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Abstract




In this search, %180 Hf  jsotopes have been studies by the
interacting boson model (IBM-1) to determine the energy levels and the
electric quadruple moments Q2:* , In addition, by the program IBMT
was used for evaluating the reduced transition probability B(E2). The
nucleus shape was determined by studying the surface potential energy
using the equations of Hamilton function . The square of rotational energy
and the moment of inertia were calculated.

spin and parity for some energy levels, which were not exactly
determined experimentally have been determined. It was found that the of
(1.006) MeV for 1%8Hf spin and parity of is 31*, of the energy levels (0.94,
1.03 and 1.158) MeV for %8Hf of spin and parity of are ( 02", 31" and 24%)
respectively and the energy levels (1.088 and 1.22) MeV for Y°Hf of spin
and parity of are 3;" and 43" respectively , the energy levels (1.03 MeV)
for 12Hf spin and parity of is 3:*, and energy levels 1.3 MeV for 4Hf is
3™

Also, we determine the spin and the parity for energy levels, which
were never determined experimentally, such as the energy levels (1.022
MeV) for 1%Hf with 4,*, and the energy states (1.03 and 1.57 MeV) for
1721 with 8,* and 10:* respectively.

The ®Hf nucleus was expected to have two new energy levels of
(1.49 and 1.5 ) MeV with spin and parity of 10, and 4,".
According to the IBM, It was found that the 1%0.18Hf isotopes the
belong to the transition region O(6)—SU(3) , whereas the 70-18Hf
isotopes belong to the transition region SU(3)—O(6).
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O s can dpaly I ol ol o2a ol g Lgiallea & (5 5 sl S ill kel A1) 238 ()
8 73 a1 (5 9 5ill (S il a3 Al m3laill 024 a5 (Nuclear model) 4as i) &3l
< [1] (Von Weizsacker,1934) J+& o= z 38 ¢ (Liquid drop model) Jiud!
35 (Nuclear Fission) ¢ssll JUaii¥) s Lk 5 (Binding Energy) Lo il 48l s
J8 e 258 (Shell model) 8 -l 3 s Lal | 815l &y ) Y | jasds ellac (8 o
Ladie dlle () K8 5all 4y ) it o dlaadl o jlall iy a8 [2] (W.Elsasier,1935)
) 4zl [3](Magic numbers) 4oaall dlae Y1 aal () b sle Gl IS sl aae o Sy
=Y (5 siall (5 5 5l a ) a8 (i 200 Y) A8 G sl (55l 3 ad 3l daa Gl
o 5 (21 ALl oy o1 AT LS| [4] Laila | i (5 sl (5315 A s 1) A 5 ) (5540
S gr“d\ (Closed shell) dalaall 5,5l TS L IS gl e @SL’J\ 3 sall Qg;ﬂ\ I
4 V) 5 d) ) eall A< sl dtiaie Lein collective effect duslea <l yils el )
z 8 Ml collective model (eleadl 73 saill (38 g Aiallaa o5 Lo 138 5 Lgia JST ANE0Y)
Gl glS gt ) 31 Al avnds ) ald ) [5] Boher and Mottelson ,1952 J=8 (=
LIS il ae Je i il 3 )0 58 jpall Jualaty Capm 5 5all & jla il gl g 5 40 S 5
 Aalieal) ye ol a8 de Al
sae 33y ) (Ao aaing B 3l Capay o3 4 8 Gl G idd Lpngenil) KN AS jall 23 i Ll
Lmand (580 Legin Lad Jeldll gl 5, Sl 5lS 5l
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Bl JS5 05 Ml 5 Soft sl ST elastic 4550 ST 6 sill mus a6l S5 58 3l 33

Ellipsoid L v
) gaall 5 padll COleLEll dai yeday Lpmpanl) z3laill 02 881 gill S s a5
Jlad Al 5 (SleSl il dpe by clelé) o) A gl cbleld (i slS gull =1 5l)

