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Exclusive measurements of light-charged-particid,(?H, and “He) energy spectra, angular distributions,
and emission multiplicities are reported for the two reactititfs +27Al and 5*Mn+ '2C at a matched excita-
tion energy of 127 MeV. Comparisons are made with statistical model predictions for the evaporative pro-
cesses in these reactions, which can be characterized as emissions from rotational-energy-dominated systems.
The model simulations do well in reproducing a broad range of angular distribution data afitiefel
cross-section ratio, using spin distributions derived from fusion cross-section systematics. The same model
parameters, however, predict particle energy spectra and coincidence cross sections which are inconsistent with
the measurements for both reactions. These results support previous conclusions from model comparisons with
inclusive data, and suggest fundamental flaws in the statistical model as applied to light-mass, high-spin,
nuclear systems.

PACS numbdis): 25.70.Gh, 24.60.Dr, 25.75.Gz

. INTRODUCTION 280 MeV “°Ar+2’Al and 670 MeV **Mn+'“C, obtained
simultaneously with the inclusive data already repofted
In a recent papdrl], we have reported inclusive measure- Although the inclusive studies have been very useful in char-
ments of light-charged-particle energy spectra and angulaicterizing emitter properties and in revealing discrepancies
distributions for the two matched reactions 280 M&Ar  with statistical model calculations, the exclusive data provide
+27Al and 670 MeV **Mn+?C. These reactions produce new dimensionalities for constraints which can rigorously
the same composite nucleu%ﬁat* , at an excitation energy test the models. Such multifaceted comparisons can be par-
(Ecmt Q) of 127 MeV. From fusion cross-section system- ticularly important in identifying spin-related properties of
atics[2], we expected the composite systems to be formedhe system. In addition, of course, the coincidence require-
with angular momenta correspondingq.,=54% and 42 ment strongly favors detection of evaporative particle emis-
in the two entrance channels, respectively. Comparisons afions, and thus serves to filter out contamination, if any, by
the inclusive data with predictions from statistical model cal-particles resulting from low-multiplicity noncompound
culations, however, demonstrated that no unique set afiucleus reactions.
model parameters could give agreement with both the energy Along with coincidence particle energy spectra and angu-
spectra and the angular distributions at the same fibhe lar distributions, we also report integrated coincidence cross
The angular distributions were fit reasonably well usingsections for several particle combinations. The correspond-
Jmax=54% and 3% for the two reactions, respectively, while ing quantities are calculable from statistical model codes,
the energy spectra required much lower#A2Bpparent val- and enable an additional approach to the testing of the mod-
ues for this parameter. As discrepancies of this sort had nadls.
been seen for heavier nuclear systems=(L50) [3], it is The technique of probing the spin of a nuclear system
likely that the relatively small moment of inertia associatedthrough coincidence measurements has been widely used and
with the lighter-mass systems leads to a dominance of rotawell established4—9]. The method involves one or more
tional effects(rather than Coulomb effegtén the charged- “trigger” detectors which serve to identify a particle and its
particle emission. In fact, for the reactions studied here, themission direction, and a set of “sweeper” detectors which
rotational energy is a substantial fraction of the total excitameasure identified particle spectra at various angles with re-
tion energy, a condition which violates assumptions inherenspect to the trigger particle direction. The location of the
in current model calculations. trigger and sweeper detectors is critical for studies of angular
In this paper we present the results from particle-particlenomentum effects, or spin sensitivity. Typically, two coin-
coincidence(exclusivg measurements for the two reactions cidence configurations are employed. The first configuration,
called an “in-plane” (or IP) coincidence measurement, is
intended to determine the particle emission probability at a
*Present address: Lawrence Livermore National Laboratory, P.Cfixed angle with respect to the spin direction. The second

Box 808, L-414, Livermore, CA 94551, configuration is referred to as an “out-of-planédr OOP
TPresent address: Dipartimento di Scienze Fisiche, Univetisita coincidence measurement, designed to measure the particle
Napoli Federico I, 80126 Naples, Italy. emission probability as a function of angle with respect to
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FIG. 1. Schematic representation of spin se-
, lection using in-plane and out-of-plane coinci-
Cm i . dence trigger configurations. In each case the
: trigger detector is located at 90° to both the spin
and beam directions.

