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"Se MISEYHIED, KR HHREFESY (B 11),  MRE7ER SN R R
FOTBRE, M3 7Se HATHIZEH , BARIZE "Se th R HMHEETHRORS (BTER
HREEWE) WEENS, £ %% OB RRSHIBREET, HhgrEmi
Fds LIRABIBHUEEIT. * Se MEERIAA 7Ge X K2 TS TIA, K
MR LM e LRBBENES. (HREE "Se WHDIRRE (8 ) th, KEEX
HAHEBR S TRBEBRAE, REE 107 WiEA /S BIMURTES, it 2" BEA4
B B BLR AR B(E2:0" — 20) (B 308k [10. 111), KT 7S, % "Se th
HATTIESHT, B8 MSe thILEEYE (IR 2, 4 F16) KIELFETE X i B i 18
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Y 11 Gneuss-Greiner™**? & 605 B(E2) {4 (B 6%) M1BAY "Se HIfrfehl

£ Ge o, 07 BRIELE— 2T ERENMRE, K 2 B S ZEEARN, A
RAEmREE (A 4), fiHE ™S, "Ge BANFmBAERES. B8R, XEHK
B BB AE RARBE AL 07 B LMAFHOESER, HREE “Ge hAEAT
FLANBFEREREEN 5, 6)—>4T—>2]—> 0" R, 2WMXBAELRE H—8
ATHERBT —MRATR AN, MEERDBERHPPIZN 089 B(E2, 27 ~07), H
EREHEEAR, #Ge BFEBRBAE 8" SH=X, HAWNAHRAEE. WFE4Trpis
G, Z se PERERAESHR N, Frllixss 8¢ KL LNESEN, WEBRZAEIIN
0% Fx EHYHR, ERIRER RAL A,

FEXANRIREF ~ELFHBESHIT, K Z—R—MEFmsh ¥R E /R
B E DY B, HEAT 7Ge 1%, HR WA 12 R, BERIIHEARA T
B, ROZIN T LWELR B(E2) ARNRFEREHEYERIIN. FHNZERN
B8 TR “Ge fEL, ™7Ge iy O SRR KGN RRN TR, fEIFRFHT &, S
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r/ 3_———/’0
L2t 2 4 q
> 0 ———
e /
Z [, 5 4 4 3 /
= N . = 2 0 4
- R S 2 = 12 ~— 50) .37
3 3 < < = ° - 2 ~ ! >
0=l <L 0 “jo.zg gl gl ol =
- = S 8| SE 2 2
o — AP . =
1_2 AQ >~ ] St sl Sig P S . w §
7o) = . = S > *
< 2 2 0 = gl = 2l <
~f |~ 3 - < w© 2 ® &2 2 fa
g s S R ~1 1€ S N ~ = =
N1 = | N ) EER
SIRES S < S (8= =
3 = =
OF . = . ©0.21) o ©.20 7 T o (0.26°
L Big T B L it
< ‘—UG‘C __’ g 72Ge _> (—-— ch -——)
# 1.18(58 ) 0.96 1.00(50) 0.94 0.94(20) 0.95

B12 "°7Se HYLIRAELFT Kumar™'? FHZRFETE A BT BT EIH B
AR 0 AR 0% BMAAHIKIIR (RMS) Hast BA RSN, Kumar 4
i, 0% IR AR T R U, X R E R, X 07 A
WAL EESTEABE. %% T SRMIES I ERT BT 82 4,

Kumar 1 EHIRL AR 8 A 75X B — R IRER
e MERTE ((EIEEHO B "Ge FRMERIHE
B "Ge BIRMIRACAHE “Ge, 7E Kumar fyit
weh, HREEHRBEATREE LOE-
BNEABRARE), MEHERTENRR
B3 By HSBEEMR AR X Bk % 4
9, Kumar R25 3847, “BI4E XN B b e , 7 7Ge
(1 0V AR B BB, AR T X% 3 1Ry
BRIEEAKERT. EXAXKREAHEL
RBEEN, HYLRITVMRE (V= 40 B
H%) BURMEERTY GXIL gn BB HER
BFRE), BN TR A RANS L, S5
"Ge {1 0V FEEBEN, EEFABKEER
8. A3, Greiner™®! RENEDLE, R
AR RBERA T ENRES K Bo 1D
WA (D Kumar BEIR),IBARATA A8
BA—BHR, £ Bo FBBMAN T
BHE AN RLEETE.

