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The analysis of the elastic scattering of the “He+**Pb nuclear system
using the new B3Y-Fetal potential

At energies close to the Coulomb barrier, a semi-microscopic analysis of the angular distribution of elastic
scattering of the halo nucleus He on the heavy nucleus 2°Pb was performed. In this analysis, the effective-
ness of the new B3Y-Fetal folding potential for the large asymmetric *He+2%8Pb system was investigated. The
effective NN interactions, M3Y and B3Y potentials, were constructed taking into account the distribution fea-
tures of the weakly bound neutrons of the °He halo nucleus in the strong Coulomb field of the 2%®Pb nucleus.
These density-dependent folding potentials were used as the real part of the optical model potential. The ob-
tained results successfully reproduce the experimental data on elastic scattering. The new B3Y-Fetal potential
provides a more accurate description of the NN interaction at large distances in highly asymmetric systems,
thereby yielding a more precise prediction of the angular distributions of elastic scattering. The density-
dependent modified CDM3Y6-Paris and CDB3Y6-Fetal potentials offer a more realistic description of NN
interactions in nuclear matter, since the density-dependent parameters C, a, B, and y were chosen based on the
value of the incompressibility coefficient K calculated at the saturation point. For the “He+2*8Pb system at en-
ergies Elb = 22 and 27 MeV, a set of optimal parameters for elastic scattering cross sections near the Cou-
lomb barrier was determined. The effectiveness of the new B3Y-Fetal potential in describing the angular dis-
tribution of elastic scattering was confirmed. The results of the semi-microscopic analysis are characterized
by the renormalization factor N: and the ¥*/N coefficients. The obtained results may contribute to nuclear as-
trophysics, particularly to studies of halo nuclei structures and the mechanisms of nuclear interaction process-
es.
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Introduction

The *He+*®Pb system is one of the widely studied topics in modern nuclear physics. Such investiga-
tions are important for understanding the structure of exotic nuclei and the mechanisms of their interactions.
The *He+*%Pb system also aids in modeling nucleosynthesis processes occurring in stars, which is essential
in nuclear astrophysics. Studies involving the ‘He nucleus make a significant contribution to understanding
neutron density distributions (neutron halo), particularly in providing deeper insight into the r-process [1].

In systems with large asymmetry, effects such as the nuclear rainbow, weak absorption, and pronounced
oscillations in the scattering cross section can be observed. The strong Coulomb field of the heavy 2**Pb nu-
cleus, along with the ability to incorporate the density distribution of weakly bound halo nuclei (such as °He,
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"Be, and ®B), plays an important role in studying their breakup into fragments. This is due to the fact that
their neutron halo structure differs significantly from that of standard nuclei [2]. In this regard, a microscopic
investigation of the breakup of the ®*He nucleus scattered from a 28Pb target is of great interest.

The elastic scattering of the *He+?*Pb system was studied using a microscopic analysis based on the
newly developed B3Y(Botswana-3 Yukawa)-Fetal folding potential [2]. We aimed to investigate this system
using the double folding model (DFM), which accounts for the nucleon densities of both interacting nuclei.
The microscopic effective nucleon-nucleon (NN) interactions, such as the M3Y (Michigan-3-Yukawa) real-
istic potentials, are constructed by taking into account the nucleon density distributions [3]. Additionally, we
aimed to comparatively evaluate our results obtained using the B3Y-Fetal potential against the data reported
by other authors [4]. In the folding model, the effective NN interaction potential is constructed microscopi-
cally by taking into account the density distribution of nucleons. This approach makes it possible to integrate
over the interactions of each nucleon, providing a more accurate description of the mean field inside the nu-
cleus. As a result, the obtained folding potential accounts for the saturation properties of nuclear matter and
the density distribution at the nuclear surface. Such features allow for more reliable predictions of the angu-
lar distribution in elastic scattering, refinement of nuclear characteristics, and more accurate calculations of
reactions. Therefore, the results of such an analysis are of great importance in nuclear astrophysics and ther-
monuclear energy research.

