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The 8Li(n,y)°Li reaction plays an important role in determining the amount of matter that
can be produced at mass numbBer- 8. Inhomogeneous big bang nucleosynthesis and Type Il
supernova are the proposed sites for such synthesis procestesf{itat site, after the production
of “Li the path toA > 12 nuclei goes through the chdlini(n, y)8Li (a,n)!B, with a weaker branch
going through théLi(a, y)!'B path (seege.g., Ref. [1, 2]). However, the neutron capture &n
provides a leak from this primary chain and depending on the rate of thiaedhe production
of nuclei withA > 12 can be reduced by 40-50% [3].

Several theoretical predictions of the rate®bi(n, y)°Li have been reported. Some of them
perform nuclear structure calculations %fi and calculate the capture cross sections from the
corresponding wave functions [4, 5]. Others estimate the rate of thisoedimm the systematics
that are based on information existing for other nuclei [6, 7]. Thess katey from each other by
more than an order of magnitude. Hence, efforts have also been madenmide the rate of this
reaction by experimental methods [8, 9].

Since®Li has a very small half-life£ 838 ms), a direct measurement of the cross section
(aﬁbi) of the reactiorfLi(n, y)°Li is nearly impossible. However, with a beam®f, it is possible
to measure the cross sectimfk‘) of the reverse reactiotLi + y — 8Li + n (photodisintegration
process), and use the principle of detailed balance to deduw,gtﬁheross section.

In this work we use a fully quantum mechanical theory of Coulomb breakaptions to
calculate the Coulomb dissociation (CD)%f which is then used to extract the rate of the capture
reactiorfLi(n,y)°Li. The theory of CD reactions used by us is formulated within the post foritefi
range distorted wave Born approximation (FRDWBA) [10] where the elewignetic interaction
between the fragments and the target nucleus is included to all ordersegme#kup contributions
from the entire non-resonant continuum corresponding to all the multipakkshe relative orbital
angular momenta between the fragments are taken into account. Full gtatewdave function of
the projectile, of any orbital angular momentum configuration, enters agahiimo this theory.
Unlike the theoretical model used in Ref. [11], this model does not redjuir&nowledge of the
positions and widths of the continuum states. Thus our method is free froentaimties associated
with the multipole strength distributions occurring in other formalisms as we ndgdh@nground
state wave function of the projectile as input.

Let us consider the reacti@yt — b+ c+t, where the projectile breaks up into fragments
b (charged) and (uncharged) in the Coulomb field of a targeT he relative energy spectra for the
reaction is given by
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wherevy is thea—t relative velocity in the entrance chann@k,. andQ4 are solid anglesyy:. and
Uz are reduced masses, apg andpg are appropriate linear momenta corresponding tdothee
anda-t systems, respectivelf, is the reduced amplitude in the FRDWBA.

One can then relate the cross section in Eq. (1) to the photodissociatisrseai®n gy, for
the reactiora+ y — b+ c and then calculate the the radiative capture cross sealﬁ‘;;nfor the
reactionb+c — a+ Yy, by the principle of detailed balance. For more details of the theory one is
referred to Ref. [12].
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Figure 1. Direct capture (DC) cross sections to the ground state (&%)io The solid and dotted curves
(which almost coincide with each other) are calculatedgilire Coulomb dissociation 8f.i on Pb and U
targets at 28.5 MeV/A beam energy. The inset shows the valu® capture cross sections uptgE <
100 keV. The experimental data are from Ref. [8].

In Fig. 1, we show the direct capture cross sections to the ground stiteaiftained from
the Coulomb dissociation ofLi on Pb (solid line) and U targets (dotted line) at 28.5 MeV/A
beam energy. In the inset of this figure we have highlighted the valueg aftiss sections in the
astrophysically interesting region (fog . < 100 keV ) by presenting cross sections as a function
of Ecm. on a log-log plot. As expected, the capture cross section is indepentiére target
used during the Coulomb dissociation. It should be noted that while we Is@eeauspectroscopic
factor (S) of 0.68+ 0.14 for the ground state ofLi which has been extracted recently from a
transfer reaction measurement [13], a shell model value of 0.94 wdsru&ef. [11]. It is worth
mentioning that transfer reaction cross sections are very sensitive taghéaamomentum state
of the projectile and hence have been widely used to extract nucledragoeapic factors. Had we
used the shell model value 8f our results would have been proportionately higher.

