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ABSTRACT

A three-dimenaional fragment-fragment éngﬁlar-aomlation method is
used to study reactions that take place betﬁeen 119165 s Aulg?, and 0238 and
various loms of 10.4 MeV/micleon. For ions such as €22, 00, and Ne®
mzpin:ging on 0258 » two peaks are obgerved in the correlation function. The
Jatéfa{x}djmrmer one corresponds to a complete #mlg’aﬁntion of the ion with
the target nucleus. For lighter targets, only this peak is observed. The
- vertical and hori‘zonﬁél epreads of this peak are correlated to }mutron evepbration .
| ‘and to the fmmnt'é wasg end momentum spreads. The avexage number of neutrons
emitted and their kinetic energy, 2T, are deduced from the experimental date.

For all the system, 2T was found to0 be between 4.0 and 4.6 Mev The method does -
not allow one to say if the neutrons are emitted from the fregments @ the
fissioning nucleus. For the system -Keu + 0238 , the neutrons are found to be.
emitted isotropically to within 4%,

In analyzing the second pesk, it is found that the £issioning nucleus
has & momentum at an angle to the momentum of the ton. Values far the average
monents and angles of the _ﬂ.saianing nueleus and the étripped ion are obtained.
The ion revolves with the nucleus for about 15 deg, during which epproximately

four nucleons are transferred., 4 The cross section for thege types of surface
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reactions is around 25% of the total fiasion cross section for Cr » 300 for

o5, ana 10§ for Fe?C,

We obgerve surface reactions algo st J.r.&ar bombarding cnsygles.
The stripped lon is emitied at incroasing angles as the velocity of ¢he don

dacrenses. This regults in & relative incaxesse in the forward momntum,

which iz approaching that of the heavy ion, ' thereby ccrplicating analysis of

$he data.
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I. . INTRODUCTION

In earlﬂ.er papers, ve raeported experimental results from angular-
correlation studles of fregment pairs from fission induced by various heavy
iona.l_' 2 e objective of the experiments was to analyze the momentum trens-
ferred by heavy lon to a target nucleus that undergoes fission aé & result of
the impact. This then limits the gtudles to reactions vhere the excitation

energics are higher than the ﬁssiqn ba.rri.er

II, EXPERIMENTAL PROCEDURE

The experimental technigue consists of detecting coincident fission
fragmente with two eurféce-barriaﬁr silicon-diode crystals. From each crystal
a "slow" linear pulse and & "fast" pulse were extracted. A slow-coincidence
unit cutput, comsisting of..the {tvo linear pulses and a fagt-coincidence unit
output pulse, served as a trigger pulse for tmo 100-channel pulse-height analyzers.
Thus, to be recorded, an event hed to meet the quadruple coincidence require-
ments and at the same time produce pulse heights characteristic of fission
fraguments, Experiments were performed with one detector at 90 deg to the beam
axis and in the horizontal plane containing the beam axis. The mount for the
second detector wag constructed sc that it moved about the radius of a sphere
whose center coincided with the point at which the beam struck thé target. The
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position of this detector was adjusted by means of & horizontel radial arm on
vhich it was mounted. The angle of this arm with regpect ¢o the beam is defined
as ¢ o A vertical radial arm permitted the detector to be raised or lowered.
The angle of the detector with respect to the horizontal plane ie defined as
£. The correlation function W(E,y) then was é.etarm:umd by measuring the fragment-
fmaﬂent coineidence rate in relative unita as a function of the position (&,y)
of the detector, - |

Until now, we have measured correlation functions for fregment pairs
from figssion in the systems (Ba3§5 + 03‘6) , (mz“"'97 + 016) end 11238 + vayious
iong, In all cages the fon energy was 10.k MeV/ nucleon.

