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The positive and negative parity states'®fiRu isotope are studied within the frame

work of the interacting boson approximation modéA — 1). The calculated levels
energy, potential energy surfac&§p, v), and the electromagnetic transition probabili-

ties, B(E1) andB(E2), show that®Ru isotope ha&(5) Characters. Staggeringfect,

Al =1, has been observed between the positive and negative parity states. The electric
monopole strengthX(EO/E2), has been calculated. All calculated values are com-
pared to the available experimental, theoretical data and reasonable agreement has been
obtained.

1 Introduction reducedB(E2, 0" — 2*) transition probabilities, quadrupole
+ -
The mass regiod =100 has been of considerable interst fonrwomentsQ(Z ) and g factors, g(2) are computed. Areason
. . . : able agreement between the calculated and observed values
nuclear structure studies as it shows many interesting fﬁa-

tures. These nuclei show back bending at high spin and sha|a3S been obtained.

transitions from vibrational tg-soft and rotational charac- 1 erﬁzsnggreonszzgg %n?n?/rerrsut)imafti\r?br;\tgrljv?/ﬁr?r?cigl\lﬂei\{fl)e
ters. Many attempts have made to explore these structtLrazl] - 98-108 vestigating ying
" : ; . states in Ru. Analysis for the level energies and elec-
changes which is due mainly to the n-p interactions, tric quadrupole decays of the two-phonon type of states in-
Experimentally, the nuclear reactid?Mo (a,xn) [1] has g b Y b yP

. . > dicated that®Ru can interpreted as being a transitional nu-
been used in studying levels energy'8tRu. Angular dis- P g

o S . cleus between the spherical anharmonic vibréftBu and the
tribution, y-y coincidences were measured, half-life time ha%

gl gsirotationa’roz“ 106Ry isotopes.
calculated and changes to the level scheme were propos A new emprical approach has been proposed [13] which
Also, double beta decay rate #’Mo to the first excited 0 P P prop

state of'Ru has been measured experimentally [2] usiis _based on the conne_cti_on b_etwe_en t_ransition energ?es and
. . P y @%m. It allows one to distinguish vibrational from rotational

Y commdencg techmqug. , characters in atomic nuclei. The cranked interacting boson

100 DoppIe:r—shlft gttenuatr:on measurements f‘;:'o‘l’;'”g, Nfodel [14] has been used in estimating critical frequencies
Ru (0 n 7) reacﬂoq [3] has used to meas.u'ret e life imQs; the rotation-induced spherical-to-deformed shape transi-

of the excited states itf°Ru. Absolute transition rates WeT&,n in A= 100 nuclei. The predictions show an agreement

extracted and compared with the interacting boson model h the back bending frequencies deduced from experimen-

scription. The 2(2240.8 keV) state which decays dominantlyal yrast sequences in these nuclei.

to the 2 via 1701 keV transition which is almost pukél in The aim of the present work is to use tHRA — 1 [15, 16]

nature considered as a mixed-symmetry state. A§¥Ru for the following tasks: ’

has been studied [4] experimently and several levels were ) _

seen where some new ones are detected below 3.2 Mey, 1+ Calculating the potential energy ;urfacg’iﬂ,.y), to
Theoretically many models have been applied to ruthe- know the type of deformation existing fét"Ru;

nium isotopes. Yukawa folded mean field [5] has applied to 2. Calculating levels energy, electromagnetic transition

100Ry nucleus while the microscopic vibrational model has ~ ratesB(E1) andB(E2);

applied to'%*Ru and some other nuclei with their daughters 3. Studying the relation between the angular momentum

[6]. The latter model was successful in describing the yrast | and the rotational angular frequenky for bending

0* and 2 states of most of these nuclei and also some of their  in 1°°Ru;

half-lives. 4. Calculating staggeringffect to see beat patterns and
The very high-spin states of nuclei neax200 are inves- detect any interactions between thev€) and (-ve)

tigated by the Cranked Strutinsky method [7] and many very  parity states, and

extended shape minima are found in this region. Interact-g Calculating the electric monopole strendtE0/E2).

ing boson model has been used in studyRugsotopes using

a U(5)-O(6) transitional Hamiltonian with fixed parameters (|Ba-1) model

[8-10] except for the boson numb&t. Hartree-Fock Bo-

goliubov [11] wave functions have been tested by comparil%g:L

the theoretically calculated results f5°Mo and'°°Ru nu- IBA-1 model was applied to the positive and negative parity

clei with the available experimental data. The yrast spectstates of'°°Ru isotope. The Hamiltonian employed in the

