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Transition charge densities at the onset of deformations for even-eveti *'2Ru nuclei
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In this paper, we present the Hartree-Fock-Bogoliubov model calculations for transition charge densities of
even-even’®Ru nuclei, using the pairing-plus-quadrupole-quadrupole interactions operatiggl-ig-h
valence space. It is predicted that the transition charge densities should be able to act as a more sensitive means
for clear signature of the shape transitions, which have yet only been looked upon with respect to the changes
in the static properties. The static properties calculated from the same model are in good agreement with the
available experimental data.

PACS numbgs): 21.10.Ft, 21.10.Ky, 21.60.Jz, 25.30.Dh

[. INTRODUCTION described in terms of shell model wave functions involving a
small number of configurations and, at the other end, we find
Inelastic electron scattering has played an important rolgood evidences of rotational collectivity. The systematic
in the electromagnetic probing of the microscopic systemstudy of behavior of the low lying collective state of neutron
like atoms, molecules, nuclei, and nucleons. The main reasatich even-even Cd, Pd, Ru, and Mo isotopes is of great im-
[1-3] that distinguishes it from photonic studies is the ad-portance for understanding the gradual change from spheri-
vantage of probing the system at continuous values of moeal to a deformed state via transitional phase. These nuclei
mentum transfers. Experimental techniques have also gorlie between strongly deformeld%zr and doubly magic¢32sn
to the extent that now it is possible to separate the inelastinear which structural changes are rather rapid with changes
electron scattering cross sections arising from different exin the proton and neutron numbers. These changes have been
cited states for the momentum transfer of 3 fnor more in  proposed to be related with exceptionally strong neutron-
the case of the nuclei. The advantd@e-4| of electromag- proton (n-p) interaction[16].
netic probing over other types of interaction probes of nuclei The purpose of this paper is to report the behavior of
is that the strength of interaction is weaker as compared ttransition charge densities at the shape transition region in
other types of interactions between the nucleons. The theohe case of Ru nuclei. Because there is a shape transition
describing the scattering process, i.e., quantum electrodyaking place in going fron?®Ru to *?Ru nucleus, the Ru
namics is the best understood of all the field theories. nuclei with 98<A <102 seem to be soft vibrators and those
The development of the Fourier-Bessel expansion techwith A>104 are quasirotors. TH&’Ru nucleus is thought to
nique[3-5] employed for transforming the inelastic electron be a transitional nucleus forming zone between soft vibrators
scattering cross-section data into the transition charge densin one side and nearly deformed rotors on the other side.
ties has opened a very interesting way for the comparison ofhis is confirmed by trends of the available experimental
experiments with theory. Only after the availability of inelas- data(see Table)lon energy spectra and transition probabili-
tic electron scattering cross-section data for-" excita-  ties B(E2). We can notice that for Ru nuclei there is an
tions in the case of somi p shell nuclei, has it been pos- overall decrease ifE(2;) excitation energy in going from
sible to observé6] that the rotor model formula applied to *®Ru to ?Ru and also a parallel increase in the ratio
the transformation of static quadrupole mome@(@*) and E(4;)/E(2]) as well asB(E2) values. This implies that
the transition probabilitie8(E2) should not be extended as there is an increase in deformation in going frofiRu
such to a higher multipole. Recently, with the availability of nucleus to'*?Ru nucleus.
experimental data on transition charge densities for quadru- In the past, there have been many attempts to explore the
pole and hexadecapole excitations in the case of Pd and Jdctors responsible for the onset of large deformation in
nuclei, it has been possibl&,8] to discriminate between the 1°°-1%7r and 1°-1%%io nuclei. It is suggested that the

contribution of proton-protong-p), neutron-neutronr(-n), neutron-proton if-p) effective interactions have a deforma-
and neutron-protonn-p) parts of two-body effective inter- tion producing tendency, while the neutron-neutromn)
actions. and the proton-protonp(-p) interactions are of spheriphying