III. EXPERIMENTAL RESULTS

A contour diagram of the cormrelation function -for the sysm‘tfsa
+ 165-MeV 016 io given in PFig. 1. This is typical for reactions between 0258
and 10.4-MeV/ nucleon heavy ions where W(%,7) can be separated into two pesks.
The high nerrow peak is denoted by the CF (Gomplete fusion), since it will
be shown later that the events comprising this peak come from nuclei formed -
by & complete fusion of target nucleus and accelevated ion. The other peek
is called the ICF (inem@iete fusion) pwk pince in this cage, the fissioning
muclel are formed in an incouplete fusion process. With Ho O end AutY es
targets and for tha system 0238 + B,ch, only the CF peak eppears.

The function W(¢,y) for a particulsr pesk can be separated into two
families of functione, W(&) with ¢ = Const., and W(y) with & = Const. These
curves have typical shspes and can, except for the W(gl))IcF curves, be fitted
to a Gaussian distribution. The Ww’)mp curves are only spproximately
symnetric and have a skewness toward lower ¥ valueas, The functions exhibit
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maxima at angles W(Eop)s W(Egep)s W(igg), and (-“z"xc:p)‘ It sppears that, within
experimental errors we ave o = Eyopn =0, independent of ¥ . Similarly,
we find ECF and aICF to be independent of &,

The Balfvidths st balf maximm for the peaks in the W(&) fanily, de-
mtedbycgw and Oerep ¢ and in the W(y) famtly, Scp and Srop » Were
algo shown to be independent of ohe another. The corrvelation fumction W(E,¥)
for each veaction can tharefoﬁe be chmcterizéd by the quantities ¢, Op s B

and . These values for ail the systeme ave given in Tgble ). Here t

[« J
Y
is elvays zere and is therefore not ligted; '?'g and 010 have been corrected
for angular resolution. The value of aw for Uaj& 4 Hsu ‘agrees well vith
that reported by Nicholson and Halpern.”

In the following, we attempt to interpret these results. |

IV. DIBCUBSION

Figureg is & schematic representation of foh'e angulay relations in
momentum space for a bim:yéfiésion event. The fiseloning nucleus of mass M
has & laboratory momentum_"»-?uv at an engle Oy with the momentum Py
of the lon, sud Py represente the momentum of & third body of mase g
The angle between the projection of Py in the zy plane and the y axis 1o
called a. IFrom symuetry arguments, 0! can assume any value from O to 2 with
oqusl probebility,

, The intrinsic mapges of the fregments are ml and oy ) and their
moments in the center-of-mage (¢.m.) system of the flesloning nucleus are
?l_ and F,. From the lav of conservation of momentum, ve heve P& =Py
In the laborstory (lab) system, the directions of the fragments eve given by
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the angles (gl,wl) and (ga,wg) ag defined above. In our experiments we
have detector 2 at (0, 3m/2)., A straightforward momentum analyeis then gives
these conditions for observing e fragment at thaet pogition:

™ |
PQZ 2 - T sz = - PlZ . (2)

Fragrent 1 coincidant with 2 will then be observed at a position
(E;W) for which

Bing = (mrla Py + 1z> [Bg = By Py (By ooty stxofe (32)
comy = P'm:/:(Pf cost ~ (PN ooseu)/Pf ’ (4a)

Here we have set ¢os8E ~ 1, since the angles ¢ is usually very small. The
quantity Pf is the intrinsic laboratory momentum of fragment 1. After

sveraging over the angle Q, Pfa is given by

m P 2
22 = B+ m"’ [M-n- (M-m) eog 9N] (5a)

vhere for convenience we now danate m as the intrineic mass and P, as
the intrineie c.n. momentum of the fraguent.

