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We measured the elastic scattering af zzr-MeV electrons by the isotopes NiSB'50'5h
1 1 a  1 1 Q

and Sn^"''^'for the purpose of deternining the influence of the neutrons on the charge

distribution. The choice of these nuclei vas governed by the fact that tin is magic vith

respect to the number of protons (Z + 591, and nickel has a subshell lfr7, cornpleteLy fiJ.led

vith pr"otons (Z = 28).
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The experiment vas performed vith the linear electron accelerator of our institute, using

an experimental setup d,escribecL by us earlier []]. The targets vere metallic foils I'ith the

folloving enricrrnent-: Nj.5B - 96.8/,, Ni6O - gr.Lfi, Ni6\ - go3f,r 5rr112 - 80.6%, s14 9"118 -

g6,V,. ftre target thicknesses vere 380 ne/cv? a.nd 251 ^8/em2 for the nickel and tin isotopes,

respective\r (about 0.03 radiation length). TLre measurenents were made vi"th successive

alternatlqt of the targets at one and the sane a'ngle.

T6e experimental clata vere asalyaed vithin the framevork of the high-enerry approximation

vith a i'erml ehargedenslty d'istribution in the fcn [Z]

e  0 )  -  po l  I  +exp [ { , { ( r  - c | f r l l - r ,

t{atching of the theoretical curves to the experimental eross sections yielded the parameters

and of the charge distribution for Ni58 and snlP (see the table). Figure I sbows & corr-

parison of the absolute experimental cross section for lli58 with the theoretieal one. The

comparison r,ras made for angles 0 / 55o t since the analysis nethod is subJect to linitations on

the sicle of snall nronentum ';ransfers.

In order to dllscern the snal-1est possible differences in the charge tlistribution para-

ineters, ve ana\rzed the quantitY

D srcp (AC, 6t t - loa - o5l/lo2+ ohl,

vhicir vas obtainecl from the experimental results, where o[ - cross section for the light

isotope end oh - cross section for tire heavy isotope of the same element. The experinental

values ot Ou*n were fitted to the theoretical curves, ancl tbe charge-distribution parameters

for the heavy isotope were found, in the forn c + Ac a.rlct t + At, vhere c and t are the charge

itistribution pat'a.ureters of the light isotopd. .-^

Figure 2 is a plot of O"*n tor the Niba - r'{i>o pair. The solid line is the t}reoretical

curve with the best values of Ac and At. A sir,rilar reduction of the experimental data was

perfonned for the isotope pairs l{ i6o - 1{i58, Ni6\ - i{ i60, and sn1l8 - sn112. The obtained

values of c a^nd, t are listecl in tire table. Positive values of Ac and At signif! that an in-

crease takes place in the radius of the clensity decay curve a.ntl of the surface thickness in

the ireavy isotope.

Ihe available exact ne&surement ctata on the isotoplc shj.fts for the isotope pair Ni60 -

fl i)o (3.23 t O.f\ XeV) [:] agree well sith calculations obtained from the results of our

experi.nent (:.6 reV ) .

lJe calcuLated. y = 3A6R/R6A, which characterizes the cleviation of the radius of the

equivalent homogeneous distribution from the value R = "OA1/3 [\J vnen"neutrons are adclecl to

the nucleus. It is seen frcar the table that tvo neutrons a.d.d.ed. to Ni)o (these neutrons have

an orbltal- angular nornentun [ = 1 and.fill the neutron subshell 2O3p) increase the cirerge

rad.ius practically in proportion to At/ '(y = 0.BB t 0.26 = 1). The next l+ neutrons adcled to
4r ' t

I iou (vittr orbital rncmentum g, = 3t starting to fi l l  the lf" r. subshell) increase the charge

radius much less rapid\y than 1n p"opo. t1of  to  t r /3(v = o. l ' r t ,  o . I !  = g.5; .  ' {h is  ef fect ran

possibly be explained by assuming that these l+ neutrons stay only part of the time (approxi-
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Fig .  1 .  D i f fe ren t ia l  c ross  sec t ion  o f  e tas t ic
scattering of electrons by the Ni58 nucleus.
Solid l ine - best theoretical curve, calcul-
ated by the nethod of L2J. The f i t t ing was
carried out for the angles g > 5r". The
total errors are marked on the experimental
po in ts .

Fig. 2.  Cross sect ion rat io D =
l o ( : B )  -  o ( 6 u )  ) / l . a ( > B )  +  o ( 5 1 ) l
for the isotopes i '1i58 and Ni6q
as a function of the a^ngle. Sol id
l ine - best theoretical curve,
calculated by the method of [Z].
Only stat ist ical erors are taken
i.nto account and indicated in the
figure.

Paraneters c, t ,  and R of the charge distr ibution for the

Fermi nodel in tin antl nickel isotopes. 'y - quantity
characterizing the .(leviation of the radi,us R of the equi-
valent hcrmogeneous 

'distr i t iut ion 
from Arlr when neutrons

are added to the nucleus.
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nately one half) in the region occupied. by the protons, and are located during the rest of

the t ine on the surface of the nucleus.

It is of interest to compare ow results of measurement of the charge radii vith the

results of measurements of t l re ra.d. i i  of proton interactions vit i r  nickel isotopes [5],  where

in te rac t ion  rad i i  15 .1  +  0 .5 r  17 .6  t  0 .p ,  and.  L7 .6  !  0 .9  F  were  ob ta inec l  fo r  i t i58 ,  I I i62 ,  and
. - .6 l {Ni-' respectively. In this case the two neutrons of the 2prr, subshell have 1itt1e effect

on the interaction radius, but then the next four neutrons do alter it strongly. ltre tvo

experirnents ca,n be qualitative$ reconciled by assurning that the neutrons of t|re )-f5p

subshel- l  1ie on the surface of the nucleus, outside the proton-occupied shel l .

Accord.ing to t ire sheLL rnod.el,  on going fror sn112 to Snll8 the addit ional tvo neutrons

with l ,  = 4 f i l l  the neutron subshell  lS7 p, and the remaining four with g = 5 begin to f i l l

the new subshelUnrr/". Our results show that these six neutrons ad.d.ed to SnlI2 exert ,ro

noticeable inf luence on the charge racl ius (V = 0.18 J 0.17 = 0) and therefore probab\r spencl

most of the tine on the surface of the nucleus.

We thus note a clear-cut correlation betveen the change of the charge radius j.n the

isotopes and the orbital angular mornenta (or the f i l l ing of the neutron subshells) of the

added. neutrons. Add.i t ion of neutrons vith srnal l  orbital angular momenta (which in the case

of nickel is aecompanied, by f i l l ing of tne subshell)  leads to an increase of the charge
1 1 "

radius approxinate\r in proport ion to A*'-r ard addit ion of neutrons vith equal ( in the,case

of nickel) or larger angular rnomentum (Sn) Lead.s to a nuch smalLer increase of the charge

rad ius .
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