I Sweeper

Plane of Greatest
Emission Probability

the spin direction. These two configurations are illustratedspin. Comparisons of the measured IP and OOP particle co-
schematically in Fig. 1. In each case the trigger detector isncidence distributions with statistical model simulations
located at 90° to both the spin and beam directions. Théhen provide a sensitive means for determining the effective
particle coincidence rate between a trigger and a sweepepin of the particle-emitting system.

detector is determined by both the nuclear reaction geometry
and angular momentum, the latter through the dependence of
particle emission probability on the centrifugal barrier. The

geometry of the reaction restricts the spin of the compound The reaction chamber configurations for the exclusive
nucleus (approximately to a plane perpendicular to the measurements were identical to those described edflier
beam, and the centrifugal barrier favors particle emission ajyy inclusive studies of the 280 MeVWPCAr +27Al and 670

90° to the spin axis. Therefore, in-plane coincidence meaey 55\Min+12C reactions. Briefly, six or seven solid-state
surements have the maximum probability of detecting parsilicon detector telescopd§STS were placed on two con-
ticles emitted at 90° to the spin, as this places both detectorgentric turntables at various angles about the beam. These
in the plane of greatest emission probability. The out-of-telescopes were used for particle identification and for coin-
plane coincidence configuration maintains the trigger detecgigence measurements between light-charged particles. As
tor at 90° to the spin, but permits the sweeper detectors to bye two reactions were carried out in reversed kinematics
oriented at various angles from the spin direction. Hence thf}lo], the particle evaporation spectra could be recorded down

OOP coincidence rates effectively measure the particle emigp rather low center-of-mas&.m) energies by placing the
sion probability as a function of angle with respect to the

Il. EXPERIMENT
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FIG. 2. Comparison of inclusive and exclusivél (top) and FIG. 3. Comparison of inclusive and exclusivél (top) and
“He (bottom) c.m. energy spectra from the 280 Me\Ar+ 27A| “He (bottom) c.m. energy spectra from the 670 Me¥Mn+1%C
reaction. The superposed spectra originate from somewhat differem¢action. The superposed spectra originate from somewhat different
spin orientations, yet are indistinguishable in shape. spin orientations, yet are indistinguishable in shape.
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FIG. 4. Proton tH) energy spectra in coincidence with another ~ FIG. 5. Proton {H) energy spectra in coincidence with an
IH recorded in an in-planéop panel$ or an out-of-plandbottom a(*He) recorded in an in-plangop panelyor an out-of-plangbot-
panel$ trigger detector for the 280 MeVPAr+27Al reaction. The  tom panels trigger detector for the 280 Me¥°Ar+27Al reaction.
points are experimental data, and the curves.area_N95 simula-  Other details as in Fig. 4.
tions for spin distributions witld,,,,=25 and 37x. The left(right)
pane_ls show laboratoric.m,) energy spectra for both data and cal- particles. These spectra were nearly Maxwellian in shape,
culations. corresponded to relatively low effective nuclear tempera-

. . .tures, and exhibited constancy of shape over a wide range of

SSTs in the forward hemisphere. In each of the two experiz, angles. Invariant cross-section méps] and c.m. an-
r_nents, an OL_lt—of-pIane SST and an in-plane SST Were Coly|ar distributiong 1] of inclusive *H/*He were also consis-
flgured_ as trigger d_etectors at lab angles corresponding nt with predominantly evaporative emission.
apgroxmatgly 90° in othe c.rg.s syst?Zné (50° for tHiéar We show in Figs. 2 and 3, the comparisons of inclusive
+7'Al reaction and 35° for the®Mn+~*C reaction. A co- 54 exclusive c.m. energy spectral shapes for protons and
|nC|denC¢ event was recorde_:d When_two particles were ded's, the exclusive data being generated by simultaneous
tected s_lmultaneously, one in the trigger o!e_tector_ and thf"dentification of ana in the trigger detector. Figure 2 gives
second in one of the sweeper detectors positioned in a plaqﬁe comparison for the 280 Me\PAr+ Al reaction, and
Coq_tﬁ'n%g the 3%%&‘ b duced by the gg.in T/9- 3 is for the 670 MeV>**Mn+*2C reaction. For both

