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Anomaly in the nuclear charge radii of Zr isotopes
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The recent laser spectroscopic measurements of nuclear root-mean-square charge radii on a chain of Zr
isotopes exhibit a rich structure. A prominent kink is observet?zt and a sharp change is noticed between
%zr and1%zr, in the neutron rich region. In the present work, the ground state properties of these nuclei are
calculated in the relativistic mean fieldRMF) framework. The calculations are in good accord with the
experiment. The RMF densities are folded with the extended Jeukenne, Lejeune, and Mahaux energy and
density dependent nucleon-nucleon interaction to yield the semimicroscopic optical potential which in turn is
used to calculate the elastic scattering cross sections for 50 MeV proton scattering from a chain of Zr isotopes.
The differential cross sections obtained from the calculations agree remarkably well with the experiment. The
calculation reveals a correlation between the mean-square charge radii and the corresponding reaction cross
sections forA=88. There is a monotonic increasedfp from A=84 to 106 with the hint of a slight jump from

A=98 toA=100.
DOI: 10.1103/PhysRevC.70.044320 PACS nun®er21.10-k, 21.60—n, 24.10-i, 25.40.Cm
[. INTRODUCTION The calculations presented here proceed in three steps. In

The recent laser spectroscopic measurements of nuclelf! first step, the ground state properties of the Zr isotopes
root-mean-squar@ms) charge radii(ry)) on a chain of zir- &€ calculated in the relativistic mean fi¢RMF) [6] frame-

conium isotopeq1] exhibit remarkable features. It is ob- Wortk. The caIle[IateirE)mdmg er;jetrg|es, thte quadrupolg defor-
served that thér.) values increase with the addition of neu- mation parameters, the one and two neutron separation ener-

trons. There appears a sudden jump in dh values while gies, the neutron and the charge radii, etc., compare well
' PP jump with the experimentwhere availablg In the next step, the

going from®8zr to 1%%r in tgoe neutron rich region. Further, & cicyjated RMF densities are employed in the semimicro-
kink is observed aN="50 ("'Zr). Removal of two neutrons  gcqhic gptical model to determine the proton optical poten-
from N=50 slightly increasesr), instead of the decrease g5 for the different Zr isotopes. For this purpose, the den-
expected from the conventionabA™® relation. This is sities are folded with the extended Jeukenne, Lejeune, and
termed as an anomalous behavior. Similar anomalous behaNtahaux (JLM) energy and density dependent nucleon-
ior has been observe{2,3] for several isotopic chains npycleon interaction using the computer cadem (micro-
throughout the periOdiC table. The analySiS of initial eXperi-ScopiC optica] m0d3| [7] This y|e|ds both the real and
ments with the radioactive ion bear(IB) led Tanihateet  jmaginary parts of the respective optical potentials. In the
al. [4] to associate sudden jumps in the observed reactiofing| step, this optical potentigboth the real and imaginary
cross sections with the addition of neutrons to the correparty is used to compute the reaction and the differential
sponding sudden increase in the matter radius of the projegross sections for 50 MeV proton scattering from the even
tile. For example, a sudden jump in the reaction cross sectiofhass number Zr isotopes, both stable and unstable.
observed while going froniLi to *'Li had been associated  The essentials of RMF formulation required in the calcu-
with a large increase in the matter radius'dfi with the  |ation of the ground state properties are contained in Sec. II.
addition of two neutrons. Based on this observation, it isThe RMF results for Zr isotopes are presented and discussed
expected that one may observe a similar jump in the reactiof the same section. Section Il is devoted to the calculation
cross sectionthough may be less pronoungadlhile going  of the optical potential. In Sec. IV the differential cross sec-
from Zr to *°%Zr. Thep-Zr elastic scattering data are avail- tions and the reaction cross section calculations for 50 MeV.
able for the stable ZfA=90-A=96) isotopes[5]. However,  p scattering from even Zr isotopes and comparison with the
the cross section data f&%Zr and'°’Zr are not available. In experimental datawhere availablgare presented.
the present work, we have predicted the reaction cross sec-
tions for p-"8-1%Zr systems to investigate the correlation be-
tween the charge radii values and the reaction cross sections.
With the present day available RIB facilities, it should be The present version of the RMF theory, essentially based
possible to perform elastic scattering experiments using prosn the Walecka mod¢8] starts with a Lagrangian describing
ton as target and the Zr isotopes as projectiles to verify thesghe Dirac spinor nucleons interacting via the electromagnetic
theoretical predictions. (e.m) and meson fields. The scalar sigifeg, vector omega
(w), and iso-vector vector rh@p) mesons are considered.
The Lagrangian consists of free baryon and meson terms and
*Electronic address: mhema@magnum.barc.ernet.in the interaction terms. The variational principle yields the

Il. ESSENTIALS OF RMF
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equations of motion. Replacing the fields by their expecta-

tion values(the mean field approximatignone ends up with
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O RHB(ob

a set of nonlinear coupled equations.

