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The spatial-temporal extent of the emitting system for central collisiorfékn + ’Au at E/A = 35, 55,
and 70 MeV is probed using fragment-fragment velocity correlation functions. Selection on fragment pairs of
high velocity yields a stronger fragment-fragment Coulomb interaction than for inclusive fragment pairs. This
result is consistent with fragment emission from a source of decreased spatial-temporal extent. The universality
of this association and the effect of different selection criteria are explored. The sensitivity of the spatial-
temporal extent deduced by the correlation function technique to measurement uncertainties, assumed source
characteristics, and rotational effects is assed&556-28136)05905-5

PACS numbdis): 25.70.Pq

[. INTRODUCTION source, then earlier emissions should manifest a shorter time
between emissions due to the higher excitation of the source.
Collisions of intermediate energy heavy ions can result ifAn association between the energy of ejected light charged
the formation of transient nuclear systems of considerabl@articles and the extracted emission time scale has also been
excitation and angular momenturb—11]. Whether such re- obse_rve_d at intermediate energ[_éﬁ_—Za. Recent ewdence_
actions probe the spinodal region of the nuclear temperaturé24] indicates that fragment emission does occur on a time
density plane is presently a topic of considerable debatécale co_mmensur_ate with changes in the_ source characteris-
[12—14. Evidence for the spinodal decomposition of low tics. This result is based on the association between the
density nuclear matter is suggested by multifragment deca trength .Of the fragment-fragment Cqulomb interaction and
of the excited composite systefi2,15-19. Much experi- € kinetic energy of t_he_ fragment pair. In _the present paper
mental and theoretical attention has been focused on eludfY€ €Xplore this association in greater detail. Specifically, we

dating the essential character of this novel decay modg}vestigate the universality of this re_SLﬂa;ppIicability o
[20,21]. other systemsand the robustness of this signature of multi-

While the recent attempts focusing on the scaling anéragrrr?entation._ ized as foll - Th . ld
reducible nature of multifragmentatidi,22,23 are surpris- IS paper IS organized as follows. The experimenta e
ingly successful, such attempts ignore the temporal natur@"IS are p_reser_1ted in Sec. Il. General_featu_res of the_ reaction
[11.13,24,25 of the multifragmentation process. If frag- &€ described in Sec. Ill. In Sec. IV, inclusive velocity cor-

ments are emitted sequentially during the deexcitation of théelat'on funct|ons. are used to determine the _spanal—temporal
extent of the emitting system. The association between the

spatial-temporal extent of the emitting system and the veloc-

“Present address: CRL, Chalk River, Ontario, Canada K0J 1J0. !ty of the fragment pair is explored In Sec. V. The_unlve_rsql-
T . . o . . ity of the trend and the effects of different selection criteria
Present address: IUCF, Indiana University, Bloomington, Indiana ) . . . .

47408, in vglocny and angular range are also mvgsygaped in thl_s
*Present address: GSI, D-64220, Darmstadt, Germany. sectlonr. Inq Sn(taC.n\élyint assitlel?swthe;nrﬁtiar:taltr;]tles Irr:vict)ilvvi(tad '?
SpPresent address: Deloitte and Touche, LLP, Two Word Financia]"¢as! elt Fj'[ ta' t ec. del ee at' e Se st(? SV|||yf0

Center, New York, New York 10281. our results to trajectory model assumptions. Section VllI fo-
h ) ; . . . cuses on the effects of the rotational motion of the emitting
Present address: LBNL, University of California, Berkeley, Cali- . . .

fornia 94720. system. The results of this work are summarized in Sec. IX.

1 . i
Pres_ent_ address: Department of Chemistry, Hope College, Hol- Il. EXPERIMENTAL DETAILS
land, Michigan 49423.
" Present address: Department of Physics, MIT, Cambridge, Mas- The experiment was performed at the National Supercon-
sachusetts 02139. ducting Cyclotron Laboratory at Michigan State University

0556-2813/96/5)/227314)/$10.00 53 2273 © 1996 The American Physical Society



2274 T. M. HAMILTON et al. 53

(MSU) [29]. Beams of®*Kr accelerated by the K1200 cyclo- 5 .
tron toE/A = 35, 55, and 70 MeV were extracted with beam T %Kr + YA [ E/A =55 MeV
intensities of 1-X 108 particles per second and were fo- I B/ (Mev)  1° Fa b/byay
cused onto self-supporting®’Au targets. The target thick- i o 35 e 007509
ness was 1.3 mg/cfnfor the experiments &/A = 35 and py- ® 55 3 o502

55 MeV and 4 mg/cri atE/A = 70 MeV. Charged particles - o 70 EooY
emitted in the angular range 5.42 6,,,< 160° were de- i
tected with the combined MSU Miniball/Washington Uni- T
versity Miniwall 47 phoswich detector array80]. This de- L 3l }
tector system consisted of 268 low-threshold plastic- I -

P(Z) = 277

4 ol o b
scintillator-Cs(Tl) phoswhich detectors mounted in 14 L %0 5 10

independent rings coaxial about the beam axis. The total - ID z
geometric efficiency of these detectors~is90% of 4. - { .

Detectors in the Miniwall, which covered the angular 2= o hin o
range 5.4°<6,,< 25°, consisted of 8Qum thick plastic $:.°°
scintillator foils in front of 3 cm thick C<ITl) crystals. The I ° g ¢ { { {
energy thresholds for these detectors weggA~ 4 MeV (6 L ®fog00°
MeV) for Z=3 (Z = 10) particles, respectively. Laboratory b Lo L L L
angles fromé,,, = 25° to 160° were covered by Miniball 0 10 =0 30 40 50
detectors which consisted of 40m plastic scintillator foils N,
in front of 2 cm thick Cs(Tl) crystals. The thresholds for
these detectors wergy,/A~ 2 MeV (4 MeV) for Z = 3 FIG. 1. Dependence of the fit parameteon N, extracted from
(Z = 10) particles, respectively. Hardware discriminator POWer law fits to thez distribu_tions measured in the angular range
thresholds of 5 MeV and 10 MeV were imposed onzhe:  25° =< fian= 50° for the reactior?Kr + '*’Au atE/A = 35 (open
1 particles for the Miniball and Miniwall, respectively, to C"¢les, 55 (solid circles, and 70 MeV(open squargs Inset: Z
avoid triggering on low energy electrons. Double hits con-distributions measured for particles emitted in collisions of different