Medium mass nuclei have been the center of activities fonature[11,17]. These ideas have played a crucial role in the
quite some time. This is because of the richness in theidevelopment of stretched schefi] of Danos and Gillet,
properties displaying many interesting phenomenon. One incotor model[19] of Arima and Gillet, and the interacting
teresting observatiof®] was in the case dfGe, where some boson mode[20] (IBM) of Arima et al. In this regard, the
anomolous behavior is seen in the transition charge densitigsle of neutron-proton r{-p) interaction in the spin orbit
experimentally. This has also shown up the potential of in-partner(SOB in context to the general development of col-
elastic electron scattering in a unique way. lective features was suggested by Federman and Pittel

The mass region 100 also providgB0—15 us a nice 14,17] and Castoret al. [21]. Their calculations provided
example of shape transitions. At one end, the nuclei can bevidence suggesting that the neutron-protanp] interac-
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TABLE I. Some systematics of collective low spin level of Il. CALCULATIONAL FRAMEWORK
even-even Ru nuclei. ThB(E2) values are in the units of 168 L
e ont. A. Projection of states of good angular momentum from the
HFB intrinsic states
A E2]) E(47)/E(2]) B(E2) Here, we briefly discuss the formalism used in our calcu-
08 0.658 214 0.39212)° lations. Pairing correlation between only the like particles

has been allowed in our calculations. Employing the usual

182 8’332 ;é; 8'22522 notations, the axially symmetric intrinsic deformed HFB
104 0:358 2: 48 0:8 41207 state withK =0 can be written

106 0.276 2.65

a0 o am Lrtiap =3 WrevLehlo),
112 0.23% 2.72 1.1220)°

where

8. Summerer, N. Kaffrell, H. Otto, P. Peuser, and N. Trautman, Z.
Phys. A287, 287 (1978; K. Summerer, N. Kaffrell, E. Stender, N.
Trautman, K. Broden, G. Skarnemark, T. Bjornstad, |. Haldorsen, b?m—Z CJT JTm,
and J. A. Maruhn, Nucl. Phy#339, 74 (1980; P. de Gellder, D. de
Frenne, and E. Jacob, Nucl. Data ShaBt 446 (1982; J. Aysto
et al,, Nucl. Phys.A515, 365(1990. o
bS. Raman, C. H. Malarkey, W. T. Miilner, C. W. Nester, Jr., and P. biTmZEj‘f (=1 mcmal m- @
H. Stelson, At. Data Nucl. Data Tabl8§, 21 (1987.
Here, the index is used to distinguish between different

tion between valence nucleons in SOP orbits—the orbitStates with samen, andj labels the spherical single particle

(go») and(g-y,) in the Zr and Mo nuclei—may be instrumen- orbitals. The wave function in Eq1) can be reduced to the

tal, viz. the observed onset of large deformation in Mo iso-form

topes withA>100. Besides this, it has recently been shown
by Khosa, Tripathi, and Sharnja2] that sudden polarizabil- _
ity of the (gq,,) shell is responsible for initiating large defor- |40 =N exr{(l/Z); f“ﬁa aﬁ
mation in neutron rich Mo isotopes. _
In this paper, we carry out microscopic study of the yrastVV'th
band, static quadrupole momeQt2"), transition probabili-
ties BE(2), and the transition charge densities for the
9%-11Ru nuclei. Calculations have been done by employing
the variation-after-projectiofVAP) [23] in conjuction with
the Hartree-Fock-BogolubotHFB) ansatz for axially sym- wherea denotes the quantum numbejs, (m,) andN is the
metric intrinsic wave functions. Whereas the HFB form of normalization constant.
wave function permits a consistent treatment of the pairing The state with angular momentudnprojected from the
and deformation degrees of freedom on same footing, th&lFB state|¢y) is given by
VAP procedure helps in selecting an appropriate intrinsic
state for eacld through a minimization of expectation value
of the Hamiltonian with respect to the states of good angular |¢J|<:o>: N dQ dao ex;{ > F.p(0)ala
momenta. The VAP method thus incorporates in the micro-
scopic description the possibility of associating different in-,pare
trinsic quadrupole deformations with various members of
yrast cascade. The full variation after projection framework
is preferable to the cranked Hartree-Fock Bogoliubov Fop(0)= Z 2 d 9)d /(0)fjam(’1,j5ml’;- (6)
(CHFB) in which the treatment of angular momentum is only Mg
constrained to its correct value on the average. It provides
reasonably satisfactory description of the energies and ele
tromagnetic properties of yrast levels for the quasivibrator
as well as quasirotors.
In Sec. Il, we present the calculational framework. Sec- n(6)=(z//3|z/;g,>=[de(1+M(a)]l’z, (7)
tion Il contains the comparison of the calculated yrast spec-
tra, Q(2"), as well asB(E2) transition strengths with avail- Where
able experimental results. The theoretical results for
transition charge densities and the calculated subshell occu- M(6)=F(6)fT. (8
pation numbers associated with the ground states of the Ru
isotopes are also presented. The last section contains soribe energy of a state with angular momedtean be written
concluding remarks. as

