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(Collective model (unified model) of Bohr and Mottelson)
A0 B — (REBRFERFBEE AR

1050 FEROFD, 8 & DREFH EHIHO L IMITH TIEBIL TV D &V D & = VETRIO B
FHOEERERE TR Mo TVWA I ERELNIRBE L BT, BHRKE— AL M7 —aVE)
H2Y OERIZ LY REORESCEER L R FHARNETES T 2REN AL RLSh, TTh
5 OBEWCHEAMR AT I L7 bR —MICEMRTE 25 BEEED NFOEAREL 2
DELE. = OEBEICAL T, 1952 F5 5 1953 LEI2 A7) T Aage Bohr & Ben Mottelson 282 L 72
£5 1 1, 2] 1% Bohr-Mottelson DHEFMBERL & LiTh TWET . ERAIFES) & EEEB O —HE
LHIIENET. COBENT T3 = VERO R A ST E ATRE T, £ HES) & 13 TR O R
BAIZIED R SRV EVWIT AT A TIZESWTWET. ZOT AT 4 TIZRZIE, ¥ =/VERID
EHPIERERIIARO S A,

H = Hvib + Hpart += Hcoupl’ (1)
1 1 .
Hyip = ECAZ laal® + ED)\Z |cal?, (2)
p 7
Heoupt = Z k(rp) Z oxuYu(Opeep) (3)
P )

LVHRERIANI L R =T U RN EDNET. Hyp 1 IRERED, Hpare 138 % DT ORSIRITES), Heoup
L FEORENER, (rp, 0p, 0p) HH X OBFOEELEL TVET. ZORKIL, RE D4 KiEH
FnEaEK Y)\M B TEHEL, I DIRIE Cp N/hENWE LT, Hyp & Hcoupl & Gy Bl CTEER
LTELNERERD DT, BRESOBAICHEL £, NEMER (A =2) DHE, Hupld 5K
TRFUEBI T A IN =T ThHY, 2ThE BEFHEL THLN ZRERBOFIEE— i3 5 KTR Y
VOERE BRTIENTEET. 2L TR Y Y « T2 A IFVERARICKHTLERANINV =T
UHRESR., BT E n HET Y ICT 2 BOMER S OB D ROTVWRIC R D £, = ER
DEHENERL TV B EAITHRES & T, 50 5 M L EZ RIS L CEEET 5 FliRE
BT 0 ET. TOBAITIERRT AF ay, DFEEDOED Y T Houp £ BEET 5L & BIT,
ElESES) & ER S T EBOHEEANR R T 23 X 5hRReEE 1. RO FHHINER
ERLSIMC bEEX 2 B HEZNEAL TWETOT, —0IC MRS T2 5] LE-oThECS
BAREFRREE—F AR ET. 2O ICRHIET D Hy, Hparts Heoupt DEREE Z L b TEET.

T OEF N E EHHRAEEET L REL RN LR KREITY. Hyp OEENT AF Dy LETLN
S5 X% Cy ICHBRHIEREET VOEEZ VD L ERT —F L EDLRVI LIZEIN L0 > TNE
L. WI0HBITRERLARELOTFu P —lER &N TVWETR, ZXBERE L TEDILT
ICBE T, B R —OEFRRIT Y = AL SHEEOREL BRI AREFSERICHR
BERE—RThHoEOBBMIZOYUENLH Y ELT. TFT L EFEo TN HDT, EROER L
FIE > TRENCE(LZ T 2 0T, 1950 440 7% ¥, BRI % BCS B MEB O iR
RN ERL , A FOROAHEERNS HEL T Hyp 28T 25752 LB AHEICRY



E L 7. Bohr-Mottelson DERFRAVZEFMEA 2 HFER L L T, D% 20 Fd Y OIEFHRHIFRIC
Lo TZDETANRE D & HITHELL TV o72h3% Bohr-Mottelson ? / —~LVE#HE (1975 ) 1T
TEHONTWEY 3, 4]. ZOREETIE, £EFHEBO B HE & ERALTES D B BE L X EI2HRY
B, ZOZ LI XD BHECKX TF 2 BBAICERL 72 £ T, 0 double counting % & @
WAL 2H5FOMAEMEAL L TEIRMICHEL TWL 77 e —F 3 BAEsnTWnEd. 2R
UL Nuclear Field Theory & KIZh TWET. ZHIEHEADOBRETTN, FHENERL -
SRR B OHBEITH L T RO EHGES) & 13 PGSR TN - FMt 2 BE T 5 BF %
MEMEHTH D L OBABBAINTWET. 5 (1, 2] DAFIZREE 2> TWETR,
Bohr-Mottelson DE#E [5, 6] ICEDERDEFERNR EEDOLNTWETOT, FDRES (EFEH
& AERIRLFEB 2 FE— ISR T D72 DD — A X — L) % [KVVER T Bohr-Mottelson D EME
TN ESFRBETILEY E Bbh 7.

ZDEDBFZ LY, B RNF —OEMBHEE — N IZ— IR GEREM) RExb) TR
<, KIRIEDEMERN L L TRABTIMNERH D ENbP-TEELE. BE, A7V —FEW, 7
Bl — hETRERHFL , 25 DBEEOFEHHIC B D KIRBOLEMIRENEZ > TV 5 LR &
NOBZHLEFCRHENTVWET. 2O L5256, HERT AY DyITEE TR, ERa), i
EELTETZL, RHEBORT v b b ay, OEMRBEKLE 20 £4. EFEEL L TEY
BOREF/NT AZ oy, ZERRONCEAT 20 TIH2L, EFEELEMNIN =T 2EFED
BHHEERD G HREL THRMICEHT 2 REIREE N ZOEBREL L TARORENR K
WIZHIFSRTWET.
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H4 BIxAF—H TBOAXRS PLGERINTVLEL S ICIEK
BFHHTTHS). (8)61.5 MeV DEFE-12 £H< Y & L-154 DR
BlE > THASINEEMETLE Y A-166 EOBHBAIASDHDOT
a”'=1.45 MeV({5EAFFOFREHBLAHNTLS. (b)61.5 MeV
DRF-12 EH= Y T L- 148 DREIZE > TR I N ASHiETLE
Yy L-160 DFIEASDHD. a '=1.40 MeV. 14 MeV RN H > =
BIZAY—E, TOLLTELVE—-2E, EXBEWNEBLIBT,
EEEOERDEHIZZODOEFEAERBLEES CHIRTY
3. BRI, FOEASHEEELALSHBOREGEE S LE3MERLT
W3 1mb(3 Ys—2)=10"" m%. (C. A. Gossett et al., Defor-
mation of heated nuclei observed in the statistical decay of the giant
dipole resonance, Phys. Rev. Lett., 54: 1486-1489,1985 i€ X %)

Bt ATy viBORRT Pt 10MeV Bl ETEKREL
RO ERT L 5 KHRBERTA»0TH 5. HER-DOD
BEAESBLARSCYBND &5 BEE, AT=1
MeV(k=RNY vV EH)D & 5 ABET, ThboOEEE
DEBERLTEY, TOERRL VEAZFLF—CDE
HOET LB EAEBDLANC LERL TS, Lichs
T, BOREEITCR L VERIEREI NS

ERIEZAL Y CHETH BT DMDERE, T

21 MeV B3 RETCHABRAKRE 2BHRROLEL DD

RS T ERFRLTVS. X hiC, EXVYCHRBABE
BREACVTER(EIDVBLAEOEL T L — M) T 3.
FCERZ, EEERCE 7V — FEEEEZFELL, FEBY
R IC 7 B BRFEIRTE (% 7o B ERTBZKA D B Ic X » TR
Ins.

BEEERICH I BEALE
EARBRERACET 3G AN F-BEECENTE
BEaREErRE T D IFloO—DEBHEERTHY,
INEREEHEZOREKEATEETH 2. NEBETH S
BFEREZOHBBOR LA LB LR LTEHHES
i ZoREOM, THROMAETEE: Ldh 2,88
KEoToa— M /RERTEH, chiE—EoMA 5
BCH3. ThbORIGREY S LFSEIMET 20TH

o £ PR

‘ 4o b2 1999 )
Ciro (989, 212 4R /995

52, SBRERAET-T 7 —HBGOWHEICKFL
Twn5. g
EORERWEOE S SEMRICIERT 2 $ Tkt E, 20
RCEHBEAERE W HRI~E > TEDED VY ML
FRERET. BTl IHREOWERL, $A+ocHE
I T A, EXTA YRS T7—E0RBOTARTSE
e L Ao ERRCHEERRL V2. XI1FELLVER
ENOHFCE bICELRSY, LY KECERE L DRCBE
WRY ZECTTHSS
FOERTOERICEINZORB~HETETH D, Th
Fzma— b/ 2RETICLLE-THLE. ChbDX
PECTANE—D=a— U BAMI~BHL, EXE]
HHEET T L AERMIBEHET 5 IEEEELSUG
BLT?Y MVROKEET 5. v Lo C oL R EE
WORELANCET 5 T & ATHET, BRCEST 2L
nirwn Eok, BRRCRS23»5BOTHRBIE—CC
NoDRISTOEREBHEOER ML LTOL VY KE ik
pbLlhrwv. —D0flE7 vRTHE. chid, Ftr-
20(*Ne) DERILIBHIE & Z N ICKE< “F+p ~DRIC X >
Tobhd(W==—1Y/, BKE BIXZ ML, &
His).
[K. A. Snover /}HE1EF]

@k : B. L. Berman and S. C. Fuliz, Measurements of the
giant dipole resonance with monoenergetic photons, Rev. Mod.
Phys., 47 : 713-761, 1975; Proceedings of the Workshop on
Isovector Excitations in Nuclei, Can. J. Phys., 65:535-698,
1987; K. A. Snover, Giant resonances in excited nuclei, Annu.
Rev. Nucl. Part. Sci., 36:545-603, 1986; A. Van der Woude,

Giant resonances, Prog. Part. Nucl. Phys., 18:217-293, 1987;

S. E. Woolsey et al., The neutrino process, Astrophys. J., 19
90.

RFEOEREE)

Collective motions of the nucleus

RFEOEREESDOHE

A RRME(1~250 @) DR F 2 bRERLE W BF SR & L
TORTFHAEbOTEHAETERE— P2 0T L%
bhTEY, L BEORFMEIEE— FOERIBRED
ROBEEAT—-vTH3. BEITTCHLATY3EFHED
EMEBIRKRDO L 5 ckFIcE k5.

