|
|

This tepust was prepared a3 43 40COMAL of work P .
spostored by the United States Government. Neither | . RETETIERC e
the United atates not the Unked Ststes Energy e, , . L
Research and Development Adminisiration, nor any of . 2 Cevhn G e
el employers, nor My of bl comtractors, el PRE Y TN
ot thel p! rakes any wlhe S snla g oo -
warranty, express of Vapliad, or sMumes any gl Ju.i .
lnbﬁlr ot responsibility (or the sccwiacy, compleiencs o I Y
of any product or
p'wul dincloard, of represeats that its uae world mot
infringe privately ownied rights.

bae r. s
2zt S tovermy s

5 i
STRONGLY-DAMPED COLLISIONS OF 164 AND 173-MeV 2Oye oN N1COI\)T' 7¢0§6’2” S

M. L. Halbert R. G. Stokstad F. E. Obenshain F. Plasil
D. C. Hensley A. H. Snell R. L. Ferguson F. Pleasonton

Oak Ridge National Laboratory*

Experimental data are now available for reactions induced by beams
of carbon through xenon at 6 - 10 MeVY/nucleon on taraets ranging from

~silver to uranium. The reaction process variously termed "“strongly

damped," "deeply inelastic," or "quasifission" appears to be nresent in
most of the systems studied. We describe herejan investigation of the
reaction © Ne + Ni at incident energies of 8.2 and 8.9 MeVY/nucleon.

In thezfirst run, a target of 700 ug/cm2 natural nickel was bombarded
0, 6+

by 173-MeV "“Ne® . Reaction products were detected with a multiangle

telescope consisting of a gas ionization chamber 10 cm long and a silicon g
position sensitive detector. The entrance window was of Formvar film )
about 50 ug/sz thick. Methane flowed through the counter; the pressure gy

was held at 75 or 48 mm Hg. Useful data were obtained on products with %E;:ﬂ
Z up to 20. In a later run at 164 MeV des1qned to prOV1de data on the

high-Z products, a thinner target (350 ua/cm ) and lower gas pressure

(27 mm) were used.

The telescope providéd nine spectra at 1° intervals for each setting.
The (AE,E) data were recorded in nine two-pérameter arrays. Energy spectra
for each:particle type were obtained from the arrays by appropriate
masking of the (AE,E) contour maps. Adjacent Z-values were completely
resolved to Z ~ 28. Where statistics were poor, arrays from nine adjacent
angles were in some cases combined before analysis.

The principal featu"es of the spectra are 111ustrated in Figure 1.
For products with Z well removed from that of the beam, a single broad
peak (20 - 40 MeV width) is observed very far below the elastic region.
The eneray release of the reaction (0 value) was calculated under the
assumptions of a two-body final state and a mass of the lighter fragment
corresponding to the iost abundant isotope of that Z. A pre]iminary'
sample of these U-values is shown in Figure 2a at two anales as a function
of Z. The N-values at 19° are rather similar at 164 and 173 MeV.
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The Z-dependence in Figure 2b appears to correlate rather well with
the ground-state Q-values for Z = 6, 8, 10 and 12, as shown by the lines
to the right (these are plotted relative to that for Z = 10). However,
- the correlation does not hold for Z = 14. Moreover, the full set of
ground-state Q-values, shown in Figure 2a, seems to hear little relatiof to

the observed values.

_ The energy of the deep inelastic -peak may be compared with the

Coulomb separation energy for two fragments. Considering first two tangent
spheres of separation rO(A}/3 + A;/3), the observed 33° 0 values for
Z = 6 to 10 correspond to Yo 1.1 fm. For higher Z the apparent value of
L increases steadily, passing 1.5 fm at Z == 13, suggesting that strong
deformation effects may be occurring.

For products with Z ne=ar that of the beam, a sharper peak is seen at
an energy corresponding to the same velocity as the beam. These particles
may be due to decay of an excited projectile~like fragment; in support of
this is the fact that they are much more irtense for 7 below 10.

The Z distributions for the deep inelastic peak show an odd-even
effect, the even-Z products being more intense. See Figuies 3 and 4.
The cross section generaily shows a decrease with Z, at least up to the
vicinity of the symmetric fission point (Z = 19). Ths data in Fig. 4 show
an increase in yield for higher Z.

Angular distributions at 173 MeV for selected Z values are shown in
Figure 5. For Z > 14, do/d2 is approximateiy 1/sin Bc.im.* The forward
peaking is stronger for Z < 14,

Estimatss of the 173-MeV cross section for each Z were made by
extrapolating over the unmeasured angles. These. in turn were summed over
Z. The summed cross section for Z = 6 to 20 amounts to roughly 30% of
the total reaction cross section as estimated from the quarter-point of
the elastic scattering,

* . .
Work supported by Union Carbide Corp. under contract with the USERDA.
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F1gure ] Spectra of even-Z products observed at 15° (left) and 22° from

173-MeV 2°Ne on Ni. The abscissa is not corrected for energy
target or ionization chamber.
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Figure 2. Dependence of C-value on Z and 6. The 19° points in (a) were
3 obtained at 164 MeY, those for 33° at 173 MeV. The full circles show
i ‘ ground-state Q-values for product pairs in which the Tighter fragment is
f taken to be the most abundant isotope of that Z; the open circles rasult
if the most abundant heavy fragment is used.
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Figure 3. 1 distribution (c.m.) of reaction products at 173 MeV.
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Figure 4. Z-distribution {lab) of reaction products at 164 MeV.
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Figure 5. Angular distributions at 173 MeV of selected Z-valuns.