L . ; . . impact parameters &/A = 55 MeV. The solid lines represent
sisting of a light charged particlZ& 2) and an intermediate ower law fits for 3 Z < 14 with the functional formP(2)
mass fragmeniMF, 3<Z<20) or of two IMF's were iden- z — B
tified as a single IMF. Double hits consisting of two light
charged particles were identified as a single light charged
particle. Multiple hits were estimated to reduce the chargedlistributions have been measured which obey a power law
particle multiplicity and the IMF multiplicity by 15-25 % with 7 = 2.6[33]. At considerably lower bombarding ener-
and 1.5-2.5 %, respectively, depending on incident energygies (200 < E,< 3600 Me\) for the He + "¥Ag system,

For each of the ring®,,,= 25°, a single Miniball detec- power-law fits to theZ distributions reach a constant value of
tor was replaced with an ion chamber telescfpH. These 7 = 2.1 at energies above 1800 Md@4]. For heavy-ion
telescopes consisted of an axial field ion chamber operated egactions, where initial compression of the nuclear system
30 torr of CF,, a 500um thick passivated Si detector, and a might induce a liquid-gas phase transitieryalues of~ 2.2
3 cm thick Cs(Tl) crystal, read out by a photodiode. The have been measured for théAr + 9Au system aE/A =
corresponding thresholds for particle identification were220 MeV [35]. All of the above measurements, however,
En/A~ 0.8 MeV for Z < 20. These detectors provided represent inclusive measurements where the fragment emis-
reference single particle distributions for comparison to thesion is averaged over a wide range of impact parameters. In
distributions measured by the Miniball/Miniwall4array, the present experiment, we have investigated the impact
particularly near threshold. parameter-selected characterzoflistributions of fragments
emitted in multifragmenting nuclear systems.

The change in th& distributions of emitted particles with
increasing charged particle multiplicity can be seen in Fig. 1.

In order to preferentially select the most highly excited These distributions have been measured in the angular range
systems where multifragment decay describes the averag@s® < 6,,,< 50° using the low-threshold ionization cham-
behavior of the systemi29], we have focused on central ber telescopes. We have fit thé distributions for 3
collisions. We have constructed a reduced impact parametes Z< 14 with the functional formP(Z) «Z~". The depen-
scale from the charged particle multiplicity following a geo- dence of the fit parameter on N at each of the different
metrical prescriptio32]. The central collisions included in  bombarding energies is plotted in Fig. 1. The inset in this
this analysis have impact parametersfh,,,< 0.2, where figure depicts th& distributions measured for particles emit-
bmax refers to the maximum interaction radius for which two ted in collisions of different impact parameters in the reac-
charged particles are emitted. The corresponding chargetbn 8Kr + °’Au atE/A = 55 MeV, along with the power-
particle multiplicities for these central collisions alg= 24, law fits (solid lineg. The distributions become less steep as
33, and 38 and the average multiplicity of IMF&\ ye)~ we select on more central collisions.

4,5, and 6 aE/A = 35, 55, and 70 MeV, respective[29]. The observed decrease iwith increasing multiplicity

One characterizing observable of multifragmenting sys-can be understood in terms of the correlation between mul-
tems is the element distribution of emitted particles. In hightiplicity and deposited energy. Fragment emission is ex-
energy (80 < E,=< 350 Ge\} proton-induced reactiong, pected to increase as the temperature of the emitted system is

[m]
Oooo

IIl. GENERAL REACTION CHARACTERISTICS
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Energy (MeV) FIG. 3. (a) Velocity plotsd®N/v2dvdQ for beryllium fragments
emitted in peripheral collisions for the reactidfKr + °7Au at
FIG. 2. (a) Fragment energy spectra for beryllium fragments E/A = 70 MeV. The detector thresholds are depicted as a dashed
emitted for central collisions in the reactidfkr + */Au atE/A = line. (b) The same as in panéd) except for central collisions. The
55 MeV. The solid line is the energy spectrum calculated by thetwo solid lines indicate the angular region 258),,,<50°.
three-body Coulomb trajectory model fat,=40, A;=96, and

Ry=7 fm. (b) The same as in panéd) for carbon fragments. following a dissipative binary collision. The second source

of fragments in peripheral collisions is a targetlike source

raised and the Coulomb barrier effects are redU86l The  ith a velocityv,,~ 1 cmins. For central collisionpanel
minimum 7 achieved in central collisions increases from 1.2(p)], the presence of two components is less obvious. It is

atE/A = 35MeVto 1.7 aE/A = 70 MeV. This increase in  clear that isotropic emission from a single equilibrated

Tmin 1S qualitatively consistent either with a more excited soyrce of fixed velocity is inconsistent with the observed
system afE/A = 70 MeV fragmenting into smallefon av-  gmission pattern. In order to minimize the effects of multiple
erage pieces or the increasing importance of sequential degqrces, we have restricted the following analysis to the an-

cay of excited primary fragments. « < 5o . o .
The details of the shape of the fragment kinetic energy?bu)l]ar range 25% fay= 50° [depicted as solid lines in panel

spectra can provide useful information regarding the excita-
tion and density of the emitting systef@1]. The kinetic

energy spectra for beryllium and carbon fragments emitted in
central collisions in the reactioffKr + °7Au atE/A = 55 IV. INCLUSIVE CORRELATION FUNCTIONS

MeV are presented in Fig. 2. The spectra have been mea- 14 examine the spatial-temporal size of the emitting

sured in the angular range 462 ;< 50° using the Mini-  g4,rce we have utilized two-fragment velocity correlations

ball detector array. The spectral shapes shown agree with theg_44 | previous work we have examined the decrease in
energy spectra measured with the ion chamber telescopes.

a given angle, these specra can be represented as geneéq spatial-temporal extent of the source as the incident en-
Maxwell-Boltzmann distributions consisting of a single tem- ng Is increasedl38,39. This decrease in spatial-temporal

perature, Coulomb barrier, and source velocity. However, thgxtent Is understandable if, by increasing the incident energy,

energy-angle distributions are not understandable in terms chystems of increased excitation are produced. Other studies

the isotropic emission from a single equilibrium source bel"dicate that, for a given system, the spatial-temporal extent

cause the angular distributions are anisotropic in any singldecreases with increasing incident energy and then saturates

rest frame. at a minimum valug42]. Such a saturation might indicate
The presence of multiple sources can clearly be seen ifither a saturation in energy deposition or the minimum spa-

the velocity plots presented in Fig. 3. Beryllium fragmentstial extent of the fragmenting source, consistent with an in-

emitted in peripheral /b, = 0.6-0.8 and central Stantaneous breakup scenario. Distinguishing between these

(b/b max= 0.2 collisions forE/A = 70 MeV are displayed two possibilities is key to improving our understanding of

in panels(a) and (b), respectively. The detector thresholds multifragmenting nuclear systems.

are indicated by the dashed lines. Peripheral interactions The velocity correlation functiomR(v.q is constructed

manifest a fragment velocity distribution with more than oneby relating the coincidence yiel to the background yield

component. The higher longitudinal velocity component is ar™:

broad distribution populating ,,, between 4 and 11 cm/ns.