The halo structure of the *He nucleus, characterized by a wide spatial distribution of neutrons, was cal-
culated in the strong field of the heavy 2®*Pb nucleus, and the results were tested against experimental data.
In the study of the “He+***Pb system, the M3Y-Reid, M3Y-Paris, and B3Y-Fetal potentials are modified to
more accurately describe the NN interactions within nuclear matter [5].

The delicate balance between the Coulomb and nuclear potentials is clearly manifested in the DFOM
(Double Folding Optical Model) framework. The M3Y-Reid, M3Y-Paris, and B3Y-Fetal potentials allow
these processes to be described based on realistic density distributions and NN interactions [6]. The approach
of using density-dependent potentials is well-suited for the theSHe+2"Pb system, as it provides a better op-
portunity to account for the diffuse density characteristic of the halo structure [7]. In the folding model, real-
istic NN interactions are combined with accurate nuclear matter density functions, offering a more precise
description [8]. The difference between this work and the studies by Khoa et al. lies in the use of the new
B3Y-Fetal potential for the NN interaction and the introduction of density-dependent parameters into this
potential.

The new B3Y-Fetal potential differs from the traditional M3Y-Reid and M3Y-Paris potentials in that it
is derived from the calculation of nuclear matrix elements of the two-body interaction within the variational
method with lowest-order constraints (LOCV) [2]. In semi-microscopic analysis, the accuracy of the folding
potential is determined by the renormalization coefficient Nr. The coefficient Nr is obtained during calcula-
tions with the FRESCO code by comparing theoretical cross sections with experimental data. The closer the
value of N; is to 1, the more accurately the applied folding potential describes the real nuclear force. Mean-
while, the ¥*/N comparison coefficient reflects the degree of agreement between the calculated and experi-
mental cross sections. The combination of these two parameters makes it possible to assess the reliability of
the folding potential.

The main reason why the B3Y-Fetal potential provides good results is that, when introducing correc-
tions to the density-dependent formula, it takes into account the saturation density of the binding forces in
the nuclear medium, namely the incompressibility coefficient K. From a physical point of view, this model
can be explained as follows: first, the calculation is performed from the center of the “He nucleus based on
the nucleon density distribution of the 2**Pb nucleus. Second, the calculation is performed from the center of
the 2%®Pb nucleus based on the nucleon density distribution of the ®He nucleus. For this reason, the method is
called the double-folding model

The two-parameter density model (Fermi or Woods—Saxon) describes the nucleus in a simple form
through the central density distribution and the surface thickness (radius, diffuseness). In contrast, in the
DFM, the nucleon density distributions of two nuclei (pi(r1), p2(r2)) are taken and folded with the effective
NN interaction to construct a fully microscopic potential. In other words, this is a more complex microscopic
method that takes into account the complete density distribution of both nuclei, rather than just one. Cluster
models (for example, a-cluster models) play an important role in describing the correlation of nucleons in-
side the nucleus and their grouped interactions. For instance, DWBA is used in reaction theory models to
describe inelastic processes (transfer reactions) in nuclear reactions. In the future, just as we have applied
this approach to other systems, we will also apply it to the *He+2%Pb system.
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As a result of this study, the elastic scattering of the *He+***Pb system is successfully described based
on density-dependent folding potentials. The weakly bound nature of the halo-structured 6He nucleus pro-
vides deeper insight into the specific features of nucleus—nucleus interactions. This not only expands the
boundaries of nuclear physics but also enhances the accuracy of astrophysical models.

Theoretical formalisms and procedures

Based on the DFM, a modified effective NN interaction potential (M3Y) is obtained by taking into ac-
count the nucleon density distributions of the ‘He+?%Pb system. The resulting folding potential constitutes
the real part of the optical potential (OP). Using this OP, we evaluate the accuracy of the theoretical model
by describing the angular distribution of elastic scattering in comparison with experimental data on nucleus—
nucleus interactions.

Since 6He is a weakly bound nucleus prone to breakup, it induces a pronounced cluster structure of
neutrons and alpha particles at energies near the strong Coulomb barrier of the 2%Pb nucleus [9]. Therefore,
to clarify the pure elastic scattering cross sections of neutrons, an analysis was carried out at near-barrier en-
ergies of Eip = 22 and 27 MeV. The nucleus—nucleus realistic potential is obtained in the following
form [10].