(1) The Dirac equation with potential terms involving the * -~ *DEF So
meson and e.m. fields describing the nucleon dynamics; 6 o
(2) A set of Klein-Gordon type equations with sources
involving nucleonic currents and densities, for the mesons

and photon.

This set of equations, known as RMF equations is to be
solved self-consistently.

The pairing correlations, essential for the description of
open shell nuclei, can be incorporated either by simple
Bardeen-Cooper-Schrieffe(BCS) prescription, or self-
consistently through Bogoliubov transformation. The latter
procedure leads to the relativistic Hartree BogoliuljgtiB)
equations[9]. The RHB equations have two distinct parts:
the self-consistent fieldhp) that describes the long range

particle-hole correlations and the pairing fie(lﬁ) that ac-

OBE (MeV)
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FIG. 1. The difference between the calculaf@HB(ob) and
DEF] and the corresponding experimentaf] binding energies for
counts for the correlations in the particle-partighg) chan-  the even Zr isotopes. The open circle indicates the value corre-
nel. The former involves the nucleon madsthe scalar field  sponding to the deepest solutiaieeper by just about 0.5 MgVor
oandw®, pJ andA° the Lorentz time like components of the %zr.
omega, rho mesons and the e.m. fields, respectively. These
fields are to be determined self-consistently through theasis with axial symmetrythe corresponding results are de-
Klein-Gordon equationg9] with sources(nuclear currents noted by DEF.
and densities involving superspinorgU(V)]. The pairing
field A is expressed in terms of the matrix elements of the
two body nuclear potentia¥/’ in the pp channel and the
pairing tensor involving the superspindid,V). In the case 1. Binding energies

of the constant gapA(=A) becomes diagonal resulting in  The difference between the calculat¢§RHB(ob) and

the BCS type expressions for the occupation probabilities. AOEF] and the corresponding experimental binding energies
a result, the RHB equations reduce to the RMF equationss plotted in Fig. 1 for the various Zr isotopes. Both the
with a constant gap. A reliable and satisfactory derivation ofcalculations agree weliwithin 1%) with the experiment
VPP is not yet achieved in RMiEsee Refs[9,10)). Therefore, [16]. At a finer level, however, it is observed that inclusion of
in practical calculations, it is customary to adopt a phenomdeformation does overall improve the agreement between the
enological approach while solving the RHB equations. As aheory and the experiment. The DEF and the corresponding
result, one often uses forPP, the finite range Gogny-D1S RHB(ob) results almost coincide for the spherical nuclei
[11,12 interaction, which is known to have the right pairing 827-°2r. Beyond %?zr, all the isotopes being deformed, the
content. In the case of the constant gap approximation, thBEF and RHRob) results differ. DEF results in this region
required gap parameters are fixed so as to reproduce the care found to be closer to the experiment.

responding Gogny D1S pairing energies.

B. Results and discussion

2. Quadrupole deformation parameters

The deformation paramete, is extracted from the cal-
. ] . . __culated point neutroQ,) and proton(Q,) quadrupole mo-
_ Th_e expllcrg numerical calculations require the following ments through the relation
input information:

(1) parameters appearing in the Lagrangian and

(2) VPP or the pairing gap parametess for the calcula-
tion of occupancies.