This component might arise from projectile breakup reac-

tions or emission from the excited projectilelike fragment SY(vq,V2)=CT1+R(ved 12 YT (vy,v0),
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100 - central collisions in the reactioffKr + °Au at E/A = 35 (open
| circles, 55 (solid circleg, and 70 MeV(open squares
50 $Kr+'7Au
i 70 MeV isolate a single source. Similar results have previously been
L= observed for the systerffAr + 197Au [39].
0 0 02 04 06 08 Velocity correlation functions for central collisions in the
reaction ®¥Kr + °Au at E/A = 35, 55, and 70 MeV are
(V12),/Vieam presented in Fig. 5. The fragments used in constructing the

correlation functions includ€=4-9 emitted in the angular

FIG. 4. (@) Dependence of the reduced velocity on the longitu-range 25°< 6,,,< 50°. The normalization constant was
dinal component of the center-of-mass velocity of the IMF pair for determined in the region 0.6%0 0.0& where the correla-
peripheral collisions in the reactioffKr + **Au at E/A = 70 tjon function is relatively flat. At low relative velocity, the
MeV. (b) The same as in paned) except for central collisionsc)  mytual Coulomb repulsion between the fragments results in
The same as in pané) for the angular range 25% 6= 50°.  strong suppression in the probability of observing fragments

of similar velocity. A more significant change in the shape of

wherev, andv, are the laboratory velocities of the frag- the correlation function is observed betwdetA = 35 and
ments, v,q IS the reduced velocity given by 55 than betweel/A = 55 and 70.
U red™ (V1= V2)/(Z1+ Z5)Y? cm/ns[36], and C' is the nor- To quantitatively extract the spatial-temporal extent of the
malization constant determined by the requirement thaemitting system, we have performed simulations using a
R(v,e9 —0 at large reduced relative velocities where theclassical three-body Coulomb trajectory calculatif88].
Coulomb repulsion is small. The background yield was con-This three-body trajectory model assumes the two fragments
structed by selecting fragments from different evddss. are emitted sequentially from the surface of a nucleus of

In order to understand the source of the IMF pairs, wenitial atomic numberZg, mass numbeAg, and radiusRg,
have examined the dependence of the reduced velocity of theith the initial separation between source and IMF given by
fragment pair,v,q, On the longitudinal component of the Rs+R,y=. The experimentally measured energy, angular,
center-of-mass velocity of the fragment pair divided by theandZ distributions were used as inputs to the calculation. At
beam velocity, ¢ 15),/vpeam The results for &7,,Z,<9 in E/A = 35 and 70 MeV, the source charge was assumed to be
the angular range 5.426,,,<80° are displayed in Fig. 4. 57 and 32, respectively. This assumption was based upon the
The fragment mass is assumed to be the mass of the bettal measured charg&orrected for detector acceptahce
stable isotope for that element. For peripheral interactiongnd assuming the fragments are emitted last in the deexcita-
[panel(a)], three groups of IMF pairs can be distinguished.tion cascade. Thus, this assumption represents an estimated
The first group, centered atv({y),/vpean= 0.75 and lower limit for the source charge. The source velocities were
v.eq~0.03%, consists of pairs emitted from the projectile- determined from moving source fits to be 2.4 and 3 cm/ns at
like source. In the second group, centered ate/A = 35 and 70 MeV, respectively. The time between
(v12) 2/Vpean=0.25 and v,~0.03%, the pairs originate emissions was assumed to follow an exponential
from the targetlike source. The third group, centered aexp(—t/7) characterized by the mean emission time,
(v12) 2!V pean=0.5 andv ~0.06%, is composed of events The experimental energy spectra from the reacfitir
where one IMF is emitted from the projectilelike source and+ °7Au at E/A = 55 MeV are compared to the energy
the second is emitted from the targetlike source. Fragmentspectra calculated by the three-body Coulomb trajectory
emitted in central collisiongpanel (b)] originate predomi- model in Fig. 2. Reasonable agreement is found for the fol-
nantly from a single group, centered atif),/vpeani=0.3  lowing assumptionsZ,=40,A;=96,R;=7 fm, andr = 100
andv .~0.05@&. The effect of limiting the angular range to fm/c. The source charge was chosen using the prescription
25° < #,4,=< 50° can be seen in pan&). Selecting only as at the other two incident energies. The calculated energy
pairs emitted in central collisions appears to preferentiallyspectra are fairly insensitive to the mean emission time. Cal-
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FIG. 7. Dependence of the mean emission timen the source
FIG. 6. (@) Comparisons of three-body trajectory calculations yagiysR, from comparisons with the begf/v between the three-
with the besty”/» values to the experimental correlation functions pody trajectory calculations and the experimental data. The solid
for central collisions in the reactiofikr + **Au at E/A = 35  anq open circles represent central collisions in the reactitsn +
MeV. (b) The same as in pane) except forE/A = 70 MeV. 197Au atE/A = 35 and 70 MeV, respectively. The solid and dashed
lines represent central collisions in the reactifAr + °7Au at
culations using a larger sourée.g.,Z; = 79) fail to repro- E/A = 50 and 110 MeV, respectively.
duce the low energy portion of the spectrum which suggests
that a small source size is more appropriate for the simuladeexcitation process, followed by the fragments. The spatial-
tions [39]. Because the trajectory model does not treat subtemporal extent for thé®Ar + °7Au data atE/A = 110 is
barrier emission, the correlation functions were constructedery similar to that of the®Kr + '%’Au data atE/A = 35
for fragments with a velocity above the trajectory modelMeV, while the Ar data atE/A = 50 MeV have a larger
Coulomb barrier ¢= 4 cm/ns. spatial-temporal extent. A qualitative relationship is ob-
In Fig. 6, we display the fragment-fragment velocity cor- served between increasing available energy and emitting
relation functions aE/A = 35 and 70 MeV together with the source size. The available center-of-mass enefg&suming
reference three-body trajectory calculations. For each valutll linear momentum transferare 1522 and 3348 MeV for
of source radius, the mean emission time is the best fit of ththe %°Ar + °7Au system atE/A = 50 and 110 MeV and
three-body calculation to the data, as determined by mini2061 and 4122 MeV for th&*Kr + %Au system aE/A =
mizing the x? per degree of freedomy?/v [39]. If we as- 35 and 70 MeV. The Kr data &/A = 70 MeV have the
sume a constant source radius, the mean emission time dergest available center-of-mass energy of the systems shown
creases with increasing bombarding energy. A moreand the smallest spatial-temporal extent. This qualitative re-
complete description of the spatial-temporal size of the emitiationship between the maximum available energy and the
ting system is shown in Fig. 7. In these calculations, thesource spatial-temporal extent suggests the underlying rela-
variablesR andr have been treated as free parameters withirtionship between emission time and excitation. This connec-
physical limits. The lower limit on the radius of 5 fm is tion between mean emission time and excitation is pursued
approximately equal to the sum of the radii for two IMF’s. further in the following section.
The upper limit of 12 fm corresponds to a source density of
plpo = 0.1. The solid and open circles represent best fits to
the data atE/A = 35 (Zs=57, A;=139 and 70 MeV
(Z2s=32, A,=74), respectively. For the range of assumed A recent investigatiof24] has demonstrated the associa-
source radiusy < 140 fmk for the data aE/A = 35 MeV  tion between the strength of the fragment-fragment interac-
and 7 < 115 for the data aE/A = 70 MeV. These values tion and the minimum velocity of the fragment pair, defined
represent the maximum mean emission times deduced as the velocity of the less energetic fragment. The width of
each bombarding energy. the correlation function increases with increasing minimum
Also shown in Fig. 7 for reference is the deduced spatialvelocity of the pair, signaling a decrease in the spatial-
temporal extent for the systefiAr + %Au [39] atE/A =  temporal extent of the emitting source. In this section, we
50 and 110 MeV. The 50 MeV and 110 MeV data are rep-examine the universality of this experimental trend and the
resented by the solid and dashed lines, respectively. In theffect of different selection criteria in velocity and angular
Ar-induced reactions, a source chargeZof = 40 was as- range.
sumed for the simulations to represent the limiting case In Fig. 8@a we present correlation functions constructed
where the light charged particles are emitted early in thdor fragment pairs 4&2,,Z,<9 emitted in the angular range

