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TOTAL AND DIFFERENTIAL
CROSS-SECTIONS OF 16 O(𝛾,n)3 He𝛼8 Be0 REACTION

Making use of a diffusion chamber embedded into a magnetic field and a beam of bremsstrahlung
𝛾-quanta with the endpoint energy 𝐸𝛾max = 150 MeV, the 16O(𝛾,n)3He3𝛼 reaction has been
studied. A resonance identified as the ground state of 8Be nucleus is revealed in the excitation curve of the system of 2𝛼-particles. The partial 16O(𝛾, 𝑛)3He𝛼8Be0 reaction channel is
resolved, and the corresponding kinematic parameters of the 𝛾-quantum and the neutron are
calculated. The dependence of the total cross-section of the reaction on the 𝛾-quantum energy
in the interval from the threshold energy to 120 MeV is measured. The reaction is shown to
have a successive two-particle character: a neutron is knocked out and an excited 15O nucleus
is formed at the first stage. The differential cross-sections of the 16O(𝛾, 𝑛)3He𝛼8Be0 reaction
are measured, and the dependences of the asymmetry coefficient for the angular distributions
on the 𝛾-quantum energy and the excitation energy of the intermediate nucleus at the first
decay stage are obtained.
K e y w o r d s: photonuclear reactions, ground state of 8 Be nucleus, total and differential crosssections.

1. Introduction
The (𝛾, 𝑁 ) process of nucleon knockout from light nuclei in the energy interval between the giant resonance
and the meson production threshold has been intensively studied for many years both experimentally
and theoretically. However, till now, there is no definite answer to the question about the mechanism of
nucleon emission from the nucleus. Calculations performed in the nonrelativistic approximation [1–4] led
to a conclusion that the mechanism of direct knockout cannot explain both the magnitude of the crosssection for the (𝛾, 𝑁 ) reaction and the same shape
of angular distributions in the (𝛾, 𝑝) and (𝛾, 𝑛) reactions. The process of 𝛾-quantum interaction with the
nucleon pair at the moment, when the nucleons exchange a meson, was recognized to provide the main
contribution.
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However, those conclusions do not coincide with
the result of calculations in the relativistic approximation [5, 6]. By the example of a few nuclei, it was
shown that a contribution from the direct mechanism
to the (𝛾, 𝑁 ) reaction is much larger than that in the
nonrelativistic approximation and agrees with the experiment. Calculations in the nonrelativistic approximation [3, 4] gave rise to a conclusion that the role
of exchange currents is small, if the final nucleus is
in the ground state, but it grows with the increase of
the nucleus excitation energy.
In order to test those predictions, experimental
data are required concerning reactions that leave the
nucleus in a highly excited state. Earlier, review [7] on
photonuclear reactions with 12 C, 14 N, and 16 O nuclei
giving rise to the emission of nucleons from the 𝑝shell and work [8] on the photonuclear reactions with
the emission of nucleons from the 𝑠-shell of 12 C nucleus were published. The analyzed 16 O(𝛾, 𝑛)3 He3𝛼
reaction can run with the formation of highly excited
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Experimental results for the 16 O(𝛾,n)3 He3𝛼 reaction were obtained making use of a diffusion chamber
embedded into a magnetic field [9]. The chamber simultaneously served a gas target and a detector. It
was irradiated with a beam of bremsstrahlung 𝛾quanta with the end-point energy 𝐸𝛾max = 150 MeV.
The main background reaction was the reaction
16
O(𝛾,4𝛼). Four-beam events with doubly charged
particles were measured simultaneously. The researched 16 O(𝛾, 𝑛)3 He3𝛼 reaction was resolved by analyzing an imbalance for the transverse momentum
𝑃⊥ , which was taken to be equal to the sum of transverse components of the momenta of four particles. In
the case of the imbalance 𝑃⊥ > 50 MeV/s [10], the
event was regarded to be a studied reaction. The contribution of the background reaction was estimated to
equal 3.5%.
2. Partial Channel of the 8 Be
Nucleus Formation in the Ground State

