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Triton angular distributions from the ’Li(y,t) @ reaction near threshold
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Angular distributions of tritons emitted in the reactidni( y,t) & have been measured for two photon energy
intervals (6.4—6.7 and 8.5-9.0 MeYand 6, between 30° and 150°. Monochromatic photons from neutron
capture reactions of the IPEN/CNEN-SP IEA-R1 research reactor were used. The measured data were analyzed
in the framework of am-cluster model for the’Li structure. Results are in good agreement with a recent
measurement of the azimuthal cross section asymmetry.
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The ground state ofLi (J™=3/2") is a typical clustered triton angular distributions at low energies, using monochro-
nuclear system, consisting mostly of anparticle and a tri- matic photons with energies below the thresholds of con-
ton[1], with other components of the wave function playing taminating reactions, andi) to test the prediction of the
secondary rolef2]. The study of cluster properties in nuclei potential cluster model with attractive local potential and for-
gained a new impetus due to microscopic calculations basebidden state§11].
on the method of resonating groGlRG) [3,4] and also of The experiment has been carried out at the IPEN/
multicluster model$5-8]. Those calculations adequately de- CNEN-SP IEA-R1 research reactor, using monochromatic
scribe the main static characteristics of nuclear systems arghoton beams from neutron capture reactidi®. The neu-
achieved remarkable progress in the description of the radidron targets were located at the midpoint of the BH4-12 tan-
tive capture of clusterflike t+a — "Li+y [9]). gential beam hole of the react(fig. 1). The system allows

According to these models tHel multipole dominates (using different neutron target materipthe use of up to 30
the differential cross section of the.i( y,t) a reaction at low discrete photon lines with energies from 5 to 11 MeV and
photon energiesE1 transitions give rise to th& and D  energy resolution of a few eV.

waves of the final state continuum: The thermal neutron flux at the target position wa8.2
X 10! n/en?' s, monitored by a self-powered neutron detec-
37\ E1 tor (SPND installed close to the neutron target. The photon
(—2—)—>S(1/2+>+ D (a2t s12+) » flux is collimated by a long €228 cn) lead collimator. In

order to reduce neutron contamination, the beam is filtered

where the values in parentheses indicate total angular méifter collimation by 36.5 cm of polyethylene and 9.5 cm of
mentum and parity, and tH2 wave is split by the spin-orbit borated paraffin. The target consists of a4&® mn?, self-
interaction into 3/2 and 5/2 states. Near the threshold the Supporting metallic natural lithium fo{92.5% ’Li and 7.5%
process is dominated by tf@wave, due to the additional °Li), 100 um or 50 um thick (depending on the photon
centrifugal barrier for thé® wave, which is important in this
region. At higher energies, according to MR& and cluster
model calculation$10], the D wave is dominant. There is a 356 om 45 cm
region where the contributions of tH& and D waves are _
comparable. This transition from the dominance of $®
the D wave leads to changes in the angular distributions of 4

the final particles in the case of excitation by unpolarized

photons, or to oscillations in thB-asymmetry for polarized ”—\:\H L"""’VV"‘ZJU 2 Y g E

photons[10]. gl f\N\NWV 5 0 0 8
The aim of the present work is the accurate measuremen' %7 &

of angular distributions of tritons emitted in tha.i( v,t) 2 s =]

reaction, at two characteristic energy bins: 6.4—-6.7 MeV,
where theSandD waves contributions are comparable, and  FIG. 1. Experimental setujl) neutron target(2) lead collima-
8.5—9 MeV, where the contribution of tH2 wave is domi-  tor; (3) concrete wall(4) polyethylene5) borated paraffin(6) Li
nant, in order to:(i) clarify the experimental situation of target;(7) Si detectors(8) Ge(Li) detector.
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Both reactions produce the same particles in the final states,
channels but with different energy spectra. Due to the reaction kine-
FIG. 2. Typical triton spectrum obtained &t, ~ 8.80 MeV. matics, a-particles carry less energy than tritons. Moreover,