| € fr "%‘lr.‘ P] ﬁams WereBprl(() IuceN y IeL b-m reactions and for both particle types, the shapes of the inclu-
cyclotron da_C| Ity at ; € awrelr]:ce erkeiey at|0naf A? 0 sive and exclusive spectra are nearly identical. Since the co-
ratory, and impinged upon self-supporting targets of Al and, jqence data preferentially select particles originating from
C, respectively. For details of chamber geometry, targetingy, jjinrated systems leading to evaporation residaes-9,
and detector calibrations, the reader is referred to our earl'etﬁese comparisons indicate that the exclusive measurements

paper{1]. (as well as the inclusive measuremegraee relatively free of
significant contamination from preequilibrium emissions as-
Ill. RESULTS AND DISCUSSION sociated with incomplete fusion reactions. Because of the
A Evidence for statistical emission strop_gly reversgd kinematics in our experiments, such pre-

' equilibrium particles are expected to appearbatkward

As reported in[1], evidence supporting statistical evapo- angles[10,12, well outside the range of our forward angle
ration from equilibrated composite nuclei was found in theparticle detectors. As incomplete fusion reactions in this en-
shapes of the inclusive c.m. energy spectra for protonssand ergy and mass regime result primarily from preequilibrium
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FIG. 6. a(*He) energy spectra in coincidence with a proton  FIG. 7. «(*He) energy spectra in coincidence with anothee
(*H) recorded in an in-plan@op panelyor an out-of-plang¢bottom recorded in an in-planétop panels or an out-of-plane(bottom
panels trigger detector for the 280 Me¥PAr + %Al reaction. Other  panels trigger detector for the 280 Me¥PAr+ 27Al reaction. Other

details as in Fig. 4. details as in Fig. 4.

particle emission from the targétghter) nuclei[12,13, we : .
believe that such reactions do not contribute significantly totrﬁg?g 2Egag||;ona%aglosrst'OpdvfgngjAgo(;ffh[elfg \\l/vvﬁﬁ the
the observed data. This conclusion is further supported bYILITA NO5 prot,on anda respults We shall follow a similar

the nearly identical shapes of the light particle c.m. energ rocedure here, in comparin tﬁe exclusive data with predic-
spectra between the two reactions studied here, even thoué&(wmS from the s,,tatisticafmodgel P

the reaction kinematic&nd consequently the transformation A useful feat f1h ' del14 15 is its abil
Jacobiansare ver)f/ different. InI add]iction, equiligrium evapo- ity touspiol:jugg l;rne gveneta-“t_)l;-Ae_\;\fr?t (}(i)leec[:on'ta?nilﬁgltstr?e It-)asic
rative emissions from incomplete fusion residues would be . - . . _
very stronglyforward peaked in the laboratory, and no evi- gcgiltce}ll'h(qig?iﬁ]éltﬁz Wt?]'gz gzaégafé'zengzcnharlﬁsr ;e;ctmn
dence of such distortions is seen in the spectra for eithe&itionél software ac)(/:ordin to specific criteria)é)r rogerties
reaction. On the contrary, as shown previoUdly the light To simulate coincidence r?]easgrememtSTA N95 iFs) rlE)n in .
particle energy spectra exhibited virtually identical Shape%his mode and serves as an event gener:ato_r. The output event

over a wide range of c.m. angles. file is then analyzed for particle-particle coincidences, which
_ ) satisfy the requirements of specified particle types and ex-
B. Comparisons of exclgswe measurements perimental detector geometry.
t0 LILITA_No5  simulations The event files generated byITA_N95 contain center-of-