Level energies
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nucleus| EPS | PAIR | ELL QQ [OCT [HEX [ E2SDeb | E2DD(eb
100ry | 0.5950| 0.000 | 0.0085| —0.0200| 0.0000| 0.0000| 0.1160 | -0.3431

Table 1: Parameters used in IBA-1 Hamiltonian (all in MeV).

present calculation is:

25
H= EPS-ng+PAIR-(P-P) , i, Ba—
%5—
+1ELL-(L-1)+1QQ-(Q- Q) ) i— h
+50CT - (T3« T3) + SBHEX- (T4 - Ta) = zm.zz::
% 1 ~ o —
where g 3 |—
w =, e
. . 05 L — — —
1[ {(s'sH - VBd'd")O} x ](O) N g = =
P=5 o (2) — = ==
2] {(ssY - VB(da)} : PR
o A D gt HW]O L T Exp. BA1 (e) parity band
L-L=-10V3[[@d"x@d®]" (3) 15 ke 8 p 05 pliets b
(0)
{(ST& +dfg@ - g (d*&)@)}x A B
Q-Q=V5 L@ _ .
tg G9@ V7 4@ Fig. 1: A: Potential energy surfaces f°Ru. B: Comparison be-
(s'd++d9*” - > (d'd) . tween exp. [19] and theoretical IBA-1 energy levels.
T Oy (gt GO
Ts-Ts= W[(d d)*x(d"d) ]o ’ ©) 3 Results and discussion
T, Ts=3 [(d"'d)(“)x(d* a)(4)]f)0) . 6) 3.1 The potential energy surfaces

The potential energy surfaces [1¥(8, v), as a function of
In the previous formulagy is the number of bosor?- P,  the deformation parametegsandy are calculated using:
L-L,Q-Q,Ts-TzandT,- T4 represent pairing, angular mo- ] ]
mentum, quadrupole, octupole and hexadecupole interactions Ennn, (B,7) = <NiNyi By [Ha NNy fy> =

between the boson€PS is the boson energy; andAIR, = Za(N,NR)BA(L + B2) + B2(1 + )2

ELL, QQ, OCT, HEX s the strengths of the pairing, angular T

momentum, quadrupole, octupole and hexadecupole interac-  x {kNVN,r[4 - (Zriv)ﬁCOS 3/]} + ©
tions.

- = 1 1
+ {[erxvﬁz] + Nv(Nv - 1)(F) Co + 7 CZ),BZ} 5
2.2 Transition rates

The electric quadrupole transition operator employed in tk\{@ere

_ 2\05
study is: X, = (?) X, p=mn Or v. (20)
TED = E2SD-(s'd+d's)@+ The calculated potential energy surfacé4g,v), are
+ L E2DD- (d'd)@ (7) presented in Fig. 1A. The flat potential in the critical sym-
= .

metry point has supported quite well tB€5) characters to

. 100Ru nucleus. Also, the energy ratios presented in Table 4

E2S DandE2DD are anUStable parameter.s.. as well as the existance 8i°Ru isotope between the spher-
The reduced electric quadrupole transition rates betWegly 5nharmonic vibrato?®Ru andy - soft 1°2Ru nuclei [9]

li — 11 states are given by: supported th&(5) characters.

[< 1t | TED |1 >)2 @®) 3.2 Energy spectra
2i+1 ' The energy of the positive and negative parity state8®tu

isotope are calculated using computer code PHINT [18]. A

B(Ex,li - If) =
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-1t | B(E2) |17 [ B(ED) |
0, Exp*. 21 | 0.490(5)] 1, 0, | 0.0030
0, Theor. 3 | 0.4853 | 1,0, | 0.1280
2,01 0.0970 [ 3,2, [o0.1211
2,0, 0.0006 |32 |[0.0415
2,0 0.0405 | 3,23 | 0.0002
250, 0.0000 | 3,2, |0.0024
250 0.0759 | 3,2, |[0.0197
23 03 0.0087 | 3,2 |[0.2126
24 03 0.0066 |5 4 | 0.2533
240, 0.0588 | 5,4, | 0.0480
42, 0.1683 | 5,43 | 0.0006
42, 0.0142 | 7,6, | 0.3950
425 0.0319 | 7,6, | 0.0446
61 4 0.2039 | 9,8 | 05439
61 4 0.0179 | 9,8, [ 0.0342
61 43 0.0242 | 11, 10; | 0.6983
81 61 0.2032
81 62 0.0183
81 63 0.0157
10, 8 0.1678
10, 8, 0.0175
Table 2: Calculate@®(E2) andB(E1) in °Ru.