1) BETANF—10MeV B LIt ERILE L LTHI S
EFMIEREIE — P 1970 FLEC &2 - TROEE, Bike
AEV-TA VA OhFNEEE &b RS 284
BMOBERLEREBRHICHAE SN, ESVETES, &
[NEGETRE), EXEEFES, ACViREE V-7
4V ACVIRE( A € 7-7 7 —BEKRHLR), BIIEFE
Eh ER L CHbRT 3 (BETFZOEALIE).

2) HEEREED G MeV EEDECEREZR L Z V2
Bo0 RSP EE T — F. BB ONERS AERKRST
— F, ERHEOLEER L FEEROEDHIOWL T (B IR



g, rIEI;MA LR IB0ERLLLILFHLOR TS, EWE
FHOWUERE — FRETFROBERIC BT 28N&OFT
OEF ORI E K SHERE(AEFE J=0 O 2R T & X
5 b 3R ¢ WEGER (R TFEROEE S % KR
CERX 2 XS T 58 tFBEABRCH Y, BORNE
& L BEENEEOEERRZT T 5. KK L ERK
OHEOEBEBICE T 2R FHREBK: Ldh 3. &
B o WEBRIENEE 3RS & FEEo RN AE 2~ L
JETEFOME « FEHEEME R b TEY. DL EREEEHE—F
THBH, TOED, 2EOBKTEIL—L Y MCER - H
BT AIEEE— R 2 MFBARSC L D FE<bhT 3.
cDE— FREES L XiZh, 7—1—{ =0 KA XK
Fr) L EECERL TR Z——xREEL, B8
REBIC R - T 3 EFHTREFEIRERIO BRI
> THEEE & X dh 2 [EEEE— F28ER, WEEXR 7 My
BERIE N B (DB

3) FECKRET-HEHEL I OSEEEES o0/
EBFEOMRMEE L, SEEE L w5 —BomERLto
M ECHEKERD T3, 1970 ERLE, Ef A VK
SARYCL YV EHEEEEY 2 YHE3 XS5 KR, BEE
T J=T0 RDMEE E CHEBM A7 PUBBAlEhTe
3. RECEELOODIMELHTH B2, 1), 2)THX
REMESE— FOoRE EREEORELZ I DL S
CEILT 2O TORRRELT - 2ER Y OERBECDH

%. 1986 4, BEEEREC BT, R & HE D HL2H
2: 1 OEEIEFHAD] % L 7 BEREEE > F23 “Dy R+
BTRRIN(DEEE). otk FEilomE v FAE
¥ Ax80, 130, 150, 190, 240 $Hi%k 0 B F R EM I B>
b, 1997 ¥ CICFIE & NBEREEE > o 200
CEL % BE chboEMENY FOMRMEEOBER
EhDTERCTHONILT V3.

4) AHIRVFE—RETH% ) MeV OFEA A HiZE
LESBOBETIEC 3 KIFIBEEMES). iE CiaNEE
T=0 O@HERRED» R LT, BEoETCONTERE
HoMBIEERTELLICHEREBEE(L 2@ T=2
MeV)ICE 3. Fd biE < #Eh B oS EhES) L3RR
< JFFEHEYEO—D D HAE L L CEER D T3
(ARSI EAEHEEZE).

BEFROEDESHOEFE

MERHEE T=0 0XEEREEE L T3 EFROBER
15 MREE) DEBICH 2RPETCRAAV IV FREDDIC
BT ETFEEIEE LT3, CORE, BFoTFEHE
HTBREEOF A LV KEL &Y, FHERF Iy Lo
DOMILHITEE & » 5 BERRRARILT 5. THTeiR
FEFoEMESoK 2 BT 2 5 L CAERNTH 3. &
i, NEBEALEISEHOEE L Y b EEEOIRE)IC
BULAEERZ RTORCOLDTHSE. BEEHREIBFD
BRI FHhES) L FE etk LcoEMER e w5 T
L EHRRORTF - B ERT 2 C L 2 EAWER
BELTEBRAINTE 2 BRERZIE L CHEFOHEREE
ZEHLDICT B 5 X CRENAREN R R LDk TEME

RFZOEHE 431

B EFERT VY v VORI PR DR T
374 FT7THo%(1975 R —7 (A. Bohr), Ty F LV
v (B. R. Mottelson), L A > % — % —(J. Rainwater)® /
— VB S EHEESE ; Rev. Mod. Phys., 48:365,1976). £
RSl 5 FER T ¥ v L OB b ke HEse— F
CEBY 5z, HTEE L RKIEFHOMDOE—F - E— FF
ExbEbT. ZEBEA, TORS e OEERF*ETE
FEEY ay, & L, ZONINV T 2 EMEHET
B Heot, PLFEENH BT EHD H parvicles 18 D ELVER
2R TED Hine OFT

H=H (@) +H particle (i) + Hint (€ 3 %2) oY)
LEL L, MFEREREENIV =T Y Hu B

Hi= B2 (U3 a10) ~Ulei )} @

THEz b3 RZELUBZFHART YTV, of) BFE
EW, x; I iBEONTEETHZ. EHOEREE/ VL
LTR(2) % ay OREEHAT 2 &, M EEFEEOEE
HHQ R

(l:l)tz Zk(rz)za AuY/l,u(et‘pz) (3)

LVSTBIREG S, 2L, FHRTVIIY VDALYV « 7
AVACVREEPERL, xi=(,0,0) B vk Yu
AEREFEMES TS 3.

HS R T R TERT L L v L ORISR RET 3
ERNIN =TV Hon DR ERWERCES WTRE
T35, HMENERTE Heo BiE % RE-RFHEVER
Hin HOUERBBCEHT 2 C LBBEL A 5.

R REESORR BROEN FES R 2t x
BEOBEHE— FOBY 2B T3, 2DC & RIECEREX
R MVCHET3ERCENT, NTFOESEE EIVE
i, ANESERAREOBIEC L VRFEEND. ke 2,
BB OERC L NEBRTORTFOENEE m* KT O
BB m & LT m*=0.6~0Tm 5% bh 3, BHED
BEELBCE TR T RIS OMRIERT L7
WAL TR mtxm 2B ¥, BRIEFES LD
BEEHRO K DIECEHTREER D E 1 BBRERIIBEETO

ERiEL ) KBc(10 20 LTS LT3, fiih, E
2EBRRINERREH & ORBEYRODEL CHERT
5.

BF OB EEICLE S B ERTHRT v ¥ ¥ v DX
CERECKFELTEILT 3. BTFRBE—ELi5&B0d
LTS C X IBEI RNV F-oF B R R T 2RI
B dfEb 2. BCEBECRES NATFERT v
¥V OFERR A EEESFE R B > T2 HE i, BELE
BRroHEROFREEET 5 L L HBFIRECRY, TO
HEnEEMCELT sREESsEC 3. TAabL, KT
B HlEEES) X F O B REN 2 EIE T 2 BT ¥R
MEho—ETH 2. FETHShROFEE, ROBKER
DERHAERTH B C L ORME LT, BEFNFHIERAERD
CEE2FEERDEDL Y TOWLEDRENTEEEROKE
X LABRECALGENESARDE. COkd, HEKL



432 RETRYEZR

LR ORCE EBEENATET 5. EBHOECEIER
82 3 NEIREMESOHATH Z LEL DN TR 5.

B O EFES DR BB OB T 2V F -2
OEEWELOEE A £ ORBEOEIL L & b ICERRICELL
T 3. RiROBICH L TRPESRE - R EET L
L THER VA « ST 4T wd Enbilb T
LB B(COMBERNRAKCIZ S &I LD XS ICHELER
CREL, %=L WINL 3 LD & 5 itk o X
5ICoEND). EETOHA DML 2 EEA A/ H%E
CETBETH7Z ) DAFIANVE —LRIGHIEE >THrb
DRBERIR OB LT, FEEF Y ¥y VADR &)
ot 3 EGEELS 5 SR (BE) B Blo 24 b £k
+3. BAAVERCENCR, ARIRIVF -2 KT
D+ MeV OFEICE 3 & FHSEUOBEHARRICHEDH
BrEZOLNTVS. ChEAAY Y FEOMRPRENTA
CARBEDTHY, ok BRRCEATRETF-ETE
R ER L CEESTREET 5 C L ABEICK 5.

