Bt @& ¥ ENHNTYFN TYTLYV

2R X E %
A hybrid-VTY model for the T =0, 1 states of A=6 nuclei
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This thesis presents a three-body model of the 7=0,1 states of A=6 nuclei (*He, °Li and ®Be)
constructed based on the so-called hybrid-VT model which was sufficiently employed previously
for treating the ®He system. The author extends the model space of the hybrid-VT model for
the “He+N+N three-cluster system by incorporating the Y-type basis representation in addition
to the existing V- and T-type bases. The Y-type basis plays in important role in calculations
of matrix elements of momentum-dependent interaction between 4He-N in the V-type bases. In
order to simulate the a-td correlations in °Li, the T-type basis of the previous model is also
expanded to include the coupled 3S;-®D, states of deuteron. The GPT force which contains the
central, tensor and spin-orbit components is used to describe the N-N interactions, while the
so-called KKNN potential is employed to represent the “He-core interactions. The realistic N-N
interactions simulating 7=0 and 1 scattering properties of NN systems are shown to reproduce
successfully the 7=0 and 1 energy levels observed in °Li.

All the low-lying states belonging to the negative- and positive-energy spectra of A=6 nuclei
have been searched using the Complex Scaling Method (CSM) within a wide-range of scaling
angle 6. The positive-energy states are solved as two-body (*He+d) and three-body (‘He+N+N)
resonant states in the CSM framework. In the case of 6He, it is found the 0% (T=1) ground state
and the 2{2 (T=1) resonance states have good correspondence with the results of the previous
studies. For the ®Li system, the 1} (7=0) ground state, 07(7=1) and 3*(7 =0) excited states,
and 2¥(7'=1) and 1 (7=0) resonance states are obtained correspondingly to the observations.
The previous studies based on the effective interaction between N-N have failed in reproducing
these 7=0 and 1 states in °Li. On the other hand, for ®Be, the calculation predicts the 0+ (7=1)
ground state, which is a resonance, and the 2+(7=1) resonance state due to the Coulomb
interaction.

The calculated binding energies, resonance energies and widths of these states are in good
agreement with those of the experimental values. The predicted root-mean-square (r.m.s.) mat-
ter radii for the ground state of SHe and SLi are also in accordance with the observed values.
Using the present model, the author also searches the well-estimated 1~(7'=1) resonance state
of SHe which has been associated with the presence of the soft-dipole resonance in this 8He nu-
cleus. There is found no 1=(7'=1) resonance state with the width smaller than the value limited
by the scaling angle 6. The role of the tensor force in the ground state of He is assessed by
considering the relative contributions from different term configurations of the NN interaction
to the binding energy. It is found that inclusion of the tensor force reduces the gain of the
binding energy, which is understood as the weaken of the neutron-neutron correlations in SHe.

The tensor force also plays a significant role in the ground state of ®Li due to the presence of
the deuteron cluster.
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In conclusion, this thesis presented that the low-lying energy levels including bound and
resonant states of A=6 nuclear systems are well predicted by the 4He+-N+N three-cluster model
using the realistic NN interaction and the developed VTY-basis framework. In this study, CSM
was also shown to be very useful in solving the resonant states of the three-body system.
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T, RI €= ZAVWERTFEEREN - IEOBBICLY RV v 7 - SAVA
BORFEDOER - BMBBRKLTE Rk, ZOBR. FU o7 - 54 VEBORF
ZRWT, EFIIKEVEEREZ L ORFEDEFEER., TN TEFEOBED
BFEREONTWA Z L, £, BEESHEES LS BBT22LREINET
DEERICIIRONZVFLERARBELNTE T, £ZT, KUY v T - 54 ViR
DREFEEFEDTEEREOILE VRO 3RFZICETA3EARENFRELT, &
TeRBERAERET D LB EEDRIFEYEERRICB T IEERBRED—D LR
STV 5,