. [6,3]3) sl 4q s
ooy O AR e gl Lys i Ladsas [7] Arima &lachell ¢80 )4V ale b
ALE s giall 0N Slae Y cld da 5 0 Ao 5 1) (o5l 8 AUl ) gie (ailiad
Aah Al Can [8] ciliis )5S Lgindlaa a3 ) Al 5 i) & Hla il 5 gll ) 5 51 Adassl
Js¥) Adeiall il g sl 3 ey a8 5 il ) all 22l A yall s jo e ) ki
oSl a8 Jaaill gl daii g g ) sall 4y jall Gla ja Jaah 3 5adll 11 ) ki 285 IBM-1

. [9] IBM-2 Sl dlelsiall Gl ) gall 23 galy camn g (5 53l B 4y 5 93 (ailbad (e

Literature Survey 4l cibu) ol 2-1
P IS Lok Llee a guiled)l A (g5 5l S AN Giald) (e 230 (g )2 8
dalaad) Al Al
Dl Sl Sy ol 35 Al 505 YAV ale dielaa 5 [10](Bochev) ol
COle Ll (e 285 As g3l Ao o Sl 1008 ITOHE (5 il Llal) il il
Obisadal ) 48yl Jlasinl 122,124 Sn(48 ,50 Ti,4n)166-170Hf
Aol 53 "N HF 3155 JOlad) Gal 55 aiclan s [11] Deboer g0 Y41 ale 8 @llas
o3 Al all 038 A (e Si(LI) <8<l 5 Ge(Li) & Nal(TI) ilS el (fisa 5 5 jainl
(YE£Y,0 + 2.5)KeVis simall 30
285 "VTHE 8 sl dwadl) Al ) gall o jall dul jaadiclea s [12] Walker 28V AVY ale 4
e o 2y (1.y) G A Juenindy " G (100, 40)2HE delill e (Jall ol sy
a5l 50 il (e i AR pUasY) 5 el (590 20% s G daal 38 paa )Y (5 sisall
3 skl
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Clsiue 5 [7=226% (Al Joal by sie Gilaa 1 G (10, 4n) delill iaa 2d
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RSATY, TP d Ay dadl diclea 5 [15] Alarcao desiv) 1444 e G
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k= 27y A a el (o )Y g sl
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A1) a s Al Ly s &G aiclaa 5 [18] Djongolov cpe Yoo ¥ ale Ay
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Jam IVYYY KeV xie k= 0 dsmendll dajall laa s 85 YYYY KeV [V €YE KeV
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e o g3 aa €%+, 8V Mal) o all (5 ja diles Lt 4y plaill cilbuall o a5
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Al Al A 55 8) 5l 5 ydall 23 gal dlelea 5 [24] Yang Sun pasiul Yoo € ole Ay
O 255 s saall Ll Jlexias YA HF 854l Ao Leall gl 5 sa3eial) Clapall 4ni
SOAY) JEY) e Y, ¢ MeV A8l e Jaadiy V1o ol I3 a5 3V

gl Alal g dele Capuaiaiclen 5 [25] Bao- An Bian 0 Yov 0 ale (&
Ao 50 — A 5 50 4y i) s Al all () g DA ) slaall B i 23 gad Al 53 2 Y
sl Jleainly g Jalall o 38 9 Hf Al Lgiazay PE-Gd (e iUail | JuSla IS
a5 dpca V1 Allal) o s s ISy asd 35 8l 23 gad 8 Alasinsal) dga gl
A yUail) Aluld) pe g Jalad)l Sldanal 3 jaeell Zdall & W-Gd (e plailly | 45 5) a )
Al z3 saill dasl 5 (38 gie S i 5 40lSA) 2

K.E.Abd EImageed&I.Abou-Salem bl (w53 2005 ale b Ll

< Lkl 5 5y saall a gl S 5 () suSlaa 335 saga Jlaindy 4 5 31 A 5 31 HF s [26]
B(E2) J&ny! dlaial 5 magill culdlal 2y il clluadl 45 5lia 3 3) (52 sinll 23 saill
12 A8 (€ Lo J saanl) a5 3l il o Cus | dglaall U8 ae adayY) (5 siasall
c Y (s siuall A )9l A Ciuay e 7 sl

