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Complex fragment emission in the 200-MeV*He+"*Ag, °/Au reactions
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Spectra, angular distributions, and cross sections have been measured3erl4 fragments produced in
200-MeV “He-induced reactions off'Ag and *°’Au targets. In addition, isotopic yields were measured at
forward angles. Two-component moving-source fits have been performed on the data to evaluate the relative
contributions of nonequilibrium and equilibrium emission mechanisms. At forward angles, the complex frag-
ment yields are dominated by nonequilibrium emission, with IMF energies extending from the emission barrier
to momenta in excess of the incident beam. Backward of 90° the yields are nearly isotropic and exhibit spectra
consistent with emission from an equilibrated composite nuclg&#556-28137)03010-0

PACS numbsg(s): 25.70.Mn, 25.55-¢, 25.70.Gh

l. INTRODUCTION choice of the 200-MeV*He+"¥Ag, °7Au reactions was
motivated by several factors. Most important, the use of a
Measurements of intermediate-mass-fragment spectrigght-ion projectile eliminates the strong contribution from
(IMF: 3<Z=<15) yield important signatures of the reaction projectile fragmentation processes that accompany heavy ion
dynamics associated with the formation and decay of hobeams at forward angles, where nonequilibrium emission is
nuclei. At bombarding energies near the IMF emission barmost prominent.
rier, conditional saddle points and the statistical properties of The bombarding energy d&/A=50 MeV is sufficiently
equilibrated nuclei have been studigtl2]. In the Fermi- high to provide comparable yields of equilibrium IMF’s, but
energy regime, IMF spectra reflect the growing importancenot so high that the nonequilibrium IMF component domi-
of nonequilibrium events, which represent a very fast collecnates the cross sectioh8,4]. Further, due to the exponen-
tive phenomenon3-5]. As the projectile energy exceeds a tially increasing nature of the excitation function for IMF
GeV or so, multiple fragment emission becomes highly probproduction in this bombarding energy regime, there is a high
able, providing evidence for nuclear expansion and spinodagbrobability that equilibrium emission will occur primarily
decomposition[6,7], perhaps yielding insights into the from collisions in which there is nearly full linear-

nuclear equation of sta{@—10]. momentum-transfer from projectile to target. This has been
While evaporative emission of complex fragments is rela-verified in measurements using the fission-fission-IMF angu-

tively well described by statistical mode€l§1,12 and mul-  lar correlation techniqugl5,16).

tifragmentation has received much current attenf@®n1Q, Experimentally, the separation of equilibrium and non-

nonequilibrium IMF emission poses a significant theoreticalequilibrium IMF events imposes several constraints. Rela-
challenge[13,14. Besides the intrinsic physics interest in tively low detector energy thresholds are required to obtain
describing the formation of complex clusters from a light-ion complete fragment spectra up Zo- 15 at backward angles,
projectile on a time scale comparable to the nuclear transiéspecially for lighter targets. Complete angular distributions
time, a knowledge of these processes is an important practare essential in order to characterize the rapidly rising cross
cal consideration in the interpretation of both low-energysections at forward angles and the degree of isotropy at back-
reactions and multifragmentation phenomena. Since thevard angles. In addition, isotope-identified data at very for-
emission time scale is a continuous one, it is essential tavard angles provide information on the nonequilibrium pro-
isolate those events driven by collision dynamics from thoseesses; backward-angle isotope measurements on similar
originating from more equilibrated systems. This is particu-systems have been reported previoydly.
larly important in the case of multifragmentation, where This paper emphasizes the experimental results and the
IMF’s from both processes are necessarily admixed. conclusions derived from a two-component, moving-source
In the experiments described here, we have examined twiit to the data, using the transition-state formalism of Ref.
systems in which both equilibrium and nonequilibrium IMF [18] to parametrize equilibrium emission and ad hoc
emission play important roles in the reaction dynamics. Thevlaxwellian function to describe the nonequilibrium compo-
nent of the yield4,5].