RV o7« A4 VEEDRFEOR T, He, "Li, "Be 72 E DV 5 F:FEF
BiiptEF o —iZ e HEh, BRI N AT TR BN > -HlEx b -
TVRLEEZLRTVWS, TRNLOFHFA AT —HEDOPRT, He B DERT—#
bbb, BRI HLIHEINTELEREFETHE, TNODOREEND., He itz
T (A) BT, RFEOPTROLREREZETHD He DFE N ITHETFH 2 2f8<
KB LI-BELRF->-TWHLEBEIND, Z0 Het2n HANZ L B He OEMOE
IO A= 6 DFEFEE, T72bb, °Li(*Hetptn). °Be (*He+2p) iZ L FEDIFFRIZ
LoTHEROON, BREMTH S Li & RFICIALEN He LIEFERTHS Be 28
WTIEH R ERNEB~DOE B LR LIS,

AFEIE, TOEBDRD, HetN+N (N=porn) A% AW CHENKTFRIMEE
BEANV AL FRIOMEERICER L. 3 G5RERER LUtk ELf2x LT,
A=6 DRFREIIBITATA VAL T=08 L1 OREIZEIT 20 HHEREE 718
BMOEEXHZBLEZLOTH S,

‘He+N+N (N=porn) EEZHAWA=6 DEFEOHFEITIINTTHLRENTET
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%, SREER—) U ITEEFAVTRS 2 LIk -o T, KRR, HmREBOM%
B REERICRAALATRRZAR, TNETORELY —BEAE DT> T
BLIATHD, CZTOHEEHEDD 5> —ODRKMIT, He =T LNV U RIEFM
ORAFMEDOBRZEREZEFHEB TR ANTNWERTH D,

Bon-ERIT. A=6 D 3 DFEFE (He, °Li, Be) D 10MeV AT ORI = RNV ¥ —%
MEFOEBBEKTHY, TOR/ENOZEMOYBHMEIHLN, £ -8R
F—F LD - REBIT2bc, ®He, Be TII T=1REFFIINEEL, HEX
iz T=1REL LT, EERE J™=0", BHERE J-=2" IBAT—F L I<—&TD
TEMRENT, —F. °Li TiXT=0 & 1 ORENFEEL, T=0 TIIEERE J =1
2%, 3" MEALASHAIRIB L L TR GV, E72, T=1 TiX, °He, Be LIS L T °Li
ZBWTHRIEN 3 J™=0%, 2" BRD Nz, TOTINF—BEMIZ OV TDRERIL.
L RGA—ERBRVHETHAIZ L 0b LT, TRNETOHFRELES, Kb L<
ERTFT—FEBRBEATHLE2 R LE, LD biT, °Li O T=1 ORIEZE T=0 & FARFFICHE
BLAEBDTOHEBRTHY, T=0, 1 OBEERT -7 % L BB T HENET
MEEERAZRWEI LICEBARRTHELEEZX OIS, 1. TV YNVHEZIERIC
BROANTEZ LR IORERZEHILTEEThHoLLEEZLND, TN O DRI,
ERIZER 2 KE S BRo M Het NN HEHEZZTLTHHTHLNEZLDOTHY , K
MROBNIZREO—DOTH D, ZOHBEILBITSHH I —H>OENTMRIT, 3 &3¢
BRREASHEBICHE SN T, B RV F -1 TR ERIBLE S, BRIF—4
LESHIELTWVNAB I ERENDONTZZ L THD, —BRT—F2HBP LRV
BiX, Li D T=0, J*=2" REETH B, BHIIFEWVW= IV F— LY K& RHLBIEE D
o T, BREERr— ) W THETIIRDBZZENEBERRETHDZ LIZLD, &
52, HEBEKOSHEZE LT, REAF (nn, pp) MOXHEEL pn MOERTH
BIZOWTHEKRIBVWERNE DN, T72bb, ®He, °Li, Be @ T=1 KBTI J*=0"
SHEENEETH Y, °Li O T=0 Tikpn MOBEBRFHRENEET, TV he%E
BLR2TNEIE EBFHBOEESHRLRATERN I LARINT, ZOEE T,
‘He a7 0s)' DBE—~EMNPEEINTEY, a7 ORERMEZET 2 LV AT
MOBEEREZERIN TRV, FFIX, TOMREEZ Henn EH=FHL L TERL
HEZTRoT, EOBER, DTDIIRRET S He DES=RLX—% Henn &
M=k THRATEDZ L ZRLT

THAEET BT, BEEOMREIL. A=6 OFEF He, °Li, Be DT R/AX¥—IEAL
BEICHOWTEERMRZ2EXDLOTHY, HFEMEZORMEDREBIZART S
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