Several sets of these parameters appearing in the Lagrangith Ry=1.2AY3(fm). The calculated quadrupole deforma-
ian are available in the literatuf®,13-19. In the present tion parameters for the Zr isotopes are plotted in Fig. 2 along
work, we use one of the recent and the most successful Lawvith the corresponding Mdller-NixMN) [17] values. The
grangian parameter set, NI[33]. The equations are solved present calculations are in tune with the MN results. Several
using the oscillator basis expansion technique. The RHEZr isotopes turn out to be prolate whité*%r are found to
equations with the Gogny D1S interacti¢ior pairing) are  be spherical. Except fd*°Zr, in almost all the other iso-
solved using the spherical oscillator basis. The correspondinpes, additional nearby solutions are found to exist, hinting
results are denoted by RH&h). To ascertain the effect of towards the possibility of shape coexistence. Interestingly, in
deformation, we have also solved the RMF equations wittthe lighter Zr isotopes’®-8%r), all the three solutiongpro-
the constant gap approximation in the deformed oscillatotate, oblate, and spherigaare found to exist within total

A. Details of calculation
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FIG. 4. The calculateRHB(ob) and DEH and the correspond-
FIG. 2. The calculatedDEF) and the corresponding Moéller-Nix  ing experimentaf1] change in the mean square charge radii relative
(MN) [17] values of the deformation parametgks The open circle  to N=50 (°Zr) (£r2%) for chain of Zr isotopes. The open circle
indicates the value corresponding to the deepest solufieeper by  indicates the value corresponding to the deepest solutieeper by
just about 0.5 MeY for %8zr. just about 0.5 MeY for °%Zr. Experimental points are joined by
solid lines to guide the eye.

binding energy difference of 1 Me{2 MeV in the case of
78Zr)_ On the other hand, in the heavier Zr isotoglesyond duced remarkably well by the present calculation. The shell
927r) almost degenerate prolate and oblate solutions exisgap at”Zr is evident. However, it should be noted that theo-
while only spherical solutions are found to exist beyondretically, one gets a larger shell gap in comparison with the
1067 experiment. This departure can be rectified through the in-
clusion of the vector meson self coupling term in the La-
3. Two neutron separation energies grangian [18] Beyond the shell closure, the trend in the

. . . Separation energies is almost flat, indicating the disappear-
The systematics of the two neutron separation energieg,ce of shell effects

gives a fair idea about the shell structure in the nuclei. Thus,
the two neutron separation energi&s,) for the Zr isotopes B
are now investigated. The calculaf@®@HB(ob) and DER S,, 4. Radil
values along with the corresponding experimental values Next we present and discuss the calculated change in the
[16] are shown in Fig. 3. The experimental values are repromean square charge radii relativeNe:50 (°%Zr) (&r2»%)
for the chain of Zr isotopes. The calculated radii and the

40 corresponding experimental valugl of &r2)*° for even
mass number Zr isotopes are presented in Fig. 4. The graph
clearly shows that the DEF results are in good agreement

2| X with the experiment. The observed kink at shell closUz
\Q is reproduced. TheXr2)A% values in the neutron deficient
s —— reg.ion A; 82—A:QQ remains almost a constar_wt. This obser-
2 54 : %-- % DEF vation is in tune with the corresponding experimental values.
§= * o Expt. Another interesting feature is the predicted jumps{nZ)**°
w

between®zr and &zr. Unfortunately, there are no experi-
mental measurements for these nuclei to ascertain this pre-
diction. The anomalous and dramatic jump in the measured
&r2A% values in going fron?®zr to 1°%r is reproduced. It
is to be noted that the deepest solutideeper by just about
0.5 MeV) for %zr (indicated by an open circle in the figuyes
has a slightly largectby 0.1) prolate deformation. With this
solution, the jump inXr2*% is observed betweetZr and

FIG. 3. Two neutron separation energies for Zr isotopes. The ZT, rather than be_twee?‘?Zr_ and %%zr.
results of both the calculations and the corresponding experimental Another interesting and important feature of the loosely
results[16] (where availablpare also indicated. The open circle bound nuclei is the nuclear skin thickngsiefined as differ-
indicates the value corresponding to the deepest solufieeper by ~ €nce between the respective rms neutron and proton).radii
just about 0.5 MeY for %Zr. Experimental points are joined by As more neutrons are added to a nucleus, the corresponding
solid lines to guide the eye. single neutron separation energy decreases. The neutron den-
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FIG. 5. The calculated nuclear skin thickness for the chain of 10°
even Zr isotopes.
sity distribution, therefore, spreads to a larger spatial extent. 10 ! ! ! ! ! :
However, the proton distribution is hardly affected. The dif- 2 3 4 s 6 7 8

ference between the neutron and proton radii thus increases ri(fm)