*Present address: Institute of Atomic Energy, Beijing, PRC. Il. EXPERIMENTAL PROCEDURES
TPresent address: Computerized Medical Systems, St. Louis, MO
63131. The experiment was performed at the Indiana University
*Present address: Department of Chemistry, Northern lowa UniCyclotron Facility with a*He beam of 200-MeV incident
versity, Cedar Falls, IA 50614-0423. energy. Pulse-selected 1:2 beams with currents up to 50 nA
SPresent address: Sabbagh Associates, Bloomington, IN. were used to irradiate targets in the IUCF 162-cm-diam. scat-
** Present address: Department of Chemistry, Texas A&M Uni-tering chamber. The beam diameter was approximately 2
versity, College Station, TX. mm. Self-supporting, high-purity X99.999%) targets of
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naing and 1%/Au of aereal density 1.9 mg/chwere bom- o AR RAARE RN
barded. To minimize possible light-element contamination of 10
the spectra, freshly prepared targets were used and the
vacuum system involved cryopumping of both the scattering
chamber and the adjacent section of beam line. Spectra from
carbon and blank targets were also measured to monitor pos-
sible sources of contamination from carbon buildup on the
targets or beam halo. The growth of light-element contribu-
tions to the spectra can be monitored sensitively on line from
examination of the two-dimensional particle-identification
contours. For light elements bombarded with intermediate-
energy alpha particles, the energy spectra fall in a region
well below the Coulomb-like peaks for emission from Ag
and Au residues, and in addition, tiBeBe is much larger
[19,20. On the basis of this analysis, light-element target-
contamination problems were found to be negligible. Target 1
thicknesses were determined by weight and area, as well as

energy-loss measurements witit#Am alpha spectroscopy 107!
source.

Inclusive IMF spectra were measured at randomly se- 078 | | [
lected angles between 11° and 170° with a pair of detector T
telescopes. At forward angles, measurements were per- Ejp(MeV)
formed with a multiple-element isotope-identification tele-
scope consisting of an axial-field gas-ionization couf@4t, FIG. 1. Kinetic-energy spectra of boron fragments as a function
300-um surface-barrier detector, a 5-mm Li-drifted silicon Of angle for the 200-MeVHe+"Ag reaction.
detector, and a 12.7-cm Nal scintillator. The second tele-

scope arm was used for charge identification only and emfalling tail that becomes increasingly steep in slope as the

ployed an axial gas-ionization counter, a 300+ silicon de- observation angle increases. This behavior is charac’Feristic of
tector and a 5-mm @ii) detector. The gas-ionization a!l Z=5 fragments and little dependence on isospin for a
chambers used GFyas at a pressure of 45 Torr. Particle- 9IVeN element is observed. An |mpertant aspect of these
identification thresholds were approximately 0.5 Mey/Mmeasurements is that the Coulomb-like peak is clearly de-
fragment nucleon and excellent charge resolution wadned at the backwardmost angles for K12 fragments;
achieved for fragments up t@=14. For the isotope- this has an |mp0(tant _mfluence on the re_sults of the fitting
identification telescope, a Spiel§2?] fast-timing pickoff procedures desc_rlbed in the fc_JIIowmg section. For Li and Be
was incorporated in the signal electronics. In conjunction’@dments, the high-energy tails of the spectra are more pro-
with the cyclotron rf signal, this system provided fragment
time-of-flight mass identification with a time resolution of
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about 250 ps, yielding discrete isotope resolution for frag- - 9=21" —J
ments withZ<8 andA<19. ‘ 3

All detectors were calibrated witf?Am and *#8Gd alpha 10 ; -
spectroscopy sources and a precision pulse generator. The 2 ]] ” 3
gas-ionization chamber procedure involved the measurement 102 1\1 -

x(|l|x|:|x|y|1|||(x

of energy-loss signals at several Lfas pressures, along
with corresponding alpha energy in the first silicon element. 1
Corrections for fragment energy losses in the tatg§6¢6 of
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the target thicknegsnd ion-chamber window were based on R Lk B
measured thicknesses and energy-loss tdBigls £ 2 E -
Data acquisition was performed with the XSY31] sys- ) g . E
tem. Because of the low IMF cross sections and the very Cs: 107 £ : N T
high counting rate of light-charged particles relative to “’v I
IMF’s, the SiLi)/Nal detectors were operated in the veto - ! ! E
mode for light-charged particles to minimize dead time. i 0=170° ]
107 i