V (MeV)

L. JIMeV !_
|
v o M t

=100 0 460 ~ = 10
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1§ 13 H Hartree-Fock {+HErER
$-18Ge Ry BETE
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B 13457 Ardouin &MWL 892 B2 Skyrme H{EFRY Hartree-Fock it
HEIBRROAMETE, AIINITEAR T —MERKTE: MBRHERE “Ge BIEBIRA *Ce,
Ifi ®Ge 8%, FIHERBERRE., WG EITERSBN "Ge ALFEE AN, (H "Ge
AR, Kumar WTFENZTRBEEENREXE, LEFRT— TFTXETREFLTE
HEHBFE., Ge HF4ARMEBNHEHR AT 4273 KBERKHRE. Vergoes™
SR, ST MR Ge B N = 40 WEFARRKINME. Larsen FEHH
I Se BRUALRRTE AT ZILR Ge R E—HE,7E Se RALRP A — T MRMEKEH #
BREOTEIRERAT.

*T (p, DR G, p) REKPIFEN Ge BRI RBEL T FAUSSEIEFRET.
7 Ge 1 (p, £) IR EMTHRESR, — AN BIHTLUH—F DWBA [HHR

R I, B— AT, DWBA HAHIK

1 MRk AR AR ERBEM, KR

| ToAs ke 8 05 3k, A1 Ge 8k, DWBA

FHHEX "Ge EAER, A[RERKE X
B, g R L RutEaE,

AAHI, Vergnes FHEUN@EEHL IR Ge fd
frEeg 2, p) R (¢, p) RFL, BT T Ge
BRI EHXET N =40 TR RERTH
EEHAE, () W G, p) REH,HEE
R = o(0%)/a(0"),, BITHEFE, 1 Pb BT,
HE—ArE ERRED (LA 14), HE2BiE
EARBREX 2 Sm k%, XER N RN
k(B 14). HY Sme WESREIKE,
i Smy ZFEAER. {HE Smy B 07 KE
FASHIT Smee BTRERTEAT.  FTLL Y Smeg —
Smy, (2, p) REMIRMEK., 1124 Smy—
Smg, (7, 1) RFIMIRMEA. Gekm (p, 9
(e, p) RNVAER 15 vhb T T H, X R
e A1 Sm RURAENL, B MEEE—D

Taow R 90 02 GINRERTR popp® REXILORERBN. 5 Sm
B 14 Db HISwm By KHEEL R=0(0%)/ M ,.WEB/NORERHEE N=40F1 421

a(0%3,,> (FEN NTIERED g AT G RAESD. 759" Gayn (2, p)7
Gay, 42 N, Vergnes FPMHBIERE]T N = 40—427B KRR X,

XEEA BB AE ISR, S MAl e RNEBR THEREE. G IR THEX
ARIBELETRIRE. XIURATN Y188, BT MBSt Ar fe T st A A m seds (il I
B 13), Frll, Fa e AFSTUEIRILFENELOMERBIR ("Se 2Z48) .58
FEXNZHT. B He KBRBHEN: "“He B FRFIERIEREFEREE, T
Brg g, X—AERR WA EI (LREREIERPD, XA AN S —IERE




% 3 1 Hamilton &5; A=60—80 i S EAKHHMI LI o

BEXT P A1 Pb AUTHEST, X EhR fAE He BEOHIREL THELRY P BRI,
i Pb i UG 7ER B e (I28) A B — M RO RIERE. SR, BTURESD
S0, B Paar R Alaga RFIMICIEE: U

F BRI RIS R T AR R, R R‘E .o
£ BX I, A1 R B RRIERT) . . .
ATIRE IR 2R %, B RLFAKIN
XA KIS, N = 40 BHERIE, RRIRE
AARRANTERER), NTIRRRER,  'F
IRBNFELE TR SL A t