0), )

_ my~m m, m L,
fa,B_Z CiiCi (Vi Ui Img , —mg, @

510, (5

fhe expression for overla(npo|¢0> is given by(apart from
ghe normalizatioriN)
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/

The intensities of the various angular momenta contained in the intrinsic wave function are given by

E,= fowde sin 6 d3y(¢)h(6) f:da sin 6 d3y(6)n(0) |. 9

a2=(1/2)(23+1) f "n(8)ddy 6)siné do, (10
0
the overlap integrah(6) is given by

h(6)=n(6)| X e [M/(1+M)],q+ (1/4) ;6<aﬁ|vAlv5>(2[M/<1+M)]W[M/<1+M)]5ﬁ
aBy

a

(11)

+> [M/(1+M)]prp5[1/(1+M)]mf’,jﬁ]
vp
and the overlap integral(6) andM (6) are given by Eqs(7) and(8).

B. Variation after angular momentum projection (VAP) prescription

The VAP procedure involves the selection of an appropriate intrinsic state for each yrast level through a minimization of the
expectation value of the Hamiltonian with respect to the states of good angular momentum. We first generate self-consistent
HFB solutions,¢(B), by carrying out HFB calculations with the HamiltoniaH ¢ 8Q3). The optimum intrinsic state for
each yrast lavelg,.(8;), is then selected by ensuring that the following condition is satisfied:

S[(B(B)HP b(B)){((B)|Podl B(8))]=0.

C. Transition charge density, transition probability, and static electric quadrupole moment for the yrast states

The transition charge densipy (r) is the reduced matrix elements pfP between the initial and the final nuclear state of
spinJ; andJ; and is given by

pL(D) = (B pPll i (B)). (12)

Making use of the general expressi@d] for the matrix elements of the irreducible tensor and G for the projected HFB
wave functions, we obtained the following expression for the transition charge density:

2 Ji J
m(Jwa)=[nJi<ﬁ')nJi<ﬁ)]*1’2<2Ji+1)*1’2f > Of d?, (O 7(B.B'.6)
0 u M
X[k;ﬁ ekRnﬁ|B(r)Rna|a(r)<a|YkA|ﬂ)M(,B’,B,ﬂ)[l+ M(,B’,B,G)]l]sine de, (13
whereR,,(r) is the radial part of the harmonic oscillator stiaté) and the normalizations are given by
/.
nJ(,B):J0 zn(ﬂ,ﬁ’,ﬁ)déo(ﬁ) sin 6 dé, (14
n(B.B'.6)={def1+M(B,8",6)}*2 (15)
The expression for the reduced transition probability for electripdte, B(E2,0"—2%), is given by
B(E2,0"—27) = (1/16m)|(y(B)Qall ¥(8))|? (16)
and the static quadrupole moment is given by
Q2 =(Yx(B QG ¥ (B)), (17

where
Q% =(16m/5)"r2Y5(Q).