ll. EXPERIMENTAL RESULTS i i

In Figs. 1 and 2, kinetic-energy spectra at representative O LM N

laboratory angles are shown for boron fragments from the 50 100 150
‘He+"¥Ag system and carbon fragments from the
“He+%Au system, respectively. The spectra exhibit the
Maxwellian shapes previously reported for similar systems, FIG. 2. Kinetic-energy spectra of carbon fragments as a function
characterized by a Coulomb-like peak and an exponentiallyf angle for the 200-MeV*He+%"Au reaction.

Ejv (MeV)
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TR I 3 TABLE |. Cross sections for the 200-Me¥He+"¥Ag system.
' 1
200-MeV e + Miag 1 Z (IMF) Ot (ub) g (M)  oneq (D) OEq/ ot
3 15x 10° 2.2x10° 13x16° 0.15
4 3.9x10° 680 3. 10° 0.17
5 1.7x10° 440 1.3x10° 0.26
_ 6 1.1x10° 520 580 0.47
8 7 340 170 170 0.50
! 8 190 120 70 0.61
S 9 74 44 30 0.59
g 10 59 44 15 0.75
11 49 39 10 =0.80
12 43 34 9 =0.80
Total 22 mb 4.3 mb 18 mb
shown in Figs. 3 and 4 for thé®Ag and °’Au targets,

0 50 100 150 respectively. Strong forward peaking of the differential cross
6 (deg) sections is apparent for both targets, but is most pronounced
FIG. 3. Angular distributions oZ=3-14 fragments for the for Ag. '_I'he for\_/vard-_to-baclgward erss'sec’tion ra_tios evolve
200-MeV “He+"3Ag reaction. toward increasingly isotropic behavior as a function of IMF
charge. However, for all fragments up to Na, these ratios
significantly exceed expectations for statistical emission
nounced, with the’BePBe isotope ratio increasing strongly from a complete fusion source, transformed into the labora-
with IMF kinetic energy. This behavior has been discussedory frame. This observation implies that a significant frac-
in previous publication$5,25,24. tion of the IMF spectra observed at forward angles has a

Laboratory angular distributions for all fragments aredynamic origin in which up to 10—20 nucleons are accreted
on a time scale of the order of the nuclear transit time, ac-
quiring momenta up to 50% greater than the beam momen-
tum. In contrast, in the backward hemisphere the yields for
all IMF's are essentially isotropic, which combined with cor-
responding spectral slopes implies emission from an equili-
brated system. The most-probable IMF kinetic energies are
also in good agreement with fission kinetic-energy systemat-
ics [27].

The total cross sections as a function of IMF charge are
tabulated in Tables | and Il for the®Ag and '%’Au targets,
respectively. These results yield total IMF cross sections of
22 mb for the*He+"*Ag system and 13 mb fotHe+°"Au.

0 Thus, the IMF yields constitute only about 1% of the reac-
~—~
=
5 TABLE Il. Cross sections for the 200-Me¥He+°"Au system.
o
E Z (IMF) Tt (MD)  opq (ub)  onegg (D) g/ o
3 9.8x10° 880 8.9x 10° 0.09
4 2.0x10° 240 1.8<1C° 0.12
5 600 78 520 0.13
6 290 100 190 0.34
7 74 33 41 0.44
E 8 39 25 15 0.63
] 9 19 14 5 0.72
10 19 16 3 0.85
11 18 16 2 0.88
— 12 23 20 2 =0.90
0 50 100 150 13 23 20 2 =0.90
0 (deg) 14 30 27 2 >0.90
FIG. 4. Angular distributions oZz=3-14 fragments for the Total 13 mb 1.5 mb 11 mb

200-MeV “He+'"Au reaction.
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TABLE lIl. Isotopic differential cross sections for the 200-MeV  detail for the 16125n+*He system$17]. It is interesting to