In our earlier papelrl] we presented detailed comparisons mass quantities, which are transformed to a specified labora-
of inclusive light-charged-particle data with simulations tory frame and checked against the detection critéig.,
from two statistical model computer codesiLITA_N95 the positions, acceptance solid angles, and energy thresholds
[14,15 and MODGAN [16]. These codes contain the same of the detectors of interest. Hence the simulated reaction is
basic physical ingredients and user-selected parameters, higfined by the composition, excitation energy, and angular
differ in computational methodology and operational characimomentum distribution of the compositstarting system,
teristics. The versatileILITA_N95 code[14,15 was used to and, prior to laboratory transformation, is independent of the
simulate proton andv evaporative energy spectra, angulartarget and projectile identities. In the present context, this
distributions, and cross-section ratios. For simulating deumeans that identical event files are produced for both the 280
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FIG. 8. Proton tH) energy spectra in coincidence with another
IH recorded in an in-planéop panel$ or an out-of-plandbottom
panel$ trigger detector for the 670 MeV®Mn+ 1%C reaction. The
points are experimental data, and the curves area_N9s simula-
tions for spin distributions witll,,,,=25 and 37:. The left(right)
panels show laboratorie.m,) energy spectra for both data and cal-
culations.

MeV “PAr+27Al and 670 MeV **Mn+ 12C reactions, distin-
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Other details as in Fig. 8.

the analysis of the inclusive dafta]. The slopes of the high-
energy portions of the simulations are a little lardkrss
steep than the experimental data, a small deviation which
could be improved upon by choosing a larger level-density

guished only by choice of angular momenta. In the compariparameter in the model calculatiofse useda=A/10).

sons to follow, we shall show experimental and simulate

d Figures 6 and 7 give comparisons of thenergy spectra

particle energy spectra for each of the two reactions, in botffor the 280 MeV“*Ar + 2’Al reaction. The layout is the same

the laboratory and center-of-mass frames, for specific sets
coincidence requirements involving several particle comb
nations and triggering conditions.

In Figs. 4—7 we present results for the 280 M&RAr
+27Al reaction. Figures 4 and 5 display prototH) energy
spectra in coincidence with a second prot@ig. 4) or an

@fs in Figs. 4 and 5, with Fig. 6 showing coincidence data for
iproton triggers and Fig. 7 giving results far triggers.
Again, laboratory spectra are on the left, c.m. spectra are on
the right, in-plane triggers are in the top panels, and out-of-
plane triggers are in the bottom panels. The solid curves are
spectral simulations witd,,,=25%, and are seen to fit the

a(*He) (Fig. 5 detected in a trigger detector. In each figure,experimentala spectra very well. The dotted curves are
the top panels correspond to an in-plane trigger detector arglmilar calculations but withld,,,,=37%, and these are found
the bottom panels refer to an out-of-plane trigger detectorto be too broad to acceptably reproduce the experimental
The points are experimental data, and the curves ardata. Thus, just like the inclusive comparis¢h§ the exclu-

LILITA_N95 simulations for spin distributions 0-2b and

sive LILITA_N95 simulations require a spin paramet&f,.y

0-37#, as indicated. The left sides of the figures show labo—=25% to reproduce the experimentalenergy spectra for all

ratory energy spectra, and the right sides give the center-ofrigger combinations.
mass spectra, for both data and calculations. For all four Comparisons ofILITA_N95 simulations with the 670 MeV

coincidence combination§articles and trigger positions

5Mn+1%C coincidence data are shown in Figs. 8—11. The

the two simulations give about equally satisfactory agreedata presentations for this reaction are analogous to those
ment with the data. This insensitivity of the calculated protongiven above in Figs. 4—7, namely proton spectra triggered by
spectra to angular momentum had been noted previously iprotons andx’s, respectively, in Figs. 8 and 9, amdspectra
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FIG. 11. a(*He) energy spectra in coincidence with another
“He recorded in an in-plangop panel$or an out-of-planébottom
panels trigger detector for the 670 Me¥Mn+ 2C reaction. Other

details as in Fig. 8.