The expression for the reduced matrix elements of the transition probability can be written as
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J
oo 0) (B0 3 ednalring)

w2 ‘]i
<w&<ﬁ>|Qélwi(ﬂ»=[nJi<B>an<ﬁ>]*l’2f > |
0 M

X<alvﬁlﬂ>p§ﬁ<ﬁ,ﬂ,a>}sina do, (18)

where the density matrix is given by
p(6)=M(B.B",0)/[1+M(B,B",0)]. (19

The initial guess for the wave functions involved in HFB
iterations was generated by diagonalizing the Nilsson HamilWhere the operatar? is aiven b
tonian and the wave functiorig) are obtained by carrying peratoq,, 1S g y

Vaq=—(X12) 2 > (ald2y)(Bla* ,|8)
aBys u

X(— 1)“a£a;a5a,/,

out the HFB calculations. The results of HFB calculations 92 = (167/5)Y2r2Y2 (6, ¢).
are summarized in terms of the expansion coeffici€hfs # pe
and the amplitudes\({",U ") appearing in Eq(1). The strengths for the like particle neutron-neutronn)

These values were used to first calculéfg defined by  and proton-protonfg-p) components of the-q interaction
Eg. (4). We next calculate the matricds, [1+M ()], and  zre taken ax,,=X,,=—0.0105 MeVb~* and then-p
[1+M(6)]"* appearing in Eqs(6), (7), and(8), respectively.  component is taken a%.,=—0.0231 MeVb % Hereb is
Finally we compute the matrix element for transition chargethe oscillator parameter. These values for the strengths of the
densities, transition probabilities, and static quadrupole MOg-q interactions are comparable to those suggested by Arima

ments in Eqs(13) and (18). [26] on the basis of an empirical analysis of the effective
interactions. The strength of the pairing interaction was fixed
lll. RESULTS AND DISCUSSIONS (through the approximate relatio®=18/A) at G=0.18
MeV.

Transition charge densities and some other properties

for even-even®®2Ru nuclei
1. Yrast spectra

Here in this section, apart from comparing the theoretical In Fig. 1, we have presented observed experimental as
results of static properties like energy spectrum, transition, "y retical yrast spectra fof 'Ru nuclei resulting
probabilities, and static quadrupole moments resulting fron}rom VAP prescription. From Fig. 1, one can observe that the

VAP prescription in the HFB framework with the_avaulable theoretical results are in good agreement with the experimen-
experimental data, we also present some theoretical observ

tions of transition charge densities at the shape transition | ones.
region in case of®"*Ru nuclei.

In the calculations presented here, we have employed the 3[ { ' ! i
valence space spanned by th® 2, 10g/, 2ds5, 3S1/5, 2d5,, . ; : :
19, and 1h,,,, shell-model orbits. The single-particle en- o — gs”—" T, §
ergies(SPE’9 corresponding to these shell-model orbits are < Wt ! §6_ T g i
taken (in MeV) as e2py,)=-0.8, €(1gg,)=0.0, Y A el P S i ;
€(2dg),)=5.4, €(35,,,)=6.4, €(2d3,)=7.9, (1g7,)=8.4, and [ S S P - T
€(1h;1,)=8.8. The same set of SPE’s have been employed in ! T e 2t
a number of successful variational model calculations for 0 0%&G 5 0%z 05T TR
static and dynamic properties in the mass 100 region by A= 98 : 100 i 102 : 104 :
Khosa, Tripathi, and Sharn{22,28 and Singh, Raina, and
Dhiman[7,8]. Shell model calculations by Vergados and Kuo . _ .
[25] in mass region 90 also use the same SPE'’s after taking ; ; !
1f,, and Ifg, in the core and lowering down the energy of [ i
1h,4,, orbit by 1.6 MeV. 2r : ;