Fig. 1. Excitation energy distribution for the 2𝛼-system
(𝑎). Dependence of the average kinetic energy of a neutron on the total kinetic energy (𝑏): symbols ∙ correspond to
16 O(𝛾, 𝑛)3 He𝛼8 Be , and symbols ∘ to 12 C(𝛾, 𝑛)3 He2𝛼. Exci0
tation energy distribution for the 3 He + 𝛼 +8 Be0 system. See
explanations in the text (𝑐)

intermediate states, and a neutron can be emitted in
this reaction from the 𝑠-shell of the oxygen nucleus.
Nowadays, a significant progress is observed in experimental researches of (𝛾, N) reactions, in which
tagged photons and semiconductor detectors are
used. However, the capabilities of this method are restricted to the study of the processes of creation of
narrow excited states of the final nucleus, which decay
with the emission of 𝛾-quantum. In addition, experimental installations for the tagged photon method
have restricted capabilities with respect to the measurements of the nucleon emission angle (from 60∘
to 120∘ ). Therefore, when comparing predictions of
the models with the direct mechanism and the pairabsorption one, it is difficult to give preference to any
of them, because the basic difference between their
predictions takes place at angles less than 60∘ . Therefore, measurements of differential cross-sections in
the angular interval from 0∘ to 180∘ are required. A
track 4𝜋-detector satisfies those requirements.
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The chamber was operated in a mode that allowed
single-charged particles to be visually distinguished
from doubly charged ones by comparing the ionization density and the track width after the curvature radius of the track had been measured. But this
method failed to identify 3 He and 4 He nuclei. Therefore, at the first stage of the analysis, all particles
were assumed to be 𝛼-particles.
The excitation energy was determined by the formula [11]
𝐸𝑥 = 𝑀 eff − 𝑀,

(1)

where 𝑀 eff is the effective mass, which is equal to
the total energy of researched particles in the system,
where they are at rest, and 𝑀 is the mass of the possible intermediate nucleus in the ground state. The
results of calculations of the excitation energy for a
pair of 𝛼-particles in the interval from 0 to 0.5 MeV
with a step of 0.02 MeV are exhibited in Fig. 1, 𝑎
by solid circles. The symbols are drawn at the centers of 0.02-Mev intervals. The statistical errors are
also indicated. Six possible values of the excitation
energy for the 2𝛼-particle system were calculated for
each event, and all relevant values for each event were
taken into account when plotting the distribution.
The experimental distribution was compared with
the phase one [12],
3

𝑓 (𝐸𝑥 ) = 𝐸𝑥2

𝑘− 25

3

(𝐸𝑥max − 𝐸𝑥 ) 2 (𝑛−𝑘)−1 ,

(2)
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where 𝑛 is the number of final particles, 𝑘 the number of particles formed in the excited state (𝑘 < 𝑛),
and 𝐸𝑥max the end-point excitation energy of the system of 𝑘 particles. In the case concerned, 𝑛 = 5 and
𝑘 = 2. The phase distribution was calculated for a
bremsstrahlung beam by summing up the distributions for narrow intervals, in which the energy of a
𝛾-quantum was assumed to be constant. The area under the phase curve was normalized by the number of
events within each interval. The phase distribution is
shown in Fig. 1, 𝑎 by a dashed curve.
A significant difference between the experimental
and phase distributions in the excitation energy interval below 0.2 MeV allows a conclusion to be drawn
that the ground state (GS) of 8 Be nucleus could
be formed in the reaction concerned. From spectrometric measurements [13], the GS of 8 Be nucleus is
known to be unstable and to possess a maximum at
𝐸0 = 0.092 MeV with the width Γ = 5.57 eV.
The maximum at 𝐸𝑥 (𝛼𝛼) < 0.2 MeV was fitted
by the Gaussian distribution with the parameters
𝐸0 = 0.104 ± 0.013 MeV and 𝜎 = 0.033 ± 0.004 MeV.
Within the error limits, the maximum position agrees
with the results of work [13]. The width observed in
the experiment is an apparatus parameter.
Hence, the concentration of events near 0.1 MeV
can be explained by the formation of 8 Be nucleus in
the GS. We selected events, in which one of the 𝛼particle pairs corresponded to the formation of 8 Be
nucleus in the GS. Below, only this partial channel, 16 O(𝛾, 𝑛)3 He𝛼8 Be0 , is analyzed. Its relative yield
amounted to 31.2% of the total reaction yield. The
contribution of the phase distribution to the maximum at 𝐸𝑥 (𝛼𝛼) < 0.2 MeV was estimated by the
area criterion and was found to equal 4.7%.
The uncertainty at the identification of 3 He and
4
He nuclei inserts an error into the determination of
the 𝛾-quantum energy 𝐸𝛾 and the neutron momentum 𝑃n . From the conservation laws of energy and
momentum, the energy of a 𝛾-quantum equals
𝐸𝛾 =

𝑚2n + 𝑃 2 − (𝑀O − 𝐸)2
,
2(𝑀O − 𝐸 − 𝑃𝑥 )