FIG. 10. «(*He) energy spectra in coincidence with a proton
(*H) recorded in an in-plangop panelsor an out-of-plangbottom
panels trigger detector for the 670 Me¥Mn-+1%C reaction. Other
details as in Fig. 8.

triggered by protons and’s, respectively, in Figs. 10 and with the data in both reactions. Thus it would appear that the
11. Again, laboratory spectra occupy the left-hand panelgpectral comparisons tell us that there is little difference be-
and c.m. spectra occupy the right-hand panels, with in-plangveen the spin distributions in the two reactions. However, it
triggers in the upper panels and out-of-plane triggers in thés readily demonstrated that this would be an erroneous con-
lower panels. For each comparison, the simulations were catjusion. In Fig. 12 we show the experimental c.m angular
ried out as before with two spin rangek,,,=25: and 3%. distributions for *He in coincidence with anothetHe de-
Examination of Figs. 8 and 9 indicates that while the overalkected in an out-of-plane trigger detector. The open circles
agreement between experiment and simulation is not bad, #re for the 280 MeV*°Ar+ 27Al reaction and the filled tri-
appears that the simulations underestimate the low-energngles represent data from the 670 M&WIn-+1°C reaction.
part of the proton spectra at the 10° angle and overestimate is well known [17—19 that the angular anisotropies of
the high-energy proton data at 40°. The insensitivity of theevaporatedr’s are sensitive to the spins of the emitters, and
simulated proton spectra to compound-nucleus spin is se€fig. 12 reveals almost a factor of 3 difference in the mea-
here as well, precluding the extraction of significant spinsured anisotropies for the two reactions. These data strongly
information from the proton energy spectral data. suggest that the two reactions are associated with signifi-

The a energy spectra in Figs. 10 and 11 can be fittedcantly different spin distributions in the composite nuclear
reasonably well by the model simulations widk,,,=25%. systems.
Furthermore, the calculated spectra exhibit the sensitivity In the same way that the exclusive experimental energy
to spin distribution seen earlier. It is clear that theTA_N95  spectra are integrated over energy to produce exclusive an-
curve withJn,=37% is too broad and deviates considerably gular distributions, the simulated coincidence energy spectra
from the high-energy sides of the experimental spectra.  derived from sorting_ILITA_N95 event-by-event files can be

In summary, we find that theiLiTA_N95 simulations with  integrated to give the simulated coincidence angular distri-
Jmax=25h are able to reproduce the exclusivespectral data butions. The coincidence measurement most sensitive to the
in all trigger configurations for both the 280 MeYPAr angular momentum of the emitter is thea out-of-plane

+27Al and the 670 MeV>*Mn+12C reactions. The larger
spin parameter).,=37%, yields « spectra which disagree

trigger configuration. Figure 13 shows tiéle-*He exclu-
sive angular distributionéwith out-of-plane triggensfor the
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40Ar+27Al and 670 MeV *Mn+1%C reactions. In each case the
trigger detector was at=90° in the c.m. system. The curves are
theoretical fits to guide the eye, and tfiMn+ 2C data have been
normalized to the*®Ar+2’Al data at 0°.

two reactions, along withiLITA_N95 simulations for several
different spin distributions. The top panel gives the dais
open circley for the “°Ar+27Al reaction, and the three
curves represent simulations with,,,=40, 54, and 604,

the 5°Mn+ 12C reaction, with simulations fod,=25, 37,
and 40¢%.

From the comparisons in Fig. 13, tHi#He-*He coinci-
dence data for the 280-MeV°Ar+27Al reaction are fitted
fairly well by the simulation forJ,,;,=54%. The simulated
curve for J,.,=404 is too shallow, while the curve corre-

Of Jna=54+ 6.