In high-energy fission, symetric divﬂ.aién is the mogt probable and
aversge event and thus {m) = 1/2 M. Fwperimentally we £ind W(g,y) to extend

over small ranges of ¢ and ¢ . We obtain therefore these average values:



ginf »~ (sing) = 0 (3)
aoair?; Yeosy) = (P cos0)/(Py) (ub)
(P2 = 22 + 1/ (221 « cosa >( ( ))]
T Y,
) (5b)

vhere o, is the half width of the mass distridution. Emission of particles
from the fraguente change their dlrecticms. However, in aen isotropic emission
the a‘vem diraction of fregment 1 in coincidence with fregment 2 is detemiix‘eé
by relations (%), (4b), and (5b).

If we ignore evaporation, the angular correlation frunctions W(z) and
W(y) ere governed by (3a), (4a), end (38). Vertences ¢,%amd ¢ ? of

g Y
functions (5a) and (ba) respectively are
0" = 12 (77 etnfop)/(P %) (6)
awe ein> v+ coa> v = <PN2 cos>0 )/(Pfa) . (M

We have then substituted the value of (sinaa) = l/axand used the fact that,
over smell ranges of & and ¥ , the variances of sint and cosy are

652 and awa sin® ¥, respectively. Combining (6) and (7) yielde

(Pma) = (aag2 + awa e;na v+ eosa"w') (Pfg)a (8)

If ve further set (PN2 sinzen) = (PKQ) (sinaen) , Wwe obtain



T
(mnaem) 2 aoga/(sié% aw? + coszﬁ ). (9)

Equations (8) and (9) therefore relate the experimental values of ¢ , and

, e’ %
¥ to the momentum and angle of the fissioning nucleus.

Bxamining Eqs. (Bb), (40), (50), (6), and (7) we eee that in general
(Pca) , (PNQ) » 6y, and (6,/(n))? are tndependent of & and ¥ . Hence,

T and ¢, will be independent of ¥ , and y end o, independent of & .

§
‘This 1s alpo what we obgerve experimentally.

In the faliowing sections, we use the above relations to anslyre in some
detail the anguler-correlation functions. The CF and the ICF peaks are treated
in separate sec¢tions. At the end, the magnitude of the croses sections are

discussed.,

A. Complete Fusion Reactions

In a CF reaction the momentum of the compound nucleus equals the
momentun of the ijon. If ng nucleons are evaporated before fission, the

avérage momentum of the nueleus is

_ . ony

where M, 45 the mass of the compound nucleus. We also have 'G'N =0

and we obtein the average value

(cosy) = 6.2 otn + cosy = (37)/(Re")
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The condition for full momentum transfer can ve tested with this
\ formula. Values for (Pfa) are obtained from meagurements of the kinetic-
. enexgy mleaae,h ai‘te: corréctton of the average mdnenttm lose due to neutron
? evaporation from the fragnents. We then set (Pfa) = 28 (Ef). For the
average momentum of the fiseioning nucleus, one ususlly ignores the neutron
eveporation and set Py = P.. This ‘kind of aha:},vais was described 4n a
previous peper ,l and the results were shown to be consistent wi'l:;h full
'momentun trensfer. Experimental values for Y, Obtained in the present
work agree well with these earlier results. 'rherefc_bxve ve do not discuss

this agpect of the work here. Ingtead we consider in some detail the experi-

2
3

Ignoring neutron evaporation, we see from Eg. (6) that the variance

mentally observed spreads df the correlation functions, starting with ¢, .
uga for a C}? reaction 1is zero. Evidehtly, the cobserved spreads cfg result
from émiaaion of particles either from the fully aceelerated fragments or from
the ¢.m. system of the compound nucleus. We vkill congider the casge where these
perticles are neutrons emitted isotrapically. | "

For an isotropic emission of n neutroms from a recoiling nucleus of
initisl momentum PN and mass Mc , the variance clg2 of the angular dis-
‘tribution function (&) is, to a good appmmmtion,'

| 2 (En) n+l
o 2 ewemm— N 1e == 1.
¢ PNQ Mo -

Here (En) is the averege kinetic energy of the neutron where its momentum
is (Pn) <« Py , and its maegs ig 1 ama.