-
0 % & % ’_/

76 XA K2 B B — 4 AT g
ISR AT (NPB) (S f NPB & L
/O ERED), HTFREERBEREE y
MRl 36, A REREEDHE ) W0 & R Ee )
BB A R, Fll “Se fix— )
SEHE AR R, (HEXAEN AE 75 (R SR RORR A R XA T
B R 4 58 Zu iy )

BATAILLEE XN R IBHRBEBIY T Cevss fvzs pyas p12) b, 7257 B 7™ AWK
= o HFIR AR, EEBREEA RAL HECYRIFHEN, & 6 PR, “Ge &
FHEATHEERENTREREN. BANTEEREE (6> 0) L TR
BRTADE BN T AR gn 918, ARHT FARERETFARNERT SHES
ERA RAZER, BT 2KE L AP T 3K IR, T BSA1 N = 3 $1ili#y Nilson HEBER
KRR, hTRAEMEOATHRIEE fn T p UENEOE,EFH p, BEE
BE. EAN—&E, SHEETRERASAAN S-S GSB B MR, &
FHRKERIT £, 090 = 1/2 HEN pn B9 2 =3/2 H3E, py: UENEEHEYMZ. i
BAN— MR 5~ &, BR 7~ AF ESOESHAFNEEANAE. HBTEE
IETF 7- &R0 5~ R 6~ BREGIER, 1 7~ SR —RE BABASWANRE, Wk
b R R T T 2 b R D X R B 22 B, B S (N LSS R AR R B . 40l 6 TR,
TEEEIR 6~ A1 8~ 25, BRI BT BT 0kt FRENERT , 1T R IR 2.
WA 1 RIS , B BT REE R 5=, 67, 7~ Al 8~ AN KRR

HFERSNRLE 17 FrR, ER LD Se, ©Kr FIAEHER “Ge {—%K M
FHREGRADL, “Ge HEHIR 77,5y BRI B—AFHER “Zn A "Ge RHH
BB, 7 “%Zn R “Ge 1, A1 7-—5 [ANEAREL , 53 IR, X EBR B EAK 3= KK
RETHRBHOW L, SRWEXMATH -SRI “Ce #55-—3B(E2) M7
HEeBhE s- WBEKRRT/N (LA, B “Ce AFHBNNS &R, WERIER
AFINAS "Se M9\ 3~ BEER g R THK FROBE S EXX, RS i
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WHRHEER 5 fI RAL HHEENREBRMEN, AR 16 h#sRENE B R
, XRZBANGER., mREEBNXNDFHE
[ l ORNL-DWGTT -11692R IR R, R 0. 2. R4 EHERI 5
(ay > A4 BRE . EEESDREE ., BLAXPHRE
- FHREOEFERR&EESTN (ILE 16),
Bohr F1 Mottelson HFEPHBE B E R
MRAFRTHEH, BothgT 7K
RAFHRENESTE. EBRNT "Kr B
AFHRY . AF 435 HREATFKRE
- REFEFRESHEAFHEEN . EREFR
M, AT %Ge MM LB ianes << iapes
ps+pory| X ARXREREN: EY5EERY
/ (PPB) #8LL, a5 ## (NPB) XiE—1-&
PR R FHIER, X, ™Kr AR i
- BOREREERLREX RAL BAIRY 55—k AR,
HER "Kr HAFHREHRERARE
A IEE AR KR,
BiE v — v FEYEDY S8ER
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01 2v s 49 =7- n B, ERERHXKKIBRAREST,.E
T o o oa o3 A1 B(E2) K] 60—100 BT A
@) (MeV)? (F M), 50, XeEHREHEREK
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S o o LR PR g RS, (ER o R
: ®0Ge FIREESHIE ESE. “Ge HREIN
AHAHSERERNS ERYS, TASER RAL TERIFMEN (H6). BHTHER
FHAR “Ce WRATHRBENFATELL, RN XN K BRERFEINAR AT RN
(B 17) B gon BLERRTFH RAL 7.
FERHRATEM™ (BA), SUANAFHRENS —HER, SREAIFHTS
A = 150 MR ROAFRERNEAS, £ BA i, EAWRHEKNEHLR
WEAKE. TARTRERBE/\BE TSN R MRS THRA. XA A
FSe, WHAERHEADRIFMFABIEE 147, BAFREARRIFHFESS. HE
HTESHFEXEBOEE, BTERAERN, BAXAMHAIRREERN. £ 7S
o, RS FSLLAE, 7€ IBA BRI L MSe 57 AR RAS L ATLUARIE M
HEATEREEHROR XRTREE, XE— M EAS 77 8 6" WK IRELI12%,
AXBREE I, <1%. Hellmeister IR 1BA BT "™Kr, XILRET 77—6" 5
BT, BE 7 SOSBKE, -3 AKRKERRAAE ~ 1%, XEATURENTAL
W RBX —sMEBRE, XBE IBA AR Kr ELhX Mse RBEZ. € RAL HH
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#78] Kr RAFERKRE RAL SRIEHERXH, fEXREhFEN IS5 R
ABRBBAFHRHE RN, ARSI RET SR R B b B B AR U F AR,