“He+"Ag, '®'Au reactions measured at a laboratory angle of 20°note that the forward-angle isotopic distributions for 200-
MeV “He+!%sn (N/Z=1.32) are nearly identical to those

Fragment do/dQ (ub/sn Fragment do/dQ (ub/sp observed here fornatAg Those for 1%4sn (N/Z=1.48)
napng 197 g 197Ay strongly resemble th&”’Au results. This correspondence im-

6L 1990 880 100 592 16 plies a coalesgeqcelikg production mechanism for these

L 2630 1730 11c 34 8.4 largely nonequilibrium ejectiles that reflects tNéZ ratio of

8L j 360 350 12 170 38 the colliding species. _ _

9 59 110 13¢ 110 37 Also shown in Fig. 5 are the forwtard—angltiggsotope ratios
14 36 19 for carbon fragments emitted froffAg and “°’Au bom-

7Be 650 220 150 43 o8 bard_ed by a va_lriety of proj_e(_:tile_s over a broad range of bor_n-

%Be 440 290 bardlng energies. The striking n_wdependenc_e of these_ ratios

108 230 210 13 38 05 on projectile type _and bombarding energy |s.also valid for
™ 32 55 otherz frggments in Table Ill. In fact, ccomparison of these

- 10 - 15y - 13 results with 300 Ge\p .+Xe data[29] )_nelds a gompa(able

108 220 6'6 1o 76 8 pattern. For example, if one takes ratios of a<_jjacent isotopes

g 360 150 7y 3'7 2'1 (Z,N;Z,N+1) from Table 11l and. compares with the data of

I : : Ref. [29], a value of 0.6%0.18 is obtained for"®Ag and

B 44 31 0.96+0.21 for 1%’Au for the 21 adjacent pairs of isotopes in

58 9.1 9.4 %0 4.3 0.3 Table IIl.

iio 25 2.8 Double-isotope ratios have recently been employed as a
0 13 2.0 thermometer for measuring the temperature of hot nuclear

%0 9.0 25 matter[30—32. The observed independence of these ratios
e 1.9 0.9 on collision conditions suggests that eitt{g) the freezeout

conditions for theselargely) nonequilibrium fragments are
nearly independent of the reaction dynamics(2rthe iso-
tion cross sectionor=1830 mb for the"®Ag target and topic thermometer may not be a reliable method of determin-
or=2550 mb for1%/Au [28]. The lower IMF yield for the ing nuclear temperatures. For the present data we have cal-
1978 target is consistent with the higher Coulomb barrierculated average temperatures from the data in Table Il for
for the higherZ target. In Table Ill, the isotopic cross sec- Which the isotope binding-energy difference i8
tions are listed for Li-O isotopes measured at 20° for both?>10 MeV, corrected according to the systematics of Ref.
systems. A general feature of these isotopic yields is that thE32]. Compound-nucleus formation and a level-density pa-
more neutron-excess targét’/Au (N/Z=1.49), produces a rameter ofa=A/8 MeV ! predicts a maximum temperature
higher fraction of neutron-excess IMF’s relative to tHéag  of 3.6 MeV for the "Ag system and 2.7 MeV fof*’Au.

target (N/Z=1.30). This is shown for carbon isotopes in  Despite the clearly nonequilibrium nature of the spectra at

Fig. 5, a result that has been previously studied in more0° in Figs. 1 and 2, the isotope-ratio temperature for the
nalng target isT=3.4 MeV consistent with the compound