In the fragment-fragment correlstion function, evap;c:ration from both
fragnents and the compound nucleus contributes to the variance ¢,> . Two

) g
extreme cases are congidered. In case I, we asgume that neutrons are emitted
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only from the fully aceelerated fragnents. Then we obtaln the approximate

expresaion for the vardance

e 2 . \
2 N(E, )eos™y 42
ﬁ?,l ta - - 14 Tﬁ(;m ;
aml‘ I

whexe N ic the averape value of the total number of noutrons emitted.

In cage II, we assume ’cﬁat no neuwtrons ave emitted from the fragmente
during or after scoslaration. The neutrons ~ema anitted only from the mound
nueleus, from the nucleus between saddle end scission, or Srom the fraghents
before they ere accelerated. In this cese the variance is

2 H (_.En.)cos

5
EIL = ;

[+4

2
E .
m B, (- ﬁe ) +H(E)

L 3
& closer sxamingtion of “#:{d and ¢ &EI" revesls that, for the

symtems we ave copsidering for the same value of I and (&) » the two
expreapions are practically ddentical, Therefore the question of whether
the neuﬁrmis are emitted from the coampound mucleus or from the fregments tan
not be answered from cur data. ‘

However, by using either of the two formulse for a,f combined with
the law of conservetion of mags and energy, we can obtain values for ¥ and
(En) « Conservation of energy glves:

By ¥ 2(B,} + ® (En) + E‘Y + Ep

Here Ec . im the c.u. hinetic cuergy 6:? the ion. Acpuning symmetric divieion,

ve evaluate the § value from the maps equation, taking values for tha meggses
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fram Comeryon's mm."—? The average intrinsic energy of the fregments in the
e.m. gystem of the fissioning nucleus '(Ec), , 18 taken from kinetic-energy
_mammnts.h Heve E‘Y is the enermr ;f the 'mys, and Ep is the
rotational aneXsy ci‘ the aystem, both of which are not svaillsble for neutron
eniseton. The rotatioml eneray is sstimated frou the formila By = f1/2 7,
vhere 1 is the angulaxr mmnem’;zm and ? the moment of inertia of the compound nucleus.
For the lavge £ values involved in the systems considered (excapt 0258 + Ikaz”)

we bave to a good eppmﬁmticn the sverage value (ER) = (z‘*}aaa/a :/’ 9 7 g/ef
vhere values for £ are taken Trom compound -nucleus -formation ealculations.

For "/2 O" we have rather az"b:ttrarﬂy chogen a valma of % keV.

For the systen 0“38 + Be , the estimnted mlne for (En) is quite

eritical to the cholce of the value for E v The excitation energy here 18
quite low, end ER is negligible. For the othor systems, we obtain similar

values for (En)_ over & fairly wide range of E’Y . It is now reasonable to

expect (En) %o be eg,-ugal. or lower for 0258 + Beh s because of the lower ex-
citetion energy. To achieve this, we must have B, less than 15 MeV. We use

B, =10 MeV Zor ail eystems. Valueo for (E, +Bg) and estimated values for

¥ and (8,) are given in feble I.

We notice a tendency for (B ) to increase with K , reflecting a

possible increass in (En) with emmtioﬁ energy. In our case (En) can

be reliated to the auclear temperature T. For an evaporation we bave '(En)" = 27,
Hmever_, we mmst rémember that {E“) represents the average ‘neutren QUErgy

through the whole caseade. We find our values for T to be quite reasonable

vhen camparé& %0 repults from other type of mcparimntsﬁ"g Therefore, we may
conclude that neutron evaporation can account for the experimentally observed

variances of W& )
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We now tuen to the interprétaﬁian of the variance o v/a . From symmetyy