as one moves towards the neutron rich HUC.|8|. The skin FIG. 6. The calculatedL=0 projected and renormalize®EF
thickness, therefore, is a measure of neutron richness or dfzsities for selected zr isotopes.
ficiency of the nucleus. The calculated values of the skin
thickness are plotted in Fig. 5. The trend discussed earlier igirtue of the folding model, in general, lies in the fact that it
clearly visible from the figure. The skin thickness turns outdirectly links the density profile of the nucleus with the elas-
to be negative for nuclei beloftfzr indicating that the pro- tic scattering cross section. In this approach, one can deter-
ton density spreads to a larger spatial extent in comparisomine the nucleon-nucleus optical model potent@MP) by
with the corresponding neutron density wHif@r is found to ~ folding a complex, energy-dependent and density-dependent
have nearly zero skin thickness. Beyoffir, the positive effective interaction with the nuclear density distributions.
skin thickness is seen to be monotonically increasing with Once the parameters of the effective interaction are fixed, the
The DEF and RHBob) results are found to be close to each analysis is then sensitive only to the nuclear density distri-
other. They differ slightly in the case of heavier Zr isotopes.butions. This approach permits probing the differences in
As discussed earlier, the calculated DEF charge radii argnatter densities. In the literature a number of successful phe-
larger than the corresponding Ri®) values in this mass nomenological and microscopic optical model approaches
region. have been studied and discussed for pr@teutron-nucleus
scattering. In the phenomenological sector, the most recent
successful one is due to Koning and Delaro¢h8]. The

The calculated(L=0 projected and renormalized DEF status of microscopic nucleon-nucleus optical model and its
densitie$ point proton and neutron density distributions for development over the last two decades has been comprehen-
80.82,90,94.98.1%r are presented in Fig. 6. In the interior re- sively covered in a review article by Ame al. [20]. They
gion, all these nuclei are found to have more or less similahave developed a microscopgig-folding) prescription which
proton density distributions. However, in the peripheral re-provides complex, nonlocal nucleon-nucleus optical poten-
gion, the proton densities of these nuclei do deviate slightlytials [20,21. Their prescription employs effective nucleon-
from each other. For example, the density’¥r extends to nucleon(NN) interactions built upoNN g matrices and the
a somewhat larger spatial extent than that%@f. While the  nucleon-nucleus potentials result from folding these effective
isotopes®®Zr and 8%zr have almost identical proton density interactions with the proton and neutron densities of the tar-
distributions, *°°Zr differs considerably from the rest. The get nucleus. Using this approach Amesal. [20] gave pre-
proton density of“Zr is found to extend to a lesser extent in dictions of differential cross section@eaction cross sec-
comparison with that of°Zr. The neutron densities, on the tions) and spin observables which were in good agreement
other hand, exhibit a different systematics. The densitiesvith the data from many nuclgfHe to2%U) and for a wide
hardly differ up to%%Zr (shell closurg Beyond ®°Zr, the  range of energieg40-300 Me\j. Amos et al. [20] and
variation in the neutron density is more or less regular. Thekarataglidiset al. [22] have shown the expected sensitivity
tail in these cases extends farther with the addition of neuef differential and reaction cross sections to the density dis-
trons. tributions in general and the neutron densities in particular.
More recently Kluget al. [23] have carried out detailed mea-
surement and analysis of 96 MeV neutron scattering from

The folding model is known to be a powerful and success**C and?°®Pb. They have discussed at length, the various
ful tool for the analysis of the elastic scattering data. Thephenomenological and microscopic optical model ap-

5. Densities

[lI. CALCULATION OF OPTICAL POTENTIAL
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proacheg7,19-26 employed for the calculation of differen- T '
tial cross sections. In their study of cross section data%or 0 [ —— Folded
and?°®%b, they have concluded that the potentials generated
from the various approaches yield cross sections which are in
good accord with the data. They have also reported that the
results from the procedure of Amas al. [20] yielded the
best fits to the data. In the present work, we have employed %
a semimicroscopic, easy to use optical model prescription =
=
5

20 |

due to JLM. This semimicroscopic optical modgiom) [7]

is a Lane-consistent, OMP which is built by folding radial
matter densities with an effective interaction in nuclear mat-
ter that is based on the extension of the original approach
proposed by JLM. This interaction is a hybrid in which the -20
energy and density dependent, spin independent interaction

in nuclear matter comes from the original work of JLM

[27-30, with a new parameterization defined in REf1]. It -40

may be pointed out that theom approach is limited as it C L
does not adequately take into account the important ex- 0 2 4 6 8100 2 4 6 8 10 12
change(knock ouy amplitudes. Theg-folding approach of r (fm) r (fm)

