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Breakup vs fusion inhibition of Li-induced reactions at low energies
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A critical analysis of the cross sections for the characterigtimys of the residual nuclei followingLi
+ 10 and “Li+ %0 reactions shows that if the breakup mechanism is supposed to be responsible for the
limitation of fusion cross sections for these systems, then the large magnitude of the cross sectiony for the
rays cannot be accounted for.
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Very recently we have measured the fusion cross sectiondistribution effects, which are supposed to be minimized be-
for a number of reactions induced ByLi projectiles, by the  cause of the extensive cascadiig], were further reduced
characteristicy-ray yield method1-3]. These cross sections by taking the measurement at 125° to makgcosg)=0
are found to be nearly equal to the total reaction cross se¢14]. Special care was taken in the absolute efficiency cali-
tions at energies belowB: (whereBc is the Coulomb bar- bration of the detector by making calibrated source$§%o
rier energy, which shows that fusion is the dominant reac-and **'Cs on the tantalum frames having the same configu-
tion mechanism for these systems at low energies. rations as those for the targets. The measurements of differ-

The fusion cross sections for the same systems have eagnt quantities and their uncertainties from different sources,
lier been measured at energies around and abByet® the  in the determination of the-ray cross sections, have been
evaporation residue detection technigue-7]. Takahashi discussed in details earligt—3]. The total uncertainty in the
etal. [8] have extended the measurement for thé.i y-ray cross sections is found to bell% in the present
+ 12C reactions down to energiesB using a similar tech- case.
nique. As can be seen in Fig. 1, there is a clear discrepancy The main objection to the application of theray method
in the cross sections measured by the two techniques. This ie determine the fusion cross sections is that it uses a statis-
very puzzling since both the techniques are rather well estical model for the evaluation of the branching factors
tablished and have been used extensively for the measure-,/o ¢, to obtain the channel and fusion cross sections from
ments of cross sections involving several systems. It is welthe experimentaly-ray cross sections. However, it is pos-
known that they-ray method is more suitable for measure- sible to justify the use of this procedure by determining the
ments at lower bombarding energies while the evaporatioeross sections for a specific channel using more thamone
residue method works better at higher energies. On the otheay emitted from the same residual nucldd$]. Figure 2
hand, for the systems, such &&C+ 3C [9,10] and !B shows the comparison of cross sections for some of the chan-
+ 12C [11,12, fusion cross sections have been measured usiels, namely2!Ne+ pn, ?Ne+pn, ®N+an, and *N+
ing both techniques and good agreement has been observied 'Li+ 0, °Li+ %0, ’Li+ 3C, and®Li+ *°C reactions,
in the corresponding data in the overlapping energy regiomespectively, using the characteristicrays. The agreement
[3]. Therefore, the disagreement between the results obtainéa most of the cases is withirt 10%. It is worthwhile to note
for all the Li-induced reactions investigated by the two meth-that a similar comparison is not possible with the evaporation
ods is very surprising. residue technique.

Takahashiet al. [8] correlated the reduction of fusion A serious discrepancy between the two types of measure-
cross sections to the small separation energies of the nuclgients becomes apparent when one compares the cross sec-
6.7.i and °Be which presumably break up instead of going totions for the individual mass groups obtained by the evapo-
fusion. The breakup particles, however, have been detectadtion residue detection method with the corresponding
in some of the systems only at considerably higher bombardshannel cross sections obtained by theay method 1]. To
ing energies[7]. In fact it is generally believed that the illustrate this more clearly the cross sections for the mass
breakup effects are stronger at high incident energies and groups A= 20 in the 5Li+ 0 reaction andA=21 in the
our knowledge so far no measurements of the breakup cros4.i+ 10 reaction obtained by these two methods are shown
sections have been done for such low heavy-ion systems at Fig. 3. The cross sections for these two mass groups con-
subbarrier energies. In view of this, the suppression of thatitute ~30% and~40% of the total fusion cross sections
fusion cross sections by a factor of 3—6 for the systems studor °Li+ %0 and ’Li+ %0 reactions, respectivel\3]. Be-
ied by Takahashet al. at low energies by this process ap- sides channel cross sections, we have also shown in this
pears rather strange. figure the cross sections for the 1.634 MeY ray

In the measurement of-ray cross sections, the angular (1.634 MeV—g.s.) of 2Ne in theLi + 60 reaction and the

0.351 MeV y ray (0.351 MeV-»g.s.) of ?!Ne in the “Li
+ €0 reaction. To facilitate the comparison the cross sec-
*Present address: Department of Nuclear Physics, Researt¢tons obtained forA=20 and A=21 mass groups by the
School of Physical Sciences and Engineering, Australian Nationastatistical model calculation@ising the codecASCADE) are
University, Canberra ACT 0200, Australia. also shown.
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It is observed that in the energy region of overlap, thements have been done using different targets and setup

cross sections foA=20 andA=21 obtained by the evapo-
ration residue method are smaller by a factor~d?.7 com-
pared to those obtained by theray method. It is surprising
to note that the former cross sections are also sméilea
factor of ~2) than those for the 1.634 MeV ray (*“Ne)
and 0.351 MeVy ray (*'Ne), respectively.

