This
is true till TCN = 5 MeV. Then, beyond this value, ¢ saems to show up a
completely different behaviour. For all rzactions on gold, Ne or Ar as a
projectile, ¢ remains constant, around 2.3. It jumps to 3.1 for reactions of
necn on silver, the energy being 50 or 60 MeV/u. In a recent experiment of
Morjean et al.l0) relative to 20Ne + 27A] at 30 MeV/u, an even higher value,
close to 4.0, was tentatively given to <. Presently available data in this
region thus shcw a strong dependence on the target size and suggest nearly
independence on energy and projectile size. This is in agreement with eq. 3
of the cold braak-up model where the yield curve has a unique shape para-
metar Z0 which is not very diffarent from the target charge.

S.

This last figure lead us to the conclusion, if one may venture to do so
wnile analysis of present data is not completed and wnen many new data are
deenly needed :

Ae consider two regions : In region I (T < 5 MeV), on the left side of
fig. 17, ¢ slowly decreases with the available enerqgy given to the system,
indesendently of the size of the system. Tnis means that more eneryy gives
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heavier fragments with enhanced cross sectiins. Remember Moretto's predic-
tions that in heavy ion reactions more energy and more angular momentum
favours fragment production. Then in region [, it looks like an evaporation
process is taking place.

In region II, on the right side of fig. 17, ¢ suddenly behaves gquitz2
differently. It then depends on the size of the system mainly, in agreement
with Aichelin and al. cold break-up model (see eq. 3). Energy and projectile
then should play a role on the momentum distribution and the angle distri-
bution of the frégments only, which is a basic assumption of the model. So
many features are hints of a fragmentation procass in this region.

This conclusicn agrees with many results from GANIL presented in this
meeting. An 2xample in Volant's talk is given by the linear momentum trans-
fer measured by fissicn in the reaction Ar + Th. The compliete transfer is
associated with central c¢ollisions which means complete fusion at low ener-
gies. Its importance is obvious in region I around 25-30 MeV/u. It decreases
with energy and disappears at 44 MeV/u. This is an evidence that a new me-
chanism occurs in central collisions around 40 MeV/u. i

Now, what can be said about the value TCN = 5 MeV which corresponds to
our reaction 20Ne + Au at 28 MeV/u performed at SARA ? A recent theoretical
predictions of S. Levit and P. Bonche 11) indicates a 5 MeY temperaturs to
be the limit of stability of a nucleus. Is this a transition point 7 Is the
predicted phase transition in nuclear matter appearing there ? [s there
rather a smooth evolution from evaporation to nuclear fragmentation ? An
open question for next talks and more work in the future.
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