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measured to determine the effective solid angles
using the previously measured cross sections'~"
of "C and 'Be. The effective solid angles ob-
tained from "C and 'Be were consistent at all
incident energies.

Elastic scattering from "Cr which was 48mg/cm'
thick was also measured to estimate the charge
scattering contribution of "V, resulting from its
finite solid angle. The charge scattering con-
tribution was found to be negligible in the inci-
dent momentum higher than 140 MeV/c. One of
the spectra after the relative efficiency correc-
tion for the solid state detectors is shown in
Fig. 2. All cross sections were corrected for
radiative effects.

For interpretation in terms of the plane wave
Born approximation (PWBA), we introduce a re-
duced magnetic cross section (do/dA)~~
='q(do/dA)~/[&„(-', +tan'&/2)] as a function of ef-
fective momentum transfer q,«=q(1 +fZa/RE),
where o„is the Mott cross section for charge
Z, o„=[Za cos(8/2)/2E sins(8/2)]s, and ri is the
recoil factor g =1+(2E/Mrc')sin'(&/2). The
parameter f=1.1 in q,« is determined from com-
parison between the distorted wave Born approxi-
mation (DWBA) and PWBA form factors. The
experimental data are summarized in Table I.
The data of the reduced magnetic cross section
from this experiment are also illustrated in Fig. 3
together with those of Amsterdam" and those from
the 155' experiment of Saclay' to be compared
with the single-particle form factors of an f,&,
proton (solid line). The form factors of each
multipole are also shown in this figure. A har-
monic oscillator radial wave function is adopted
with the size parameter b=1.85 fm and the cen-
ter-of-mass and nucleon form factor corrections
are taken into account by multiplying by factors
exp[(1/&) (bq/2}'] and 1/(I+q'/18. 23)', respec-
tively. As can be seen in Fig. 3, observation of
all multipole form factors of the ground state of
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FIG. 2. One of the spectra after the relative efficiency

correction for the solid state detectors.

"V from M1 to MI =M7 has been attained.
The general feature of the total form factor, a
large M1 diffraction maximum and a plateau
followed by a sharp drop, is reproduced by the
single-particle model. Quantitatively, however,
the observed form factor is smaller than the cal-
culated one in the range 1 fm '&q &2 fm ' where
the M3 and M5 form factors dominate. The sup-
pression of the M3 form factor has also been ob-
served experimentally in nuclei "0 and 'Mg

(Refs. 8, 14}. In the range q & 2 fm ', the agree-
ments between calculations and experiments are
quite good.

IH. COMPARISON WITH THEORY
AND CONCLUSIONS

The importance of the core polarization effect on

magnetic form factors has been shown by some

TABLE I. Total cross section cr~'measured at the incident momentum pp and scattering angle
180', charge cross section 0~, magnetic cross section ~ cr~~ o, and reduced magnetic
cross section o+.

pp
(MeV/c)

&ee
(fm ~)

1Q33 Otot

(cm2/sr)
10+ gch

(cm2/sr)

1034 ~ 5Ng

(cm2/sr)
10~ a%

80.84
97

112
140
160
178.4
215
229

0.90
1.06
1.21
1.49
1.69
1.88
2.24
2.38

6.08 + 0.98
2,97 + 0.52
2.66 + 0.31
1.64 + 0.19
1.37 + 0.15
1.36 + 0.10
0.485+ 0.047
0.257+ 0.044

1.41 + 0.41
0.20 + 0.08
0.26 + 0.08

4.67+1.06
2.77+0.53
2.40+ 0.32
1.64+0.19
1.37 +0.15
1.36 + 0.10
0.485 + 0.047
0.257 + 0.044