The two-body effective interaction that we have employed > § =
. .. . @ + - igt U 1
is of “quadrupole-quadrupole-plus-pairing” type. The pair- =15 i6 i6 — g+ i
ing part of the two body interaction can be written as w ;‘:— - ;'h: i a:—— i

i2 jo% i2
3 Pt 005sFh Ok T OB Th Oe T
Vp= —(G/4)§; SpS.2,2,2535, = 106 ! 108 i 10 ‘ 12

where a denotes the quantum numbers jm). The statex _ _
is the same a& but with the sign ofm reversed. Her& is FIG. 1. Experimental spectra of low lying states of the even-
the phase factof—1)i %. The g-q part of the two-body in- even®*"Ru isotopes along with theoretical results in VAP on

teraction is given by HFB states.
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TABLE II. The intrinsic quadrupole moments of the HFB states  TABLE |ll. Comparison of the calculated and observed
in some doubly Ru isotopes. He(®3)._ ((Q3),) gives the contri- B(E2,0"—27) andQ(27) values in some Ru isotopes. The effec-
bution of the protongneutron$ to the total intrinsic quadrupole tive charges have been used such that for protons the effective
moment. The quadrupole moments have been computed in units aharge is e=1+e.,s and for neutrons it ise=eg. The
b=1.01AY¢fm. B(E2;0"—27) values are in the units of I6® e?cn* and the
Q(2}) values have been given in the units of #Hcn?.

A Errs (Qdwrs QP (QP),
B(E2,0+—>2I Q(Zf)

98 11.91 30.06 13.17 16.89
100 22.57 36.76 14.89 21.87 A (er.e,) Calc. Expt. Calc. Expt.
18‘21 222; :éi; ;45153 iigg 98 (1.8,0.8 0.351 0.392122 —-0.209 —0.2(19)b
106 59.06 70'49 25'97 44'52 100 (1.8,0.8 0.486 0.50110® -0.270 —O.Z(IY)b
108 73.77 73.82 27.28 46.54 102 (1.9,0.9 0.614 0.65116)2 —0.300 —0.35(7)b

’ ’ ' ’ 104 1.5,0. 0.799 0.84116)2 -0.350 —0.358)°
110 88.31 72.06 26.66 45.40 (1.50.3 us) 8)
112 104.25 68.43 25.30 43.13

106 (1.50.5 0.915 -0.380
108 (1505 1.04 1.03142  —0.456
110 (1.6,08 1.224 1.1113* -0.501

112 (1.6,0.6 1.120 1.12202 —0.489
We now move on to the discussion of electromagnetic

properties of yrast levels i~11Ru nuclei. In Table I, we 4S. Raman, C. H. Malarkey, W. T. Milner, C. W. Nester Jr., and P. H.
have given the HFB results for the total HFB enefyyry  Stelson, At. Data Nucl. Data Tabl&6 21 (1987.

and total quadrupole momefiQ2),cp) along with the sepa- P Raghavan, At. Data Nucl. Data Tabk# 189 (1989.

rate contribution of quadrupole moment for prot®3),)

as well as that of neutro((QS)V). Here, we notice that the available electromagnetic data in terms of a reasonable varia-
deformation goes on increasing slowly froffRu to 1°Ru  tion of isoscalar effective charge; comput&E2) and
nucleus. But in going from®Ru to 1*Ru there is a sudden Q(2;) values are consistent with the experiments, for the
change in the deformation with smooth increase uf’#u  isoscalar effective chargess=0.8 for ®~1°Ru, e.4=0.9 for

and then decrease as we go't@Ru. In Table I, we have %Ru, e=0.5 for °*°Ru, and e;4=0.6 in case of
presented calculated theoretical values of the transition proBd2%'Ru. Observed small increase in the isoscalar effective
abilities B(E2;0"—2;]) and static quadrupole moments charge in the present work may arise from the contributions
Q(2;) values along with the experimental values. Presenof the polarization of thé®Sr core and are likely to be cor-
microscopic description permits an adequate interpretation aklated with the magnitude of the deformation due to valence

2. Transition probabilities and static quadrupole moments

TABLE IV. (@) The calculated values of the occupation numbers of various orbits in the ground states of
some Ru isotopes for protons(b) The calculated values of the occupation numbers of various orbits in the
ground states of some Ru isotopes for neutrons.