E£FESOMENEROTE

ERESOMENESRE, N— MU —7 4 v 7 (Hartree-
Fock) D51, #BEE @ BCS Han LML - RIS
KERDOFEFHA~OEA T HFEA L L, 1960 LR KV
vEBoRE £REEoNE AEFESRE BT
H2% - RREOFHIOEL, BEKENA— P —TFv 7D
FEC L BHEY I =V —vay, BENEEKEN—TY
—— T gy 2Bk, EMEER S BB O FER LS
BrAE» b7 Tu—FARBEINTETRS.

BRI ESR O EANERE R, DROBRERTH 2 EI%
Fopes EahiERir bR L, *ORARAEHEEOT,» LR
BoERZEHEFHET 2 C &, I he~ 7 ahEE
Bt S EF % L BRERO I 7 a1 OEERREY
BohrcTdzeThs BEEEN—F)-—TxvID
FHEOBERFlIct s T DT L EHET 5. COHER,
AMVERIC 5 BRI L > TRO W DBREHH
Ex b OSRTMEEROFRON I M NEROBE L&
HcHac tnFTHT LTS BEEE N—F) —T %
v 2 HRERE € ORHEZERO AT O B HEEE & RET 5 IR
BAHBRCHS. EMEHEHMET ISR, 20
RICRAEZE O OB Zipk T I 5 C & 2 EERT 2
T DB SHED ETCOROBERERRET 3 OARENE
BThd bbhA, —MCE BERBYSEEL ALY
bR IC LT & 5, EloZSHR RS SERIEOK
Bk L BECEEL TR 2 EL b D BEEEN—TY
— T v ZOHER, BFNEOEREEOFREERMHEL
CThANC ErLbHLARLS L, BETSHERCHTE—
BOXHMFLCH b, COTTE—FLCEVWTE, £
Hn 1), Ko MmaT, NEFAEH*BEEFLLCE
F2RY MAEOBAE LBIREOT 3 C & BEARRIRRE L
h3. Xbic, HlE KRR SEREOEE®RORMRER
V) EFMESHOEEOME L HEABERCH 3. < ORER,
Bk, EXRBORER BOREIUVES LV EER
IEMMEEZEIC 3 ) 2 BRIBRORIE & LT 1970 R 2 HE

RAEMELTON T3, KEECEBROMENEEI NI
VR HEZRO N ARED 5 A AEERE A~ OB H O
B o EE L CEBER bR TWwE. kiR D~ 0FERY
meE ek LC ik, EFEHOERIEN/NE CRT-IREFFES 2
BEROICH D R s HEETRE, BLLAEREVADD
OpT L RIS BESBOBE L LTEIh TV

L —]

RFEMEF

EFoEEs Y URFREOEEER, RBTe tofE
BT OB TCEAIMERC L > TELR S TXTORMT,
L OEEVERR T 220 FETEE I oREREE
BN, FETEYE - R FHEY —RRCE
BTRog@Ec—ohEoMEBEY HH 5. MbhTwaT
RTCOERRONHBFERCHETE 2HE—DFRE LT, BT
% L oEANASTES K UBEROERIZHAL, »0#F
FERE*ET T HROERZETH 2 (BFEFE, EFHE
EE AT v, RAF, SR

BTG, BECKECE, FERALTHOBAHEE
VERT 3 FRE 0T, RETOHEERORKETH 2D
HEKREE D LI ARB - EETH E T 7 AVHEE
(plasma physics), E{A&YIFEZE(condensed matter physics) i
B B EHICEHORFRORREICE 2 PEZOERN 2
R B CHRIWANE S H9 5. BEFE —BERY
BRLULCERTE HiREL &b ic—RERCEECREEZ %
Rl ciRMT 2 (75 XY, HEHE).

C DT TORREHOFLE, =DDEHEICEEET
BRI H 3. —FE R EERNE TP HE ¥ (classical
nuclear physics) & L iEH, % TRERDEFHKICONVT,
EWEEOERN, EROATEXAWT, REFHOBEN
¥ IUBHAEAEEZ K OFRZECE - THLbIL TS —
EZHR BANF—FEFEE2(higher-energy nuclear
physics) (7 A U Tk, AT R F — P E ¥ (medium-
energy physics) & Y i¥h 3)TH 5. ThEFEFEHT
EFHREs LCEFEOBEEEA2FEARL L CERED
3. ZFEE, EA A E%(heavy-ion physics) TH D,
ERMCSE D SRCRELOOD LEIBEETHS. £ T
it, JAHIE (periodic table) 2ARICH 72 2 RF B DOIMNRY — L
25, LEC @b b ko ZEFROBRR AT 5 DICHE
bh 3. BEFEmBEZE 2R b ER2HE & &b ICH
MARRMEZHET 5 LV OITRDER Y CENT, HFED
DTHB. EOEBREBELE TEBLIVERFCDZ-T
BECISEMERD 3 € L b oTE . ¥ (nuclear eng-
ineering), #%[E ¥ (nuclear medicine) (3, ISHESE T =D
DIEECEELFITHTH 5.

b2 (nuclear chemistry) (&, EKE, PHRIFIE (mate-
rial science) D—IE T H % 25, BEFHEPEZEL woL 1
# - CTHFEI2E (nuclear science) & \» 5 [R 3BT T 5.
FAY B LA F LN TR, FRTFOHEZEZLALEC

Nuclear physics
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930 varya

*ﬂjr%§§<@i%?ﬁﬂfﬁi) zz%;;j;;;:z,

i, B—DEHETCOWER T4 v NBERESD 2 58 R
WL AMETHD. Tk, BEEEFORTY 2 —FT7D
W F 1L, B—0FEEXAED 7 2 L IRFHHICER->T
K2 BB LTV EESIEE L 2BlETcd 5. BT
EEETFE, LELEAEABETTHL L LTHHAIATY
3, ERICE, BZOEECOENTTHY, TNEE
FREOHEEROLALT, BF 74/ VHEHEERZE
LTHRFRCELLENEDBALDIDTH L. £DEHR
DX VIR, R EREEORR T LELTIW(=F
S, 7 = 3 pRER) .

2T R RO C (X, PRI & > C L\ CHEU |
o BRI TIREEC H % 2 ORI FREIC BRFHIDRAEITT |
ﬁ@mfwt,%ﬂ%ﬂﬁ%ﬁ&;&fmé.cwﬁmu?
BEERIEICH 2 8B L EULTE D, FOERCHRL |
BErBReTECEFEOEEREETEEERECE >
Tw3Enis. LktoTHEFE~d DY BCS-
¥ﬁ91—£7ﬁﬁﬁﬁﬁﬂ%&&0,@ﬁ%@ﬁﬁ%ﬁf
ATBCERTES. 2L THOMRKEGBEEDEE
IREE D O YR TS E AER S M 7oRBE S L CReb e |
3. % - xHHEEELIN R R Bk TROMEVER & w5 B
CEE S5 c b TES. BCS-K Y 2 — K 7 HERRILE
XRFen— U —ERTHEH D, BERTRIESNEE
SCo—HTEBE— FeHATCEHRTED. —F, &
BERIEE S NS00, BoeiRigde=4U 74

LV EFHCHEINTETVSS, 5HaIEE=
AU 74 BFRIERFERECHDLC LPEIHTE, %
OBWHM LR TR =4 Y 74 OFEKILL 2 TH B
thwnzbd. ¥k BCS- K=Y = — K 7HBCRIBEFH
EREFEOFERCA L LD, BETREO LS ARFHOD RN

RiIC C DEHASEFETIEED & WO BB EL 528, TOE}

ROIDCHNDEREKED 5E 2 CHER, i 2 dxE
8, MFBRFAREABRI TG 5 X5 AEAESL
HEhTnb.

%*ﬁ? b ‘/*)L%% [# quasiparticle tunnelling,
Jt Quasiteilchentunnelung, {4 effet tunnel des quasiparti-
cules, & TyHHeJAbHOE NPOXOXKIEHHE yepe3 Gapbep KBa3u-
yactuu] = FxoN— e« b RALER

2 a 7FEX [ Shore hardness, J#f Shore-Hirte,
{fs dureté de Shore, & tBépaoctb no lopy] = =X

H RERFRCHGIEBOEAERAM. 1891 G (BE 24
EVHIEOEEEE T 64827 My L EE S 1, (2401/
1331000)m* IcZ L <, ¥ 1.804dm* TH 2. LOEHRR
ILEER D 1669 LI, —F+E T 25AE 4 F 9 59 X4~
94y, BE 2T THTHohkZ LICHET L. PEEN
J(1/10)F 05, (1/100)F 4], EEEA X 10 F o,
100 FHOETH S .