Amos et al. incorporates this feature. Consequently, proton
scattering data reflect not merely the particle densities but FIG. 7. The real folded potenti&V/(r)] obtained from theuom
rather the one body density matrices of the structure modetalculation.
Further, inmom, the imaginary part of the effective interac-
tion is multiplied[31] by an effective mass as pointed out in a function ofr. It is evident from the figure that the Wood-
Ref. [32]. The JLM interaction, established for nuclear mat- Saxon(phenomenologicalpotential and the corresponding
ter, is applied to finite nuclei by using the improved local folded potential are quite close to each other at the surface
density approximation and is also extended to deformed nubut differ in the interior region. In the present analysis, the
clei [33,34. To calculate the complex spin-orbit potential, spin-orbit part of the potential has been switched off as it has
Scheerbaum’s prescriptiof85] coupled with the phenom- very little influence on the calculated cross sections.
enological complex potential depths was used as shown in To account for the deficiency in the imaginary part of the
Ref.[31]. This yields through the standard cadem [7], the ~ OMP, one usually introduces an overall normalizatiag,)
real, imaginary, and spin-orbit parts of the optical potential.for the imaginary part of the folded OMP to achieve a better
The optical potential is then inserted into the optical modelagreement between the calculation and the experiment. In the
codeECIS97[36] code to get the total reaction and the elasticsemimicroscopic analysis, the real and imaginary parts of the
scattering differential cross sections. Such an analysis of th@MP are replaced by the folded potentials. We have kept the
scattering and the reaction data has been successfully em-
ployed in the pasf7,37—4Q. Here we use this approach for
the analysis of the elastic proton scattering on even Zr iso-
topes.

It is known that the real part of the potential can be de-
termined phenomenologically and microscopically without
much ambiguity whereas the imaginary part of the potential

. - ; s

is somewhat deficient. Alternatively, one may choose the g .10 F—— WS (Hemalatha et al) |
imaginary part of the OMP phenomenologically to be con- = [——— Folded

sistent with the experimental data. Hemalaghal.[41] used §* ol o

the real part of the OMP calculated wititom code employ-
ing the JLM prescription. The imaginary part was chosen
phenomenologically for the analysis of 50 MeV proton scat-
tering by a chain of even Zr isotopes. In the present work,
the discussion is restricted to microscopic optical model
analysis. The real part of the OMP is computed as in Ref. 10
[41]. The calculated real folded potenti@lith the normal- o o
ization fac.:tor)\lvzl) for the stable.Zr i§otopes, as a func.tion 0 2 46 8100 2 4 6 8 10 12

of the radial distancér), is shown in Fig. 7. These potentials r (fm) r (fm)

are almost identical to the corresponding real Wood-Saxon

part used by Manet al.[5] in their phenomenological analy-  FIG. 8. The imaginary part of the optical potenti&¥(r)] as a
sis of 50 MeV proton scattering from stable Zr isotopes. The&unction ofr for stable Zr isotopes. The solid line is tighenom-
phenomenological imaginary part of the Wood-Saxon potenenologica) Wood-Saxon potential from Hemalattea al. [41] and
tial of Ref. [41] and the calculated imaginary part of folded the dotted line is the folded potential obtained from thewm
potential for stable Zr isotopes are shown in Fig. 8, plotted asalculation.
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FIG. 9. The variation of normalization factx,,) for the imagi- v ' : ."'5‘5':——- LY Y Sy
nary part of the potential for the chain of Zr isotopes. The filled i
triangles are the values with minimug3. The solid and the dashed %
lines are the corresponding values with least squarg# fitepen- 14 ¢ ,}% 945, 1 f 1022r i
denceg and the average values obtained from the stable Zr isotopes, \/\\ ! ‘H i W AN
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normalization factom,=1.0, for the real part of the OMP, 0 40 8 120 0 40 80 120 160
throughout. Thus the present analysis has no parameter ex- 8¢.m. (deg) 8c.m. (deg)

cept\,. We have carried out a search ap to achieve a ) _

minimum 2 in fitting the differential cross-section data for FIG. 10_. The ratio to Ruth_en‘ord cross section for 50 MeV pro--
the stable isotopes of Zr. The errors g, have been com- ton scattering from the even |sotopes of Zr. The d_ots are the experi-
puted by varying\,, to get a change il)(z by a factor of 2 mental values _takeq from Rdb] while the d_ashed line corresponds
from the best fit value. The variation af, as a function oA € the calculation with the least squares fitteglvalues.