It is difficult to think of any contaminants which could
give such a large yield of the 0.351 and 1.634 MeVays.
Nevertheless, the contribution of these twaays from the

[3,16,17, giving consistent results.

That the breakup process cannot account for the inhibition
of fusion cross sections together with the observation of
large y-ray cross sections mentioned above will be evident
from the following discussions. There are essentially two
basic mechanisms of the breakup reactiofis:sequential
breakup mechanism an@) spectator breakup mechanism
[18]. In the former the projectile is excited to a continuum
state upon collision with the target nucleus. It subsequently

background were obtained by allowing the beam to pasbreaks into twdor more pieces after traversing the interac-
through an empty hole in place of the target for the sameion region. In the latter case, the projectile breaks up instan-

beam dose and exposure tiffd. As can be observed from

taneously in the interaction region and one of the fragments

Fig. 4, the yield from the background is too small to accountmay be absorbed by the target nucleus.
for the observed discrepancy in Fig. 3. It is also observed Now, according to TakahaslHgt al,, if we consider the

that the peaks corresponding to the above tways in the

breakup process to be responsible for the smaller cross sec-

spectrum are very intense and the evaluation of the area utions obtained by the evaporation residue method, then the
der the peaks poses no problem. Furthermore, the measurgequential breakup mechanism, though it can explain the
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small fusion cross sections, cannot explain the large yield of?°Ne) do not come out of the target. If it were so, it would
the y-ray cross sections mentioned above. Tzr(\)e only way inead to the formation of a large unshifted and sharp 1.634
\éVh_IChl(\sNe can get more 1.634 MeY rays of “Ne in the  MeV y-ray peak contrary to the observed shifted and broad
Li+ 0 reaction is when the breakup proceeds through th@eak (Fig. 4). Even this way of describing the reaction pro-
spectator mechanism. In this process, the nucfeidreaks cess seems to be more difficult to explain thiei + %0
up into « andd (Q=—1.5 MeV); thew particle is captured _, 2INe+pn reaction. To get?!Ne following breakup one
by '°0 to form *Ne in some excited state which subse-will have to consider’Li to break into *He+d (Q=
quently decays to the 1.634 MeV state and emits the 1.634.9.6 MeV) or *He+n+p (Q=—11.8 MeV). However,
MeV y ray. However, in the evaporation residue methodihe breakup thresholds for both these processes are much
these?Ne residual nuclei, somehow, are not detected. In thimigher than that for Li breaking into a+t (Q=
explanation it is inherently assumed that the residual nuclei- 2.5 MeV) and hence the former two processes should have
very small cross sections compared to the latter. Thus such a

""""" T P T T T TSl large cross section for the 0.351 Meyray of 2!Ne com-
7Li+160 - 6Lis160 s ;
sl s 1 | 1 pared to that for the mass group=21 obtained by the
i ! 1 4 = § ] evaporation residue technique cannot be explained by the
C 9 1]t £ = breakup phenomenon.
P : St ¥ | B g £ It may be worthwhile to mention here that the noninhibi-
e I g £ a1 8 S ] tion of fusion cross sections has also been observed, using
X 200 871 [ I|E t y-ray method, for systems such @Be+ %4zn [19] at ener-
£ B1 (|5 S 1 gies near and above the barrier afBe+ °Be [15] and
3 [ ? B 2f 3 g i 9Be+ %0 [20] systems at sub-barrier energies despite the
© & £1 I E & 1 fact that °Be is a loosely bound,=1.67 MeV) nucleus.
1o § f 1 113 ] On the other hand, the evaporation residue measurements for
; 3 81 . systems such a¥Be+ 283 [21] and °Be+ 2°Si[22] at ener-
C & °q4 I : gies well above the barrier and tleactivity measurement
T Ned [ ] forthe °Be+ 2%%pb systen{23] at energies near and above
""""" R mimsmnacth the barrier show strong inhibition of fusion cross sections.
450 500 550 2250 2400 2550 . . K .
Channel Summing up we can conclude that there is a serious dis-

crepancy between the cross sections obtained by the evapo-
FIG. 4. Parts of they-ray spectra of®Li+ %0 and 7Li+ %0  ration residue method and theray method at sub-barrier

reactions atE,,(°Li, ‘Li) = 12 MeV obtained with a SiQtarget.  energies for the Li-induced reactions. The difference appears

The lower spectrum in each case is obtained with the equal beamo reduce with the increasing bombarding energy. It is im-

dose and exposure time at the same bombarding energy but alloysossible to reconcile the two sets of data considering the

ing the beam to pass through an empty hole in place of the targebreakup process as suggested in a recent refe[éﬂ]dﬂea-

Note the broadening and shift gfray peaks in the upper spectra syrements using both the techniques simultaneously may

due to recoil of the residual nuclei and placement of the HPGehe|p to resolve the discrepancy.

detector at 125° with respect to the beam direction. For comparison

two y-ray peaks 0.352 MeV?E®Ra) and 1.461 MeV{K) of natu- The authors would like to thank Dr. M. Saha Sarkar and
ral radioactivities in the background are also show?5i(3.624 Prof. Radhey Shyam for many useful discussions and sug-
—2.028) is from the®Li + 25Si— 2°Si+ ap reaction. gestions for improvement of the text.
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