BE-TMHAERAIEERXT “Zn #4635 KeV 77 . XMREMEHFH K,
143 S, XRPERARNINMRBHEEEANATFHRERAFRER. i MREEE
RIBHLEE,

L v % 4 5 #

RERIZTE B EE P FER 2 RRBTRREARRBNETRY, —H
TR B RE(LE 18). X "Se sk —RMFBIHX (R 97 WTHL TR T X%

f -

, W @) — R p—
D 4
= 3 - 87) - —
(7% ——‘L (7,1____“_ (7*)—5——Jl— 6 _
4" ig*) :
J [ ] 8+ 3¢
3 2 57 5 o
) \\ 1 s \\ \ . :
4, ) .
SN NG S 5 A k
2 i S s g+ — 2 \ 2 1
2 9+ \2.
HGe MSe Ry *Kr L

B1s XX r BRI EING

WHORRE PR, Se XMW BRRIE 3" (18843 KeV) EZ LHIW(E 2). H
SEREIRE, o BN TR FNEERASEHREEEDN. XM 37 M 47 ALK 1269.1
KeV 27 G B MR HE v 7, (BRXNHFH 27 BAERT R FHIMURER , 41 1657.5 KeV
ek, EXTREBRIAEEENMEIX R B RN v BIREDFEN T (B 2) B2
F—K. 1E Sakai™ Rk v REVFEI G P, B RIR SR A BB IE 5 5K 6 U AMRRE
BERM 2,3 M4 DR FERPERERMORE, TR, XDFIEMEER o7 &, B EXE
FTsAH6 METE. R, IWFRICHE v TRRE BRET. REENFEFZE
HERET USR], i LERERREESHEENER. r HEROBEUHASENET
BAEN, HREUARREREEXMFRERFHREIIM v OB~ E
F X EAMERARMERGE. ARBEREOZE B v FE BT N/NES,
HE Saka™ ZEME7 B —EESERNIEERR, FUHRNRE—adgnE
FHEE, BT AN IEETR, X Mg r BERS A RR L S L B,
BARBNATFZERUREEOKHERR. XTFHRRREE A =2 KL, HW
BTN Ee, RISRAENEAE (LR ID, HXTRER 97 BHX M HNEE
AREERTR o) = 2 WKREM S, MR AT =0, 1 FHNBIH WO KT,
FIHEWH A =2 TRERRER FIREIN. X\BAT O TRME, BLEXE
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1. FHpHELH B(E2) i

o K E(#45) (KeV) i (ps) Blg(Egz))c:;
“4Zn 5-—>3- 3925 >4
7m5- 4981 217
G 5= 53— 3649 29 16(3%)
rase 7= 25— 3516 5.0€20) 64(1
97~ 4403 0.70(20) 116(38)
(11-)->9- 5492 0.40(5) 78(")
— 75— 3288 1.9(12) 13003
9= >7- 4028 2.2(8) 84(23)
11-->9- 4905 0.7(1) s1(11)

PREERIY R R AR, Sakai™ RENGRIEY, v FURAZIEHE
BE, MIRZERENT, KUR v WIRSHHAE TR W T (B 18): *Kr F|
(o, ®Kr (677, M #Ge B (5T, FEZE Kr ANURPXEHDRAEE
HEERHE "Se IRUE/)N, MHEK ERAFESNVERER. EE “Kr fXEHH
in ZXREFTE(E,M RAL HFE, XRAF LB “Er) v IREHH A BBIRFIE,

