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Cuctema B MATPUYHOM MpeacTaBrieHUm
MOXeT 6bITb MCMOSIb3OBAHA AN MHOXECTBA
TOYeK PYHKUUU f..

OpHako, cylecTByeT BO3MOXHOCTb
NCNOSb30BATb KOIMPPULMEHTLI /i, KOTOpble
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TTpyumeHeHWe meToaa Kybuyeckmx cnnamHoB Ang

paauanbHoOro ypasHeHus LLpeauHrepa

TpexanaroHanbHas cuctema

Am=HTf,

KO3(PULMEHT m MOxXeT

6bITb BbIpAXKEH Kak

m=A""Hf,
M moxeT 6bITb MCNOSNb30OBAH B
pPaAUAnNbHOM ypaBHeHUU
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3. TToMuMO CcBA3aHHBIX COCTOSHUU,
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N30TpOMNHLIN rapMOHUYECKUU OCLUUNNATOP

PaauanbHoe ypasHeHue
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h EoyEr max(ly(r)-x%())
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Q AIbga-KnactepHas moaenb 14pa U

MeToA rmnepcgepudeckux MyHKLUN.
% A runepcepep PYHKL
7t BekTopa Skobu HOleApOBClHHbIe BeKTOpCl dkobu _mmy
0 R=r-n ¥ = m +my
m, n, 2 Mnepcopepuyeckme KOOpAUHATLI
m, + m, +m
Moaenb Tpex 1en c X=pcosa, y= psnla 1 2 3

BeKTOpamu Skobu.
PaznoxeHwe BONHOBOU (PYHKLUU y, OCHOBHOIO COCTOSIHUS CUCTEMBL MO FUNEepCPepuUdeckum QyHKLUIM

2/ +1
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2n!(21, +2n+2)(n+21 +1)!
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ByHKUMM Xz (P), HAXOAATCS U3 pelleHns CUCTEMBT FUMNEepPAAUGBHBIX YPABHEHWUA.

[Oxubytu P.M., lUntukoea K.B. Metoa runepcopepuyeckmux yHKLUUU B AaTOMHOU U 94epHOU pusmke. 1993 r.]



MeTon runepcgepuyecknx PyHKLUAU. Cuctema
rMneppaanasbHBIX ypasHeHUi,

Cuctema runeppaamnanbHLIX YpasHeHUU b, = mogoxo ~0.02392 -m. + WF =2),EF,

2
%xﬁg(pp 2Eb0—i2(1<+3/2)(1<+5/2 = 2, ZU;KZ ). &, =1MeV, ~A"'HF + WF = 2b,EF,
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m, - MACCa HYKMOHa
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[V.V. Samarin. Study of spatial structures in a-cluster nuclei, Eur. Phys. J. A (2022) 58,117 ]




3apaaosoe pacnpederieHne U cpefHeKBaApaTUYHBLIN 3apaA0BbIN
paauycC 94pa anbpa-KnacTepHoro a4pa

3apsnosoe pacnpeaeneHue p(r)B abga-KnacTepHom sape CpeAHeKBAAPATUYHLIV 3apSAOBLIA paauyc (i)
3 CUCTEMDBL onpep.enﬂeTcsl Cpeﬂ.HeKBGﬂ.pGTMQHbIM
(r)=[n(r)p (|r —n |)dr
P f 1’PHe 1yen 3apAAOBBIM PaAMUYCOM pacnpenerneHus 3apsaa B

a-KnacTtepe, KOTOPLIN CYUTASICA TAKUM XKe, KaK
n(r)) - PyHKUMS pacnpeaenieHns no paamycam 7 P P

2
W ANS a-4actuubl (7), U CpeAHeKBaAPAaTUYHBIM
LleHTpOoB a-4acTuu onpe.u,ensleTcg BbIpaXXeHUem A uer (i), U CpeA AP
o paauycom pacnpeperieHus LieHTpoB a-

) 2
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0 w/2
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f p°dp f cosasina)’ do f dsin 0w, (ce,0,p) =1 R, - pacctosHUe mexay a-4acTuuei U LeHTPOM Macc
CUCTEMbI , m, m, -2
TTpy YnucneHHbIX pacyeTax AenbTa- R, = ( R+ I’)
m; +m, m; +m, + my
PYHKUMA [lupaka 3ameHsnacb Ha .
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Ar 2 9 8 12 72
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Bsaumopectaue anbpa-yactuy, Vo (1) =V (r)+ 7S ()