nucleus prediction. In contrast, analy$&3] of the similar

“He+1%Sn system at backward angldd7] yields an
Lok M . | isotope-ratio temperature= 2.7 MeV, which would imply a
: Au @ 30 . . .
relatively low average linear momentum transfer for colli-
0.8r B sions that produce IMF's from equilibrated systems. For the
0.6 _ 197Au target, the isotope-ratio temperature at 20° Tis
ol : i =3.6 MeV, well above both the compound nucleus value
’ and an isotope thermometer value &2.8 MeV deter-
0.2 7 mined from backward-angle data for the comparable
O o Y N/Z “He+'%4Sn system. It is also of interest to note that the
O vof "irg @ 20° . isotope-ratio temperatures fd'Ag and °’Au at 20° are
Vo8l . 4480 MeVp nearly the same as that for the 300 GpV Xe reaction29]
* 200 MeV “He taken at 48°,T=3.9 MeV. These temperature results are
0.6+ ® 280 MeV N | . .
+ 700 Mev "N analyzed in a broader context in REB3].
0.4 . .
0.2F - IV. MOVING-SOURCE FITS
TSI — In order to evaluate the relative contributions of equilib-

c ¢ e oer rium (EQ) and nonequilibrium(NEQ) mechanisms to the

FIG. 5. Forward-angle isotope-yield ratios relative ¢ for ~ IMF yields, a simultaneous two-component moving-source
naing (lower frame and 27Au (upper framg bombarded by various ~ fit has been performed on these data. The fitting procedure is
projectiles at several incident energies, as indicated in the figuréliscussed in detail in Refg5,16]. While this is schematic in
For “N data, the projectile-fragmentation yield has been eliminatedhature, the strong differences between the forward-
from the analysis. hemisphere and backward-hemisphere results suggest that
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TABLE IV. Moving-source fit parameters for the 200-MeW¥He+"*Ag system.
ZivE 5 6 7 8 9 10

EQ Beo 0.0117 0.0117 0.0117 0.0117 0.0117 0.0117
Teo 3.7 MeV 3.7 MeV 3.7 MeV 3.7 MeV 3.7 MeV 3.7 MeV
Keg 0.831 0.805 0.793 0.771 0.773 0.757
Peo 7.1 9.5 12.7 15.1 21.1 18.0
a 0.7 0.7 0.7 0.7 0.7 0.7
Norm EQ 9.45 12.9 5.12 4.22 2.46 2.04

NEQ Bneg 0.0247 0.0191 0.0182 0.0151 0.0130 0.0120
TneQ 13.0 MeV 13.0 MeV 13.0 MeV 13.0 MeV 13.0 MeV 13.0 MeV
Kneg 0.5 0.5 0.5 0.5 0.5 0.5
SIGCB 3.0 3.0 3.0 3.0 3.0 3.0
0 30° 30° 30° 30° 30° 30°
Norm NEQ 8.4K 10° 4.14x 106° 1.18<10° 564 257 136
x2IN 1.9 2.4 1.8 1.6 1.2 1.6

the approximations below have at least empirical validity. The parameters of both EQ and NEQ components, along
The equilibrium source was assumed to be the binary dewith their respective normalization factors and chi-squared
cay of an equilibrated targetlike residue. The spectral shapgser degree of freedom values, are tabulated Zer5—10
were parametrized in terms of the scission-point model ofragments in Tables IV and V. Values f@=3 and 4 were
Moretto [18], which includes a mean source velocityg; not included in the fits, since these components are strongly
temperature Tgq; fractional Coulomb barrierkeg; a  dominated by nonequilibrium emission. The quality of the
Z-dependent amplification paramefer that permits evolu- fits to the spectra is indicated in Figs. 1 and 2, where the
tion of the fragment shapes with IMF charge; and an anisotequilibrium component is given by the dotted lines, the non-
ropy parametety, to account for possible forward-backward equilibrium component by the dot-dashed lines, and the sum
peaking of the symmetric angular distributions, whereby solid lines. One qualitative observation of these fits is that
w(8) a(1+ a cod 6) in the source frame. the nonequilibrium component at forward angles contains a
Whereas statistical models are generally successful in designificant fraction of events with energies near the
scribing equilibrium processes, the understanding of nonCoulomb-like peak of the equilibrium component. Thus,
equilibrium emission is complicated by the short time scaleshese low-energy fragments, that appear to be formed via
and close coupling between the collision dynamics and thaccretionlike process¢84,35 on a fast-to-intermediate time
final state. Consequently, we employ a phenomenologicacale, are indistinguishable from fragments originating from
approach and approximate the small-angle spéstrawn in  fully equilibrated events.
Figs. 1 and 2with a Maxwellian-like function with surface The fitting parameters for the equilibrium source are con-
emission. The parameters of this component include a fassistent with emission from an equilibrated compound
source velocityvneq; slope temperaturd g, fractional  nucleus. For consistency, in the final fits the same average
Coulomb barrier and spreading widtyeo; and SIGCB, source velocity and temperature parameters were applied to
and an empirical angular distribution  function, all Z=5-10 IMF’s. The fit values 0bgo=0.01Z and Tgq
w(6) a exp(—6) in the source frame of reference. =3.7 MeV for the "™Ag target are in good agreement with