' + & [ over tone, Jilt Oberton, {A son supérieur,

T obepron] WAEEICBWTEAZLUNORSEDC & .
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Figure 16: The shell correction of the modified oscillator model as a function of
neutron number and octupole deformation «; for superdeformed (top) and hyperde-
formed (bottom) shapes.
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Caption to Fig.2

We have carried out the RPA calculations based on the crank-
ing model using a large configuration space composed of 9 major
shells, in order to predict the properties of elementary excita-
tion modes created on the superdeformed rotation bands. Both the
32Dy and 92 Hg regions have been investigated. We have obtained
strongly collective low-frequency octupole vibrations with
K=0,1,2,and 3. It is shown that the properties of the K=1 octu-
pole vibrations are especially sensitive to the static pairing
correlations. Thus, they are expected to play important roles in
the superdeformed spectroscopy for the nuclei around ®2Hg, where
an appreciable amount of the
static pairing correlation
remains at finite values of
the rotational frequency.
They are also expected to 100 —
appear in the Dy region, T
when valence particles(holes)
are added to the super- 80 —— r=-1
deformed closed shell nucleus w,,=0.15MeV
82 py. On the other hand, the 60 I 8,=0.44
K=0 octupole vibrations are A =0.808MeV
always strongly collective, "
independent of the static 40 —— 4,70.830Mev
pairing correlation.

The Coriolis-mixing effects
among these soft octupole 20 ——
vibrations have been
investigated as functions of 8 | [J “
the rotational frequency. el
This figure is an example of
the RPA strength functions 60 r= -1
(in Weisskopf unit) for the K=1
E3 operators with K=0 and 1,
calculated at Rw.r=0.15 MeV 40
for "®*Hg. The equilibrium
deformation calculated by the
Strutinsky method is 0.44,
and the calculated pairing
gaps are 0.83 and 0.81 MeV I J 1

for protons and neutrons, S S St S S

respectively. o 2.0 3.0
Excitation Energy(MeV)

K=0

20
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Microscopic Approach to High-Spin Nuclear Structure
Yoshifumi R.Shimizu and Kenichi Matsuyanagi

Department of Physics, Kyoto University, Kyoto 606

Abstract
Characteristics of the microscopic approach to high—-spin nuclear
structures that has been pursued by Shimizu and Matsuyanagi are

summarized, and some future problems are discussed.
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Strength functions for the operator Q](..I-E) acting on the yrast states
of ®Er. The unit is bs/hw,. The Q§}) strength is multiplied by
a factor 5/2. The four figures evaluated in the rotating frame
with Hwrot =0.0, 0.35, 0.50 and 0.70MeV are presented, at the same

time, from the top to the bottom in this figure.
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e FH 243 9T FHS . Ltz T -FeiFok - FaF
Ba T -p . % - FS3A TR T e i=F, LIFiTrz 33Tl e BLS
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$1. EBEHAL

HEBIZ, 2THAHTOLERE (deformation) OFEAEIC L > TEM ST o BT
T EREE—M{tInc—HNFEEHE - FOHEA (Hartree-Fock-Bogoliubov ¥ {1)
RS R OMNEERT 5. RFEICHT 2 NBHIZNERERRS, AEHEJ
=0 [CA BT (Cooper pair) DEE@EICH S, i (pair fild) OEHTH 3,
RIECRTR—RTRF Vv o ABERTEMOESERERZH - THY, BETRT
R — O ERRER (MFHREN) £H-T05, ERARET L, COEMICHR
i BEH (intrinsic) EEROHAEERT S LMARICKD, BEIHNS >N
%, MEMERICHS HEE/ N> Fitid, BLAIS N ground, B, 752 FOMl, &RiT
I zhr (2AQUEKTFOR L MAREEICKS L) aligned v FERNET
3, —7, SEOEF (pairing deformation) [CpES EEEN Y FHEEIZ, —KFBIT
REICEOBFRORE—EOKE (74 Y F =774V b —) ZHBHICR 2
CElLE->THREEN S,

ME W E W P ——"
V=—E auQa V=_{J*S;+AS_}
Q. WEMHET S-=3 caes

J=0 [CHRAIEFNERET

R@)QR™ (@) =3 Di(@)Qr, | (0)S-G7(p) =exp(~2i0)S-,
R(w) =exp(—iw-J) G(p) =exp(—ipN)

3 RICZE B D Bz & — U D EEE
BERNS A =4 BRSNS A — &
a,= {8, 7, } _ d={|4|, ¢}
EE%T%%?EE EEEEREREE
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BOMEMREILR R bvng L DEE, y
HEBICEFLRY « —THRELERET, B i
B & WO R S EERR AR L 1ais, \ M t-f"?""”,/ ‘
05PN RERERTRADOFEREZ ¥ 2 & ER T A-sa
FHiCH b, THbE, FFrver@mh (= %
RITZE[E D shape A M S 5) /¢35 2
-4 a OFBLME a TRMES D28, €
o SIREIOEE Ja b5 oy & AERE 2L,
FOREVIHICEHER &0 D & DOHRE
75 @ & 10U K 73 MBI 4 EHE 5
b0 N5 DT ER EEM (transitional B2
nuclei) EMEIZ S, RO L5, COFRDK TREHEE S DK &> fluctuation
(RIREEFEE), BOFEBTDRESBREIARZFNEES K0, 2OTRESBKEL
DNIEEODEho B, SETRERHEEBEE LTHOETI0oN#EYTH S &
EioNb, WHOKAI V- TICIDRBRINCEN Y FEBEDEED 3, LTOE
BHRBEULLDTHBECEARBL TN S, ERFIC, #EN D K EENEEIRERK & H
7 “quasi K7 E2FHAREMNICEAT I ECIOPEINZ ELHIERIT, X
MFREAHRZLTREFEL LD & T 20182, WERBELE — FiCH L TEE SR
ERLTVACEARBRLTILS, BT, Ge, Se ARZEORBE G 0T REBICET
ARREET, WHE L NEREBOBNESHEBEBRKOIEEELBR ST 50
KEERRALZRLTVLECEAETRBRL TS,
§ 2. FBEFHW7 Fo-7F

CNITZ2DOD% 4 Fhb b, OEF/$T # —% a 2 /1%L EEZ T, Bohr-Mot-
telson BOEFN IV b =7 VEZERLFEHANR T > v+ VOT CRENICEL 778
—FV, RFUv 2 VEPEMEFGHOERE T x -2 2 LOBREMEMICEH LTNS -
PICE-T, BRIV NNVDT T o —FREET S, QFANZERICESLS 7/ VA
HEERD S x—2{k, FEOHIE LT, D SUGB) ERABNLTEZ 5,
Dubna-Rossendorf 70— 7% (3B D generator & LT {d, vV mex—Ray Vmax—7Rad,,
djtd,} #B03E, CCTA, ABHERS ¢+ (k=-2, -, +2) ZbOWUERBKV v
Z2FEDL A R EDEREEF TH B0 Vmx—17q (3 attenuation factor & i h 3,
—7%, HE-lachello¥ |3 {d,'s,s'd,, d,1d,. s'ss % generator IC&E B, sigAH T — « &
VrTHD, TOEBEEFIE A+ Aa=Nnx &I WREHITHES . SUG) IWMAE
E U CEEE limit SUG) & URE) limit OG) A& DT, LidD generator THRE X1
NI R ZTFoDNRT X — 2 AFEICERCEICL>TELDERFT -2 2FREE
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FhEe T+ ¥ —(MeV)

BUE2REB

5 6 7 8
AENR®M)

B3 1MXe BICHT HHNY FHEE, KRR~ 2 QXM D 1L 5

5 LMAEETHE, COT T |
—FORYL[IBEHER OB
BELARDANTHNEECALD
3, %R, Dubna-Rossendorf '
N=FDd-® i3 T=2 DR
FR»OMHET £/ v E—FD
R EDOEHEILEED b LICEA
X #1, attenuation factor |37 #
7 EDSY ) FEEEREL T
BEEBREINB, —75 BE-
Tachello TR T d-Kv v, s-F
VrREnEnJ=2 O gFx &
J=0 O EFRHOEHERELT
W3 ELEBRINE, =20 SU®B)

Fhie T ¥ —(MeV)
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BEMEOTIRE

3 40 42 4L,

K4 Ge 74V =TT
B2 2 & b DZAL

BEIIHZENICE S LARETH 503, MBLREMORATI, ChoDREHMNE
D& S BIIEHEEEID ST bDOREL XA TE 150,

§ 3 WEM7ZTo-—-F

[ETih RS B E ) D f R AT R 3
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3721C, %3 Bogoliubov ZHIC & > THHFAMAT 2, RIC =2 [THA 72 H
RFHOBIICANT S RPAICL>T 74/ v - E—FA283, T5LTEHS &N
77y T FZONHEBERCQ—NFEE D shell @EEDFH LM ZT 5 7c
RO RTRT & I REDEHICIE > T 5, (74 V285 —HOD EE‘@'%@% -

CidE - o RS b, Lfﬁi&é)%@ﬁ'égﬁ?ﬂﬂénfb AEEMERE — F (BRI
&) D JFHSTERE DR EIEE T ,)

R T RPA 240K L TEBHEEBKOCERZERETEAN7 70 —F0 L DA
ALTHID,
iF 4k 7 Hartree-Fock?’