)
A 3s12 2py, 2d3p 1dsp, 1975 1ggp 1hyyp
98 0.00 1.60 0.00 0.16 0.01 4.15 0.07
100 0.01 1.46 0.00 0.23 0.01 417 0.11
102 0.01 1.44 0.00 0.25 0.01 4.19 0.10
104 0.13 0.13 0.09 0.93 0.08 4,71 0.00
106 0.22 0.07 0.21 1.01 0.14 4.39 0.00
108 0.28 0.05 0.31 1.05 0.18 4.19 0.00
110 0.25 0.06 0.26 1.32 0.16 4.32 0.00
112 0.18 0.09 0.16 0.98 0.11 455 0.00
(b)
A 3s12 2pypp 2d3p 1dsp, 9712 1ggs 1hyyp
98 0.52 1.99 0.24 3.06 0.09 9.95 0.13
100 0.67 1.99 0.89 3.66 0.57 9.94 0.26
102 0.83 1.99 1.15 4.33 1.03 9.93 0.72
104 0.72 1.99 1.39 2.80 1.89 9.77 3.44
106 0.76 1.99 1.44 3.09 2.49 9.76 4.45
108 0.80 1.99 1.49 3.40 2.94 9.79 5.57
110 1.02 1.99 1.68 3.88 3.56 9.85 6.00

112 111 1.99 1.75 4.55 4.22 9.93 6.43
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A FIG. 3. TheQ(27) values for the even-even Ru isotopes. The

experimental values are represented by full circles with estimated

error bars and the points joined by the solid line represent the theo-
FIG. 2. TheB(E2) values for the even-even Ru isotopes. Theretical results.

experimental values are represented by full circles with estimated
error bars and the points joined by the solid line represent the theo-

retical results. Similar to the earlier observatiofigg] made by Sharma,

Tripathi, and Khosa for Mo nuclei, our study on Ru nuclei
particles. There is a sudden jump in tB¢E2) values(see does not reveal any significant simultaneous increase or de-
Fig. 2 in going from®%Ru to%Ru and continues increasing ¢'€as€ 0f(1dg2) and (197, occupancies aA=100. Thus
to 1%Ru and then starts decreasing. Static quadrupole md2ur results also do not validate the earlier suggestion con-
ments(see Fig. 3also show similar behavior. Such theoreti- C€Ming the role ofn-p interaction between the valence
cal observationd27] were also reported by Isacker and nucleons in SOP. Kratet al.[29] have tried to extract infor-
Puddu through IBM calculations &(E2) andQ(2}) values mation on pairing reduction and the related onset of the de-
for these nuclei. The changes in yrast spectra and transitigl'mation in some neutron-rich odd-od&=100 nuclei by
probabilities can be understood in terms of subshell occu€X@mining the available data on tedecay half-lives logt
pancy of protons and neutrons to different shell-model orbity/@/U€s, and energies of the two quasiparticle states in the

as discussed below. framework of the shell model involving the random phase
approximation. These calculations have also demonstrated
3. Occupation numbers for shell-model orbits that n-p interaction of the SOP parentage is of little impor-