“He“*He data(bottom panel in Fig. 1Bare very well repro-
duced by the simulation witll,,,=37%. The spin 40 simu-

bution. The simulation using,,,=25% is surely too shal-
low, compared with the data. Hence from this plot we extrac
an effective spin parametrization 8f,,,=37=3%.
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FIG. 13. Exclusive*He*He angular distributions for the 280
MeV “°Ar+27Al (top panel and the 670 Me\V**Mn+ *2C (bottom
pane) reactions, compared toiLITA_N95 simulations. The open
circles are the experimental data, and the curves correspond to

. . simulations with spin paramete as indicated for each reac-
respectively. The bottom panel has corresponding results fqron pin P Binax

see how well these spin parameters can fit the multiple other
combinations of particle coincidences contained in the exclu-
sive data sets. Figure 14 displays tHel-'H, H-*He,
“HelH, and “He“*He in-plane and out-of-plane exclusive
angular distributions for both the 280 Met?Ar+ 27Al and
sponding tal,,.,=60%, though deeper, could give reasonablethe >°Mn+ '°C reactions. The data fdt’Ar+2Al are in the
agreement with the data by a small readjustment in the atleft panels and foP®Mn+ *°C in the right panelsH distri-
solute normalization. Thus we conclude that, for this reachutions are in the upper panels afide distributions are in
tion, the simulations yield an effective spin parametrizationthe lower panels, with each of the specific trigger configura-
tions as indicated. The uncertainties in the data and simula-
For the 670 MeV>Mn-+1%C reaction, the experimental tions are given by error bars, and are statistical only. Where
error bars are not visible, the statistical uncertainties are
smaller than the size of the points. The spin parametrizations
lation is a bit more anisotropic than that with spin 37, butused in the simulations werd,,,=54% for all of the “°Ar

also agrees rather well with the experimental angular distri-+2’Al distributions, andJ,=374 for the >*Mn+12C dis-

tributions.
1

The exclusive proton angular distributions are all rela-

tively flat for both reactions, with the out-of-plai®OP «

The effective spin parametrizations just derived for thetrigger demonstrating somewhat greater curvature than the
two reactions were based upon comparisons with thether triggers. This is in accord with expectations from the
“He“*He out-of-plane exclusive data. It is now of interest to statistical mode[17,18,20,2), for spin-driven angular dis-
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gular distributions for the 280 Me¥PAr + 27Al (left panel$ and the FIG. 15. Ener

55 It X ) . . 15. gy spectréc.m) of deuterons {H) (top panels
670 MeV Mn+C (right panels reagtlons. The_open points are o4 4pe (bottom panelk in coincidence with triggefH (left pan-
experimental data, and the curves with filled points represent el or trigger *He (right panel, for the 280 MeV “Ar+27Al

TA_N9S simulations with spin parametedg,a =544 for Ar+Aland oo tion The curves aneopcan simulations with spin parameters
37h for Mn+C. as indicated