Verd P} 11— |
Anu-boamep

‘A 100 | l | l
TToTeHuman cunbHOro B3aumopenucTsusa v, | p—] (r) 3]
OCHOBAH AGHHBLIX MO PACCEUBAHUIO Arlbda 0
4yacTuL, U3BECTHOMY Kak noTeHuuan Anu-
Boamepa [1]
(N) 2/ 2 2/ 2 1
Va_a(l”)=v1 exp(—r /a1 )—v2 exp(—r /az) (1) |
KynoHosckoli ssaumogetictaue V.5 () 2
nony4veHo us [1,2].
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HeoviHon Byac-CaxcoH

Vofii(r,ac,bc)=ac-erf(bcr)/r (2)

-20

N 1 N 1 N N 1 1
4 6 8 10 0 2 8
r, pm

TToTeHuman c aAsyms pyHkuUusa Byaca- Yo °
CakcoHa umeeT bonblue NapameTpos. 37O Anbga-anbga paccesHue noteHumanos Anm-
BAXHO MPU OMUCAHUU SKCMEPUMEHTASTbHBIX boamepa n asonHoro Byaca-CakcoHa noytu
AQHHBLIX [3] COBNAAAHOT.

N ()2

Via(r) = U f (r:Buy )+ U] (1B 002) (3) M3secTHO, uTO NoTeHuman Anu-Boamepa He noaxoaut
®yHKums Byaca-CakcoHa f(r,B,a) A9 ONUCAHUA 3HEPrUA CBA3AHHBIX COCTOAHWUIA anbaa-

g\ KriacTepHoro aapa, K npumepy 2C.

1+exp(—) } (4) Beuay aaHHOro cpakTa, noteHuman asouHoro Byaca-
¢ CakcoHa nucnonb3lyetca ANa ONUCAHUS B3AUMOAEUCTBUS
[1] S. Ali, AR. Bodmer, Nucl. Phys. 80, 99 (1966). anbga-knacTepos B aApe.
[2] H. Suno, Y. Suzuki, P. Descouvemont, Phys. Rev. C 91, 014004 (2015).
[3] V.V. Samarin, Study of spatial structures in a-cluster nuclei, Eur. Phys. J. A, 58, 117 (2022).
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Be160p napameTpos B3aMMOAEUCTBUSA 0—0 AS19 AOCTUXEHUS

cornacuma C skCcnepumMeHTasbHbI

1. [1na nonyyeHus cornacus ¢ 3KCNepUMeHTaNbHLIMU
AGHHBIMU, NApameTpbl NOTeHuuana AsouHoro Byac-
CakcoHa sapa 2C 6b1nn usmeHeHsbr. TTonyyeHHoe
3apsAoBoOe pacripefesieHne U 3Heprusa otaeneHus Ha 3
anbga-vactTuubt a4pa 2C 62M3KU K SKCNepUMeHTarbHOMY.

2. TTocne otaeneHus anbga-vyacTuubl U3 aapa 2C,
obpa3yeTcs HecBa3aHHOe COCTOsHUE B BUAe aapa SBe.
TTo 3aTou NpulUMHe, NONyYeHHas 3Heprus OCHOBHOTO
cocTtoaHua E,=-7.272 M3aB 6nu3ko K

3KCNEepUMEHTANIbHOMYY 3HQYeHUHO OTaerleHUs anbga-
yactuuel o1 2C E=7.366 MeV [1] (E~-E)).

3. BerumcneHHbIV cpeHeKBaApAaTUYHbLIN 3apSA0BbIN
paanycC Takxe 65IM30K K S3KCNepUMeHTarTIbHOMY

(r2\2 =2.774 fm, (1)L =2.47 fm.

exp

v, ., MeV

o—o

100

N
80-— AB
L \

12

Interaction potentials V'

Potential 2WS has more soft
repulsive core unlike AB potential.

3apsaosoe pacnpepeneHue 2C,

0,05¢

SKCMepuMeHT

Cornacue ¢ 3KCrnepuMeHTanbHLIMU
AGHHBLIMU 6bIO NONYYeHO C
NUCNOSb30BAHMEM NOTeHuuana
ABOUHOro Byaca-CakcoHa, BMecTo

noteHumana Anu-boamepa.

0,00
0

r, fm

[1] Nuclear Reaction Video. Low Energy Nuclear Knowledge Base. http://nrv.jinr.ru




KapTuHa nnotHocTu 8 6 =m/2 -
BEpOATHOCTU ANA OCHOBHOIO | -
COCTOAHUA anbga- r, om [

KractepHoro sapa 2C

PacnonoxeHue anbga-knactepos,
paauyc anbga-Knactepos 6b1n BbI6paH B
kak Ansa aapa ‘He - 1.67 pm.