V. EXCLUSIVE CORRELATION FUNCTIONS
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FIG. 8. (a) Experimental correlation functions for different cuts  FIG. 9. (a) Correlation functions fov ., = 3.25 cm/ns(open
in the minimum velocity of the fragment pair associated with cen-circles, andv 4 = 3.25 cm/ngsolid line), for central collisions in
tral collisions in the reactio?*Kr + %’Au at E/A = 55 MeV. (b)  the reaction®Kr + %7Au at E/A = 55 MeV. (b) The same as in
Exclusive experimental correlation functions for central collisionspanel(a) exceptv in, vayg = 4.25 cm/ns(c) The same as in panel
in the reaction®Ar + °7Au at E/A = 80 MeV. (b) Exclusive (a) exceptv min, Vavg = 5.25 cm/ns.
experimental correlation functions for central collisions in the reac-
tion “N + *Au at E/A = 156 MeV. the velocity of the more energetic fragment, cutsuvig,
correspond on average to more energetic pairs and thus pro-
25° < fjp= 50° in the reactior?*kr + **"Au atE/A =55  duce a slightly wider Coulomb hole than similar cuts in
MeV. The correlation functions are shown with different cutsy ,,,. One drawback of using,,q is the limitation of a well-
in minimum  velocity v,,. A significant increase in the defined normalization region. Fragments of a certaip,
width of the Coulomb hole with increasing minimum veloc- have a maximum allowed relative velocity. Since the nor-
ity is observed. In Fig. &), correlation functions for differ- malization region arises from particles with larggy, se-
ent cuts imv i, are presented for the systeftAr + 1°7Au at lecting events with a smalil 4 limits the normalization re-
E/A = 80 MeV [39]. In this case, the correlation functions gion.
were constructed for fragments emitted in the angular range Recent evidencp46] indicates that fragments of different
16° < 6= 40°. The increase in the width of the Coulomb atomic numbers might sample different time windows of the
hole with increasing minimum velocity is also observed forsource deexcitation. Such an effect would distort the associa-
this system. We have also analyzed tH&l + '°’Au at  tion between fragment velocity and emission time that we
E/A = 156 MeV and constructed correlation functions in theare currently investigating. To preclude this possibility, we
angular range 16% 6,,< 80°. For this reaction, fragments have constructed correlation functions for pairs of boron
pairs 4<Z,,Z,<7 were used to construct the correlation fragments. The results are presented in Fig. 10. Correlation
function since the cross section fde= 8 is significantly re-  functions for different cuts in minimum velocity are shown
duced. As can be see in FigicB increasing i, also results in panel(a). An increase in the width of the Coulomb hole
in an increasing width of the Coulomb hole for this reaction.with increasing minimum velocity of the pair is clearly ob-
Since the characteristics of the fragment velocity spectra deserved for the fragments wherg = Z, = 5. In panels(b)
pend on the source size, velocity, and excitation of the sysand (c), we compare these results to simulations using the
tem, different systems exhibit different velocity spectra.trajectory model described above. For the assumed source
Consequently, to compare the different systems, we havediusR; = 7 fm, the mean emission time decreases from
chosen minimum velocity cuts based on certain fractions ofr = 100 to 0 fmf as the minimum velocity of the pair is
the velocity distribution at each bombarding energy. For théncreased from 5 to 7 cm/ns. These results indicate that the
Kr and Ar systems, the cuts correspond to the upper 90%ncrease in the strength of the Coulomb interaction with in-
70%, and 50% of the integrated velocity spectrum in thecreasing velocity of the pair is not due solely to different
angular range over which the correlation function is con-Z;, Z, combinations sampling different portions of the de-
structed. For the N system, the cuts correspond to the uppeicitation cascade.
98% and 84% of the integrated velocity spectrum. To examine the increase in the width of the correlation
Selecting on the average velocity of the two fragmentsfunction quantitatively, we have extracted the half width at
vavg= ([v1] +|v2])/2, instead ofv i, qualitatively produces —half maximum(HWHM), the width of the correlation func-
the same result, as can be seen in Fig. 9. The two fragment®n at half the asymptotic value. The dependence of the
in a givenuv,, bin are chosen to have the same velocityextracted HWHM values on the minimum velocity of the
within 1 cm/ns. Because selecting op;, does not constrain fragment pair for the two systems in the laboratory is shown
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Vg (10-30) FIG. 11. (a) Dependence of the Coulomb interactigtWHM)
Ie

between fragments on the minimum fragment velocity in the labo-
iai ; ; 197,
FIG. 10. (a) Correlation functions selected on the minimum ve- ratory frame. Central collisions in the reacticfikr + . A,u at
E/A = 35, 55, and 70 MeV are represented by solid diamonds,

locity of the fragment pair for boron fragments emitted for central — o .
collisions in the reactiorPkr + 97Au at E/A = 55 MeV. (b) circles, and squares. Central collisions in the reactf6Ar +

197, —
Comparison between the data selecte@ gf = 5 cm/ns and three- i Au a(tj E/A_ _I 50, 83’ and 110 CMe\t/ ?re Irlt_epreser_wtetc:] by op(tgn
body Coulomb trajectory calculations wifR, = 7 fm andr = 0 iamonds, circles, and squares. Central collisions in the reaction

1 197 —
(dotted ling, 50 (dashed ling and 100(solid line). (b) The same as N+ **/Au atE/A = 100, 130, and 156 MeV are represented by
in panel(a) excepty,;, = 7 cm/ns. vertical crosses, diagonal crosses, and fancy diamofxisThe

same as in panéh) except for the center-of-mass frame.

in Fig. 11(a). The data group themselves along two lines, ongty of the pair is greater at more backward angles in the
corresponding to the two more mass-asymmetric systeMgenter of mass. This result can perhaps be understood in the
(N,Ar) and the other corresponding to the more massfollowing context: The fragment cross section measured at

symmetric systeniKr). For a given minimum velocity in the  forward angles contains a larger nonequilibrium contribution
Kr-induced reactions, the HWHM increases with increasing

bombarding energy.