V(R) = Pone () Paose (75) Oy (‘R +7 - Iﬁ‘)aﬂﬁd%f2 (1)

Here, 9, is the effective NN interaction potential of the M3Y type.

The formula for calculating the direct and exchange parts of the NN effective interaction based on the
M3Y-Reid potential is given in [11].

6745 672,53
v, (5)=7999.0 —2134.25 2
P ( ) X 2,58 @
e%s eAZ,SS e—0,7072x
L, (5)=4631.4 -1787.1 —7.8474 3
s (9) 4s 2,5s 0,7072s G)
for M3Y-Paris potential [11]:
e—4s e—Z,SS
v, (5)=11061.6 —2537.5 4
o(s) 4s 2,5s )
e—4s -2,5s —-0,7072s
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for the new B3Y-Fetal potentials [12]:
674S -2,58
v, (s5)=10472.13 —2203.11 6
P ( ) S 2,55 ©
e—4S e—Z,SS -0,70728
V., (5)=499.63 —1347.77 —7.8474 7
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The B3Y and M3Y type potentials are modified to be dependent on both energy and density [13].
l)D(E)()(p’r’s):F(E’p)g(E)U‘D(EX)(S) (8)
The density-dependent function (F(p)) is given as [14]:
F(p)=C(1+0e™)-yp) 9)
The energy-dependent factor (g(E)) is given as [14]:
g(E)=(1-0.003E/ ) (10)

The density-dependent parameters are chosen to reduce the K-value in accordance with the saturation
property of nuclear matter (as shown in Table 1). The CDM3Y6 parameters were applied to the B3Y-Fetal
potential to construct the CDB3Y6-Fetal version.
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Table 1
The parameters of the M3Y-Reid, M3Y-Paris, and B3Y-Fetal potentials are presented [10]

Density dependence C a B (fm?) y (fm%) K (MeV)
CDM3Y6-Reid
CDM3Y6-Paris 0.2658 3.8033 1.4099 4.0 252
CDB3Y6-Fetal

In the region near the saturation point, the curvature of the binding energy per nucleon curve depends
on the K — incompressibility of nuclear matter [10].
The nuclear compressibility coefficient is calculated using the following equation [11]:
3n’k;
K =— 5 L+57,CB()p™ ., (11)
m

oc

The dependence curve of the binding energy per nucleon on the nuclear matter density allows for the
determination of the actual saturation density po of the nucleus [15]. The saturation density po represents the
density per unit volume that characterizes the “natural” arrangement of nucleons inside the nucleus where the
binding energy reaches its maximum value. In this case, the binding energy of nuclear matter can be approx-
imated in the following form [16].

g(p)m 1-%£—”;”0j , (12)

where Z is the binding energy per nucleon; p is the nuclear matter density; po is the saturation density, and

ay is the volume binding energy coefficient. To find the point where the binding energy reaches its maxi-
mum, we write it in the following form.

i

——2=0.

dp

For the °*Pb nucleus, the normal saturation density has a value of approximately p¢=0.16 fm™, accord-
ing to both experimental and theoretical studies [17].

Determining the exact saturation density for the ®He nucleus is a special case, as it has a halo structure
composed of 6He — 4He +2n .- The two neutrons are spatially extended away from the core, meaning its
structure is characterized by a broadly distributed, diffuse density. This expands its overall density distribu-
tion, reduces the average density, and the corresponding calculated results can be approximated using the
following formula [18].

(13)

————=%0.09 fm™ (14)

Here, R is the mean radius of the nucleus. For °He, the experimental radius is approximately R = 2.5 fim,
with mass number 4 = 6.