the energy loss in the target is larger for alphas than for

energy. The target was placed inside a vacuum chambertritons. For those reasons, the numbergparticles detected
which also housed the silicon strip detectors and a calibratety much smaller than that of tritons, and their counts are
alpha source for energy calibration. The beam spot on thgoncentrated in the low-energy part of the spectrum.
target was X6 cnt?, for a target tilt of 30°. The background from reactiof2) was evaluated using a
The charged products of the reaction were detected by afiummy neutron targetith very low intensity photons The
arrangement of seven silicon strip detectt8], located at dominant contribution comes from thermal neutrons in the
triton emission anglesy, , equal to 30°, 50°, 70°, 90°, 110°, experimental area, the neutron contamination in the beam
130° and 150°. The distance from the detector to the centdt€ing very small. The thermal neutron background was re-
of the target was 17 cm, with full detectél 16 stripg solid ~ duced with a Cd shield around the scattering chamber.
angle,AQ, of 0.09 sr. The detector angular acceptatioea Figure 2 shows a typical spectrum, measured using the
point target was A 6,=+8.4° andA ¢==+8.4°. The actual Ni neutron target and a 15am thick Li target. One can
beam dimensions increased the detector angular acceptarfd@2rly see the background at the lower channels and two
to A#,=+12° andA ¢==11°, according to a Monte Carlo bumps. The high energy bump, peaked around channel 150
simulation[14]. (~3.5 MeV), corresponds to tritons produced by reaction
Two neutron targets were used in the experiment, Ti andY); induced by photons from the 8.80 MeV lines; the other
Ni. The Ti target photon spectrum presents two strong lines®ne, peaked around channel 992.3 MeV), corresponds to
6.418 and 6.759 Me\[15] (weighted average 6.56 MgV tritons produced both by reactmn@) and (1), the last in-
which sum 80% of the intensity responsible for the emissiorfuced by the secondary photon line at 6.837 MeV.
of tritons with energies above the detection threshold. The Figure 3 shows an analogous spectrum obtained using the
rest of the intensity20%) is distributed among several low 11 Neutron target and a 50m thick Li target. This spectrum
intensity lines. For the Ni target, the photon spectrum prePresents a single bump, formed by tritons produced by reac-
sents two strong lines at 8.998 and 8.533 M¢ys] tion (1), induced by the principal photon ling.56 MeV)
(weighted average 8.80 MeMwvhich concentrate 60% of the With a small contribution £5%) from reaction(2). This
total intensity and a line at 6.837 MeV with 15% of the total contribution was taken into account in the analysis.

intensity. The rest of the intensity25%) is distributed The differential cross sections obtained experimentally in
among several low intensity lines. f[his_work were normalized to u_nity #=90°, and are shown
Within the conditions of our experimeriE, <10 MeV) I Figs. 4 and 5 by the open C|r_cles. Those figures aIsc_) show
only the reactions results from measurements using rges] (band 2 and vir-
tual [17] (band 2 photons. The bands were obtained by re-
y+ L — t+a 1) constructing the differential cross sections from the pub-
lished Legendre coefficients. The absolute values of the cross
and sections presented in Ref46] and[17] are~20% different.
Both results were normalized to unity at 90°, in order to
n+%Li — t+a (2 allow a better visualization. The dashed curve represents the

results obtained in the framework of the binary cluster po-
may contribute to the measured spectra. The second one tisntial model[10], also normalized to unity at 90°. Accord-
caused by neutrons from both beam contamination and backag to this model, th&e1 component of the differential cross
ground in the experimental area, which interact with the  section is dominated around 9 MeV by tli scattering
present in the target. Other reactions either have thresholdgave, resulting in an angular dependence with a maximum at
above the photon energies used, or negligible cross section80°. The behavior is in good agreement with our measure-
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FIG. 4. Differential cross section foE, ~ 8.80 MeV. This
work (data pointy measurements with real photons from Hég] between our results and those from Rédf].

(band 2; measurements with virtual photons from REif7] (band The agreement between measurements and the predictions
2); binary cluster potential model calculation from Refl0]  of the binary cluster potential model indicates that the char-
(dashed curve All results are normalized to unity at 90°. acteristic change in the angular distributions of the emitted

tritons, which is a signature of the overflow & and D
scattering waves dE1 transitions, is correctly described by

ment and that of Ref16], and not with Ref[17]. According v ansl
the model. This conclusion is corroborated by the results of a

to this model11], the contributions frons andD scattering »
waves are comparable around 6.5 MeV, resulting in an isoZ-asymmetry measurement for the reactitri( y,t) « per-

tropic angular distribution. Again, there is good agreemenformed in this energy regiofi0].
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