EXNRERX "Se 1 *VKr FXEEFHR Al =1 N (CHRBTIIBNE
BE), B—HMIarRARENFER, XEWHEAEIXERNBE, i AR TIRE EXS
AFERXXRINFEEL, BHREIR—MFIRENBINEABRRAER, XBBEER
REBRERABLENED v RSB, TAKREHATEESWELARNE v H. X
ART XM ENERE XM 7AER, 4 Sakai™ BHMKAE v HES
L EEAHFRANIERRMALELE L OXR. AERITREREY, XEEHLR
FARBERERAN v W, MAR G, TRRITIANA Sakai BIOGHE v 9, #
BRI REFF (B I =57 R 67, AEXITRXBERBIFHBET. FUF
R 7Rl ge 4 1R AR

IV. % 5w

BAMERILEHR T AREE EED R IR, BIFOIHERE K gl 580,
[ 3 FRB— MR 3174 KeV FRIAR,  XEWAMAES E AN BB e R L
WX XBRE. DS BIRAE R EE IR v BIRSHN 5T SRS, RN
S*AWEE, BRI TUREGKE—SBERE. AT "S LS TR 5
BB 47 7 RS BT, LB 4* BEWEBS. X8 "Kr B 3174 KeV TS
WFSTHERANRBENTR, RESRMELR. "S haFhei r MR sk
BHRARMTRENALR. B "Ke h—RRBIMIBEHBE " SULHT, &
R 2832 KeV $2THAR ULE 2). , |
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& UL v BRHFREHEGNE

o % nl % (Kev) e

MSe 7H>5+ 3525.4 133(57)
g+ 4449.9 110(37)

78K r ’ 2+ 1147.8 <8
42+ 1872.6 <68
5+ 53+ 2299.5 90(40)
6+ 4t 2731.0 17(37)
T+ 5t 3203.1 6815
g+t 3771 99(28) -
S+s7+ 4255 64(13)

V. F ABRMTEHR

V-A. “Ga BRI =HBE

FEENT AP ERIFHET THDHEFE. EMEBRRN/NEERXA XK HIRR
T =BT GERE, A, 28 S0k [62, 63, 64], BRTEERY 70 KIRHHIE 4B g2 21
H R SRENEEBREE (Fla, 2FXH [20]). o EEEHEENEX TR
WE AT, CRBHT gn RHEEEENIERE. ATE 4 =70 RBRRBETHHESIH
SRR REFANSHRE, & 48R BESH SIMITMBERTEN.

BE Y — 7 BAR r FRASARBZER v HEERT “Ge BT THR,
¥ MBI E 19 FR, BYHE f» M g RTHELAHEOE 19 FOR, AF
WEEREOERFF: 5/27.9/27,7/27.13/27 M 11/27, BUHEFR g, HRE
SRHLX AR, XA A RERBETURE “Ge THEE=HMER, MAHT EAQ5/2—
13/2) > E(17/2 > 13/2), &KE » < 30°,

KR g rh B — IR R A B SR AT 433KeV [ 21/27 fB%L. (K9 21/27—>17/
27t TR, 310.6KeV B HIRRE , MBIE g, & (2037 KeV) bROTHE, R
WA TEE, NEITEEN, SRR EERE ST 4.5—5 McV TEK 87 &, XEEHK
R YR (o) B, HTHITNENE (on) B8 ENHIFNRIKEER 21/27,
RAHA Y 4333 KeV SBE AR R XF =N THA.

V-B. &%
ARAEG ™S Biged, RATRILE v HBOMMIBN, X5y HEENAT
— oy AN, RUEBRE L, X v HEREA SR SRS B R B A B

W4 FRREANET. TRRIINAAEIEEXEH AT BRATTHREEN
| BRRER ST RO PUARRHE (L 20), RATEE—EBRB N B FENRA LI, fi1ES
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~ %\ a) o
| o & &
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FHmRESEN I+ 1) FatkE. ' - ,
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RWPIF. & “Ge HUBEHINHERKE 117 (BiFL 137, MATUASHAHRN
#%Ga BECR— g PFOFBSMEBRT.  %Ga fy, HE805/2.7/2.9/2 W
FRRIARA “Ga 77\ 87 97 E(H nfsn W vgys KT BETEONERLERIERE S, “Ga
gy WEHY 9/27 (11/2%), 13/2%, 17/2% MR RIAIRRT “Ge B9 9%, 10%, 117, 13% 35 (f
wgn W vgon KT REETNER) B RERIERRE 42 FEUL.