The two different lines observed for the N, Ar, and Kr L2 ('a') '250' ;@I ! ISIS'OL,' L
systems in Fig. 1(&) might arise from the different kinemat- 1.0 < By ;mmm:;‘ﬂ;;;;ﬂ‘liﬁ
ics of the three excitation functions. To minimize this trivial 08F PERNS =
difference we have moved from the laboratory frame to the E 5ya” 20 55 MeV *Kr+'"Au 3
center-of-mass frame. An average source velocity was deter- 0.6 - b O ot 0 Vpn=3.25 cm/ns |
mined by fitting the experimental angular distribution. This 0.4 .o * V=425 cm/ns —
source velocity corresponded to 1.0 cm/ns for all of the oz 3 F 0 v,,,=5.25 cm/ns ]
N-induced reactions; 2.6, 2.7, and 2.7 cm/ns for the Ar sys- 8T L] E
tem atE/A = 50, 80, and 110 MeV; and 3.4, 3.9, and 4.0 E?O,O;IIHI::HI:H:IH::!::::I::w;
cm/ns for the Kr system d&/A = 35, 55, and 70 MeV. The 1.0F(b) 45° < 0, < go:mmmngmuﬂ%iﬁ
velocity cuts in the center-of-mass frame were chosen to cor- * F .0 ;!! Hﬂ §t 4
respond to the same fractions of the velocity distribution — 08 E ERE ﬂﬁ§ E
used in the laboratory frame. Removing the contribution of 0.6 m°.§;§HH —
the source velocity reduces the distinct nature of the three £ *5 O Vmp=1.76 cm/ns 3
projectile-target combinatior{§ig. 11(b)]. 0.4 fiﬁ ® Vpa=275 cm/ns ]

Correlation functions gated om,,, are depicted in Fig. 02 $2 0 vpia=3.75 cm/ns —
12, both for the laboratory framfpanel (a)] and for the S P T T
center of masppanel(b)]. The increase in the HWHM in the 0.00 10 20 30 40 50 60

angular range from 25° to 50° in the laboratory is similar to v (10—3 c)

that observed in the range from 45° to 90° in the center of red

mass. This observation can be interpreted as the two ranges giG. 12. (a) Correlation functions for different cuts in the mini-
sampling comparable regions in phase space. The correlatiQRum velocity of the fragment pair for fragments emitted in the
functions for different cuts in minimum velocity for different angular range 2526,,,< 50° for central collisions in the reaction

angular ranges in the center of mass are presented in Fig. 18Kr+1%Au atE/A = 55 MeV. (b) The same as in pané) except
The increase in the HWHM with increasing minimum veloc- for fragments emitted in the angular range 4%, ,< 90°.
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FIG. 13. Correlation functions for different cuts in the minimum  F|G. 15. Correlation functions for different cuts in the minimum
fragment velocity for fragments emitted in the angular rangefragment velocity for fragment pairs with (,), /v pear<0.5 [panel

0. m=< 45° [panel(d@], 45° < O.,=< 90° [panel(b)], and 90°< @], (v12)2/Vbean=0.4 [panel (0)], and ©12),/vpean<0.3 [panel
Oc.m=< 135°[panel(c)]. ©].

than the fragment cross section at backward angles. This

nonequilibrium component arises from fragment emissiorGaussian peaked at {5),/vpeam= 0.33 with an exponential
from sources associated with different amounts of linear motail extending t0 (12 ,/Upean=0.73. Large values of
mentum transfer and correspondingly different source vefvi,),/vpeamCorrespond to fragment pairs of large longitudi-
locities. Consequently, selection of fragment pairs of highemnal velocities, presumably from sources of high velocity. The
average velocity can select pairs from higher velocityarrows shown in the figure indicate values of4),/vpeam=
sources, not necessarily sources of higher excitation. 0.3, 0.4, and 0.5.

In order to further isolate the contribution from different  \We have constructed correlation functions in the same
sources, we have performed an analysis in which we havganner previously described with the additional restriction
refstrlcted.the Iongl_IUQ|naI.veI00|ty of the IMF pair. Shown N on (v15),/vpeam Correlation functions shown in Fig. 15,
Fig. 14 is the distribution of the longitudinal veloqty, panels (a), (b), and (c), correspond to restrictions of
(012)2/Vpeant= (V1|2 * [v2l) [vpeam  for fragment  pairs (1, 05 0.4, and 0.3, respectively. As can be seen
4izl’22$9 emitted in the angular range 2»%97%6 in the figure, in all cases increasing thgy, criterion results
50° for central coII|S|on§ O.f thg re'act|o?f‘Kr'+ Au at in an increasing width of the Coulomb hole indicating a
E/A = 70 MeV. The distribution is essentially a skewed stronger fragment-fragment interaction. Decreasing the
threshold of 15),/vpeam from 0.5 to 0.3 limits the maxi-
105 mum v, for which the correlation function can be con-

: | J structed. The reduced change in the correlation functions

i shown in Fig. 1%c) as compared to Fig. 18 is due to this
reduction in thev i, range.

5% < @), < 50° The dependence of the extracted HWHM og,, is
con shown in Fig. 16. The same dependence of HWHM on
me Umin IS Observed both for thev(,),/vpeamintegrated results,
as well as the results from cases involving various restric-
tions in (v12),/Vpeam: It IS evident in Fig. 16 that the three
cases involving restrictions invg,) /v peam have (within the
uncertainties shownthe same semiquantitative dependence
: S of the HWHM onv i, as the ¢ 1) ,/v peamintegrated results.
00 02 ‘()"74 e 06 08 1o This insensitivity of the dependence of the HWHM op;,
18727 “heam to cuts in ©15),/vpeam SUggests that the dependence of the

FIG. 14. Distribution of the longitudinal velocity of the IMF HWHM on vy, is not significantly attributable to fragments
pair, (v12),/vheam fOr fragments emitted in the angular range 25° originating from sources with different longitudinal source
< 6,=< 50° for central collisions in the reactiofkr + °7Au at  Velocities.