Nevertheless, it should be noted that the experimental data of Ref. 8] uraertainty of
approximately a factor of 2. Furthermore, the second Coulomb dissociaticsureeaent ofLi
as reported in Ref. [9] indicates that the extracted capture cross segtittheven be substantially
lower than those reported in Ref. [8]. Therefore, to firm up the the@latapture cross sections as
extracted from the Coulomb dissociation method, the uncertainty in the expéaindeta should
be minimized as much as possible.

The reaction rates [14] calculated from the capture cross sectiondadtieddn Fig. 2 as a
function of Ty (the temperature equivalent of relative energy in units §K)0Solid and dotted
lines show reaction rates derived from the Coulomb dissociatici.ichn Pb and U targets, re-
spectively. The rate changes in the range (2800 - 3108mote ! s~ for Tg between 0.5 and 2
and the value atd= 1 is approximately 2900 ctmole ! s~1, when averaged over the two targets.

The maximum contribution to the reaction rate is highly dependent on the reaotiesm sec-
tion and in turn on the relative energy. Ay E 1, the maximum contribution to tH.i(n,y)°Li
reaction rate comes from a low relative energy of 45 keV. At this low gnieng extremely dif-
ficult to measure reaction cross sections by direct methods. This is wieppwer of the CD
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Figure2: Capture rates for theLi(n, y)°Li reaction as a function of temperature in units oPK0Solid and
dotted lines are reaction rates derived from the Coulongndiation ofLi on Pb and U targets, respectively.

Table 1: The comparison of reaction rates of the(n, y)°Li reported as reported by various authors

Reference Reaction ratem®mol ~1s™?)
Malaney and Fowler [7] 43000

Mao and Champagne [4] 25000
Descouvemont [5] 5300
Rauscheet al. [6] 4500

Zecheret al. [8] < 7200
Kobayashiet al. [9] <790

Bertulani [11] 2200

Present work 2900

method becomes more evident as an indirect method in nuclear astropNyiiceecent advances
in experimental techniques it is possible to measure relative energy specfuie low relative
energies.

In Table 1, we present a comparison of the rates of the redfitiém y)°Li reported by various
workers. It is interesting to note that the rate of #hé&n,y)°Li reaction extracted by us is within
30% in agreement with that computed in Ref. [11] where a completely diffénenretical model
of CD process was used. On the other hand, our rate is about 45188#&isthan those reported
in Refs. [5, 6] where they have been obtained from structure modellatitms of°Li. Our value
is in sharp disagreement with the result of Ref.[4] where calculations pexfermed within the
spd-shell model and with those of Ref.[7] which have been obtainedtfiersystematics of similar
nuclei. The rate of Ref. [4] is larger by a factor of 7.2 whereas thatedf R] is even larger (by a
factor of almost 15). It may be worthwhile to see what these calculationkhvpoedict if the latest
experimental information on the spectroscopic factor forttie—8Li + n partition was taken into
consideration.

Thus, our calculations do not support the large rate fothig, y)°Li reaction. This would
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suggest that a significant portion of tRiei would remain available for alpha-capture #8 and

would not be destroyed by tHi(n,y)°Li reaction. Therefore, théLi(n,y)°Li reaction does not
hamper the formation d% >12 elements through ti&i( a,n)!'B(n,y)'?Be(8~)*?C(n, y).. reaction

chain.

In summary, we have calculated the rate of #h&n,y)°Li reaction by studying the inverse
photodissociation reaction in terms of the Coulomb dissociatiotLbbn heavy targets at 28.5
MeV/A using a theory formulated within the finite range post form distortedevizmrn approxima-
tion. This capture reaction provides, in an inhomogeneous early uaejwetsak from the primary
chain of nucleosynthesis, thereby reducing the production of heamyeaks. The advantage of
our theoretical method is that it is free from the uncertainties associated withuthipole strength
distributions of the projectile. The newly extracted experimental ground spatetroscopic factor
for the®Li — 8Li +n partition [13], has been incorporated in our theory.

The rate of this reaction at a temperature oK Bas been found to be about 2900%tmole™ !
s~L. This value is in agreement (within 30%) with the earlier Coulomb dissociatidysisaf this
data using a different theoretical model. Thus theoretical uncertainty inateeof8Li(n, y)°Li
reaction as determined from the Coulomb dissociatiotLofs much lower than the experimental
uncertainties in this data. Therefore, it would be worthwhile to make moréspreteasurements
of the Coulomb dissociation reaction. The maximum contribution to the reactioatrttis stellar
temperature, came from a low relative energy of 45 keV. Thus in futuper@rents an attempt
should be made to measure thé(n, y)°Li capture cross section at this low relative energy to get a
more accurate picture of the reaction rate.
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