VI. &

4 = 60—80 XERBEALRIKE, HECKBRT AENEARRGRNEEKY.
ARBFHEREEK, ESSHERER, BRTEESE I 1B “Ge H9FH—H

- # (o) ERANBYRTFRATRDHEASNAS, BBAMIES, XRS5 A5

T, RS RI7E 87 SBRMHE RAL WX, JZAESRASUE THIES, A8
B ZFEN = 40 FHERY Ge T Se AR PHHAEMBREKIMBRESE. HHEE
Brh BB RA R R A TR0 B R0 B BER A FIRET (BIR A B HE), XA KT
REFIA RAL BIRUERE, EFE A7 =1, @127 8] 9" WEHFHANBEELY, X
EHRISIE L BIE M ELX 4 B a0 B RERE, S TR 8 B8, XA R I R
BRIy BIREHE. BT EESWOFZINE "Ke 1 7S A EFAIW
REROERAEEAEE. T4 “Ga MEFFHE "Br M “Ga MHATEHREIL MK
TRBALRRNEXTH 4 BRTFENORRIRE, HAHRRITXEEERN AR
A SE =40k

= o

ERIZIR XA IR L RFH L. M 28 (L. M. Langer) &, DIRLEMASE
#fBR. RIS ABELERHRIMINE FH IR XARESE.
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DISCOVERY OF MULTIPLE, COLLECTIVE BAND STRUCTURES
IN NUCLEI WITH A=60—80

J. H. Hamilten
(Physics Department, Vanderbilt University)
R. L. Robinson
(Nashville, TN, Oak Ridge Natiomal Laboratory)
A. V. Ramayya

(Oak Ridge, TN)
ABSTRACT

Recent studies of levels in even-even &707:Ge, 707274Qe 74767:8Ky and “Ga and “Br
have led to the discovery of a wide variety of different collective band structures.
These include bands built on near spherical ground states and excited more well de-
formed shapes that may include triaxial shapes, rotation-aligned bands built on the
same orbital (gez)® for both protons and neutrons, RAL negative parity bands with
even and odd spins, and AI =1 yp-type vibrational bands in even-even nuclei.

As recent as 1974, a survey of the energy level in the even-even Ge and Se iso-
topes™ revealed little was known above a spin of 4% (see for examples Figs. 1 and
2 of Ref. 1). (With the exception of the unusally low-lying excited 0 states in ™"Ge,
first discovered in ™Ge in 1948 at Vanderbilt™, the theoretical treatment of these
nuclei was limited primarily 'to some variation of the vibrational model. However,
very recently there has been a surge of information on nueclei in this region that has
revealed fascinating new features and also provided new insight into the exeited 0*/
states. Particularly striking are the multiple, independent and highly collective band
structures which we have discovered in our in-beam y-ray spectroscopy studies fol-
lowing heavy-ion induced reaction. Evidence for and the theoretical understanding
of the richness of the collective band structures that are found in our studies of
#.70.72Ge (Refs. 3—6), *727Se (Refs. 7-—13) and "*7*7*¥Kr (Refs. 14—18), as illustrated
by the at least seven different bands found in our studies of the levels of ®Ge ™Se,
and "Kr (Figs. 1—3), are described in this paper. These multiple structures include
the following: a) coexistence of ground bands built on near-spherical shapes and
excited bands with larger deformation built on O*’ band heads; b) bands with 8*
band heads interpreted as rotation-aligned, RAL, bands built on both neutron and/or
proton (gs2)* quasiparticle configurations coexisting with the ground-state band; e¢)
RAL neutron and proton odd-parity bands formed from coupling of a gs-/z ‘quasi'ptar-
ticle and a p,y, P52 Or fs2, quasiparticle with the core; d) AI =1 even-parity bands,
which are best characterized as gamma-vibrational bands; and e) additional bands
whose nature are presently not known.