RPA izm4fE#&7E HF ﬁF;&@/J\JEme (small amplitude) FLURTH - 7203, EBHE
kD EFEEE A (large amplitude) TH25, Lisl, FPHEF Lo 540D
R HZAL B D isicd, TORTO—RFEIPREDOST (HER) SRULE
bz L (BB TH 2) LBA, LEEHOEE~BHOHEEICHA L THHAER
T AEBHIBHAEGL S LVSHATH S, KHEKE HF SEASITELTL S b

DERZEERT 4 -2 HEROKRTH 25, COMMIERATHY, T THESH
7O 72 (collective subspace) OHITOD “F_BF(” MHARETH 3, BF
{EDOMIRE AR IZHI S TV 1808, BE, AR, BBREOE, ¥ - YS0hHk
EDBEAVBEALNTNS, X, MAGLOZAHORE & 6BHELT, CNEREL
BOHEMHGREIN TV, EREEENOBEAOKICIE, FICHEELZRY AT
K& ik 7Z Hartree-Fock-Bogoliubov ICHLIE U 7niF Ui 755 7200,

SRR EHABRADAE (RENFX®

HERF RPAE 7 2 v 34 UNEHEFORES EFHHBRNICH 3 2 HE{LELM TH -
7o, WEEFAERICL Tho S FRBESFRENE, 7 ) EHICHEKT 3
EEFRHRG M T E15h s, EUNIKBEHTFES EWSHATH 5, HHERS
FRUFEROF DS, —EDOHFRIEARHKMICIND AL C LIk, EERERREL
MHTE BT EMWRINTL S, KEEE, MEKF RPA DFEOKIC, KTFEHD»S
HFELTERTERCLEREURRETH S, COBTHET 7 v I EREOMFRT
BT RIERTY 7 0% 0 /K8 (BEOHIGR) REonbd, COFKE, X
M NEREEAEENICERT 2 72V i VHERETFAEREL LTHERSODT,
Hartree-Fock-Bogoliubov s& Ll & 81, —KFE — F DA CHE S WFREE DB A 81T
BLEMTE S, COERT, RERDOSERBENDOH—NTBOTEEEHD TS,
L L, BBEHEETE, “REANSKIER" OMEBENRUETH S0nic, L
A ET) TR A MR (truncation) 32158 2 £ D HHOMRD AP 5F 5 DEE
HTh B,



o

b

T

La

e

A

i+ New-Tamm-Dancoff ZZRiD %"

#RF RPAICKDEoNT + 7 vid, 2HERTFRMEEECMICEELLLE “EY
EEZHRRFE - K LR EN S, New-Tamm-Dancoff iTfle LTD RPADER
AR LT, DEENFEEZLUMCHALLT “EYEEL nERFE-F" (n
=2, 3,4, ) ML, o OEREpEE — K TS h B REER O R THRN
MREFFHLLD EOTHATH 5, FRICHRTIE, FEMMDR (747 v-UERTHE
EVEA) MEREMEEL o BREBICOT TREL, "BWEELIENFET-F" &L
TOH LOEOEFITEE — KA LT Q @RSFEMCoE e, BRICRTE
274/ VEEE=TIED LD A LTTREYE (repeatability) D#EHIN DD 15p5 0,
T2 IFUROBTEY VBIRBFELTD 7 + 7/ v BEESOLM LIS ESTERD,
WAL EAEMNSEINTOL LBBHEINDDH 5,

RV VBREY

RPA 37 =V 3 4 U A FABENTG ®Y L ERET EUTH -7, WHERTE
XY U OBFBETRRT S5 LICLD, 7=V A OEGRFELTDT +/ ~H
Ry Y FEHEARKRDANTOC I ETERATH S, AV VEBREICE3IEHSD,
DHolstein-Primakoff I, @Dyson &, ®Schwinger BT3!S 115, Wil h, SUER)
DRV ERENHEEFOMRY SO@n) KB LA DICIE>TI 5B, T Trigi
BRITO—RFIREDHBITH 2, CCTDXRY U4 ¢ JUCE = #- 3 1o MRE TREIEE
Hartree-Bogoliubov FEHANE S NS LSBT a priori ICETF {7 HB HA
EVSRGBHRS, BIHOIGRENE K o MBICEN TSN, &7 2 IFVE
ARV VEBICEET 5D TR, 72V 3:id v OEMARNRSTEROARF Y v TE
RINENREZE LSWEZNL I EMBPS LI TET,

S 4. 7 1/ VSO breaking & persistency

ERIN PO REIERRFELTD 7 4/ v - E— FORMEMSHFRE L, FEHTHR
AR LUTWCBICET HEE INSINEH|EEI, 7 1/ V& D breaking & persist-
ency DMBEIIEHODITTH 5. BT, v )V REBICHNET 2 EFBENFERTDE ~
MOANTHETH, BEPDEERDSAFV VHRHEEZMTHE2hENHT S
EMRUTHB, 2H5LT, 747 YEZRLOBIALRLDICEDONSETHA S, C
DB DI85 5 RDEEIZCT EHFS BT > TE Y,

1) 7 4/ VEEID 27 4/ VZEE, 37 +/ YEBHEIVIFMBETEICH
T3, 815, Y )FEEO A VEF - DOBEEOLFIZREBOAEFHRICH KE
LT3,

2) 2D T + 7 YED/NY Y RINC K 2L (MUK FHERE) 2k THL, EEIC
THIG L7 U180 12028, KO EROZ MR FHIG =, MEHEEOKIGETT 5 C



EMERETH B (5 L),
3) J=20ERNTFHIOMBRINEIE T +/ VIREBIZ 7 2V 14 VIREETH BICH
53, WERFY VRELBM OB 3BT =ERTANRH FORFRICK > THH
L)%,
4) 23IVF-DHELRY, 7+ VREMOE2 BBERICILTR, Y IE
BICE B3R U#8HhS 0)2.“ LA SU(6) #E T HW SN TL S attenuation factor &
WOETENT L ENRVLERL D E S, C O attenuation factor (37 5/ » Off
BICOAKEL, —F, E2BBHEOXC U KEERINEREY >0 cfp 28U TE
HIha, '
5) L L, BANYFICHIET 52 —BOREFH=BELEY > - £ =F V7 1 ATHE
S 6 N AREEHICH LTid SUGB) ELMREL nRY T, NERHEEOAEE
BUCHEHBANTE, CNoDREEZERTEEHINGEOLHE- A VF —ICHRTER
W,
6) RBRIC, LrLRLEELFERI NERREFHELICRT 2 EHNBOERI
ERNFIREBEEOARDOEEFZEM (intrinsic space) ORBMTEH I N7EF LS 130,
ENSTETHB, £C T, TOBZITODOTHRICHBLE S,
§5 HEEBMEE— FEMBEE—- FOBHNES

HRF &3, J=08FX (monopole pairs) DEEHEICHE S, WZEF (pairing defor-
mation) L7c® 7> ¥ v VORTO—HTFBEHE - FThoto CDT EDS, ERTF
REZROROEEEHE VLS EENEMNEY, THbb, WERKL-TELSH
[E1%: (pairing rotation) O HMHELEZ T 5 intrinsic EEE O SICL > THEKINS
WAEEMCNTH B, €T, T O intrinsic HEELBH TSI 2 BFRI ATH
A3, TNTE, HLMOHSLN T B seniority BFH (J=0 [THA TORLETF
DEH) iz S 73>, seniority [ERFRONHEESHR (pairing coupling scheme)
RO 2EBFHE LT Racah itk >~ TEA XN, RERICENT, ZOFEZE H
EIHEINTLE, RFEOBEERS ERICH L TETEREFLAHK S BCS © 4 754
EZ I RAOEAR, i3, ERTFOERDS seniority BFE L ELIICHIE LT
» 5 TH -7z (Bogoliubov.Z5#1i3 seniority Z{RE$ 3), L L, EREICE @WER
I LR Lsby, £ 0B, J=0 KA IZEERITRAS seniority $& transfer L12
LBELTHB, THbLE, COBMODENTNRIENTREBEHOHTRIOEREAEZEL
T2b0TH 2, £ J=0 ERNTNOEEE RPA TRIF L, ¥ o - 22 V¥ -8
HEBRL, COT— KRREEICHELTLSC L4 RTC Epsl®s, —5, RPA
DRELTRAKBICEONAERI A VF-—DE— KL, ERE (505H/, =FVF—-
Fo o7 4) OHEMELE LTONIESE (pairing vibration) & — FiCfi785 1343,



e R OB o

il

97

ZCT, WEEERESREAE I U TRIEE — F &Y, ChEERTREEE» S
DT ACEAEZZIL D, COBNDRICIMBIS O EREEDHE) HERT
b5, BREBIEEFEAELT, NN EMEERNAEZZILD. TNo% Huug KU
Hyguarapors EEFEN TV E =7 203
H=H oo+ Hypiring + Hauaarupote
E15%. CLT Heroo RBREBETOKFOEHNIN =T ThHb, J=0KFNHDE
BFridh T2 BN TRV b, b AEALLS, COBYFY VI3 HER D HE
JOBELETEET S, MRV 2BALOTHE 25, 72014 VREICRK
byl fermion>=0 L S AREMNREIN B, J=0 CHAK BFRNERF ¥R
SUQ2) oXRBEFEHET ABELFET S L, NIV b=7 %
H— (Hieoo + Hyuaarapote) imrinsic T Hioson + Heoouping