TpeyronbHas

r,oMm |
CmsaryeHue OTTANKUBAHOLLETO KOpa 6
NPUBOAUT K MepeKpbITUHO YUCTOU anbga-
KNAcTepHOW CTPYKTYpbI. 4
3apsnoBoe pacnpepeneHue U 3apaaoBbIN

2\1/2

PAAUNYC (7 )pe: PACCUYUTAHBI KAK CpedHee 2
AN BCeX NO3ULIUUA BEKTOPOBR U 7.

0
MeHee BeposaTHaa KoHpUrypauus

KOHQUrypaums

Camoe BeposTHOe cocTosaHUE -
TpeyronbHoOe, Koraa anboa-
KNacTepbl pacnosfioXeHsl B
BepLIMHAX paBHOCTOPOHHEro
TpeyrosnbHuKa ¢ ANIMHOWN CTOPOH
~2.6 PM.

JTuHeuHas

m o
14




KapTuHa naoTHOCTU BEpOATHOCTU4
ANS OCHOBHOIO COCTOSIHUSA arnbgpa-|

KnacTepHoro aapa °Be

O

Ey. MeV (27" fm (2}, fm
Finax VN (29) VN (33) V& (29) VN (33) VN (29 N (33)
2 2 —0.5814 ~0.9979 2.3260 2.0577 2.7875 2.6466
4 4 —1.0813 — 14824 2.2333 2.0 27854 2.6020
6 6 —1.2378 —16135 2.2308 2.0079 27834 2.6081
8 8 —1.2815 —1.6471 22418 2.0160 27922 2.6144
10 10 —1.2949 —1.6562 2.2502 2.0237 2.7989 2.6203
12 12 ~1.2993 —1.6591 2.2530 2.0266 2.8012 2.6225

MeHee BeposaTHas

KOHpUrypauus *He+°He.

r, dM

3

Haunbonee sepoatHas
KOHUrypauus “aaepHou
MOJeKysbl", Koraa HeMTPOH
HaXOAUTCA MexAy anbgpa-
Knactepamu.

15




KapTuHa NNOTHOCTU BEPOATHOCTU
ANs OCHOBHOrO COCTOSHUS
anbga-KnactepHoro aapa L

OcHoBHOe cocTogHue J=1:
E

oTA

Bo3byxnaeHHoe coctoaHua J=0:
E...s=3.563 MeV, E

8036 oTa

pasHa -0.3 MeV.

3apanosoe pacnpenenerue (8 |

PA3MepHOCTU 3r1eMeHTapHOro
3apsAa) ANs OCHOBHOTO
coctosHus aapa 6Li.

=3.725 MeV (Ha 3 vactuus a, p U h).

BbrumcneHHas 3sHeprusa OCHOBHOIO TPUNMETHOrO
cocTosHua (p+n) noacuctemsr - 3.7 MeV.

=0.162 MeV (Ha 3 yYacTuubL @, p U

n) moxeT 6bITb NpeACcTaBMeHO KaK OCHOBHOE
CUHIrNeTHoe CoCToAHUe (p+n), BBIMUCIEHHAS 3Heprma

pp;, fm™

10°'g

104

(@

—

N

2 R, fm

EU! MeV

2,12

(riy

, fm

Eo,

EO.S

J=1

10
12
14
16
18
20

10
12
14
16
18
20

—3.439
—3.544
—3.602
—3.638
—3.663
—3.680
—3.693
—3.702

—0.0556
—0.0851
—0.1052
—0.1221
—0.1323

2.50

2.524
2.538
2.546
2.549
2.554
2.554
2.554

3.088
3.079
3.075
2.981
2.984

1
6 r, fm
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KapTuHa NfaoTHOCTU BEPOSTHOCTU
AN OCHOBHOIMO COCTOSIHUA

anbga-knactepHoro aapa 0

BonHosble pyHKLUUU OCHOBHOIO COCTOSAHUA
appa 0 B moaenu Kop+HeuTpOHbLI
BbIUMCIIEHbI METOAOM FUNepcepepudeckmux ‘
pyHKkuum [1,2].

Ans appa 80 3Heprus otaeneHus E, =
-12.38 M3B u 3kcnepumeHTanbHoe
3HayeHue -12.188 M3B.

0 4 8 12 R, fm

, E,("f0) | Gl | i,
e - . M>B M M
4] 0 —7.876
8 8 —7.964
10 10 —8.049
12 12 —8.113
14 14 —8.155
1. V.V. Samarin, Eur. Phys. J. A, 58, 117 (2022). P Y
2. A.S. Bazhin, V.V. Samarin, Bull. Russ. Acad. Sci: Phys, 88, 1177 (2024).
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HNanbHeuwme nnNaHbI

Hanucarue ctatbu "NCCITEAOBAHWME CTPYKTYPbLI AEP 70O, 80 1 °Ne B
AINb3®A-KNTACTEPHOW N OBONOYEYHOM MOOENAX"

NccnenosaHWe pe3oHaHCHBIX COCTOSHUM 9Be ¢ ucnonb3oBaHUeM MeTOA0B Kybuyeckoro cniamHa u

PyHKUMIA MocTa.