L[] | Xt (EO/E2)Ru |

0|0 ]2 0.027

0|0 | 24 0.347

00| 2 0.009

03 | 01 | 23 0.042

0|0 |2 0.086

0|0 | 2 0.002

03 | 02 | 25 0.010

0, |01 | 2 0.010

0, |01 | 25 0.010

0, | 01 | 24 0.113

0, |0, | 2 0.030

0 | 02 | 23 0.034

0, | 02 | 24 0.340

0, | 03| 2 0.454

0, | 0| 2 0.010

0, | 03| 23 0.011

0, | 03| 24 0.113

Table 3: Calculate&;s. ¢ (EQ/E2).

’ Energy Ratios\ E4:/Ea: | Ex/Ea:
E(5) 219 | 2.20
Exp. [19] 227 | 252
IBA-1 2.12 2.11

Table 4: Energy ratios d&(5) characters t&°°Ru.
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Fig. 2: A: Angular momentunh as a function of {w). B: (Al =1),
staggering pattern fdf°Ru isotope.

comparison between the experimental spectra [19] and our
calculations, using values of the model parameters given in
Table 1 for the ground state band are illustrated in Fig. 1B.
The agreement between the calculated levels energy and their
correspondence experimental values are slightly higher espe-
cially for the higher excited states. We believe this is due to
the change of the projection of the angular momentum which
is due mainly to band crossing.

Unfortunately there is no enough measurements of elec-
tromagnetic transition rateB(E1) or B(E2) for °°Ru nu-
cleus. The only measureB(E2, 0] — 27) is presented, in
Table 2 for comparison with the calculated values[20]. The
parameters&2S D and E2DD displayed in Table 1 are used
in the computer code NPBEM [18] for calculating the elec-
tromagnetic transition rates after normalized to the available
experimental values. No new parameters are introduced for
calculating electromagnetic transition raBdE1) andB(E2)
of intraband and interband.

The moment of inertid and angular frequenciw are
calculated using equations (11, 12):

2l 4 -2
2~ AE(l > 1-2) (11)
~ AE(I > 1 -2)T
(ha))z — (|2 — | + 1)|:W:| (12)

The plot in Fig. 2A show back bending at angular mo-
mentuml|* =10. It means, there is a crossing between the
(+ve) and (ve) parity states in the ground state band which
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was confirmed by calculating the staggerirfieet where a
beat pattern has been observed, Fig. 2B.

3.3 Electric monopole transitions

The electric monopole transition&0, are normally occurring

between two states of the same spin and parity by transferring

energy and zero unit of angular momentum. The strength of
the electric monopole transitioiX;; s (EO/E2), [21] can be

5. Strength  of

the electric monopole transitions

Xit-¢ (EO/E2) are calculated; and

6. Staggering fect has been calculated and beat pattern

has been obtained, showing an interaction between the
(-ve) and @ve) parity states.

Submitted on: December 12, 2012ccepted on: December 20, 2012

calculated using equations (13, 14); results are presentedRfferences

Table 3 1.
Xp( (E0/E2) = DO NiZ1e) 13
vt (BO/E2) = Ty (13)
2
Xit.f (EO/E2) = (2.54x 10°) A¥4x
E3(MeV Te(EO, I — | 14
y H( )a(EZ) o i f)' (14) 3
QL Te(E2, I; = 14¢)

Here: A is mass number; is spin of the initial state where ,
EO and E2 transitions are depopulating it;i$ spin of the
final state of EOQ transition; is spin of the final state of E2
transition; E, is gamma ray energyx. is electronic factor 5.
for K,L shells [22];«(E2) is conversion cd&cient of the E2
transition; T¢(EO, I; — 1) is absolute transition probability of
the EO transition betweeh andl; states, and¢(Ey, I; — 1)
is absolute transition probability of tHe2 transition between
l; andl s states. 7

3.4 The staggering 8

The presence of{pe) and (ve) parity states has encouraged
us to study staggeringfect [23-25] for'®Ru isotope using
staggering function equations (15, 16) with the help of the
available experimental data [19]. 1

St(l)= 6AE(1)-4AE(l —1)—4AE(l + 1)+ (15) 1.
+AE(l +2)+ AE(l - 2),
12.
with
AE()=E(l +1)-E(l). (16)
13.
The calculated staggering patterns are illustrated in
Fig. 2B and show an interaction between thed) and ve)
parity states for the ground state band¥Ru.
14.
3.5 Conclusions
IBA-1 model has been applied successfully*¥Ru isotope 15,
and:
1. The levels energy are successfully reproduced; 16.
2.
E(5) Characters t°°Ru;
3. Electromagnetic transition rateB(E1l) and B(E2)
are calculated,;
4. Bending for'®Ru has been observed at angular morg

mentuml* = 10;
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