(3)

where 𝑚n and 𝑀O are the masses of a neutron and
16
O nucleus, respectively; 𝐸 and 𝑃 are the total energy and the total momentum, respectively, for the
system consisting of one 3 He nucleus and three 4 He
nuclei; and 𝑃𝑥 is the projection of the total momentum of this system on the direction of 𝛾-quantum
ISSN 2071-0194. Ukr. J. Phys. 2018. Vol. 63, No. 1
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motion. The kinematic parameters of a neutron were
obtained with the help of conservation laws after having calculated the 𝛾-quantum energy.
The identification of a pair of particles that do not
form 8 Be nucleus in the GS with 3 He nucleus gave
two values for each of the 𝐸𝛾 and 𝑃n quantities. The
average value over those two sets was considered to
be a measurement result, and the difference made it
possible to evaluate the calculation errors for 𝐸𝛾 and
𝑃n : 𝛿𝐸𝛾 = 0.6 MeV and 𝛿𝑃n = 3.9 MeV/s.
In Fig. 1, 𝑏, the dependence of the average kinetic
energy 𝑇 aver of a neutron (solid circles) on the total kinetic energy 𝑇0 is depicted. The latter equals
𝑇0 = 𝐸𝛾 − 𝑄, where 𝑄 is the reaction threshold. The
average energy 𝑇 aver was calculated for the particles
with the energy falling within a 1-MeV interval of the
total kinetic energy. The circles are plotted at the centers of intervals. The histogram step equals 5 MeV in
the energy interval 𝑇0 < 60 MeV and 10 MeV in the
energy interval 𝑇0 > 60 MeV.
The dashed curve in Fig. 1, 𝑏 corresponds to the
statistical distribution [11]
𝑇 aver =

𝐴−𝑏
𝑇0 ,
(𝑛 − 1)𝐴

(4)

where 𝐴 and 𝑏 are the atomic numbers of the target
nucleus and the researched particle, respectively; and
𝑛 is the number of particles in the final state.
In the whole energy interval, the distribution of
𝑇 aver for a neutron does not correspond to the statistical distribution, which testifies to the indirect
decay of the excited oxygen nucleus. For the sake
of comparison, hollow circles in Fig. 1, 𝑏 demonstrate the 𝑇 aver distribution for neutrons in the
12
C(𝛾, 𝑛)3 He2𝛼 reaction [2]. The agreement between
the shapes of distributions for the (𝛾, 𝑛) reactions
is evident. Qualitatively, such a behavior can be explained by a similarity of the mechanism of interaction between a 𝛾-quantum and the target nucleus:
the interaction takes place with a virtual quasiparticle that includes a neutron as one of its components.
The distribution over excitation energies was measured for the system of three particles (3 He + 𝛼 +
8
Be0 ) with the use of formula (1), in which 𝑀 eff is the
effective mass of the system, and 𝑀 the mass of 15 O
nucleus in the GS. The value of 𝐸𝑥 was determined
as the average value after the identification of a pair
of particles with 3 He nucleus. The error was deter-
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Fig. 2. Dependences of the total reaction cross-section on the
𝛾-quantum energy: (∙) this experiment, (∘) 12 C(𝛾, 𝑛)3 He2𝛼.
See explanations in the text