We express the nucleon density distribution of each colliding nucleus using the two-parameter Fermi
(2pF) model [19] and the result of the calculation is shown in the following Table 2:

P
p(r)=—P (15)
1+exp (j
z
Table 2
2pF-model, ¢, z, <r*>'%, p, — parameters of the distribution of substance density of the nucleus [19]
Nuclear c, fm z, fm <r>12 fm Do, fim 3
‘He 1.8 0.75 2.5 0.08
208pp 6.624 0.549 5.521 0.16
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Analysis Section

Folding potentials were calculated in the DFPOT code. Semi-microscopic analysis was carried out us-
ing the FRESCO code [20]. For the ‘He+2%Pb system at E;;s=22.0 MeV, the calculated DF potentials using
CDM3Y6-Reid, CDM3Y 6-Paris, and CDB3Y6-Fetal interactions are shown in Figure 1.

0
*He+***Pb , Real DF potential
204 E =22 MeV
| lab
40
< 604
(O]
2 -
. -80-
> -
-100
| CDM3Y6-Reid
120 - —— CDM3Y6-Paris
—— CDB3Y6-Fetal
-140 -
T T
0 2 4

R, (fm)
Figure 1. The generated real DF potentials for the *He+2%Pb system at Ej,p = 22.0 MeV

The depth and characteristics of the DF microscopic potentials obtained for our “He+**Pb system are
consistent with the results reported in the literature [21]. Due to the large asymmetry in the *He+**Pb sys-
tem, constructing the CDM3Y6-Reid, CDM3Y 6-Paris, and CDB3Y6-Fetal potentials within the DFM was
challenging. It was observed that the CDM3Y6-Paris and CDB3Y6-Fetal potentials, being density-
dependent, are noticeably deeper in the radial regions up to 3 fm.

Table 3
OM and DFOM parameters for the *He+2%Pb elastic scattering
at Eiap=22.0 MeV and Eiap = 27.0 MeV energy, r.=1.25 fm
Type of real potential Imaginary potential parameter (WS)
E Model Vo Rv av W rw aw or
2
MeV MeV fin fim N MeV fin fim XN mb
oM 0.77
Exp: [22,23.24] 170.7 0.9 0.55 - 20.4 1.4 0.74 22.809 1099
2y DFOM CDM3Y6- Reid 079 | 204 | 14 | 074 | - 1357
DFOM CDM3Y6-Paris 0.8 20.4 14 0.74 - 1378
DFOM CDB3Y6- Fetal 0.85 20.4 14 0.74 - 1365
OM 170.7 0.9 0.55 - 20.4 1.4 0.74 0.06 1940
270 (s exp: [25])
) DFOM CDM3Y6-Paris 0.8 204 14 0.74 - 1876
DFOM CDB3Y6- Fetal 0.84 204 14 0.74 - 2011

Based on the experimental data at Ei., =22 MeV from references [22—24], a common optimal set of pa-
rameters was obtained within the framework of the OM analysis (Table 3). The value of ¥*/N-indicates the
relative error between the theoretical calculation and the experimental data of the angular distribution for
elastic scattering.

The result of the OM analysis is shown in the following Figure 2.
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°He+**Pb - system, E_ =22 MeV
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Figure 2. OM results of the *‘He+2%Pb system at Ej., = 22 MeV

In the following analysis, we replace only the real part of these refined OM parameters with a micro-
scopic folding potential. In this semi-microscopic analysis, the parameters of the imaginary part (Wo, rw, aw)
remain in the Woods—Saxon form. The stability of the imaginary parameters in the DFOM analysis confirms
the reliability of the tested DF real potential. The results of the DFOM model analysis for the experimental
data at E.n= 22 MeV [22] and Ei.s =27 MeV [25] are presented in Figure 3.

*He+""°Pb
E,,=22 MeV
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e
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© o044
] ® EXP, (G.Marquinez-Duran, et al.)
CDM3Y6-Paris, Nr=0.79
—— CDB3Y6-Reid, Nr=0.8
——— CDB3Y6-Fetal, Nr=0.85
0,01 X T ! T X T y T y T
0 20 40 60 80 100
0, deg

Figure 3. DFOM results of the He+2%Pb system at Ejp = 22 MeV
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°He+**Pb - system, E_ =27 MeV
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Figure 4. OMand DFOM results of the *He+2%Pb system at By = 27 MeV

In the semi-microscopic analysis, the DF real potential primarily influences the angular distribution of
elastic scattering at forward angles (up to 90°). At energies near the Coulomb barrier, cluster transfer effects
in the elastic scattering distribution are clearly observed at angles between 60° and 80°. Correspondingly, the
density-dependent CDM3Y 6-Paris and CDB3Y6-Fetal potentials provided a successful description of this
behavior (Figs. 3 and 4).To characterize nuclear reactions and to verify the accuracy of the performed calcu-
lations, the or- total reaction cross-sections were -determined.