1.12+0.25
0.944+ 0.203
1.09+0.15
1.17 + 0.14
1,28 +0.14
1.58 ~0.12
0.821 +0.080
0.494 ~ 0.085
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authors. "" The first-order perturbation on
the unperturbed wave function l(j f,l,)'v =1, Z=j&
causes not only the excitation of the ~Ca core but
the excitation of a valence proton from the j orbit

which affects the form factors by blocking the
excitation to the j orbit. The matrix element of
an MI scattering operator T(ML) in this frame-
work is given by&8

("v g s
I
IT(Mf ) I I

"v gs &= (j I I
T (ML)

I lj)+ 2 g &jjl 1"
Ij».(p I I

T (brL)
I
lb)/(&„- 'p)
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this work
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FIG. 3. Experimental and calculated magnetic form
factor squared (reduced cross sections). The single-
particle form factox is shown by a solid line. The dash-
ed and dash-dotted lines represent the calculated form
factors including the effects of configuration mixing with
the Serber and Hosenfeld forces, respectively. Squared
form factor of each multipole are shown in the lower
half with the same convention.

where p and h are single-particle and single-hole
orbits associated with the intermediate states and

the empirical values are adopted for the single-
particle energies a. The sums run over aQ possi-
ble one-particle excitation states up to (L+1)KId.
The bracket (I V'

I ) is a matrix element of parti-
cle-hole type, (ab

I
V'Icd&L=-Z~ , (2&+1)g Qbdc;

~) (do
I
P'lbc&~, and for the perturbation interac-

tion V, a central force of Gaussian shape

V, exp[-(r/r, )'j with the range parameter
X=rJ (v 2 b) = 0.6 and the strength V, =-40 Me V
was adopted. As in Ref. 4, the Serber and Hosen-
feld mixtures are considered to find the exchange
character dependence of the effect.

The results of the calculations including the
first-order effect are shown along with the ex-
perimental data in Fig. 3. The intermediate-
multipole form factors M3 and M5 are signifi-
cantly suppressed by the effect with both the
Serber and Hosenfeld forces as noted pre-
viously. ""On the other hand, the effect on the
MI- form factor is sensitive to the type of the
exchange character. The Hosenfeld force is in-
sensitive to the M7 form factor, while it is con-
siderably reduced by the Serber force which works
equally on singlet and triplet states. This ten-
dency is common to the calculated results on
other nuclei, e.g., Bi and Sr. The ex-
perimental data agree better with the calculation
with the Hosenfeld force. A definite conclusion
concerning the exchange character of the pertur-
bation interaction, however, should be drawn
carefully, since Suzuki, Hyuga, and Arima" and
Dubach20 pointed out the importance of the meson
exchange current effect in this region of q.

In Fig. 3, the agreement between theory and
experiment in the region of the ~1 form factor
becomes worse when the effect of configuration
mixing is included. However the magnetic dipole
moment of "V observed by NMH" is p, , p$

=5.148 p,„,which is smaller than the Schmidt
value p.s,„=5.793 p.„.Thus, it is reasonable to
expect that the M1 form factor may be reduced
approximately by a factor (p„„/ps,„)'=0.8 from
the single-particle form factor. Really, the cal-
culation mentioned above predicts the smaller
values of M1 moment, p.,~,=5.575 and 5.2S9 p,„,
respectively, with the Serber and Bosenfeld
forces and the maximum of the M1 form factor
is lowered as seen in Fig. 3. The data in Bef.
13, however, show the tendency opposed to the
expectation. Possible interpretation would be
given in terms of the exceptionally complicated



MAGNETIZATION DISTRIBUTION OF V STUDIED BY.. . 1485

shape of the magnetization distribution or ex-
tremely enhanced [o x Y"']"' distribution, both of
which are unlikely to occur in the nucleus "V
with relatively simple structure.

In conclusion, the M3 and M5 form factors, as
mell as M7, have been observed without larger

disturbance of charge scattering by means of a
180' scattering experiment. The observed sup-
pression of the M3 and M5 form factors has been
well interpreted in terms of the first-order con-
figuration mixing applied to the simple j-j coup-
ling wave function.
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