E/A = 70 MeV. The arrows correspond to values of4),/v peam Recent analysei#t4] have utilized directional cuts in the
= 0.3, 0.4, and 0.5. correlation function to attempt to resolve ambiguities be-

70 MeV ¥Kr+'%"Au

b/b
103

Yield (arb. units)
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. FIG. 18. Trajectory calculations for pairs &fB fragments, un-
- | | | | filtered (open circley and filtered with the detector granularity
10 : ; ; (solid line).
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Vmin (cm/ns)

defined normalization region, the extraction of the width of
the correlation function is more difficult than for the trans-
tween fragments on the minimum fragment velocity for fragmentve_rse cut. Consequently, for the longitudinal cut, the quantl-
pairs  With  (12),/vpean  integrated (open  circles tative dependence of the value of the HWHM op;, is
(V12,10 pear=0.5 (solid circles, (v15),/vpear=<0.4 (open squargs  difficult to assess.

and @ 12);/vpear=0.3 (solid squares

FIG. 16. Dependence of the Coulomb interactipfWWHM) be-

) o ) VI. FINITE DETECTOR RESOLUTION EFFECTS
tween source size and lifetime. We have examined the effect

of our velocity selection on such directionally constrained We now focus on the sensitivity of the observed trends to
correlation functions. Transverse correlation functions withthe detector granularity, energy resolution, and particle iden-
different cuts in minimum velocity for the systeffKr + tification limitations of the detector setup. Determination of
197aAu at E/A = 70 MeV are shown in Fig. 17. The trans- the magnitude of these effects allows us to assess the relative
verse cut is defined ag = 80°—90°, wherey is the angle ~ €ITors associated with the trends we have observed in the
between the reduced velocity.qand the total velocity vec- data. o o o

tor, V=v; + V, [44]. The increase in the value of the The effect of_flnlte angglar resolut|on'|s |Ilustrateq in Fig.
HWHM with increasing minimum velocity of the fragment 18. The open circles depict the theoretical correlation func-
pair is semiquantitatively the same as previously displayed ifion for 11.3 fragments with a source of radius 7 fm and a
Fig. 11. The longitudinal correlation functiong£40°, not ~Mean emission time of 100 fm/unfiltered by the detector
shown might exhibit a smaller increase in width with in- granularity. The solid line is the result of filtering these re-

describe low energy emissions in the context of the classical

trajectory calculation, the fragments have a minimum veloc-

a £ oMy ity cutoff of 4.5 cm/ns. As can be seen in the figure, the

Lok ke 4 1974, . T ﬁ 1 detector granula_rlty produges only a minor dlstort_lon _of the

L A P i correlation function. The filtered correlation function is ro-

5 Loost t ] tated about a point close to the HWHM, producing a wider

’?g 08 a b0 }ﬁ B Coulomb hole. This suggests that the “true” correlation
N - .t i t ﬁ i . ] function has a slightly narrower Coloumb hole than is mea-
e 06 . ] 807 = v =90 B sured by our apparatus; however, the quantity HWHM seems

* r I © V=3 cm/ns ] to be relatively insensitive to the rotation.

- 041 st ® Vmin=4 cm/ns E In Fig. 198 we examine the effect of the finite energy
C ﬁ O Vmin=8:5 om/ns ] resolution of the experimental apparatus on the correlation

0.2 2 IE ] function. The points are the correlation function constructed
C ; | | | o from the data measured with an estimated energy resolution

00 ™ e 20 30 40 50 80 of about 15%{29]. The solid and dashed lines are the result

Voeq (1072 ¢) of smearing on a Gaussian distribution with a full width at

half maximum(FWHM) of 10% and 20%, respectively. The
FIG. 17. Transverse correlation functions with restrictions on10% smearing does not produce a noticeable change in the
the minimum velocity of the fragment pair. The correlation func- COrrelation function, while the 20% case results in a small
tions were constructed from fragments emitted in the angular ranggotation, similar to that observed in the case of the detector
25° < @< 50° for central collisions in the reactioffKr + granularity. Investigations of the energy spectra before and
197au at E/A = 70 MeV. after the smearing have shown that the 20% FWHM smear-
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0.2 .gg = FIG. 20. Dependence of the width of the correlation function
0.06 LAl I T T P T (HWHM) on the mean emission time for three-body Coulomb tra-
0 10 20 30 40 50 60 jectory calculations for pairs of°B (open circley B (solid dia-
V red (10—3 c) monds, and ¥°B (open squar@sfragments. The calculations were

performed forZg = 79 (As = 197, Rg = 7 fm, and7 = 100

FIG. 19. (a) The correlation function for central collisions in the fmic.
reaction®Kr + 1%7Au at E/A = 55 MeV. The solid and dashed
lines represent the results of smearing the experimentally measured In Fig. 21 the extracted spatial-temporal extent of the
energy distributions on a Gaussian distribution with a FWHM of emitting system irf*Kr + 1°’Au at E/A = 55 MeV/nucleon
10% and 20%(b) Trajectory calculations for pairs of’B (solid s depicted for different minimum velocity selection criteria.
circles and *B (open circles fragments. The correlation functions were constructed for pairs

4<Z7,,Z,<9 emitted in the angular range 25°-50°. The

ing causes only a 1% change in the width, or second mosimulations assumed a source charg&of= 40, A, = 96
ment, of the Be energy spectrum measured in the ranggased orZ,,) and a source velocity of 3 cm/ns. The sym-
25° < fp= 31°. bols represent the best fits determined by minimizing the

Isotope misidentification of fragments is another source o2/, Minimum velocity gates of 4, 5, and 6 cm/ns are rep-
uncertainty in this analysis. The theoretical correlation funcresented by open circles, solid circles, and open squares, re-
tions shown in Fig. 1@®) were constructed using the same spectively.
conditions as in Fig. 18. We first assumed that all of the = The increase in the Coulomb hole of the correlation func-
boron wasA=10 (solid circles. Following this calculation
we assumed all of the boron was=12 (open circleg In-
creasing the mass of the boron fragment decreases the width
of the Coulomb hole. For a given fragment energy, increas-
ing the assigned mass decreases the resulting velocity. The
corresponding decrease in relative velocity is reflected in the 100
decreased width of the correlation function. To explicitly
show the relationship between changes in the HWHM and
the mean emission time with increasing fragment mass, we
have performed simulations at fixed source radius for
=25, 50, and 100 fra/ The results are plotted in Fig. 20.
The difference in the HWHM betweelB and *°B corre-
sponds to an uncertainty in mean emission time of about 25
fm/c. However, since these limits represent extreme cases
regarding the mass distribution of boron fragments, 25 fm/
c represents the upper limit for the uncertainty in the mean 25
emission time due to mass misidentification.