mined as the difference 𝛿𝐸𝑥 [𝛿𝐸𝑥 (3 He + 𝛼 + 8 Be0 ) =
= 0.3 MeV].
The experimental distribution (Fig. 1, 𝑐, solid circles) was compared with the phase one [Eq. (2)],
which is exhibited in the panel by the dashed curve.
The phase distribution was plotted for the partial channel 16 O(𝛾, 𝑛)3 He𝛼8 Be0 . The difference in
the near-threshold region testifies that one or several unresolved excited states of 15 O nucleus were
formed. There are no reliable data on the levels of 15 O
nucleus in the examined energy interval. It is known
[14] that, at those nucleus energies, there are wide
levels, which decay with the emission of 3 He and 4 He
particles. However, we did not manage to identify the
observed deviation from the phase distribution with
any specific level.
3. Total Cross-Section
of 16 O(𝛾, 𝑛)3 He𝛼8 Be0 Reaction
In Fig. 2, 𝑎, the dependence of the number of events
on the 𝛾-quantum energy is shown in the energy interval from the reaction threshold to 120 MeV with
a step of 2 MeV at 𝐸𝛾 = 35÷60 MeV and 5 MeV at
𝐸𝛾 > 60 MeV. The data are depicted by solid circles
drawn at the centers of step intervals. The statistical
errors are also indicated. In the measured reaction
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yield, a wide resonance with a maximum at 47 MeV
is observed.
At present, there are no calculations for the oxygen photonuclear reactions giving rise to the neutron
emission and the formation of a final nucleus in a
highly excited state. Therefore, we will compare our
results with the data on the 12 C(𝛾, 𝑛)3 He2𝛼 reaction
(hollow circles in Fig. 2), in which a consecutive process takes place, which results in the formation of
highly excited states of 11 C nucleus. The cross-section
values are almost identical above 60 MeV. For the
sake of comparison with the results of calculations
in various models, a fragment of Fig. 2, 𝑎 to the right
from the resonance and with the log-scaled 𝑌 -axis is
shown in Fig. 2, 𝑏.
The calculations carried out within the model with
direct nucleon knockout mechanism [15] and the
model of 𝛾-quantum absorption by an 𝛼-cluster [16]
predict a shift of the maximum toward higher energies. The corresponding results were reported in
work [8].
In the model of 𝛾-quantum absorption by a nucleon
pair with the account for the contribution of exchange
meson currents [4, 5], the differential cross-sections
were obtained for the 12 C(𝛾, 𝑁 ) reaction at several
𝛾-quantum energies and the excitation energy of the
final nucleus 𝐸𝑥 = 7 MeV. The result obtained after
the integration of the cross-sections over angles and
their normalization at about 55 MeV is exhibited by
curve 1 in Fig. 2, 𝑏. This curve satisfactorily describes
the energy dependence of the total cross-section in the
interval 55–90 MeV.
The total cross-section of the (𝛾, 𝑛0 ) reaction
was obtained within the self-consistent random-phase
approximation [17]. The nucleon-nucleon interaction
was given by Skyrme forces (Sk3). Curve 2 in Fig. 2, 𝑏
demonstrates the results of the corresponding crosssection calculations after their normalization at about
55 MeV. The obtained dependence decreases faster
than the experimental one.
Curve 3 in Fig. 2, 𝑏 exhibits the results of calculations performed within the quasideuteron model [18].
The excitation energy of the intermediate nucleus is
rather high to allow a possibility for a nucleon to be
emitted from the 𝑠-shell. Therefore, the calculations
were carried out under the assumption that the nucleons can be emitted from the 𝑝-shell or the 𝑠-shell, or
the both. The results of calculations were normalized
to the experimental value and practically coincide for
ISSN 2071-0194. Ukr. J. Phys. 2018. Vol. 63, No. 1
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all three variants. Curve 3 satisfactorily describes the
energy dependence of the number of events for both
12
C(𝛾, 𝑛)3 He2𝛼 and 16 O(𝛾, 𝑛)3 He𝛼8 Be0 reactions.
4. Differential Cross-Sections
We also measured the differential cross-sections in
three energy intervals: (i) from the reaction threshold
to 47 MeV, (ii) in the interval from 47 to 60 MeV, and
(iii) above 60 MeV. The polar angle step for the nucleon emission was equal to 10∘ in the center-of-mass
system. The results are shown in Fig. 3. The symbols
are plotted at the centers of intervals. The statistical
errors are shown.
The results of our experiment in the near-threshold
region (Fig. 3, 𝑎) have a considerable isotropic component. This phenomenon can arise due to the suppression of the yield of low-energy nucleons with a nonzero
orbital momentum by a centrifugal potential. As the
𝛾-quantum energy grows, the angular distributions
(Fig. 3, 𝑏 and 𝑐) demonstrate a reduction of the energy dependence of the relative contribution given by
the free parameter, as well as an asymmetry growth
with respect to 90∘ .
Earlier, it was shown that, in the “mirror” reactions
12
C(𝛾,p)𝛼7 Li–12 C(𝛾, 𝑛)𝛼7 Be [19] and 12 C(𝛾, 𝑝)3 H2𝛼–
12
C(𝛾, 𝑛)3 He2𝛼 [8], the equality of cross-sections and
the same shape of angular distributions for the (𝛾, 𝑝)
and (𝛾, 𝑛) reactions are observed. Therefore, we will
make comparison with the results of calculations carried out for the 16 O(𝛾, 𝑝)15 𝑁 * reaction.
The angular distributions of protons emitted in
the 16 O(𝛾, 𝑝)15 𝑁 reaction under the irradiation of
photoemulsions with bremsstrahlung 𝛾-quanta with
a maximum energy of 70 MeV was measured in
[20]. The distributions were found to be proportional
to sin2 (𝜃) in the whole energy interval, which was
explained in the framework of the direct mechanism
model and in the electric dipole approximation. However, the data on the 16 O(𝛾, 𝑝)15 𝑁 * reaction with
the formation of an intermediate nucleus at the excitation energy 13 MeV [21, 22], which were obtained
at a 𝛾-quantum energy of 88 MeV, had asymmetric
angular distributions.
In Fig. 3, the solid curves correspond to the results of calculations in the framework of the direct
mechanism model [5], whereas the dashed ones to
the calculation data obtained in the framework of the
model of pair absorption with the dominating contriISSN 2071-0194. Ukr. J. Phys. 2018. Vol. 63, No. 1