~avguments, isotropic neutron emisgion {mtroGuces the same variance in W(y) as
in W(g). Other comtributing factors ave scen frow Egs. (7) and (5b) to be
spreads in the womentum of the fisaioning nucleus and in moments and magses

of the Tragments. In principle, one can obtain values for cm/(m) from

2
¥

the fragmente an& the fiseloning nucleus introduce too large wncertainties to

the measured ¢, velues, However,emell reletive errors in the momsnta of

make velues for o m./(m) egtinated this vay meaningful,

A For an isotropic emission of neutrons we have o t’f -5 age ag
Py =0 (o ¥ -nr/e)e Mready we cbsemve cf%,la ;_v-oge for U0 4 Hef*‘. From

this result we conclude that no anigotropy is detected in the emigeion of
neutrons for this syatem. However, the method is not sensitive epough for us
to make similer statements about the other systems.

[

B. Incomplate Fusion Reacticns

The @r_gearanee of well-geparated pesks in the fmgﬂeﬁt ~fragment
correlation functions for the systems 0238 4+ heavy jons aﬁe;gm%s that the
ICF reections taks place within a fairly nerrvov range of the momentum Py

of the fispioning nuclsus. It ic alss obhserved thet cga iz such larger than
%

2
o3
1
for these cbeervations is that the struck nucleus is proceeding at some angle

O

from the %71@,0

in eontrast to what was found for the (P resctions. The only ewxplanstion

to the beanm axis. Avernge values (Pﬁg) and (m""?@ﬁ} car be estimsted
F;Q y and c?f values for the ICF pesk accoxding to Bys. (8),
{3), end (5b) developsd above.

Yo ail ICY systems, we heve chosen mel;\g

b

as the moet probable flgsioning

nueleus for which # = 121 and Ec = 171 HeV. The choice of fiscioning nuclous
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i of mincr z_@cxm%, ainee pea heg o smmll vardetion over the poesibloe

regidual puelei involved in an ICF process. However, Pm‘%a

iz & quite
reasonabls choice ap deduced From spallation studies.” The cholce of value
(tim/(:sa);)2 is 2lso insensitive, eince the last term in (S5b) is oniy a fow per
cent of { P°) . Both u{f and 6,2 must be corrected for a contribution
fram neutyon evaporation, which we will set egual to the variances a?f and
oga chperved for “bhe systen Heu and U%B , vhere approfximetely the sams

- anount of excitation energy is deposited. Again this should not be critical,

pince the ICF spreads ars smuch layger than those of the CF reasctions.

The valuss (P°/P.°) and (tan®sy) emlculsted according to the
outlined }pmee&ure are glven in Table I. If we igoore the varisnces for
PR and WQN we have

®

(mna%) = Lan éN .
The corresponding laboratory valuse ?g/?x and '% for the ion residue can
be estimated then from the law of consexvation of momentum (cee Pig. 2).
If we now Durbhor assune thaﬂ: the strippediiom continues with the same velocity
as the iopinging ifon, the average nurber of nucleons, i"\'fT » transferred to the
vucleus can be evalusted., Vulues for ?'S/Px » §S , and I?T are given in
Teble I. .

The apparent tandﬁncy.i’or i‘é’ﬁ to decreasge with incressing masg of
the ion is re@ar&e& ag aceldental, reflecting more the experimental un-
certainties and the ecrudeness of the enalysis. In addition, the veloeity

of the stripped ion is probably roduced slightly as a result of the impact ,10
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regulting in the same relative decrease in E‘I‘ « ‘Taking this into agccount,
we can state, however, that on the average between three and four nucleons

12, 916, and i@e‘%.

are transferred from the fone C

The angle @ﬁ is aiao sean to be nearly the same for the three gysteus.
We will explore the implications of the latter result in the following dis-
cussion. ‘

Meapurements have shown that the total flssion cross section is nearly
equal to the total mmréction arose section.’ Fission then takeo place for
iong with f-vaves up to a certain cut-off value .eR . 'S:‘iuee evente in the
ICF peak probably recult from surfece-type reactions, it 18 reapomable to
assume that the highest ¢ -vaves ere imvolved. Their manifectation aa a dis-
tinct peak in the correloztion functiorn also means a lower cutoly’ in the g -»wéves.
We czn then imagive thet the CF reactions %eke place for g-waves up to a valus
fop » aRQ the ICF reactionc teke place for f-waves fyam g, to fp . These !

values estimated from the measured cross gections “CF‘ and ¢, eaccording to

R

a procedure deseribed in veference (11) are given in Table 1.