EEH}TE2 =4 ) —EREERICRTTAC EBTETH 5. ERBOERT (EHE
AEFESR) Tid, RETEMIEHR Y L7 20X OEBEER {|“fermion”>| bo-
son)} ELTRABINE, COERTD “7 =04 ” fREEE S-| “fermion”>=0
EVRSHREFHAZHEL TV S, Chid, EARRTO [“fermion”> 25130 /=0
FRHEZSZHRNCEEZERLTOVS, TOFRLCEHEITEICHEBIRY Y ICEEHRZ S
NHRTH 3, - T, EHERTO “fermion” DERIZ seniority & EFEIC 151
WIELTWRAE, T5 LT, LIRS EREM {[“fermion”>} & L TEKMICHEARL
Ehtc, COERALETIE, @BIRY v by, b & ¢ BICE 2 7- f&FE T BCS LA
Boh, TChoDWSE, bi=b—FH FEET S EICL > TRHEERUHIED
HHENTRINS, EMABRTON IV =T DO Howpune H, GRS =
D) BRFE-FENMEE - FOBREEERR L T3, Chicid, HARUHE
EROLS 2 EEEEERA BN ICHES T 5, ERTREBZEM i S-|*fermion”> =0
LW RGBS RERZ, BEMICE, BEFHROWS FICL3 R End o RiE
(spurious state) ZHETIMEEL LT, ERNSETERLINTO, RETE, @
BENIW P27y (Hereo+ Hyusarupoto) inerinsie [ & > TR I NS E‘Eﬁ@@%ﬁﬂﬁbf

412 = Seniority #

collective
quadrupdle space



Hepupiing 28 LT (Hyoson ICE > Tt &N 3) WHHT & BIHREE AT e BT LD,
T—F . =T-FEGOBAICE->T, COMMIEERICERNERETT 5C LK
2720

Tk E - FEAEIE S DERORANIE R, LHDET - FOBAITHES S
v ) BEO N & EED overcompleteness 2R AT & Th b, MEMRBOLE H )
HONBMOEFME S LN FEHE,LOERINTLE bbb B LT,
COEFRIRFHUOBLEREARICE > TIRNICEE TS 5, MEHOTIE (EH
BEEDOHE) &, COLHOBEABHEELTHONTE, Lrl, COHENEKY
ICEATH 57T, EFEEOHMBIMEICH T 2 BMOERMHIRL SNS0T
%qf,#%W%%@%ﬁiﬁ?éﬁ%ﬁﬁﬁLf%t&waﬁLw%ﬁ%%%be
D&, COFED “BRMBELE" BARBICL > EEFMmALTE S/, BB, COD
FHEEBUBSBESAICL - T, IRUN =Y UERICE D “Nuclear Field Theory” 25
BENTHLAOCEEMELTE &/,

EBERICHE T, HE s mERDL z z Zéfﬁ’
DUMREENEE s @A R LT .
EABEUETRLADE, Ge, Se @iz BT | O GesRm)
IR SN S BRAE O RELCHT 2, vs/> ﬁ&a
WEFVICXZBEDINTH B0 C O 2 2 78 k2
EOTREEZ, “27 4/ 2" REEWED 7 ameen 0 RSO
P93 < 48 LTHIRZRIBE LCHIET 2 B6 27400 RETHETS
B, o DHEIENE, 27+ L ED FRARFIEIR

MEER FEERCMIBEEEDE —F - T FEARZRHTEL, F6RIWRINTNS
FEABAEBICEND T3 (WAT Z) CEEL->TDH, EEGEL T REORSE
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Comment on Supershell and Bifurcation in Nuclei
Kenichi Matsuyanagi

. (Department of Physics,
Kyoto University)

There are two key words that I have been keeping in mind and
that originated from the discussions with Hide Nishioka:

1) "sSupershell" in metal clusters,
2) "Bifurcations" of periodic orbits in spheroidal cabity.

The former work of Hide in collabolation with Professors Hansen
and Mottelson at the Niels Bohr Institute in Copenhagen,

l-a) H. Nishioka, K. Hansen and B.R. Mottelson,
"Supershells in metal clusters",
Physical Review B42(1990)9377,

1-b) H. Nishiocka,
"Shells and supershells in metal clusters",
Zeitschrift fur Physik D19(1991)19,

has already become very famous and gave a strong stimulation to
the recent rapid progress of micro-cluster physics. I would like
to mention that a similar "supershell effect" might play an
important role also in rapidly rotating superdeformed nuclei with
axis ratio about 2:1, where an interference between two families
of periodic orbits with the ratio of periods approximately 2:1
produces a beating pattern in shell structure of the single-
particle spectra[see, K. Arita and K. Matsuyanagi, "Semiclassical
Analysis of the Supershell Effect in Reflection-Asymmetric Super-
deformed Oscillator", Progress of Theoretical Physics,
91(1994)723].

on the other hand, the latter work of Hide with Professors Okai
and Ohta of Konan University,

2-a) S. Okai, H. Nishioka and M. Ohta,
"Periodic Orbits in Elliptic Billiards"
Mem. Konan Univ., Sci. Ser. 37(1990)29,

2-b) H. Nishioka, M. Ohta and S. Okai,

"Classical periodic orbits in spheroidal cavity- Prolate Case"
Mem. Konan Univ., Sci. Ser. 38(1991)1,

2-c) H. Nishioka, N. Nitanda, M. Ohta and S. Okai,
"Classical periodic orbits in spheroidal cavity-Oblate Case"
Mem. Konan Univ., Sci. Ser. 39(1992)67,

may be regarded as a basis for a future investigation of shell
structure in deformed potential.




Last year, Professor Ohta kindly sent to me reprints of the
above papers, and I was surprised to learn that Hide and our
colleagues in Konan University had already carried out such a
systematic investigation of the periodic orbits in spheroidal
cavity. These papers contain very important and useful informa-
tions; among these I would like to quote the following sentence:

"It is shown that every periodic orbits of two and three dimen-
sions appear successively through bifurcation from the corre-
sponding orbits of one and two dimensions, respectively, depend-
ing critically on the value of the deformation parameter."

I think that Hide was aimiﬁg at studying
"Quantum Manifestation of Classical Bifurcations."

Namely, I guess that Hide planned to carry out both the quantum
mechanics and classical mechanics for single-particle motions in
deformed potentials and to clarify the classical-quantum corre-
spondence. The aim is to understand

"the origin of formation of shell structure in deformed poten-
tials",

and to predict

"an emergence of new types of shell structure associated with
exotic shapes."

As he pointed out in the above papers, the bifurcation proper-

ties of periodic orbits critically depend on deformation parame-
ters characterizing the potential shape. We know that shell
structure of quantum spectra also sensitively depends on the
surface shape of the single-particle potential. But, the connec-
tion between the classical bifurcation and the gquantum shell
structure remains unexplored. I sincerely regret that Hide
passed away leaving this quite significant subject for us.
{In recent five years, Arita-kun and I have been working on the
above problems (K. Arita, Physics Letters, B336(1994)279, K.
Arita and K. Matsuyanagi, Nuclear Physics, in press]. I greatly
regret that I missed a chance to work with Hide Nishika, but I
sincerely hope that these works may be regarded as a possible
continuation of Hide'’s work.}

My gquess above is based on a number of converstations with him,
which I enjoyed in several occasions about the time when he came
back to Konan University in 1988: I vividly remember in parti-
cluar his talks in

1. Workshop at the Yukawa Institute for Theoretical Physics,
entitled " Perspectives of Nuclear Physics towards 1990‘s",

September 1-3, 1987. There, Hide talked on "Chaoticity of Nu-
clei(Finite-Quantum System)" To my understanding, he emphasized

sl




mainly two things:

a) Unified understanding of regular and chaotic moticns in
nuclei is lacking,

b) Physics of "Finite Quantum Many-Body System" covering nu-
clei, atoms, molecules and micro-clusters, is growing up as a new
fields of physics ,wheré we can trace out, for example, the
change of fluctuation properties as a function of numner of con-
stituents of the system.

[See "Soryuusiron Kenkyuu" 80(1990)F268]

2. Workshop at the Yukawa Institute for THeoretical Physics,
entitled "Nonlinear Dynamics of Nuclear Collective Motions",
Novemver 5-7, 1988. There, Hide talked on "Collective Motion of
Quantum Chaotic System (Finite Many-Body System)". If I remember
correctly, he emphasized the coexistence of long-time scale
(chaotic) motions and short-time scale(collective) motions in
finite many-body systems like nuclei.

[See ™Soryuushiron Kenkyuu", 79(1989)E9]

3. Workshop at the Yukawa Institute for Theoretical Physics,
entitled "Nonlinear Dynamics of Nuclear Collective Motions",
January 29-31, 1990. There, Hide talked on "Supershell Structure
of Metal Clusters", where he introduced his work that has become
very famous. ["Soryuushiron Kenkyuu", 81(1990)F159]

4. Workshop at the Yukawa Institute for Theoretical Physics,
entitled "New Trends in Nuclear Collective Dynamics",

October 29-31, 1990. There , Hide talked on "Supershell™".