is shown in Fig. 9. It is clear that its value is close to unity , )

and has a mildA dependence. It is expressed ag neutron r|qh region for.both sets af,. In both the cases,
=0.017A-0.450. These,, were then used in the cogels97 there is a rise inrg in going fromA=80 th:82 and th.en'a

to get the total reaction and differential cross sections for théudden fall fromA=82 to A=84. There is a monotonic in-
even isotopes of Zr. For completeness we have also carrigd €aS€ g from A=84 until A=106 with the hint of a slight
out the calculations keeping, as a constantaverage value :

of \,=1.13 obtained from stable isotopder the even Zr ® iy with minimum 32
isotopes. 1800 I, 3, with least squares fit
— -6 —  average Ay

_____ a2 (A V3 4 AL T/32
IV. CROSS SECTIONS 1600 | On= e (B e A

The experimental and the calculated differential cross sec-
tions (using A, from the least squares fitfor the elastic
scattering of 50 MeV proton incident ¢ 1°%Zr, are shown
in Fig. 10. Clearly the semimicroscopic calculations are in 1200 }
good agreement with the corresponding experimental data.

The angular distribution shapes are similar in all the iso-
topes, however, the magnitudes of the maxima and minima 1000
in the angular distribution differ among the Zr isotopes. L L L . . . ' .

The calculated total reaction cross sectidog) using 76 80 84 88 92 96 100 104 108 112
both the setgaverage and fittedof A, values for the chain A
of Zr isotopes are given in Fig. 11. The geometric cross

section as per the relationsz= 7_Trf2)(Al%/3+A%/3)2 where AP analyses of elastic scattering from the chain of even Zr isotopes.
and A are the mass of the projectilp) and Zr targets re-  te dots with error bars correspondg values with minimumy?.
spectively, andy=1.4 fm, is also included in the same fig- The solid and the dot-dashed lines correspond to the valugg, of
ure. Clearly, there is a deviation of; from the simple geo-  jith least squares fitA dependentand averagé\,,=1.13 values.
metric model prediction. The errors e (shown in Fig. 11 The variation of the geometriog with A is represented by the
are calculated by a similar procedure as that adopted,for dashed line. The inset showssa®, the difference inog for the

It is observed that there is a pronounced risesiin the  chain of even Zr isotopes relative $8zr.

1400

OR (mb)

92 96 100 104
A

FIG. 11. The total reaction cross secti@rg) obtained from our
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jump from A=98 to A=100. In order to bring out this effect proton scattering by a chain of even mass number Zr iso-
more clearly and be consistent WieﬁKTﬁ)Avgo, we have plotted topes. The differential cross sections obtained from the
Adk®, the difference inog for the chain of Zr isotopes Semimicroscopic calculations agree remarkably well with the
relative t0%°Zr. The variation oanfgr% with A is shown as corresponding experimental values. As expected, a definite
an inset in Fig. 11. From the inset, the jumpA®® from  correlation is observed between the variation &F2)A90
A=98 to A=100 is evident and is consistent with that of with mass number and the corresponding behavior of the
Xr2A9% systematics. The experimental value of reactionreaction cross section with. The calculation reveals a kink
cross section for 50 MeV protons interacting wiffzr was ~ in the reaction cross sectigng) at A=82. It is interesting to
measured to be 1214+59 by Meradtal. [42]. This is con- note that whileog values are significantly larger than the
sistent with the value deduced from the(fis given in Fig. geometrical predictions for neutron rich Zr isotopes, they are

11) to the differential cross section data. suppressed for the neutron deficient Zr isotopesAfaip to
84. There is a hint of a slight jump in the microscopically
V. CONCLUSION calculatedoy between®®zr and °zr which is in tune with

_ o ~ the corresponding sudden jump observed in the rms charge
The ground state properties such as binding energiesadii. We have also predicted a larger reaction cross section
quadrupole deformation parameter, one and two neutrofor 82zr when compared to the values f8fzr and ®zr.

separation energies, neutron and charge radii, etc., have begRperimental verification of the prediction of cross sections
calculated in the RMF framework for a number of Zr iso- for the neutron rich and proton rich Zr isotopes, with the

topes withA=78-106. The calculations are found to be inexisting RIB facilities, would be interesting.

good accord with the experime(where availablg The de-
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