Conclusion

The angular distributions of elastic scattering for the *He+?*Pb system near the Coulomb barrier at
Eib =22 and 27 MeV were analyzed using the DFOM model. Real folding potentials CDM3Y 6-Paris and
CDB3Y6-Fetal were constructed based on neutron density distributions for this system. The obtained poten-
tials account for the density distribution of the weakly bound neutrons in the ®He halo nucleus in the presence
of the strong Coulomb field of the *%*Pb nucleus.

The density-dependent modified M3Y-Paris and B3Y-Fetal potentials contribute to a more accurate de-
scription of nucleon-nucleon interactions in nuclear matter. The structures observed in the angular distribu-
tions were successfully explained by the characteristics of these potentials and were evaluated using adjusta-
ble normalization coefficients — Nr. A distinctive feature of the DF real potentials was their consideration of
the asymmetric nature of the studied system and the calculation at energies near the Coulomb barrier.

In this study, the newly developed CDB3Y6-Fetal potential was successfully applied to the *He+*%Pb
nuclear system, which exhibits significant asymmetry in terms of mass and isotopic composition. The effec-
tiveness of this new potential in describing the angular distribution of elastic scattering was demonstrated.
Such research results can contribute to nuclear astrophysics, particularly in studying the structure of halo nu-
clei and the mechanisms of nuclear interaction processes.

Acknowledgment

This research has been funded by the Science Committee of the Ministry of Science and Higher Educa-
tion of the Republic of Kazakhstan (Grant No. AP13268907).

References

1 Arnould, M., Goriely, S., & Takahashi, K. (2007). The r-process of stellar nucleosynthesis: Astrophysics and nuclear physics
achievements and mysteries. Physics Reports, 450(4—6), 97-213. https://doi.org/10.1016/j.physrep.2007.06.002

2 Fiase, J.O., Devan, K.R.S., & Hosaka, A. (2002). Mass dependence of M3Y-type interactions and the effects of tensor corre-
lations. Physical Review C, 66(1), 014004. https://doi.org/10.1103/PhysRevC.66. 014004.

Cepus «dusukay. 2025, 30, 4(120) 13


https://doi.org/10.1016/j.physrep.2007.06.002
https://doi.org/10.1103/PhysRevC.66.%20014004

D. Soldatkhan, A. Morzabayev, B. Mauyey

3 Khoa, D.T,, et al. (2007). Folding model analysis of elastic and inelastic ‘He+2*Pb scattering and the halo structure of He.
Nuclear Physics 4, 7159, 3-30.

4 Khoa, D.T., Cuong, D.C., & Loan, D.T. (2023). New density-dependent M3Y interactions for nucleus—nucleus optical poten-
tials and elastic scattering of ®He on 2%®Pb. Nuclear Physics A, 1035, 122717.

5 Amangeldi, et al. (2024). Efficiency of the new B3Y-fetal potential in the analysis of the elastic and inelastic angular distri-
butions for the °B+12C system. Pramana, 98(3), 106. https://doi.org/10.1007/s12043-024-02760-z.