tributions. In each case the experimental data are well repro-
duced by the.iLITA_N95 simulations, using the stated values
of Jnax fOr each reaction. The exclusive angular distribu-
tions are also rather well matched by the simulations for both  The MODGAN statistical model codgL6] generates evapo-
reactions. Small deviations observed at the larger anglestive particle decay chains using the same basic physical
probably originate from systematic uncertainties in the intedingredients asLILITA_N95, but with considerably different
gration of incomplete energy spectra, and do not materiallynethodology. The code calculates particle coincidence en-
alter our conclusions. ergy spectra and angular distributions by sampling the decay
To summarize the angular distribution comparisons, wechains in conjunction with geometrical definitions of labora-
find that a spin parametrization 6f,,,=54=+ 6% is required tory trigger and sweeper detectors. In this section, we shall
for agreement with the data for tH8Ar +2’Al reaction, and ~ present data an#fODGAN simulations involving deuterons
a significantly lower value of),,=37+3% is needed to (°H) and « particles (He). Comparisons will be made for
match the data for thé®Mn+ 12C reaction. These results are out-of-plane(OOP triggered coincidences betweéhi->H,
in sharp contrast with our observations, above, for the *H-*He, *He-?H, and “He-*He. The deuteron coincidences
energy spectra, where simulations using these larger spixtend the simulation comparisons beyond what can be
values vyield gross discrepancies with the spectral dataeadily achieved with thelLiTA_N95 code, and ther-« co-
Rather, we showe(Figs. 6, 7, 10, and )Xhat the exclusive incidence simulations serve to compare KBDGAN results
a spectra for both reactions were reproduced by simulationwith those fromLILITA_N95.
usingJma=25%. The inability of the statistical model calcu-  Figure 15 gives c.m. energy spectra of deuter¢ms pan-
lations to fit the particle energy spectra and angular distribuels) anda’s (bottom panelsin coincidence with OOP trigger
tions simultaneously, with a single set of parameters, is £H (left panels or OOP trigger“He (right panel$ for the
glaring deficiency. As reported earlier from inclusive mea-280 MeV “°Ar+2’Al reaction. The open circles are experi-
surements$l], the difficulty appears in applying the model to mental data and the solid and dashed curvesvayeGAN
relatively light-mass, high-spin systems, where the rotationasimulations withJ,,=25 and 37#, respectively. The’H
energy is not small compared to the thermal energy. data(top panelg show considerable scatter, making it diffi-

C. Comparisons of exclusive measurements
to MODGAN simulations
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els are for the 670 MeV*®Mn+*°C reaction. The open
points are experimental data and the curves connecting filled
points are theMODGAN simulations with J,.,=54% for
40Ar+27Al and Jp.=37k for Mn+12C. The excellent
agreement between these angular distribution data and the
MODGAN simulations strongly supports the conclusions
reached above from comparisons with thieTA_N95 simu-
lations.

D. Comparisons of particle-particle cross-section ratios

We have described, above, comparisons between mea-
surements and statistical model predictions for particle-
particle coincidence energy spectra and angular distributions.
These comparisons essentially test the ability of the model to
reproduce the observed spectral shapes. An additional, and
very useful, comparison may also be made by integrating the
angular distributions to yield coincidence cross sections for
the various particle combinations. While the experimental
data are able to provide absolute coincidence cross sections,
the model calculations have no built-in absolute normaliza-
tion and therefore give coincidence multiplicities rather than
cross sections. To avoid introducing an unnecessary uncer-
tainty, we shall compare our data with model simulations in
terms of cross-section ratios, in each case using the appro-
priate integrated proton inclusive cross section as the nor-
malizing factor.

The cross-section ratios predicted by theTta N95 code
are given in Table | for different values of the spin-
distribution parameted .y, listed in the first column. The
second column presents the calculatedusive a-to-proton
ratios, and columns 3, 4, and 5 show, respectively cthe,

cult to uniquely distinguish between the two calculatedproton«, and proton-proton coincidence cross sections, rela-
curves. However, théHe data triggered by OOP deuterons tive to the calculated inclusive proton cross sections. The

(bottom lefy clearly show theJ,,,=25: curve to be the

trends with spin predicted by the simulations are qualita-

better fit. The same can be unambiguously stated for thévely what one would expect from the statistical model.
“He-*He results(bottom righy, in full agreement with the With increasing sping emission becomes increasingly fa-
LILITA_N95 comparison made in Fig. 7 above.

Exclusive ?H-?H, 2H-*He, and *He-*He c.m. angular

vored over proton emission, and hence the ratfbte(*H),
(“He-*He)/*H, and {H-*He)/*H all increase. The last col-

distributions are shown in Fig. 16. The left-hand panels araimn in Table |, {H-*H)/*H, shows the opposite behavior,
for the 280 MeV“*%Ar+ 2’Al reaction and the right-hand pan- decreasing systematically ds,, increases.

TABLE I. Comparison of experimental cross-section ratios with statistical model predictions.