In Tables IMa) and IV(b), we have given the results for tance, viz. a total collapse of pairing in these nuclei.
the occupation numbers of protons and neutrons for the iy i i
shell-model orbits By, 351/ 2031 2051, 107 1o and 4. Transition charge densities for b—2* excitations
1h,45 in the ground states of the nucfé‘“q?u. Here one After going through the static properties for Ru isotopes
finds that the onset of large deformation in these nuclei is\"ow we move on to discussion of the transition charge den-
seen to be characterized by significant change in the occupatties for the quadrupole excitation of Ru isotopes. The re-
tion numbers to different shell-model orbits. From the Fig. 4sults for transition charge densities for-82; excitations
it is observed that the occupation numbers (fbods,) orbits  are presented in Fig. 5. The effective charge prescription
increases and occupation numberg$2y,,,) orbits decreases which is used in order to include the renormalizations in a
in going from %®Ru to '%Ru and the occupation number of simple way gives only quantitative changes and does not
ds;, then decreases. The occupation numbers(1dr;4,), show any qualitative change. Thus the transition charge den-
(1975), and(1ds,) orbits increases on the addition of neu- sities do not seem to obey the effective charge prescriptions.
trons while the occupation numbers fdds,,) first increases From Fig. 5, we can notice the clear cut changes in the tran-
from %Ru to 1°Ru then decreases foRu and again goes sition charge densities as we go froiRu to ?Ru. The
on increasing. The large deformation B¥Ru is due to a magnitude of the surface peak located near 5 fm increases on
noticeable decrease in occupation numberg2gf;,,) orbit  the addition of the neutrons froff~1°Ru nuclei and then
from the value 1.44 to 0.13 and simultaneous increase inlecreases in going fromt*~'Ru nuclei. Some sharp
occupation numbers oflds;,) and (1gg;) orbits from the changes are also noticed in the interior of these nuclei. There
value 0.25 and 4.19 to 0.93 and 4.71, respectively. The ods the emergence of one negative peak at 1 fm and the other
cupation numbers foflds,,) orbit decreases suddenly from positive peak at 2.5 fm whose magnitudes increase as we
the value 4.33 to 2.89 while that ¢th,,,,) orbits increases move from%®Ru to '®Ru nuclei and then there is a slow
from the value 0.72 to 3.44, respectively. These suddedecrease. As noticed for static properties, the transition
changes in occupancy of protons as well as neutrons to ditharge densities also show sudden change in going from
ferent orbits for'®Ru are prominently reflected on the elec- 1°Ru to ®Ru nucleus. The magnitude of the positive sur-
tromagnetic properties of yrast levels discussed above.  face peak near 5 fm and negative peak at 1 fm suddenly
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the ground states of the even-even Ru isotopes. =~ » N-
increases from 1.1010° efm 2 and 0.1X10? efm 3 to [ < 0
1.59x107 e fm ™3 and 0.41x10? e fm ™3, respectively. These 21-10Ry -
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the even-everi®~1'Ru isotopes.

5. Transition charge densities for b—4* excitations

We have also given the theoretical results for hexadeca-
pole excitations for Ru nuclei in Fig. 6. Here again we ob-
serve a similar trend as in the case of the quadrupole excita-

_]: IOI’R”_'I tions. Apart from the change in overall amplitudes, which is
almost five times less in the case of the hexadecapole exci-

5
3

(=) —
T
FREN |
O

tations as compared to the quadrupole excitations, here the
changes are more drastic. In the interior, a negative peak
441 appears around 2.5 fm, whose magnitude goes on increasing
[ as we move fron®Ru to °®Ru and then goes on decreasing.
The position of this negative peak gets shifted continuously

- 108Ry to 3.5 fm on reaching tht”®Ru nucleus and then gets fixed.
-k ! There is a similar shift of 0.5 fm in the surface peak too. The
- . changes in the magnitudes as well as the positions of these

2\/ 0 peaks and the emergence of a positive peak around 2 fm,
- . while going from°Ru to *Ru nucleus, are some distinct
1}-110Ru =+ features for the hexadecapole excitations of these nuclei.

) (15%etd)
Q
N

L 1128y IV. CONCLUSION

The success in the results of transition charge densities for
0 the quadrupole excitatiorig,8] in the case of%!%d and
\ \ 11011954 nuclei with the quadrupole-quadrupole-plus-pairing
0 2 & © 8 interactions has led us to believe that the results for quadru-
L pole excitations in the case of Ru nuclei should also be reli-
able. The observed dramatic onset of the large deformations
aroundA=100 can be understood in terms of the polariza-
tions of conventional(Z=40, N=50,59 cores and the par-

FIG. 5. Transition charge densities fof 27 excitations for
the even-everi®~1'Ru isotopes.
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ticipation of the hy,,, orbit in the valence space. Our calcu- atic experimental data for these nuclei can be very useful for
lations of transition charge densities in Ru nuclei show quitehe understanding of the behavior of different excitations
prominent changes for the quadrupole as well as hexadecalearly and can help in better understanding of the phenom-
pole excitations at the shape transition regions. The systenenon in this region.
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