15—

197
Au A

° 55 MeV *Kr+
O Vpn = 4 cm/ns ;
o ® v..=05cm/ns

0 v, = 6 em/ns

mi
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VII. SENSITIVITY TO SOURCE ASSUMPTIONS ol v o b0 L

co b b s

A

(@)
(o)
—
<o
—
(9]

In order to extract more quantitative information regard- Rg (fm)
ing the emitting system, we have compared the experimental
correlation functions with classical Coulomb three-body tra- k|G, 21. Dependence of the mean emission tinus the source
jectory simulations. In these simulations it is necessary tQadiusR, from comparisons for the begt’/v between the three-
make assumptions regarding the source character{si@s, body trajectory calculations and the experimental data. The open
velocity, etc). In this section, we examine the sensitivity of circles, solid circles, and open squares represent minimum velocity
our deduced results to these assumptions. cutoffs of 4, 5, and 6 cm/ns.
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FIG. 22. (a) Trajectory calculations fot'B fragments withv ¢ = o (de )
2.5 cm/ns and- = 100 fmk (open circles The solid, dashed, and g
dot-dashed lines represent reference calculationsuith 3 cm/ns ) o )
and r = 25, 50, and 100 fne/, respectively.(b) The same as in FIG. 23. Azimuthal distributions with respect to the recon-
panel(a) except the open circles were calculated assuming 3.5 structed reaction plane for peripheralb,,,,=0.6—0.8, midcentral
cm/ns. (b/bpa=0.3-0.9, and central /b, < 0.2) collisions in the re-

action 8Kr + 7Au atE/A = 35, 55, and 70 MeV. The solid and

tion with an increasing cut on minimum velocity correspondsopen circles represent alpha particles and beryllium fragments, re-
to a decrease in the spatial-temporal extent of the emittingpectively.
system and can be reproduced in the simulation by a reduc-
tion of either the source radilg; or the mean emission time than the 100 fn@ reference simulation, corresponding to a
7. We have previously interpreted the dependence of thaeaker interaction with increasing source velocity. For a ra-
HWHM of the correlation function as a decrease in the meartlius of 7 fm, this corresponds to a change in mean emission
emission time between fragments with increasing minimuntime of significantly less than 25 fo/ We have also exam-
velocity while the source radius remains constant. Anined the change in the HWHM. With the reference calcula-
equally valid scenario is a source of constant mean emissiotions as a rough scale, the change appears to be less than 10
time that increases in size during the emission process. Sudm/c for an increase in source velocity from 2.5 to 3.5 cm/ns.
a scenario might be valid if fragment emission occurred early
in the collision dynamics. The size of the source would in-
crease as the energy deposition proceeded. As can be seen in
Fig. 21, changingu i, from 4 cm/ns to 5 cm/ns can be Recent measurements have demonstrated the persistence
viewed as either a decrease in mean emission time of 56f collective motion even for small impact parameters and
fm/c (Rg = 10 fm, 7 = 50 fmlc — Ry = 10 fm, 7 = 0fm/  that these collective effects impose distortions on fragment-
c) or a decrease in source size of 3.5drR; = 10 fm,7 =  fragment correlation§47-54. Such effects must be ac-
50 fmlc — Ry = 6.5 fm, 7 = 50 fm/fc). counted for when constructing correlation functions. To

We next examine the sensitivity of the correlation func-quantify rotational motion present in tHékr + %Au sys-
tion to the assumed source velocity. The comparison hagem at the energies measured, we have constructed azimuthal
been carried out within the framework of the three-body tra-distributions[49,50,52,53 and azimuthal correlation func-
jectory calulation. In panel&@) and(b) of Fig. 22, the results tions [47,48,50,5] For the construction of the azimuthal
of trajectory calculations for''B fragments assuming a distributions, the reaction plane was determined for each
source velocity of 2.5 and 3.5 cm/ns are shown as opefragment using techniques previously describé8,53.
circles. The assumed source charge is A9<197) with a In Fig. 23 we present azimuthal distributions for periph-
radius of 7 fm and mean emission timeof 100 fmtc. To  eral (b/b;,,=0.6-0.8, midcentral p/b,,=0.3-0.5, and
estimate the difference between these two calculations, refientral(b/b,,,,= 0.2) collisions at the three bombarding en-
erence simulations withh;=3 cm/ns and mean emission ergies. The parameter is defined as the azimuthal angle
times r of 25, 50, and 100 fna/ are plotted as solid, dashed, between the fragment velocity vector and the reaction plane.
and dot-dashed lines, respectively, in both panels. We have plotted the ratio of the yield for each valueaof

In panel(a), the simulation withvg, = 2.5 cm/ns(open  (normalized to unity ate=90°) for helium and beryllium
circles has a Coulomb hole that is slightly wider than that fragments. A ratio larger than unity at=0° reflects en-
for the reference simulation with=100 fmt. The simula- hanced emission in the reaction plane. Since particle emis-
tion with v,=3.5 cm/ns in pane(b) is somewhat narrower sion from a rotating source is enhanced in the plane, this

VIIl. ANGULAR MOMENTUM DISTORTIONS
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TABLE I. Table of parameters for fits to the azimuthal correla-

175% 0.65D/bpeyS0.8 [ 0.35b/bpyS05 | b/bpys02 tion functions for®Kr + °7Au at E/A = 35 MeV with the form
1.80 = O E/A=35 MeV [ ®7-2 A[1+\;cos(A ¢p) +\,c092A ¢)]. The errors are estimated to be
1.25 ° Of— ©z=t +0.10 for\; and +0.05 for\,.
1.00 —DM—W—W
D E Pheaet £o o b/bmax (/D) z=2 z=4 z=6
050 bk bbbl Bl i, VRS CHED VRN VRS E ¥
F I E/A=55 MeV [
o 125 °E -
q o Cor E 0.0-0.2 0.14 0.024 0.050 -0.27 -0.066 0.092 0.11
= 100 —V—Ww 02-04 032 0025 0073 032 021 0.22 0.20
+ £ %050 F e Foo 0.4-0.6 0.51 0.031 0.12 020 0.27 020 0.30
~ 0‘755 Z_O E 0.6-0.8 0.71 0.046 0.22 055 054 0.62 059
0.50 prrebnn bbb Lob Lo | 08-1.0 091 012 035 061 066 0838 073
o I E/A=70 MeV [
1.25F— — —
1.00 _W_WW the background yield constructed by mixing particle yields
E oo ELo Fo° ° from different events which satisfy the same constraints as
075" o — the coincidence yield, an@ is a normalization constant. The
E Ll e B L correlation functions were constructed from fragments emit-
080750 100 1500 50 100 1500 50 100 150 ted in the polar angular range of 25°-50° in the laboratory
A¢ (deg) and were normalized so that the average value is 1. Emission