Fig. 3. Differential cross-sections in the center-of-mass system
of the reaction 16 O(𝛾, 𝑛)3 He𝛼8 Be0 : 𝐸𝛾 < 47 MeV (𝑎), 𝐸𝛾 =
= 47÷60 MeV (𝑏), and 𝐸𝛾 > 60 MeV (𝑐). See explanations in
the text

bution from exchange meson currents [3]. The calculated curves were normalized by the area under the
experimental curve. A conclusion can be drawn that
the results of calculations in the model of pair absorption agree better with the experimental data than the
results obtained in the direct mechanism model.
The large solid registration angle of a detector allowed the coefficient of angular distribution asymmetry, 𝛽, to be determined as the ratio of the difference
between and the sum of the areas under the experimental curve from 0∘ to 90∘ and from 90∘ to 180∘ ,
∫︀ 𝜋/2 𝑑𝜎
∫︀ 𝜋 𝑑𝜎
𝑑Ω 𝑑𝜃 − 𝜋/2 𝑑Ω 𝑑𝜃
0
∫︀ 𝜋 𝑑𝜎
𝛽=
.
(5)
𝑑𝜃
0 𝑑Ω
The dependence of the asymmetry coefficient on the
𝛾-quantum energy is shown in Fig. 4, 𝑎 by asterisks.
In the framework of the direct mechanism model,
owing to the lack of a negative effective quadrupole
charge for neutrons [17], one should expect that the
angular distributions are symmetric with respect to
90∘ in the whole energy interval. Earlier, such a behavior was revealed only in the 12 C(𝛾, 𝑝)11 B [23] and
16
O(𝛾, 𝑝)15 N [20] reactions with the formation of the
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number of the target nucleus, 𝑚𝑁 the nucleon mass,
𝑝av
𝑣0 ∼
=
(𝐴 − 2)𝑚𝑁
is the average velocity of the system of (𝐴 − 2) nucleons in the laboratory frame, 𝑝av the average absolute
value of the momentum of the 𝑛𝑝 pair in the laboratory frame,
𝐸𝛾 (𝐴 − 2)
𝑣1 ∼
=
2𝐴 𝑚𝑁

Fig. 4. Asymmetry of the angular distributions in the dependences on the 𝛾-quantum energy (𝑎) and on the excitation
energy of the intermediate nucleus (𝑏) in the 𝐴(𝛾, 𝑁 )(𝐴−1)*
reactions. See explanations in the text

final nucleus in the ground state and for the 𝛾-quantum energies not exceeding 36 MeV.
In reactions of the 𝐴(𝛾,N)(A − 1)* type with the
formation of excited (A − 1)* states [8, 19], a growth
of the asymmetry coefficient was observed. The energy dependence of 𝛽 at 𝛾-quantum energies above
40 MeV was qualitatively explained under the assumption of the pair absorption. Owing to the momentum distribution, the nucleon pair and the other
part of nucleus move to the opposite sides in the
laboratory frame. After the pair has absorbed the 𝛾quantum, one nucleon and the other part of nucleus
form an intermediate nucleus in the excited state. If
to change to the reaction center-of-mass system, the
parameter 𝛽 can be evaluated by the formula [7]
𝛽𝑁

(︂
)︂
𝑣1
4 3𝑣𝑐
+
,
=
3𝜋 𝑣0
𝑣𝑁

(6)