6 Soldatkhan, D., Amangeldi, N., Makhanov, K.M., & Smagulov, Zh.K. (2023). Application of the new B3Y-Fetal potential in
the semi-microscopic analysis of the scattering of accelerated Li — lithium and 'O — oxygen nuclei from the '>C — carbon nucle-
us. Eurasian Physical Technical Journal, 25, 4(46), 22-30. https://doi 10.31489/2023No4/17-22

7 Keeley, N., Alamanos, N., Lapoux, V., & Rusek, K. (2009). Review of reactions with light exotic nuclei. Progress in Particle
and Nuclear Physics, 63(2), 396—447. https://doi.org/10.1016/).ppnp.2009.05.001

8 Amangeldi, N., et al. (2024). Recent Measurement and Theoretical Analysis for the Elastic Scattering of the '’N+''B System.
Brazilian Journal of Physics, 54(5), 169. https://doi.org/10.1007/s13538-024-01547-2

9 Descouvemont, P. & Hussein, M.S. The cluster structure of *He and reactions with heavy targets. Physics Letters B, 693(6),
568-572 (2010). https://doi.org/10.1016/j.physletb.2010.09.011

10 Kyoungsu Heo et al. (2024). Folding potential with modern nuclear density functionals and application to '°O+2%Pb reaction.
Phys. Rev. C, 110(3), 034616. DOI: https://doi.org/10.1103/PhysRevC.110.034616

11 Soldatkhan,-D., Yergaliuly, G.,- Amangeldi,-N., Mauyey, B.,-Odsuren, M.,- Awad, Ibraheem A., & Hamada, Sh. (2022). New
Measurements and theoretical analysis for the '®O+'?C Nuclear System. Brazilian Journal of Physics, 52(152), 1-10.
https://doi.org/10.1007/s13538-022-01153-0.

12 Soldatkhan, D., Amangeldi, N., Baltabekov, A., & Yergaliuly, G. (2022). Investigation of the energy dependence of the in-
teraction potentials of the '°O+'?C nuclear system with a semi-microscopic method. Eurasian Physical Technical Journal, 19, 3(41),
39-44. https://doi 10.31489/2022N03/39-44

13 AA, B. (2025). Analysis of the effect of the B3Y-fetal potential on energy near the coulomb barrier for the °Be+'?C system.
Eurasian Physical Technical Journal, 22(1).

14 Soldatkhan, D., Mauyey, B., Baratova, A.A., & Makhanov, K.M. (2025). Introduction of a New B3Y-Fetal Potential in the
Semimicroscopic Analysis of the ’N+2’Al Nuclear System. Bulletin of the University of Karaganda — Physics, 117(1), 29-36.

15 Khoa, D.T., von Oertzen W., Bohlen, H.G., & Ohkubo, S. (2007). Nuclear rainbow scattering and nucleus—nucleus potential.
Journal of Physics G: Nuclear and Particle Physics, 34(5), R111. https://doi.org/10.1088/0954-3899/34/5/R01

16 Khoa, D.T., Satchler, G.R., & von Oertzen, W. (1997). Nuclear incompressibility and density dependent nucleon—nucleon in-
teraction. Physics Review C, 56, 954. https://doi.org/10.1103/PhysRevC.56.954

17 Ring, P. & Schuck, P. (1980). The Nuclear Many-Body Problem. Springer-Verlag, ISBN: 978-3-540-21206-5

18 Jensen, A.S., Riisager, K., Fedorov, D.V., & Garrido, E. (2004). Structure and reactions of quantum halos. Rev. Mod. Phys.
76, 215. https://doi.org/10.1103/RevModPhys.76.215

19 de Vries, H., de Jager, C. W., & de Vries, C. (1987). Nuclear charge-density-distribution parameters from elastic electron
scattering. Atomic Data and Nuclear Data Tables, 36, 495-536.

20 Thompson, 1.J. (1988). Coupled reaction channels calculations in nuclear physics. Computer Physics Reports, 7, 167-212.

21 Awad, A. Ibraheem, El-Azab, M.A., & El-Ghafar, H.H. (2021). Analysis of +®8He+2%Pb elastic scattering using different
density-dependent interactions within the double-folding optical model. International Journal of Modern Physics E, 30(12),
2150105. https://doi.org/10.1142/S0218301321501057

22 Sanchez-Benitez, A.M., et al. (2008). Study of the elastic scattering of ®He on 2%Pb at energies around the Coulomb barrier.
Nuclear Physics A, 803(1-2), 30-45. https://doi.org/10.1016/j.nuclphysa.2008.01.015