The aim of the research: <l (y caagdl Y-



L (ya aal) Sy a3 g I VAT HE S ) o o Caad) 1ia
IBM-1 <l sall 73 sl padinl 5 ¢ SilIall adgd 4y 5 5l (ailiadldl (ans 48 jra 58 4l )l
Al Gailiaddl Cus ja Cua ¢ (a jall 13gd
Parameters — dlaladdl agaaiasg T Hf el 3 A Gl e Al 2 )
b_yd i) Alenll gl e Ay ylaill ol A3 a5 gealiyl) 138 8 Aleniosal
s ol Alead) Ul e Lt jlie s B(E7) 4 sl Adlaia) Y are ad olues Y
e Jialadl o il late 5 31 gall S5 48 el Al Sl ladll el o e dad aaa3 Y
S 13 Lah 28yl Ll 53 aan al 31 B8 @l e imad Ll 5 ) agans -
Anlaal) bl jall & 20a8 &l Baaa Gl gl cllia
(Potential Energy Surface) V(B,y) zaud) 3¢ 48 4l j0 -0
S deasill e aebuy 455 JSI SIA ) gusill o e 5 1207 4l sl 48Ul 4l 50 -
555l S il AlY) aalial)
IBM Aleliiall clig)sal) zdgad V-¥
€ il Camy Lygsiladsai VAVE dle 4[YV] lachello & Arima) &
Low —Lying Collective ) 4kl sll iy siusall de Laall dom g 304 5 511 (5 53l (5 553
aial s (Interacting Boson Model) deléiall <l ) sall 3 gad oy (LeVels
AL 5 ddau siall s 53l ( Collective Structure) slaadl aS il Caa sy
ddle V) = LA (Nucleons) @l plS sill by [BM dde ltall il g ) sall 23 gai
e s gl 5 ligig sl (e sl Lebaa s da g 30— A g 3l (5l Al
5 small Jai O (1S g eany pe Je il e AU Ll Al 5 (Bosons) <l s ) sal
i 5 (L=0) simaall L sasa 551 0 Lgad 3 (05 Laxie (Ground  State) S oY)
(L=2) 51 ) Lead ) 05050 landie dagiall Sl siall Jadiiy | (S-boson) S <) s
f Ol )s e Lo 8 haae (L=3) 0552 leaie 5 [28](d-boson) d <lais) s a5
[29](Negative Parity State) dllull Jilaill &¥ls Coaioda 4 (f-boson)

(IBM-1) Y-Adeliiall clig)gall gigai Y-¥



iy ) gas (ST, AI)nb i g pall g 35 G Saa ) -Aleliiall il s ) sall 23 5
N -l (e )5l Lgdaa o i g ) sall a0 Gl oy Eua [31,30](sv,dv) <l s i sl
Giaa Leali 5l 3 58l Couatio Aa g Adlaa 3 338 3l e bl | (Particles Paier) (v)

o LI [12](Hole-Pairs) Nia(u) < sl cre gl 5 Lk s ey il 3l s
= Leiallaal Gaidall 3 saill Gld Sl g yisill g g g ) Gl ) 0 (o S]] Al
O o V- e liiall g ) sl z35e3 A, [32,29]( IBM-2) -2 Aleléiall <5 ) sl 73 sai
iSS 5 gilalgl) albaill dalall Aapall (L8 lIAT 4§ gin Lad Jeldill LeiSay d g s ilig ) o

{Ldll &l iy w5 (d,STm) (Creation  Operators) G—all <l iy« oy jaia

1S 5 [33,28](S,dm) (Annihilation Operators )

H=¢,(8,S)+¢, ) dndy + > %(ZL vapec [farar ) gy
m L=0,2,4

L oo PP o P

+ %Vo (@d?)(ss J” +(s*s")* (dd )© ](0)

U, l(d s (ds)” }O) + %uo [(s“s’r 1 (ss)® ](0) .............. (1-2)

o Lmamy il ) sl Jelii caad UL(L=0,2) , VL(L=0,2) , CL(L=0,2,4)) o ¢
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