from a rotating source results in a characteristic V shape, i.e.,

FIG. 24. Azimuthal correlation functions for peripheral SUppression in the correlation functionz=90°.
(b/bya=0.6-0.8, midcentral p/by,=0.3-0.9, and central The same trends evident in Fig. 23 are apparent in Fig. 24
(b/bmae= 0.2 collisions in the reactiod*kr + */Au atE/A = 35,  as well: The anisotropy decreases both with increasing beam
55, and 70 MeV. The solid and open circles represent alpha paenergy and increasing centrality. The beryllium fragments
ticles and beryllium fragments, respectively. Fits to the alpha parexhibit more anisotropy than helium particles and are sup-
ticle correlation functions with the formA[1+\;cos@¢)+ pressed neal ¢=0. Except for this Coulomb suppression,
\,c0g2A ¢)] are displayed as solid lines. the azimuthal correlation functions are relatively flat for cen-

o o ) ) tral collisions.
ratio is a quantitative measure of the rotational motion of the ¢ quantitatively compare the azimuthal anisotropies, we

emitting system. o . have fit the azimuthal correlation functions with the form
In Fig. 23 beryllium fragments emitted in peripheral reac-
tions at E/A = 35 MeV have the highest anisotropy: A[1+\;COSAp)+ N, cOL2A )],

Y(a=0°)/Y(a=90°) = 2.6. This ratio decreases to about

14 as the bombarding energy is increased 10 7Qunere), and), are treated as free parametf43,4g and
MeV/nucleon. The helium particles have a lower anisotropyp is a normalization constant. Positiveegative values of

than the beryllium fragments, but this difference becomes ‘jngicate preferential emission of the particle pair to the

less sig_nificant'as the b_ombargiing energy is increa§ed. IQame sidglopposite sidesof the beam(resonance effects,
comparison, azimuthal distributions constructed for midceny oo e conservatiorand large\ , values may be asso-

i : i 1136 197 —

tral C?]”'S'O”Som the (r)eactlpr? /-\fr + A;’ at E_/ A __35 ciated with rotational collective motion of the emitting sys-
Me\( | adY(0°)/Y(90°) ratios of 2.54.9) for Z=2 (Z=4) tem [47]. For the IMF azimuthal correlation functions, we
particles[49]. have performed the fits over the ranfye = 90°-180°. The

For central collisions, the azimuthal distributions are €s;is o aipha particles are depicted as solid lines in Fig. 24
sentially flat. The azimuthal distributions for beryllium frag- The largest values of, and\, are observed &/A = 35

ments emitted in the central collisions haV€0°®)/Y(90°%) MeV. The values are summarized in Table I. These values

ratli)hs Ithat ?re_ Iegs tr:anthl. :]-.h'rs] sugprelssut))n at SI”_‘a" ]fiszr Z=2 are comparable to those determined from alpha
muthal anglé 1S dué 1o the figher Loulomb TepUISION 101, ,4icies emitted in the reactiolfAr + 197Au at E/A = 35,

pa}rt;.clesfem;t.ted n t?hg pIan(T. Smce all of tr;e vtelgcfny cor—50, 80, and 110 MeV where the valuesof vary between
relation functions in this analysis were constructed for cen-_" 5, (centra) to ~ 0.13 (peripheral and the values of

tral collisions, the anisotropy distortions are expected to be}\\ range between~ 0.02 (centra) to ~ 0.6 (peripheral
2 . ~ .

small. 47]. The values of\, increase with increasing of the

an TSIerﬁg&Sequ? al::égg:'\i/r? tnr:g t?gggggén%erssgﬁgzg ;{2] ragments, consistent with a larger sensitivity of heavy frag-
9 P S ; ments to residual rotation in the emitting system. The values
pact parameters are presented in Fig. 24. The azimuthal cor- . . ;
: N ) of A, and\, for beryllium and carbon fragments emitted in
relation function is definef47] as

the reaction aE/A = 35 are also summarized in Table I. In

Y(Ap)IY'(Ap)=C[1+R(Ad)], the energy range being studied, bathand\ , decrease with
increasing bombarding energy.
whereY (A ¢) is the coincidence yield of tw@identica) par- Figure 25 shows the small effect of correcting for the

ticles emitted with relative azimuthal angliep, Y'(A¢) is  anisotropy in the reduced velocity correlation functions con-
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R I e B B e the kinetic energy of the fragment pair. In the present paper
we have investigated this association in greater detail. The
increase in the width of the Coulomb hole with increasing
velocity of the fragments was observed for cuts on the aver-
age velocity of the pair, for different angular regions in the
center of mass, and for pairs wherg=27,. Restrictions
were also placed on the longitudinal velocity of the fragment
pair in order to minimize the contribution from multiple
sources. Even fragment pairs subjected to these more restric-
tive conditions exhibited the trend of higher velocity frag-
ments being associated with a stronger fragment-fragment
interaction. This trend was also observed in the systems

55 MeV MKr+'%Au —
25° £ @), s 50°

Vmin = 2.75 cm/ns

min
— anisotropy
corrected

ed

e R A Rannseany

T I P

R(v,
-0 o o o O = =
SO NV s~ OO @ O W
T

+

— 0.8

E_ min = 3.76 cm/ns _E 36 197 4
0.6 - = Ar + °7Au at E/A = 50, 80, and 110 MeV and*N +

3 E 97Au at E/A = 100, 130, and 156 MeV. We have examined
0.4 . ] the effects of detector granularity, energy resolution, and par-
02F E ticle identification on the correlation function. We have also

AT N examined the sensitivity of our deduced results to assump-
0.0 i o .

0 10 20 30 40 50 60 tions about the source characteristics and to the rotational

1073 ¢ motion of the emitting source.
Vied . .. .
In conclusion, the association between the spatial-

FIG. 25. (a) Correlation function forv,;,, = 2.75 cm/ns for temporal extent of the emitting system and portions of the
central collisions in the reactioffKr + /Au atE/A = 55 MeV  one-body energy spectrum is strong and the dependences
with (solid ling) and without(open circles the anisotropy correc- - much larger than the uncertainties in both the experimental
tion (see text (b) The same as in panéh) exceptvn, = 3.75  measurements or trajectory calculations. Moreover, it ap-
cm/ns. pears to be a universal feature of multifragment decay attrib-

utable to the deexcitation of the source on a time scale con-
structed for central collisions in the reacti6fKr + °’Au at current with the fragment emission time scale.

E/A = 55 MeV. The correlation functions shown were cut

on minimum velocities ob ,;,=2.75 and 3.75 cm/ns in pan-

els (a) and (b), respectively. In the construction of the de-
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