This workshop was organized as a post-symposium of the Fifth
Nishinomiya-Yukawa Memorial Symposium held on October 25 and 26,
1990 in Nishinomiya city. Hide Nishioka was one of the organizers
of these symposia, and I worked with him for these preparations.
[ "Soryuushiron Kenkyuu" 83(1991)D141]

5. Workshop at the Institute of Solid state Physics,

entitled "Characteristics of 10-1000 Many-Body Systems",

November 13-14, 1990. Hide was one of the organizers of this
workshop ,and he gave a nice review on similarity and difference
between nuclear structure and micro-clusters focusing his atten-
tion on shell structure, pairing correlations and giant reso-
nances. [See "Busseiken Dayori" 30(1991)16]

I sincerely hope that the reader may take a loock at his reports
cited above, where one can see philosophy and personality of Hide
Nishioka.

Summarizing, a message of Hide Nishiocka which I always keep in
mind is:

Non-integrable Hamiltonian systems where reqular(collective)
and irregular(chaotic) motions coexist remain largely unexplored,
,and study of newly created finite quantum systems (in experi-
ments) from such a point of wview is a great challege for us.

Here is a direction of nuclear structure physics for futhure.
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KEK 2000

Theoretical Search for Exotic Shapes in Proton-Rich N = 7
Nuclei in the A = 60 — 80 Region

Masayuki YAMAGAMI and Kenichi MATSUYANAGI
Department of Physics, Graduate School of Science, Kyoto University, Kyoto 606-8502,
Japan

Masayuki MATSUO
Department of Physics, Graduate School of Science and Technology, Niigata University,
Niigata 950-2101, Japan

Magic numbers appear not only for spherical potentials, but also for deformed po-
tentials with various exotic shapes. Supcrdeformed prolate, oblate or triaxial shapes and
non-axial octupole deformations like banana, triangular and tetrahedron shapes are typ-
ical examples of exotic shape. Various doubly closed-shells for magic numbers associated
with such exotic-shapes are expected to appear in unstable nuclei, so that they are largely
unexplored until now.

In this talk, we discuss some theoretical predictions for exotic shapes in proton-rich
N = Z nuclei in the A = 60 — 80 region, where proton and neutron shell effects act
coherently and rich possibilities arise for coexistence/competition of different shapes.
Special attention is paid for superdeformed magic numbers at Z(IN) =30 and 40, and
the magic number Z(IV) = 40 for the tetrahedral shape. Nuclei in the region °Zn - 8°Zr
are especially interesting from this point of view. Of course, they are interesting also
from other points of view; like isoscalar proton-neutron pairing correlations, the Wigner
energy, Gamov-Teller § decay, astrophysical rp-process path, proton emitters, etc.

We have recently constructed a new computer program that carries out cranked
Skyrme-Hartree-Fock calculations in the 3-dimensional Cartesian-coordinate mesh rep-
resentation without imposing any restriction on the spatial symmetry of the density
distributions. This program was used for exploring high-spin yrast structure of *2S which
is doubly closed for the superdeformed magic numbers at N = Z = 16. An interesting
crossover from the superdeformed to the hyperdeformed-like configurations is predicted
at the high-spin limit. We also found a non-axial octupole deformations of the Y3; type
(banana-shape) in the intermediate-spin region. Quite recently, we have extended this
computer program so that it includes the pairing correlations, which may be called “sym-
metry unrestricted cranked, Skyrme-Hartree-Fock-Bogoliubov code.” With the use of
this code, we are investigating superdeformed shapes in the %0Zn - 80Zr region, triaxial
deformations in %Ge, triangular deformations in %Se and tetrahedral shapes in ¥7Zr.
Some preliminary results of calculation are presented.

Exotic shape solutions in the selfconsistent mean fields, obtained by the Hartree-Fock-
Bogoliubov method, represent spontancous symmetry breakings of the Finite Fermion
systems. They imply appearance of new type of collective modes of rotation and vibration,
and it is a great challenge to explore such new modes by means of a combination of
radioactive nuclear beam and modern gamma-ray spectroscopy.
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Fig. 2. Universal shapes of clusters containing 21 to 40 particles.
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ity of the surface is 0.00125 atomic

which corresponds to 38% of the bulk density.
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FIGURE 1. The density contour surface at the half central density for the triangular ground state solution in ®Se
(left), and the tetrahedral first local minmum solution in 8°Zr (right), listed in Table 1 obtained with the SIII force.
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Neutron Single Particle Energy (MeV)

— 236 —



[MeV]

E

64Ge

Skyrme HFB calc.

(N=2=32)

( SIII + density dep. pairing force )

5 T T T T T T T 5 [ T ! ! ! R
W ] of B, =0.27
3t ] 3t .
: S
b 0 :
2t ] = 2f ]
| I
0 :
04030707 0 0T 0z 03 04 oI 0 4050 6o
B 2 (Axial symm.) Asymmetry Angle Y [deg]
E [MeV]
N o — N e I
O T | L T ]
(@) _o- ]
&gl ]
) : = I ]
Tl o T & ]
’; + ® e ef ]
N 74 F R = ‘
L. N . Fh i SUN ]
M w 8 oL ~ AN 4
g+ i 5 . ]
C = -
5 [ ]
? = L .
N s ]
X T = B ]
M [+ [~}
3 il - ° ]
-Oh ) ‘
(J%)]



=7=34)

68Se (N

( SIII + density dep. pairing force )

Skyrme HFB calc.

0.25

(2] ™
E E o~
> > o
© ©
= = 1
o (=]
s o w
(=] [T2d .
o [-2] 10
- [}
|
1l 1} ]
s 5 S
a c© a
44 d4dq
1o Lo
I <
__ {c
L ol . P | al ..0
w o~ w — 0 (@]
e — o
[A2W] *V deos
W] 'V desburtareq
(Vo]
T T T T 2
m E =]
TE |
Ty
* 1o
= = i
S o h
Q0 EiT>]
Q -—
=29 1o
1 J
nonu
Sk -
e
10
o
{io
L P | P | ..0
— — o~ (3]

Non-axial Octupole Deformation B 33

Non-axial'Octupole Deformation B 13

el

we Q uotjemrojeg eTodn3oo

o09=A'820=%¢

-t tei

FSOE + 4H Y2PSP BIH OIS @ 6 TIFFERDOS, © LE

A=l 3

000="¢ vro="g="¢
,0=4°s70="¢ ,09=4gz0="¢
AN STO e3e3s punosg
e3ej0ld 83|90

uone|noje) SOF + JH euukyg

AN SIT="V “6CI="V

AP TIT="V *9C1="V

000="¢ o10="g="¢
00=49z0="¢ 009=4"320="¢
AN TS0 o3e3s punoun
e3ejoud 038190

uopenojey g@4H euLihig

— 238 —



77-& 22

i H o

Summer Lecture Series
— Physics of Clusters —

July 6~8, 1997

Yukawa Institute for Theoretical Physics
Kyoto Univ.

Organized by

Y. Nagaoka (Kansai Univ./Kyoto Univ.)
- K. Yabana ( Niigata Univ.)
Y. Abe (Kyoto Univ.)



K. Matsuyanagi (Kyoto)

“Shapes and Shells of

Finite Fermion Systems"”




Shapes and Shells of Fintte Fermi Systems

k. A?l"‘a. ( Nqso’q Ivlﬂ‘. TQC"\\
8§2. Periodic - Orbit SQ . A ‘S“S"t’* ¢ Kyeto U"=V~>
Bifuncelion ) veyienw c. M. ¢ o )
g3 Deformed A.0. Model < published )
$4 'Defomed C&vd-r ™ odel
) Supuu:(e:(ov\m-i‘fon g News
b) Qef(ed‘?on- Asywwetare 8\\&?(

%\ . 1n“f-odu¢*-'0n ']

81 Trtroduction

s 1 2ty S

® New Oppoﬁw\it/ for ex?\ovinj exslic cleforqu?ov\s

Nuclei : combination of § radioacdkive isctope beaws
{ X—r‘ay m@l‘\'tdi\‘edt‘qy G.Mp.)r

Micro Lusteas

® EXot‘uc Defarmaibn — New *ype of spewnlanecus Symmelay
bmk.’v\-g ( “n» mean fle\d )
( o~tewnal vl oo St w Fuag Wy be
%q..""@ diftewst tonr ellfewid s\’w-ee)
NEW waode cf collekive Lxcitakton
Cto nestore the baoken symmetoy )

?

de-[-o ™rme d >

nuclet ](

® W‘Ly ans {m:owc.QuS‘TcA_

|

BE._Ca.v\se of dle{orchl shell stAuRunR
l {deformed mas‘m numben

Ovigin of shell stauKine
(‘Sovm&h on meck&niih)ém Sem; ;ﬁm;@gg Tﬁﬁke.&Pf&Tﬁfg&ﬁ



323 1496

BAEVBREEOREET—F

RERFRFHEEZER 7R AR —

1 A=190 BEHOBEMZIZH T IEAE VEREIE—F OHMENHEE!

(abstract) Microscopic RPA calculations based on the cranked shell model are
performed to investigate the ciuadrupole and octupole correlations for excited su-
perdeformed bands in even-even A =~ 190 nuclei. The K'=2 octupole vibrations are
predicted to be the lowest excitation modes at zero rotational frequency. The Cori-
olis coupling at finite rotational frequency produces different effects depending on
the neutron and proton number of nucleus. The calculations also indicate that some
collective excitation may produce dynamical moments of inertia almost identical to
those of the yrast superdeformed band. An interpretation of the observed excited
bands invoking the octupole vibrations is proposed, which suggests those octupole
vibrations may be prevalent in even-even superdeformed A = 190 nuclei.