Ncnonb3osaHWe NOmMyYeHHbIX NPOCTPAHCTBEHHBIX CTPYKTYP B PACYHETAX SAEPHBIX peakLui ¢

nomoLbro metoaa DWBA.



Cnacubo 3a sBHUMaHue!



YepHoBuUKU



Selection of parameters of a—a interaction potential for making an
agreement with experimental properties of alpha-cluster nucleus °Be (a-n-

o). Potential V. - Vi MOB Potential of
In’re;ac‘rion a-nl nics represented by i sl l:z interaction
seudopotential of strong interaction between [
|c:JllPl‘\a-cFI)us’rer' and nucleor?. ZZ Vaen (r) ol “AB Vo (r )
It gives correct description for neutrons b
outside of alpha-cluster (doesn't take into 21
account neutrons scattering on alpha-clusters) ¢ 2 gw&
Ver(r)==U.f(r,B,a,)+U,f (r,B,,a,)~U.f (r,By,a;). 2 \/ ! o .
40 . . . . 0 2 4 6
Experimental value of neutron separation for °Be ES§1.6641 ’ 3r - ) r
MeV [1]. After neutron separation, unbound nucleus 2Be is P, m’
formed. Charae distribution of °Be.
As a result of the selection, the value of the ground state 0.075 Experimental data
energy was obtained E,=-1.663 MeV. Thus, agreement with bW —
experimental data was obtained E~-E.. 003 0 AR
. For oa-o 2" a-n?

At the same time, charge distribution was obtained, which is
(C,Ic?l?:%lgge%\ Fhs %%ﬁ%%”ﬁ&bﬂ“&ﬁ%b is close to the experimental
VG'UC [1] \1/2 0 0 i é .'IS 4 5

(r2)\2  =2.43 fm, (1) e =2.52 fm. .

0.025 | (2BC)
and V-V

[1] NRV. hTTp://an-jinr.PU C / theor exp



Selection of parameters of o—a interaction potential for making

an agreement with experimental properties of

The parameters of the SX variant [1] of
the A-T-potential

alpha-cluster nucleus SLi (o-n-p)

The nuclear part of the nucleon-nucleon interaction may be
described by the effective pairwise central soft-core Afnan-
Tang (A-T) potential [7] for a triplet state (¢) and for a singlet

(s) state V() ivi(z,s) exp(—BY’”ﬂ)

=1

We using effective nucleon-nucleon pseudopotentials 7, and 7, in calculations

[1]. The pseudopotentials do not take into account the data on phase shifts, but
their forms are similar to a-a and nucleon-nucleon potentials. The parameters of

the pseudopotentials were determined from the condition of equality of the

calculated and experimental values of the ground state energies for systems a-

cluster + nucleons.
V() =-u f(r,B,a) +u,f(r,B,,a,) ~u,f (r,B;,a,) f (r, B,,a,),
r—B

f(r,B,a)= [1+exp(

)] V=V Ve () =V )+ VO ()

Vi(MeV) | v,(MeV) | v;(MeV) | B,(fm”) | B,(fm™) | By(fim™)
t 500 -102 -2 11.41 | 0.625 | 0.141
S 500 -102 -2 4.15 | 0.625 |0.141
1 : B a
(MeV) (fim) (fm)
1 64.8 1.95 0.25
2 55.8 1.22 0.3
3 119 0.9 0.5
4 2.7 1




Core-nucleon potential in 170, 180

The two-body Schrodinger equation was

also solver by spline-interpolation
method. The calculated energy

separation for 0O is -4.01 MeV and the
experimental value is 4.14 MeV. This

potential gives the correct energy.

17

O

a - decay

B - decay
B* - decay
e-capture

1p - decay
2p - decay
in - decay

The similar potential was used to
calculate the separation energy of 20.

-6358.67
-2760.43
-9700.87
-8678.87
-13781.67
-25259.91
-4143.06

U, MeV

U, MeV

10

-10

In 1

L7O

\

In 18




Nucleon—nucleon potentials for description of 180

Below we use the nucleon-nucleon potentials SX and a-nucleon pseudopotential to
calculate of the ground state energies for system 180 (core+n+n).

400 nucleon-nucleo

0
\ - - potential

2 / 300
L\ / |

2 z
! \ / Core-nucleon 2 20
= \ pseudopotential Z
-]
8 \ 100

10
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