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OBSERVATION OF THE DIRECT AND SEQUENTIAL BREAKUP OF 
7Li FROM 

12c AND 
208

Pb TARGETS AT 70 MeV* 

a 
A. C. Shatter , A. N. Bice, J. M. Wouters, W. D. Rae 

Abstract: 

and Joseph Cerny 

Lawrence Berkeley Laboratory and 
Department of Chemistry 
University of California 

Berkeley, California 94720 

September 19 80 

A study has been made of the breakup of 70. HeV \i 

into the a. + t channe 1. 
12 

For reactions on a C target the 

7
Li breakup proceeds sequentially through its 4.63 MeV, 7/2 

state. For reactions on a 
208

Pb target there is evidence 

both for sequential breakup and for an additional breakup 

process which does not proceed through an excited state of 

\i. This latter process is attributed to direct projectile 

breakup in the nuclear field of the target. 

LBL-11458 
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The subject of projectile dissociation in the field of a target nucleus 

encompasses a variety of'phenomena and is currently attracting substantial 

interest .~ 1 - 5 For projectile energies below the Coulomb barrier, the projectile 

may be excited by the electromagnetic field between the incident channel 

nuclei. If the excited states are above the threshold for particle emission, 

and have small energy widths, the projectile will in most instances sequent:i,.ally 

breakup beyond the influence of the target's nuclear field. 
6 

In contrast, at 

high energies (rvlOO MeV/ A)· a projectile incident on the peripheral region of 

the target nucleus might be expected to undergo a rapid fragmentation in the 
. . 7 

surface field of the nucleus. 

For a projectile with an. intermediate energy it should be possible to 

identify a trarisi tion from sequential breakup to a rapid non..:sequential process, 

i.e. a direct breakup mode.: A recent study
8 

of the breakup of 75 HeV 
6

Li 

projectiles into a + d. fragments has revealed evidence for two possible 

mechanisms. The first was identified as sequential breakup through the 2.18 

MeV 
6

Li state, while the second could not be correlated with transitions through 

any specific state. However, this lack of correlation could also have been 

due to transitions through the higher 
6

Li states which all have large energy 

widths. For the observation of a possible direct projectile breakup a 

projectile should be used with a large energy separation betweenthe breakup 

threshold and the next excited state. A suitable projectile is \i, in which 

the first !! decaying state is at 4. 63 MeV, 2.16 MeV above the a + t breakup 

threshold. By an appropriate choice of detector geometry, direct 
7 Li qreakup 

events with an a - t relative energy smaller than rv2.1 MeV can be clearly 

distinguished from all possibl~ ·sequential breakup events. 

~· .. ) 
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We present here results of an investigation of 70 MeV 
7 
Li -+ a + t 

12 208 .· .. 
breakup on C and Pb targets; For those breakup events in.which the 

relative energy between the fragments is below 3 MeV, it is found that 

the breakup of \i on the 12c target is predominantly sequential-proceeding 

through the 4.63 MeV state of \i. In contrast, the breakup of \i on the 

208 Pb target has two components, this sequential component involving 

excitation to the 4.63 MeV state as well as a direct component. 

The experiment was performed using a 70 MeV 
7

Li beam produced by the 

Lawrence Berkeley Laboratory 88-inch cyclotron. The breakup fragments from 

7 * the decay of Li are confined to a cone of angular width that is determined 

7 * by their relative energy E, and the laboratory energy of the Li . For 

the detection of those events in which E is small, it is essential to have 

the fragment detectors in close. proximity. This was achieved by constructing 

two particle telescopes in close vertical geometry, with one telescope above 

and the other below the reaction plane. The telescopes consisted of pairs of 

Llli (200)1) and E (5mm} detectors manufactured on the same .silicon wafer such 

that the vertical angular acceptance of the telescopes was 1.5° to 9.9° and 

the horizontal angular acceptance was 3°. Reject detectors placed behind the 

E detectors were employed to veto high energy events. 

Figure la. presents coincidence data for the 
7 

Li + 
12c reaction at 15° 

in the laboratory, in which the summed energy of coincident events in the two 

telescopes is displayed, with the requirement that an ~-particle be recorded 

in one and a triton in the other. The three peaks correspond to those breakup 

events which leave the 
12c target in the ground state or excited to the. 

+ 4.4 MeV, 2 or 9.6 MeV, 3- states. The angular distribution of the production 

of 7Li* (4.63 MeV) for the 12c remaining in the ground state is shown in Fig. 2a. 

(The angular distribution has been corrected for the a + t detection efficiency.) 
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, Further interpretation of the character of these breakup events can be 

obtained from the a or .!_ projected energy spectra for coincident ~ + t 

events that yield a total energy corresponding to one of the peak energies 

in Fig . .la. Such a projected spectrum for the .!_particle corresponding to 

h 
12c d · · · h · F' 3 Th ak f t e groun state trans1t1on 1s s own 1n 1g. a. e two pe, s o 

