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ABSTRACT

We present experimental results for the breakup of 140

Mev 190 into 1%c + @ by a_lZC'target; Two mechanisms can be

distinguished: the coherent excitation of the 10

O projectile
to components of the giant resonance states and the gquasi-free
scattering'of the o or 12C'c’:onstituents‘of“the 16O projectile

by the target.

There has.been much activity in the_field of projectile
fragmentation.l_8 While coneiderable theoretical effort has been
devoted to light-ion fragmentation,.2 only recently have heavy-ion
reactiens atHenergies < 20_MeV/A received attention.B'4 . The
simplest case that can be‘etudied.ie_binary breakup where only two
projectile fragments are produeed. -Binary breakup has been classi-

fied as either sequential or direct,_5 Sequential breakup is
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associated with decay from excited states of the projectile,
while direcﬁ_breakup describes those events for which the rela-
tive kinetic energy of the two fragménts is not necessarily
correlated with an excited state of the projectile. Both mecha-
nisms have been observed5 in the breakup of 7Li. Sequential
processes have been identified also iﬁ the'breakup of heavier
ions® but no clear separation of direct.andrsequential processes
has been experimentaily observed in heaQy ion reactions.

Our recent analysis8 of the ground state (Q = =7.16 MeV)

breakup of 140 MeV 16

O + o revealed only sequential processes.
We continued these studies in an-attempt to identify a direct
process. Our new data do reveal two mechanisms responsible for

“the breakup of160 into 12

C + o and they suggest a classification
different from that implied by the termsr"séquential" and
"direct". |

Although the experiment and analysis were similar in
principle to‘thosé déscribed in Ref. 8, the introduction of
position—sensitive detectors made possible thé use of large
solid angles without loss of angular-resoiution (< 0.2° 1abf
(see Fig. 1). The AE-E telescopes, 10 mm and 40 mm in diameter,
recorded the horizontal position (AE) and the vertical positioﬁ

16

(E) of each fragment. The beam, 140 MeV ~ 0, was supplied by

the LBL 88-Inch Cyclotron. For each coincident event, two

quantities were determined: the sum ET ='Ea +'E12 which is
C
related to the reaction Q3-va1ue, and Erer the relative kinetic
12

‘energy of the a and the C in their center-of-mass system.
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T and the spectra of Erel for different

The spectrum of E
are shown in Figs. 2 and 3. For the highest E

values of E bin,

T
which corresponds to Qy = -7.16 MeV, the relative kinetic enerqgy

can be associated mnambiguously with an excitation energy in 16O.

T

For other ET bins, however, there is an ambiguity since it is not
clear whether the target or a projectile fragment has been left

in an excited state. For Q, = -7.16 MeV, states at the following

=3
. . 16 ' ' ‘ +,. +
energies in 0 are clearly observed: 9.88 (2'), 10.36 (4),

11.06 (4, 11.52 (2%), 12.41 (17), 13.10 (2), 14.00 (07) and
15.60 MeV (37). Very weak states are seen at 14.83 (6+), 17.92
(4+) and‘18 50 Mev (27). For Q3 = -11.60 MeV an additional

strong peak is observed which corresponds elther to a state in

16O at 12.70 MeV or, more probably,9 to a state at 17.14 MeV (2 )

which decayed'tovd + 12C (4;44 MeV) . Many of these states

can be associated with known levelslo of 16O and these assign-

ments are glven in Flgs 2 and 3.
‘There is a marked qualltatlve change in the spectra of

E,.op for values of Q; < - 11.6 MeV: only the states at 9.85,

10.35, and 11.10 MeV and a broad background extending beyond

E = 14 MeV are observed. Significantly, these three states

rel
are the only'states consistently observed in our data which
12, 11

are populated in d—transfer reactlons on C. Furthermore,

with the exceptlon of the state at 15 60 MeV, all other strong

states observed for low |Q3[—values and the state at 18.48 MeV

9 16,

are excited stongly in 16O(oc,oc'), O(e,e ) or 15N(P:Y) 10
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: reactions. _From Fig. 3 it'is apparent that‘these collective
states have an exc1tatlon probablllty whlch is a strong function
of~ET (or Q ) while the background and the three states at
9.85, 10.35 and 11.10 MeV are populated more uniformly for all
ET—values. | | | |
Clearly, therefore, the mechanlsm wh1ch exc1tes the
background and the states at 9 85 10.35 and 11. 10 MeV must
be dlfferent from that Wthh ex01tes the collectlve states.
Collective excrtatlon of the projectile involves the coherent o
response.of the Whole.projectile'to_the f1e1d of the target
nucleus, thereby‘exciting'components of the giant resonance
states; for lowvmuitipoles, QQQO is the optimun matching condi-"
tion. Thus we term the eXCitation‘and decay,of these states
"coherent.breakup". | | |
Now;:the three states Which are\also observed in a-
transfer reactlons are those which mlght be expected to be
observed in a quasi- free scatterlng of the a and 12C constitu-

16

ents of the O to the continuum via the individual’interaction

of e1ther constltuent Wlth the tarqet. Since the o and 12C
constltuents are assumed to 1nteract 1ndependently with the
target we term-thls mechanlsm “1ncoherent breakup.

