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STATISTICAL CHARACTERISTICS OF NUCLEUS °BE IN THE EXCITED
STATES
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Nowadays research of light nuclei is very important because of thermonuclear fusion. One of

these nuclei is the nucleus of °Be. Beryllium is a good neutron moderator; also it has the property
of a neutron reflector in nuclear reactors and the main property of this nucleus is a neutron

generation. In this section we are going to research statistical characteristics of the nucleus *Bein

the excited states. We have used the wave function of °Be in the ground and excited states in the
three-body 2an model (with the aa-Ali-Bodmer potential) [1].

The RMS charge radius of *Be

The root mean square charge radius of °Be in a cluster model can be found from the
calculated by us formula:

2 2 1 2 1 2
<rch>:<rch(a)>+z<xi>+a<y1>’ (1)

where <rci(a)>- the mean charge radius of a-particle (1,6757 fm [2]), <X12> and <y12> -

matrix elements in Jacobi coordinates (X, Y;), which define the mean square separation of 2 a-
particles and the separation of neutron from the center of mass of these 2 a-particles respectively
(Jacobi coordinates ( X, y,) are illustrated in fig. 1.).
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)
Fig. 1. Linear scheme of °Be in the 2an model. X;, Y; —Jacobi coordinates.

. v2 Y .
The value of the rms charge radius <rcf1> =2,52 fm doesn’t indicate the halo structure in

°Be in its ground state, but in the excited states (J7 =1/2",3/2%,5/2,1/ 27) the rms radii are

greater: 2,84 fm, 3,18 fm, 3,12 fm and 3,04 fm respectively (see fig. 2.). In consequence of being
excited, this nucleus increases its form and size, changes its structure to the halo. In this case

neutron moves away from the center of mass of 2 a-particles (the wave function of °Be in its
excited states drops to zero at 'y, =12-18 fm [3]).
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Fig. 2. The RMS charge radii of *Be inits ground and excited states.

The quadrupole moment of °Be
The quadrupole moment of *Be have been calculated by the next formula:
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where Z - the electric charge of a-particle, I(xfl‘z,a),l( fZ‘Z, ﬂ)- the Gaussian

integrals, o, and Cigﬂ) - coefficients of the Gaussian function of the *Be wave function’s radial
part.

°Be is a stable nucleus that has an enormous deformation. Quadrupole moment in its
ground state Q =52,6 mb, but in the excited states (levels J” =3/2*, 5/2%, 5/2") this nucleus has

quadrupole moments with negative value (Q =-1.055 mb,-10.9 mb, -9,9 mb respectively). This

fact means that a-particles are attracted to each other strongly, in other words there is a neutron
exchange between these 2 clusters.

The magnetic moment of °Be

The magnetic moment of °Be in a cluster model can be found from the calculated by us
formula:

ﬁzZ,uanr(%—Z,unjl:—gr ©)

where £z - the magnetic moment of a neutron, J, L, [ - angular moments of ‘Be.
We have divided this formula into two parts:

u=M;+M,. (4)
where M, and M, are defined as follows:

AT Lo P

where B, - statistical weights of the state’s configurations.

:__Zc“ AT)LS |1 I|(A) LS 1) x
:legl (6)
<1 (X a)1(y;.B).

The octupole moment of °Be

The octupole moment *Be is an abnormal property because this nucleus has only 4 charged
particles (protons), but as a fact to have this characteristic a nuclear system must have 8 charged
particles [4]:
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The octupole moment of °Be is very important because it is proportional to the magnetic
differential cross section of elastic scattering of electrons on this nucleus:

(o) L “”(eja o1,

dQ 4|\/|2 ( J ®

(st () )

where  p=1+ Zglsln (J/M & —energy of an electron, € —the angle of scattering,

M —the mass of a nucleus, a — fine-structure constant, €3, — the octupole moment of a nucleus.

In the excited states the octupole moment of *Be is far away more than in the ground state,

that is why the cross section of electron scattering on excited °Be will be more than in the ground
state too. So it is better to use this nucleus in the excited states for electron scattering (in this

reaction °Be is a neutron generator).
Calculated results of °Be statistical characteristics are represented in Table 1:

Table 1. Statistical characteristics of °Be

State W Fm ul Q, mb Q, uy- Fm?
(spin part)

1/2° 2,84 -1,87 0 0

3/2* 3,18 1,51 -1,055 21,35

5/2" 3,12 -1,52 -10,9 -188,49

1/2° 3,04 0,82 0 0

367



5/2° 1,97 -1,21 -9,9 4,86

312 2,56 -0,85 52,6 -5,97
(the ground
state)

Conclusions
1) The nucleus of °Be in the excited states changes its structure to the halo.

2) The halo structure of °Be defines the negative value of its quadrupole moment, so in
comparison with the ground state this nucleus changes its form and type of deformation.

3) The octupole moment of °Be allows to define the magnetic differential cross section of
elastic scattering of electrons on this nucleus.
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OCOBEHHOCTHU UBMEPEHMA YIIPYT'OI'O PACCEAHUS 1101 BOJIbIINMUA
YIJIAMUA

AoaynaunoBa Maknaj AiiGekoBHa
Maructpasnr 2 xkypca
EBpaswmiicknii HannoHaIbHbIM yHUBepcuTeT uMenu JI.H.I'ymunesa
Acrana, PecriyOnuka Kazaxcran
Hayunsrit pykoBogutens — K. A. Kyrep6ekon

B nacrosmieil pabote npeacTaBieHbl pe3yiabTaThl H3MEPEHUsI CEUEHHUM YIIPYroro paccesHus
%Kr ma anpe 2ZIAl npu 3Hepruax 84 u 123 MbpB. Takke npencraBieHbl pe3ysbTaThl aHAIU3A
GyHKIMM BO3OYKIEHHUS YHPYTOro paccesHus 0+*Ca B obmactu sHeprui 17-50 M»>B npum
00paTHBIX yIiax B paMKaxX ONTUYECKOH MOJEIH.

Beenenue

VYrpyroe paccesHue — 3TO NpocTedIas SAEpHAs peakius MEeXAy HaJEeTaroUUM SApOM U
MUILIEHBIO, KOTOpasi OOYCIIOBJIEHA SApO-ilepHbIM B3auMmojieiicTBueM. HecMoTpst Ha mpoOCTOTY
MeXaHHM3Ma, YIPYroe paccessHue SBISETCS BaXXHbIM MCTOUYHHKOM HMH(OpPMAlMKU O CBOMCTBaX siaep
[1].

OpnHOM U3 CIOKHBIX 3KCIEPUMEHTAIbHBIX 33]1a4 SIBJISIETCS U3MEPEHUE YIPYTOro paccesHus
noJ 60obIMMHU yriamMu. I 3TOro MOKHO UCHOIB30BAaTh METO1 00pPaTHOW KHHEMATHKH.

[To cpaBHeHHMIO ¢ TIpSIMOM KHHEMAaTHKOW, METOJ OOpaTHOW KWHEMAaTUKH TpH
PENATUBUCTCKUX DHEPIHUSIX UMEET Pl MPEUMYIIECTB JUIsl CUCTEMATHUECKOTO0 U3MEPEHUSI CEUEHUI.
Bo-nepBbIX, Bce saepHble (parMeHTHl 00pa3yroTcs NpU IMPOXO0XKIEHUM sApa-CHapsja uepes
MUILIEHb Onarojaps WX BBICOKMM HMITyJbcaM. TakuMm o0Opa3om, Hcxojsmue (pparMeHTHI JIETKO
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