Fig. 3a. correspond to the two kinematically allowed .!_ energies from the 

7 * breakup of Li ( 4. 6 3 MeV). The shape of these peaks is determined by the 

geometry of the two telescopes as well as by the center-of-mass breakup 

energy, E:, and the energyof the recoiling \i* projectil~. Calculated 

energy w~ndows in this projected spectrum for breakup from the 4.63 MeV 

state (£ = 2.16 MeV) are indicated in Fig. 3a by arrows. It is seen that 

most of the events are located within these narrow limits .. · 

If direct breakup had occurred in the field of the target nucleus the 

relative energy, £, between the a arid.!_ would no longer be restricted to a 

definite value corresponding to the decay of an excited state of 
7
Li, but 

rather the value of £ could vary over some continuous distribution related· 

to the momentum distribution of the fragments in the projectile ground state. 
9 

From Fig. 3a there is little, or no, evidence of such a distribution of £, 

since the projected spectrum is consistent with a single value of£ = 2.16 MeV 

arising from the decay of the 4.63 MeV state of \i.\ In fact, for all 

detector angles between 130 and 33° the shapes of the projected spectra for 

h 
12c · d · · · · ·1 t e groun state trans1t1on are s1:nu ar. 

The corresponding experimental results for the 208Pb target are shown 

in Fig. lb, Fig. 2b, 2c, and Fig. 3b, c. The summed energy of coincident 

a + t events is shown in Fig. lb, in which it is seen that the majority of 

breakup events into the a + t channel leave the target in its ground state. 
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The projected energy spectrum for the !_ fragment corresponding to this 

transition, and for the detector system set at 32° in the laboratory is 

shown in Fig. 3b; arrows indicate the triton energy limits for a sequential 

7 * . 
breakup of Li (4.63 MeV). A projected energy spectrum of the!_ fragment 

when the detectors are located at 18° is shown in Fig. 3c (the arrows have 

the same significance as in Fig. 3b .) 

It is apparent that Figs. 3a and 3b are similar, showing little evidence 

for direct breakup. In contrast, data taken on 
208

Pb at the more forward 

angles, presented in Fig. 3c, include events with a continuous distribution 

.7 
of £ which cannot arise from discrete states of Li. This is taken as 

evidence of direct breakup. 

The angular distribution of the sequential component involving excitation 

of the 4.. 63 MeV (£ = 2.16 MeV) state is shown in Fig. 2b. This angular distri-

bution is corrected for the change of a + t detection efficiency as a function 

of angle. The yield of the direct component corresponding to £ $ 2.0 MeV is 

shown in Fig. 2c, but is not corrected for detection efficiency changes since 

the shapes of the projected spectra vary with angle. 

The events occurring with £ $ 2~0 MeV have been attributed to a direct 

breakup Of 
711. . s ch t . ht b th ht f . . u even s m1g e oug o . as ar1s1ng: a) by a rapid 

reemission of a transferred projectile fragment and/or b) by inelastic 

scattering of the projectile to the continuum of the a + t system. For the 

process a) the fragment reemission would have to occur within the nuclear 

transit time otherwise the momentum correlation between the a and !_ fragments 

would be lost. The distribution of relative energies between the fragments 

for a direct breakup process is determined by the phase space of the final state 
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particles, by their mutual Coulomb interaction arid by their momentum 
. 7 

distribution in the bound Li system. Since the outgoing framents have 

different Z/M ratios, the target-fragment Coulomb interaction will distort 

the initial E distribution in such a way as to enhance the yield of lower 

.!_energy values. This effect is clearly seen in Fig. 3c and is evident at 

all angles measured. 

There is a distinct difference between the angular distribution for the 

direct component E ~ 2.0 MeV,and the sequential component E = 2.16 MeV. 

It is possible to speculate that the direct component originates from a 

greater overlap between the incident nuclei than that needed for simple projec-: 

tile excitation, which might result in a nuclear deflection to smaller 

angles than the grazing angle .of rv30°.: One could also argue that both 

the direct and sequential breakup processes have enhanced yield at forward 

angles due to strong Coulomb effects. However, an investigation of the 

7 197 
breakup of 32 MeV Li projectiles from Au gave a very small cross section 

. 10 
for Coulomb breakup. · 

Whatever the precise reaction mechanisms are, it will be of great 

interest to determine how the direct and sequential breakup components 

vary with incident energy, ·especially in· the region 10-100 MeV/ A, since 

this could lead to a much greater uriderstanding of fragmentation processes 

in general. 

-. 
'J v 
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Figure Captions 

Fig. 1. a) Summed energy spectrum for coincident a; + !. particles from the 

breakup of 
7

Li on 
12c target nuclei. 

b) 
208 

As for a) but for a · Pb target. 

Fig. 2. a) The differential cross section for the ~ + !. breakup of 70 MeV 

\i from the ground state of 
12c. The dashed lines in a), b) and 

c) are to guide the eye. 

b) The differential cross section for the sequential ~ + !. breakup 

of 70 MeV 
7 

Li from the ground state of 
208

Pb, following excitation 

to the 4.63 MeV state of 
7
Li. 

7 * c) The yield of direct breakup events as a function of Li c.m. 

7 208 
angle for Li scattering from the Pb target. 

Fig. 3. a) The triton energy spectrum for coincident ~ + t events in which 

the residual 
12c nucleus remained in its grotmd state. The detector 

0 system was located at 8LAB = 15 . 

b) The triton energy spectrum for coincident a + t events in which 

the residual 
208

Pb nucleus remained in its ground state. The detector 

system was located at 8LAB = 32°. 

c) As for b) but with the detector system at 8LAB = 18°. 
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