𝐸
where 𝑣𝑠 ∼
= 𝐴 𝑚𝛾𝑁 is the velocity of the reaction centerof-mass system in the laboratory frame, 𝐴 the atomic
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is the average velocity of the 𝛾 + 𝑛𝑝 system in the
center-of-mass frame, and 𝑣𝑁 the velocity of a nucleon in the 𝛾 + 𝑛𝑝 system. The results of calculations by formula (6), which are shown by a dashed
curve in Fig. 4, 𝑎, agree satisfactorily with the experiment. Hence, the irregularity in the energy dependence of the angular distribution parameters can
be explained in the framework of the pair absorption
mechanism.
In Fig. 4, a comparison is made between the asymmetry coefficients for the (𝛾,N) reactions with the carbon and oxygen nuclei stimulated by 𝛾-quanta with
an energy of 70–100 MeV and with the formation of
an intermediate nucleus in various excited states. The
coefficients were determined with the help of formula
(5). For the reaction 16 O(𝛾, 𝑝)15 𝑁 , the value of 𝛽𝑁
(the square) was determined making use of the data
of work [24]. The triangle corresponds to the data for
the 16 O(𝛾, 𝑝)15 𝑁 * reaction [25] without the fission of
the excited states of the intermediate nucleus. The
circle and the diamond exhibit the data on the reactions 12 C(𝛾, 𝑛)𝛼7 Be [19] and 12 C(𝛾, 𝑛)3 He2𝛼 [8],
respectively. The asterisk corresponds to our experimental data. As the excitation energy of the final
nucleus increases, a reduction of the asymmetry coefficient is observed. The solid curve illustrates the
results of calculations [19] in the framework of the
quasideuteron model. The theoretical results agree
with the experimental ones.
5. Conclusion
With the help of a detector with a large solid angle
of registration, the multiparticle photonuclear reaction with the oxygen nucleus, 16 O(𝛾, 𝑛)3 He3𝛼, has
been studied. A resonance was revealed in the excitation dependence of the 2𝛼- particle system, which was
identified as the ground state of 8 Be nucleus. The partial channel 16 O(𝛾, 𝑛)3 He𝛼8 Be0 was resolved, and the
ISSN 2071-0194. Ukr. J. Phys. 2018. Vol. 63, No. 1
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corresponding kinematic parameters of a 𝛾-quantum
and a neutron were calculated.
The dependence of the average kinetic energy of a
neutron on the total kinetic energy of the system considerably exceeds the statistical one, and the excitation energy distribution for the 3 He+𝛼+8 Be0 system
differs from the phase distribution. Therefore, the reaction concerned has a consecutive character: at the
first stage, a neutron is emitted, and highly excited
states of the 15 O nucleus are formed.
The dependence of the number of events on the
𝛾-quantum energy for the 16 O(𝛾, 𝑛)3 He𝛼8 Be0 reaction was measured in the interval from 35 to
120 MeV. The dependence reveals a wide resonance
with a maximum at 47 MeV. At about 60 MeV, the
rate of dependence recession changes. The results obtained in the high-energy interval are explained in
the framework of the pair absorption mechanism of a
𝛾-quantum.
The
differential
cross-sections
of
the
16
O(𝛾, 𝑛)3 He𝛼8 Be0 reaction are measured, and
the dependence of the coefficient of distribution
asymmetry on the 𝛾-quantum energy and the excitation energy of ab intermediate nucleus at the first
decay stage is obtained. The experimental results
agree with the theoretical ones obtained in the
framework of the quasideuteron model.
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С.М. Афанасьєв
ПОВНИЙ ТА ДИФЕРЕНЦIАЛЬНI
ПЕРЕРIЗИ РЕАКЦIЇ 16 O(𝛾, 𝑛)3 He𝛼8 Ве0
Резюме
Методом дифузiйної камери в магнiтному полi на пучку
гальмiвних фотонiв з 𝐸𝛾max = 150 МеВ виконано дослi-
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дження реакцiї 16 O(𝛾, 𝑛)3 He3𝛼. У кривiй збудження системи 2𝛼-частинок виявлено резонанс, iдентифiкований
як основний стан ядра 8Ве. Видiлено парцiальний канал
16 O(𝛾, 𝑛)3 He𝛼8 Ве i розраховано кiнематичнi параметри 𝛾0
кванта та нейтрона. Вимiряно залежнiсть повного перерiзу реакцiї вiд енергiї 𝛾-кванта в iнтервалi вiд порога до
120 МеВ. Показано, що реакцiя має послiдовний двочастинковий характер: на першому етапi вилiтає нейтрон i утворюється збуджене ядро 15 O. Вимiрянi диференцiальнi перерiзи й отримана залежнiсть коефiцiєнта асиметрiї кутових
розподiлiв вiд енергiї 𝛾-кванта та енергiї збудження промiжного ядра на першому етапi розпаду.
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