Jmax
() (“He/*H) (“He*He)/"H (*H-*He)/*H (*H-'H)/*H
LILITA_N95
15 0.35 0.30 0.89 2.31
25 0.45 0.46 1.10 2.21
37 0.66 0.87 1.38 1.92
40 0.74 1.03 1.46 1.84
54 1.21 2.10 1.76 1.40
60 1.41 2.68 1.91 1.34
Experimental data
4OAr+27A1 1.16+0.12 0.35-0.10 0.99-0.21 0.45-0.10
5Mn+12C 0.79+0.12 0.27-0.04 0.71:0.11 0.18-0.04
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Below the model simulation ratios in Table | we presentand do not appear to differentiate between entrance channel
the experimentalcross-section ratios measured for the 280spins in the two reactions. This major discrepancy is consis-
MeV “°Ar+27Al and the 670 MeV®>Mn+ *2C reactions. For tently observed between the spectral data and the angular
the (*He/*H) inclusive ratios, the®°Ar+27Al data are con- distribution data, involving multiple coincidence triggers and
sistent with the model calculation fat,,,=54%, and the several combinations of particles. While the comparisons re-
%Mn+1?C data are close to the calculated value Jq,  ported here are derived from particle-particle exclusive data,
=40h. Hence, the experimentatife/*H) ratios for both re-  which effectively eliminate contamination from nonevapora-
actions require spin distributiongrom the model calcula- tive processes, the results obtained support and confirm the
tions) which are in good agreement with the results from theconclusions reported previously from particle-inclusive data
angular distribution comparisons discussed above. The esfid].
mated uncertainties in the measured ratios are small enough The light-particle emission multiplicities, as reflected in
to preclude overlap with thd,,,, values needed to fit the the particle cross-section ratios, have provided another de-
particle energy spectra. However, there is no agreement bgree of freedom for testing the predictions of the statistical
tween any of the measured coincidence cross-section ratissodel. The measured inclusivgproton cross-section ratios
and the simulations, which appear to suggest a rather lovior the 280 MeV “°Ar+27Al and the 670 MeV>Mn+'2C
Jmax Value from the tHe*He)/*H and (H-*He)/*H ratios  reactions can be reproduced by the model simulations using
and an unreasonably high,., value from the tH-H)/*H  the spin distributions derived from the corresponding angular
ratio. Thus there is a clear failure of the model calculations talistribution data. The coincidence cross sections, however,
reproduce the experimental particle-particle coincidencénvolving two a’s, two protons, or oner and one proton,
cross sections. cannot be reproduced by the simulations with any consistent

set of spin parameters. Hence the cross-section comparisons
have brought to light, from another vantage point, the result
IV. CONCLUSIONS that serious deficiencies exist in the statistical model as com-

. _monly conceived21].
In this work we have compared the measured light-

charged-particle coincidence energy spectra and angular dis-
tributions with simulations based upon the statistical model,
for the matched reactions 280 Me¥PAr+2’Al and 670
MeV 5Mn+C. The focus here is on relatively light mass  This paper is based upon the Ph.D. thesis of Craig M.
systems, for which the angular momentum is expected t@rown, Carnegie Mellon University, 1997unpublished
play a dominant role in the evaporation processes. For simuA/e would like to thank the staff of the LBNL 88-Inch Cy-
lations involving at least one detectedparticle, the calcu- clotron for excellent support in carrying out these experi-
lations show significant sensitivity to the entrance channements, and Bill Rathbun for invaluable assistance with the
spin. The computed results are in good agreement with thdata acquisition system and electronics. N.N. Ajitanand was
angular distribution data for both reactions, when appropriat®ery helpful in the operation and debugging of theDGAN
values of the spin parametdf,,, are chosen from fusion code. This work was supported by the Division of Nuclear
cross-section systematics for each reaction. In contrast, tHehysics, U.S. Department of Energy, and the National Sci-
particle energy spectra require much lower apparent spingnce Foundation.
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