23 Marquinez-Duran, et al. (2016). Precise measurement of near-barrier *He+>%8Pb elastic scattering: Comparison with °He.
Physical Review C, 94(6), 064618. https://doi.org/10.1103/PhysRevC.94.064618

24 Acosta, L., et al. (2011). Elastic scattering and a-particle production in *He+>%Pb collisions at 22 MeV. Physical Review C,
84(4), 044604. https://doi.org/10.1103/PhysRevC.84.04460

25 Kakuee, O. R, et al. (2004). Long range absorption in the scattering of ®He on 2%Pb and '°’Au at 27 MeV. Nuclear Physics
A, 735(3—4), 321-340. https://doi.org/10.1016/j.nuclphysa.2004.01.139

. Conparxan, A.K. Mop3zabaes, b. Mayeii

SHe+2%Pb siapoabIK KyiieciHin cepmimMai mambipaybia
skaHa B3Y-Fetal norenuuansbl apKblIbI TAJAIAY

KyJIOHIBIK TOCKaybUIFa jkakblH dSHeprusiiapaa °He rano saponsi 2%Pb aywelp sapocwhiMen cepmimai
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xana B3Y-Fetal gponaunr norennuanabsiy *He+2%°Pb acuMMeTpuschl yiKeH xyiie YIIiH THIMILIIT 3epTTeni.
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The analysis of the elastic scattering ...

He rajio sApOHBIH 9JICi3 GaliIaHbICKAH HEUTPOHAADP THIFBI3IBIFBIHBIH Tapaly EPEKIUENriH eCKepY HeTi3iHue
KypbU1abl. THIFBI3ABIKKA TOYEN Ol Oyl (OJIIMHT MOTEHIMANAAP ONTUKAIBIK MOJICIbIIH HAKThl O6Jiri peTinie
KOJIIAHBUIABL. AJIBIHFaH TajlAay HOTIDKENEp CepIiMAl MIAIIBIpayablH AKCIIEPUMEHTTIK AEPEKTEpiH COTTI
cunarraid angsl. JXKaHa B3Y-Fetal moTeHnmansl acnMMETpHSCH! YIIKeH KyHelaepaeri YIIKeH KallbIKTBIKTap/aa
SpOJIap apachIHAAFEI ©3apa 9peKeTTeCy Il AIIPeK CHIATTal, CepIiMIi IanbIpay IslH OYPHIITHIK TapalyblH
HaKTHI 00JDKayFa MYMKIHAIK Oepemi. ThFbI3ABIKKA Toyenai MoaudukanusuianFan CDM3Y 6-Paris, CDB3Y6-
Fetal noTeHnmanmaps! sIpoJbIK MaTepusl HyKJIOHIapBIHBIH ©3apa acepiH OapblHIIa HAKTHl CHIATTayFa yiec
Kocanpl. Cebebi ThIFBI3ABIFBIHA Toyendi C, o, B, Y — mapaMmeTpiep KaHBIKTBUIBIK HYKTECiHE KaTBICTHI
ecentenred K ChIFBUIMaymbUIBIK KOG GHUINEHTI MOHIHE OalnaHBICTBI TaHAANIbl. KyJOHABIK TOCKaybLIFa
xakplH Elb =22 sxone 27 MeV sueprusmapaa *He+?%Pb sxyifeci ymiiH cepmimpi Imamsipay KUMAachiHa
apHaJFaH OHTAMJIbl MapaMeTpiep >KUBIHTBIFBI aHBIKTANAbl. CepmiMai IIambIpayablH OYpBIITHIK TapaTyblH
cunatTaya xaHa B3Y-Fetal moteHnmanapH THIMITIT alfiKpiHaaA6L. JKapThuiaii MEKPOCKOMHSUTBIK TalIay
HoTIDKeciH Nr — peHopManm3anus ¢pakTtopsl MeH x2/N — ko3 dunprenTepi kopcereai. ANbIHFAH HOTIDKENIepl
SOPOJBIK acTpopH3MKaNa, acipece rajo SAPOJIApHIHBIH KYPBUIBIMBIH JKOHE SIIPONBIK ©3apa opeKeTTecy
HpoLeCTePiHIH MEXaHU3M/IEPIH 3epPTTeyTe Yiec Koca aTambl.