TABLE V. Moving-source fit parameters for the 200-Mée¥e+°"Au system.

ZivE 5 6 7 8 9 10
EQ Beo=veo/C 0.00652 0.00652 0.00652 0.00652 0.00652 0.00652
Teo 28 MeV 28 MeV 28 MeV 28 MeV 2.8 MeV 2.8 MeV
Keg 0.860 0.828 0.818 0.780 0.794 0.767
Peo 8.8 17.8 31.4 34.2 34.3 41.6
@ 0.333 0.333 0.333 0.333 0.333 0.333
Norm EQ 4.28 12.0 13.6 13.3 7.56 16.9
NEQ Bneo 0.0179 0.0130 0.0109 0.0098 0.0074 0.0070
Treo 12.0 MeV  12.0 MeV  12.0 MeV  12.0 MeV 12.0 MeV  12.0 MeV
Kneo 0.70 0.70 0.70 0.70 0.70 0.70
SIGCB 3.0 3.0 3.0 3.0 3.0 3.0
0 25° 25° 25° 25° 25° 25°
Norm NEQ 5.0410° 1.98<10° 441 159 58.9 33.6
x2IN 2.0 1.6 1.2 0.9 0.9 0.8
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FIG. 6. Moving-source fits to the IMF spectra for equilibrium ~ FIG. 7. Ratio of equilibrium-to-total IMF yields determined
(dotted lind, nonequilibrium (dashed ling and total(solid ling.  from moving source fits t6*Ag spectra(upper framg and **"Au
The upper frame is for oxygen fragments from g target and ~ spectra(lower frame.
the lower frame is for nitrogen fragments from th&Au target.

The relative contributions of the equilibrium and nonequi-

values ofvgo=0.01k andT=3.6 MeV calculated for com- librium sources are illustrated in Fig. 6, where the laboratory
plete fusion and a level density parameter @  angular distributions for nitrogen fragments from tf¥Ag
=A/8 MeV L. For the *°Au target, the moving-source fit target and oxygen fragments frofi’Au are plotted for the
gives values ob gg=0.06% andTgo=2.8 MeV, to be com- total fit (solid line), the equilibrium componeritiotted ling,
pared with calculated values 0ofgo=0.06% and Tgo  and nonequilibrium componefdot-dashed line The domi-
=2.7 MeV for the compound nucleus. The fractional Cou-nance of the nonequilibrium source at the most forward-
lomb barrier parameters are about 80% that of touchingingles and the equilibrium source at the most backward
spheres wittr y=1.225AY3+ 2.0 fm[1] and agree well with angles is apparent. In Table I, the total IMF cross sections for
fission systematic§27]. The amplification-shape parameter equilibrium emissiongeg(Z), for nonequilibrium emission,
p increases systematically for both systems, reflecting theneo(Z), and the ratioogo(Z)/o(2) are tabulated. The
increased shape-barrier fluctuations with increasing fragmenigitio ogo(Z)/ oof(2) is also plotted in Fig. 7 for both targets.
charge. The anisotropy parameteis nonzero, but relatively The fraction of equilibrium events increases systematically
small for both systems. For the equilibrium component thisfrom Z=5 to Z=10, illustrating that(1) nonequilibrium
implies relatively small angular momenta for the emitting emission favors lowZ fragments and2) equilibrium emis-
source, unlikeN-induced reactions at these be&tA val-  sion (or very asymmetric fissignbecomes increasingly im-
ues, where significant backward peaking is obsef#gd portant for higheiZz fragments. This evolution is observed to