To a first approximation, the average ¢ -~value iuvolved in the ICF
reactions 48 (kw + g R)/Q“ In an elastic event the ione in this g-wave
would hove been geatterad into an angle of 50 deg. This 4o to be comparsd to
35 deg for Gs. This means that the iong actually rotste witfx the nucleus ¢
for _ebcut 15 dog, during which the transfer tekes place.

The sproads ﬁszCE‘ refleet spreads in the nuber and @1m1ty of
nacleons transferred and in the number of gwaves involved, The shape of the
w(;’/)ICF funetions with a ghewness tovard lover ¥ values is then connected with

a shewmese in the ddstribution in some m:- ell of the factors mentioned shove.
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With lighter targets, the ICF peak is not observed or is very much
ssuppreessed.; This supports the above cohclusions that the fourspucleon
transfer is the most sbundant of the ICPF resctions. In such a reaction the
deposited excitation energy is too small for the nuébzi to undergo flesion at
e reasonable rate. H@v_:ever s evidence is found for the presence of yeactions
vhere more than four nuclsons are transferred, but the cross section 1s very
lcrw.l

We notice that only a few fragment-frogoent coincidences are o‘bsemrl
for ¢ > 90 deg. These events can be explained as coming from the sprend due
to neutron evaporation after a single-nucleon transfer. This impiles thet no
transfer resctions are observed in which the stripped ion is emitted with higher
forvard momentum than the incoming iom.

Another fmportant résnlt that comes ocut of the correlation measure-
monts 1s 'the ratio between the emés seétiam for the CF and ICF reactions.
By integrating the two poake, we obtain the ratio of the differential fission
cross sections at 90 deg in the lab oyetem, since D-2 is in that position.
Attempts to determine the cugular dlstribution of the fragnents from the two
reactions by meseuring the same ratio e,t“extz-*mm forward angles failed beeause
the two peaks move togother as ), approaches O deg {or 130 deg). Howaver,
one oan ergue that the wwo gz-c@a heve oimilar dis‘tributiéms.w The CF renctiovs
igvolve foms with the lovest lmpact parametercs and deposit high excitation
oneygy in the fissioning nuclous. The Icﬁ‘ reactions take place from the higher
t -waves and deposit less excitation energy. However, the stripped ion tshes
off lerge amounts of orbital engular momentum. The retios therefore represent
the raﬁi§s betwoen the total ficsion cross sections ot 10.4 MeV/mueleon. And
because of the high Pissionability with U-o0 e the target, they sre elso the

ratios botween the CF and the ICF renctions.



The total intevaction cross pections for these systeus have been
measured.” The corresponding cross ssctions Oop ond ”iﬁ? for the
CF and the ICF remctiong, respectively,; topether with the total cross pegtion

op are gliven in Tebles I.

€. Pesults at Lover Bombarding Energles

We obgerve that ;/;Icm‘ approaches Yo, With decrensing bembarding
energy. One interpretation of this effoct ls that the stripped fon is
enitted at incressingly highar angles, since lower fwaves are involved.
Therefore the functlons bocome dAifficulé 4o spalyze. GQualitatively, however,
wg can otate that the zmm;me sections decrease when the lon enmergy decveases.