In a plane wave Born approx1matlon, neglecting the
1dent1ty of- the two l2C nuclei in the flnal state, the transi-
tion matrix element for incoherent breakup is T., = < ¥_|V_ . |¥.>

: o fi f PiT 4
represents the interaction of

+ < wflvaTlvi>l where VPiT

-
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each projectile constituent P, with the target nucleus. Here

_ iki*R a,c,T ' - _ ikf-R R ( ) a,.c. T
[Wi> = $ e | Xy (r)¢ ¢ ¢; and lwf>'“ g e Xg s Be (x)¢ ¢g¢f'
where ¢a' ¢g and ¢ represent the internal wavefunctions of the
o, 12C and target respectively and p runs over the excited
12 |

states of the ""C. We omit a similar index for the o particle.
The relative_coordinate between the target and the center

of mass of the u + 12C system is denoted by R. The wave-
functions x (r) describe the initial bound state of the

two projectile constituents. The usual spectroscopic amplitudes
are contained in the normalization of these wavefunctions.
Thevwavefunctions Xé:éf
the o and 12c fragments in the continuum, Be defining the excited

state of the detected 12C. It must be empha51zed that the

)

wavefunctlons xé B (r) will contain both resonant and non-

(r) describe the relative motion of

resonant components which will be reflected in the transition

amplitude, T We associate the three states in Fig. 3 which

f£fi°
appear at all Q3 values with the resonant components of these
wavefunctions and the background with the non-resonant components.
Thus the incoherent breakup process 1ncludes resonant and non-
resonant transitions.”

The incoherent process can further be classified as
elastic when there is no excitation of the target and no change
in state of the 12C constituent. Elastic breakup is thus
described by'the components of T

: R _
fiw1th(d>i = ?f)andy'— Bf~
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It can be classifiedvas inelastlc when there is excitation of
the target (¢§ *rgg) and /or a change in state of the 12C
constituent‘ viz., components of Tf. with v # Bf For heavy-ion p
reactions, elastic and 1nelastlc processes are not experlmentally &
dlstlngulshable since Q3 depends on 8 and not on Y- For
example, in our data elastlc and 1nelastlc breakup processes may
contribute to events with -14.53 MeV < 03 < 7 16 MeV. For
elastic events w1th more negatlve Q3 - values, the 12C fragment
from the 16O is unbound so only 1ne1ast1c processes may contrib—
ute to 12C - o coincidences for Qj < 14.53 Mev-
In conclu51on, our exper1mental data reveal the presence
of two mechanlsms in the breakup of 16O 1nto lzé + a: a
coherent process whlch ex01tes the prOJeCtlle to states whose
structure is" related to that of the ground state via a multlpole
,operator, ‘and the 1ncoherent process 1nvolv1ng the 1ndependent
interaction of separate constltuents of the progectlle with the
target. The 1ncoherent amplltude contalns resonant contrlbutlons
at relatlve energles correspondlng to spec1f1c exc1ted states of
the prOJectlle as well as a non—resonant contrlbutlon. |

This work was supported by the Director, U.S. Office

of Energy Research Division of Nuclear Physics of the Office of ‘ 1

L

High Energy and Nuclear Phy51cs, and by Nuclear Sciences of the
Basic Energy Sc1ences Program of the U S. Department of Energy

under Contract No° W—7405 ENG—48
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FIGURE CAPTIONS

Schematic diagram of experimental apparatus.

E,.=E + E and Er

T a 12C el

for Q = -7.16 MeV, Excitation energies [£aken from

spectra (as defined in text)

Ref. 10 and'deduced from this experiment]-refer to

16O and are in MeV.

Erel_spectra.for various E_, gates. There is a

T

- detection threshold at E_ 4 ® 2.5 MeV. The data have

not,béen adjusted for coincidence efficiency which

is a strong function of Erel-but depends weakly

on ET.



Schematic Diagram of Experimental Setup
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