The primary features of the nonequilibrium parametersbe stronger for thé®’Au target than for"®Ag.
are (1) source velocities two to three times greater than for The success of this schematic two-component model in
the equilibrium source for lighter IMF’s which systemati- describing the evolution of the energy spectra and the angu-
cally decrease toward thegy value with increasing IMF lar distributions indicates that it provides a consistent quali-
chargej(2) slope temperatures of 12—13 MeV, well in excesstative picture of the physics that govern collisions near the
of those deduced for the equilibrium source; #8dreduced Fermi energy. However, it must be stressed that any quanti-
fractional Coulomb barriers. These results are in general adative attempt to describe the dynamics of these processes
cord with other inclusive studies of IMF emission for which must take into account the full time evolution of the
full energy spectra and angular distributions have been meaystem—which must necessarily involve a continuum of
sured[3-5,17,24,26,3p IMF emission stages.
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TABLE VI. Charge distribution power-law exponents. equilibrated compound nucleus, af®) statistical decay of
an equilibrated heavy residue. A two-component, moving-
200-MeV “He+"¥Ag 200-MeV “He+*"Au  source fitting procedure based on these assumptions provides
a good description of the data. The equilibrium component
7 (total 4.7x0.2 5.6-0.4 exhibits properties expected for emission from an equili-
7(EQ 3.2+£0.2 3.6:0.3 brated nucleus produced imea) complete fusion of the
7 (NEQ 5.7+0.3 6.5-0.4 target and projectile, whereas the nonequilibrium component

appears to originate from a much hotter source moving with
) ] a velocity significantly larger than the compound nucleus.
Finally, we have performed a power-law #(Z)aZ""to  The fit results also illustrate the strong dependence of the
the Charge-distribution results in Tables | and Il. The pOWer'emission mechanism on IMF Charge and ang|e, the nonequi-
law exponentsr are summarized in Table VI. The charge |iprium yield being dominated by lov- fragments at for-
distributions yleld pOWQr-laW eXponentS eE=4.7+0.2 for ward ang|es and the equi”brium y|e|d being C|ear|y sepa-
natAg andr="5.6+0.4 for 1%Au. The more rapid decrease in rated at extreme backward ang|es_
the cross sections as a function of IMF charge f&au is Isotope ratios obtained at forward angles have also been
understood in terms of the greater Coulomb hindrance teneasured. These are remarkably similar to ratios obtained
charged-particle emission for the highérsystem. For both  from a wide variety of systems obtained at intermediate-to-
nonequilibrium and equilibrium components, the power-lawhigh energies. Double isotope-ratio temperatures derived
exponents are similar to those obtained in other light-iorfrom these data are nearly identical to those obtained from
studies[3,25], but are considerably larger than observed forp+ A reactions up to 300 GeV and théN+"¥Ag, °7Au
the “N+"¥Ag, '7Au systems[5]. As has been observed reactions fronE/A=20-100 MeV. This result suggests that
previously, the IMF charge distribution for nonequilibrium either a limiting temperature nedr~4 MeV describes all
processes decreases Wiy much more rapidly than for these systems or that the technique has low sensitivity to the
the equilibrium component. temperature of the hot source.

V. CONCLUSIONS The authors. wish to express their }hanks to Lee Sobotka
and Warren Wilson for their contributions to this work. We
In summary, we have investigated IMF emission in thealso acknowledge the important contributions of Tim Ellison
200-MeV “He+"¥Ag, 197Au reactions. The data suggest thatin tuning the IUCF rf phase-lock system, Dick Yoder for
at least two major mechanisms are responsible for IMF forhelp with the data-acquisition program, Bill Lozowski for
mation: (1) a fast nonequilibrium process that produces fragpreparing the high-purity targets, and the operating staff at
ments via an accretionlike mechanism with energies extendUCF for providing excellent beams. This work was sup-
ing from the emission barrier up to values in excess of theported by the U.S. Department of Energy and the National
beam momentum, well beyond those expectations for ascience Foundation.
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