Kinm ce30ep: cepnimpi mamsipay, ‘He — rano sapo, 2%Pb — aywip sypo, donauur norennuais, B3Y-
Fetal, K — coirpuiMaymsuiblik ko3 dunnenTi

. Conpnarxan, A.K. Mopzabaes, b. Mayeit

AHAJIN3 yIPYroro paccesinus sigepuoii cucrembl *He+2%Pb
C HCIOJIb30BaHNEM HOBOIro norenuuaia B3Y-Fetal

IIpn sHeprusix, 6IM3KHMX K KyJIOHOBCKOMY Oapbepy, MPOBEAEH IOJYMHKPOCKONHWYECKHH aHAIHM3 YTJIOBBIX
pacIpeneneHuii ynpyroro paccesus sapa-rano ‘He na sape 2°8Pb. B pamkax uccie0BaHus OPUMEHEH HO-
BB QonmuHrossiii noreniman B3Y-Fetal mns onucanus acummerpuunoit cucrembl ‘He+2%Pb. DdexTus-
Hble HyKJIOH-HYKJIOHHbIE B3auMoAeicTBUs B oTeHuuanax M3Y u B3Y nocrpoens! ¢ yu4éToM pacrnpenesneHus
IJIOTHOCTH ¢JIab0 CBS3aHHBIX HeUTPoHOB B ®He B Kys0HOBckoM mosie sapa 2%®Pb. 3aBucuMbIE OT IUIOTHOCTH
(O TMHTOBBIE MOTESHIMAIBI UCIIOIB30BAIUCH B KAY€CTBE PEAIBLHON YacTH ONTHYECKONH MOAENIH ¥ ITO3BOJIMIIH
YCIICTITHO BOCIIPON3BECTH YKCIIEpUMEHTANIbHBIE JaHHBIC 110 YIIPYTOMy paccessHuIo. [Toka3aHo, 4T0O HOBBI 1O-
teHuuan B3Y-Fetal obecrieunBaet Gojee TOUHOE ONMUCAHUE B3AaUMOJCHCTBHSA AAep Ha OONBIINX PACCTOSHHIAX
B CHJIBHO aCHMMETPUYHBIX CHCTEMax H JaéT Hama&XKHOe Mpe[cKa3aHHe YIIIOBBIX PACIpPENeNeHHi yIpyroro
paccesaus. MoanduuupoBanHsie noTeHaisl CDM3Y 6-Paris 1 CDB3Y 6-Fetal BHOCAT BKIag B 6onee Kop-
PEKTHOE OIMCaHNE HyKJIOH-HYKJIOHHBIX B3aMMOACIHCTBHI B SIEPHON MaTepHH, MMOCKOJIbKY napamerpsl C, a,
B, Y BBIOMpaINCh B 3aBUCHUMOCTH OT Koadduimenta cxumaeMoctr K, paccuntanHoro BOJIM3M TOYKH HAcChI-
mwenus. Jisa cucrembr *He+2%Pb mipu sneprusix Eip =22 u 27 MaB onpeenens onTuMaibHbIe TapaMeTphl
CeYeHUs YNPYroro paccesHus, 4To HoATBepauio 3¢ ¢exTuBHOCTh noteHimana B3Y-Fetal. PesynbraTsl mo-
JYMHKPOCKOIIMYECKOTO aHaJIN3a OTpakatoTcs koddduuueHntamu nepeHopMupoBkr Nr 1 ¥*/N. IlomydeHHbIe
pe3yJIbTaThl MOTYT BHECTH BKJIAJI B SIAEPHYIO aCTPO(U3NKY, B YACTHOCTH B U3yUIEHHE CTPYKTYPHI Talo-saep U
MEXaHI3MOB IPOIECCOB SAIEPHOTO B3aNMOICHCTBHSL.

Kmiouesvie crosa: ynpyroe paccesuue, ‘He — rano-aapo, 2°°Pb — tsxenoe aapo, poaaunrnorenuuai, B3Y-
Fetal, K — k03¢ ¢HUImeHT HeCKMMaeMOCTH
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