HE, REBEI THRACV BEMREBOATAMNEEGAVFOEIZ, YO L5 R
B oEHANRBE—FBBEEND D) CHEZRFHLEROIC BE) LT
e, TORER, BERRBIZEHRENHFELZEINEREOER B HEIIR L
THEILY 7 THBZ L, (EHREXFME L dxt Pt % FRFICES )Yy B DT
FTERREF LW A TOEEE—F BHBETIRERERENI & BahoT (1],

BALNTWA L) 2, EREREBICKIT 2RERSE—FITv = VEEL
SHEBIZR KEFEL TV AN, BRAY U RETIIEEREESIC L 5 Coriolis 1R
DHEZ Y 2 NVBE LM HEOHERKRE SELTEID, EBET—FOHELEL
KETHLDOEFRIND, LIL, BRAEV AFAGHFOERIZL NP
L%, BEETODLIABAYV TORESGE—FICHTIERT —FITIILALE
hot,

Z ORIRILHKE D Gammasphere, 3—1 v 30D Euroball (ZRE L35 LW it
ROH<BAERVATLRBRBLIILDIES, RKELKEDLVOO2H D,

EE, <K, Hg, PbBEROBEMETEHALY V' TONEBRRHE—F
BER SNz (Figl Fig2 2H)[2]. "Hg BIZOWTIIHERDEF VRV T L
[PEZOEE] THHDTHRE LKL 4] 3. ZO—FEHTT —FMREML T TR
, T—FDEERLEE ok, INOEFT —ZII T 2ERIEORBRIISFET

Leh##% (AECL, Chalk River; B7E UMIST, Manchester), A&IEZER (JIHIR, Oak Ridge). &
AKRX (UKHE) & D*FEHME,. Argonne EREHE TOFEFED Talk[5] (&S <,
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A Argonne TBAEE 172 “Nuclear Structure at the Limits” EEES# CTHE K1 H
HL[5] 28, REEORANTWVWD TEEER Y = VETVICEIS RPAJ ITX-TE
RT—FOXTELRFEERERBATE S LEbhD, 2, BAHFHEMEE—
AV b DOERRRDBVIIEGE#MS B L \EERBE—F &, RALEER
B LT 2R TRIET—F OBEDORKRL LTEMTE S (Fig3, Figd BR)., £
DFMIICRR 3,4,5] BB LTEL Z LIZL T, R&EHIZ Fig.5, Fig6 IR L TR
<

2 ZEREGNTFEEW o EMTR cavity O T ILIgE & BHE
D 53 Ig?

(abstract) Shell Structure of the single-particle spectrum for reflection-asymmetric
deformed cavity is investigated. Remarkable shell structure emerges for certain com-
binations of quadrupole and octupole deformations. Semiclassical periodic-orbit
analyses indicates that bifurcation of equatorial orbits plays an important role in
the formation of this new shell structure.

i, RFZIIBELTHO00? Mk, TOX) LREELBICFELEDZION?
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Calculated (solid lines) and experi-
mental (symbols) dynamic moments of inertia for
excited SD bands in '"’Hg (left), 1>Hg (middle),
and '**Hg (right). #? for the yrast SD bands are
also displayed at the top. Dotted lines indicate the
yrast ﬁm, which are approximated by the Harris
formula (5.2). The parameters Jy, J,, and J,
used in the formula are shown in units of
£2MeV !, h* MeV ~3, and #i® MeV ~3, respec-
tively.
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Fig.g Fourier transforms of the quantum level densities
for the deformed cavities with § = 0.3 and a3 = 0.0(a),
0.1(b), 0.2(c). The degeneracy index d = 1 (valid for
' generic periodic orbits) and Gaussian cut-off wave num-
ber k. = v/300 are used in (5). In each panel, lengths of
. classical periodic orbits in the axis-of-symmetry (equa-
20 40 60 B0 100 120 140 160 180 200 torial) plane are indicated by short (long) vertical lines.
N : The lengths are measured in unit of the radius Ro.
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Fig. 8 Shell structure energies of the deformed cavities
with § = 0.3 and a3 = 0.0(a), 0.2(b), evaluated with
i the conventional Strutinsky method and plotted as func-
i tions of the particle number N. The energy is evaluated
é by putting Ry = 1.2(2N)*/3fm and M¢c* = 938MeV, for

nuclei.
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W. Nazarewicz (Oak Ridge Natiomal Laboratory, USA)
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b)  Jis,2®PEX 5 Rhigh-] BIERT =NV IFEEALL KBNS,

¢) FEWXIFEEI (weakly paired system)

i) K#0 (K=1, 2, ..) OtEHE
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Fig.2 Calculated (solid lines) and experimental (symbols) dynamical moments of inertia for
excited SD bands in '%°Hg (left), 1°Hg (middle) and **Hg (right). J® for the yrast SD bands
are also displayed for reference. Dotted lines indicate the yrast J(?), which are approximated by
the Harris formula . The parameters, Jo, J1 and J; used in the formula are shown in units of
h*MeV~!, i*MeV 2 and %MeV >, respectively.
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Fig.3 The electric E3 transition amplitudes, |t[Q3x]| = |{wrot|@3x|n)|, for the lowest RPA
solutions with the signature a = 0- (lower) and the a = 1 (upper) for 1%°Hg (left), 19?Hg (middle)
and 1%Hg (right). K = 0, 1, 2 and 3 components are denoted by solid, dashed, dotted and

dash-dotted lines, respectively. Total values (thick solid lines) are defined by (Tk lt[QgK]P)” ?
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Cranking Model and Its Applications

K. Matsuyanagi

Department of Physics, Kyoto University

Diabatic as well as adiabatic representations of the rotating
shell model (cranked shell model) for individual quasiparticle
excitations in a uniformly rotating potential are discussed,
and their recent applications to nuclear high-spin phenomena
are revieQed. Much emphasis is placed on the problem of const-
ructing the state vectors in the laboratory frame of reference,
that are consistent with the intrinsic states determined by

the RPA approximation based on the cranking model (rotating
shell model).
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Elementary Modes of Excitations in 0Odd-Mass Nuclei lying
from Vibrational to Transitional Region

Kenichi Matsuyanagi

Department of Physics,Kyoto University,Kyoto

ABSTRACT

With the aid of microscopic theory of collective excitations
in spﬁ?ical odd-mass nuclei proposed by Kuriyama,Marumori,Matsu-
yanagi and Okamoto,structures of collective excitations in odd-
mass nuclei with mass numbers about 100 have been investigated
systematically in recent years. The results of the analysis are
briefly reported by putting special emphasis on giving a clear

presentation of our underlying picture for low-energy excitations.
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(Abstract]
The mechanisms of the splittings of the multiplets com-
posed of quasi-psrticle plus phonon are clarified through

the application of the many-quasi-particle-new-Tamm-Dancoff

Method, which lave been proposed in recent years,
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(Abstract)

Stability of the BCS vaccum against many-quasi-particle

correlations is discussed, It is pointed out that a new type
of instability may occur in odd-mass nuclei Jlying in the
transitional region,
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Microscopic Structure of Breaking and Persistency §

of the ‘Phonon-plus-0dd-Quasi-Particle Picture”

Kenichi Matsuyanagi

Department of Physics, Kyoto University

Abstract

By use of the many-quasi-particle-new-Tamm-Dancoff
method proposed recently, microscopic strﬁcture of
breaking and persistency of the conventional“phonon-—
plus-odd-quasi-particle picture”has been investigated.
It has been shown thai, although simple phonon picture
is drastically changed %y the action of collective
three-quasi-particle correlations, one element of the
phonon picture which is characterized by the concept
of phonon band can persist in a certain form. Numeri-

cal examples are presented for 13308 and 135La.

U Te (Fl, A% BH, B8 43T BRHEKI CEBERCHT TORL
ABBBRC (EYEELIERTE—F] ELTERBSNZFLOROEAREE
~FBEETACEERLTE LY, —F, BEINL [£EHTF new-Tamm-Da-
neoff R0 HE] DV, BHLCHLT, —FOELUEETCEICED, RED
[T -7 +/ YHAEH (QPC) IV Vzat, thwz, BELEROBE
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Abstract
It is pointed out that conventional theories frequently
overestimate the coupling between an odd quasi-parﬁple
and phonons, resulting from the original Y-type quasi-
particle interactions. On the basis of the method of
quasi-particle new-Tamm-Dancoff(NTD) space, new
reduction effects of the Y-type interactions are briefly

discussed.
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