V. COUPARIBON WITH OTHER EXPERIMERTS

The ICF resctione Giscussed above do not proceed according
to the turneling mechéniem,’” which is charmcterized as & digtant collision
in vhich the Coulomb barrier is not penetrated. In such remctions, a single
nueleon ugually ﬁmaﬂam and the trajectory of the ion ic not affected by
ghort-range nuclenr forces, Thie ﬁmmm chould alao lead $o fission with
P a5 the target. A monentim anelyels showe that the peek of the correlation
function for guch reactiong isc 5 deg higher than the dbserved velues for
zpmy, .
of magnitude lower than that found for 'am, . Our method is not oensitive

In sddition, the cross section for tunneling reactions is one order

enough to detect resetlions of such low relative yield and with a correlation



peak within 3 deg of the ICP peak.

Wolfeang and ‘ccworksrew’m

have studied resctions between heavy fonsg
and lighter targets by use of exeitation ﬁmetiozﬁs and range measgurcments.
They Find thet most heavy products are formed through a camound nucleus
which incorporates all of the projectile. They elso cbeerve a large fraction
of producte with several xxut:iemsa vemoved from the projectile. 'L’hey conclude
that the pro,jéetﬁe repiduas have bheen deflscted forward of the Rutherford

cutoff angle by & muclear interaction. . Kaufinan end Walf@angw

found these
regults to be cinsistent with the so-called grasing model. Crude csleulations
on the grazing mechanien indicate that 1t carx occur in high yleld. AL the
highest bosberding energles, oross sectlons of the order of hundveds of
millibvarns were mqiec‘l;eﬁ for the target residues of grazing reactions.

These features strougly sugsest that the ICF reactions we have observed
in ﬁij"ae correlation functions ave in fact proceeding according to the mxazing
mechanism. This ai'eso ghows that, to a f‘irs%.a'pproximatmn » there are no apparcnt
' differences in the internctions between heavy fons and heavy and lighter targets.

The ded.ﬁetion that fev-nucleon transfer 16 the most dominant in the
ICF resctions is supported by the fact that, with lighter targets such as Au
and Bo, only the CF reaction is cbgerved. Ordinarily, transfer of four nucleons
does not deposit enough excitatﬁ.gn energy dn the target nucleus for it to wnder-
go fisgion, In eddition, spallation etudies of reactions between heavy ions
and the heaviest elements indicate thit the transfer of une alpha particle is

9

mors frequent thon two or more.” As o conssquence, most of the direct inter-

action aiphss (and protons) cbeerved in heavy-ion reactions come from the breakup

of the stripped :w.m.lfj’}‘(5
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The apparent tendency for the trensfer of en alphs particle in the
grazing renctions s possibly comnected with an slpba-particle structurs in

-In conclusion, we have shown thet this method is useful in analyzing
nonentun trangfer in nuclesr yeactions which lead to fission. It can separate
and anglyze reactions with relatively large differences in forvard nomentum.
For fission induced by high-energy particles, 1t might be a useful tool in
untangling the aampiax spectrum of reactions that take place. In addition,
by using thic nethod, we can determine the number and cnergy of neubron emitied
in C¥ resctions,
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FICURE CAPTIONS
Pgure 1. Contour dlagrem of the angular corvalation function W{¢,¥)
for ‘ccﬁ.ncidex.xt paire of Disglon fragments in the 03'6 bambardment
. of U238‘ The angles are defined in Fig. 2. »
Figare 2. Angular relations m momentun space for a binary-fiesion event.
Eynmbols are defined in the text.



{ (deg)
o

-16.

-204-

T 7T —

U238 +0' (164 MeV) .

l ~|.v':

1

] L

| ]

T

B2 56 60 64 63 12 76 80

84 8 o2

T Mustiar

T s e




$991-8NW

N.*&

“uoyoauip woag-uor - - o,

T J

4
i

. : .
P .
i
.
i

oy hr ey



-l -

H

1
H |7

t BB | Prr‘rrr-i

HHiml




