
NUCLEAR-RESONANCE FLUORESCENCE IN Xe'" 2015

)Work supported by the National Science Foundation.
lD. A. Arseniev, L. A. Malov, V. V. Pashkevich,

A. Sobicgewski, and V. G. Soloviev, Yadern. Fiz. ~8

883 (1968) ttransl. : Soviet J. Nucl. Phys. ~8 514 (1969)J,
and references cited therein.

2I. Bergstrom. C. J. Herrlander, A. Kerek, and
A, Luukko, Nucl. Phys. A123, 99 (1969).

T. W. Conlon and A. J. Elwyn, Nucl. Phys. A142, 359
(1970).

G. F. Pieper, C. E. Anderson, and ¹ P. Heydenburg,
Bull. Am. Phys. Soc. ~3 38 (1958).

5P. H. Stelson and L. Grodzins, Nucl. Data ~Al 21
(1965).

W. D. Hamilton, Proc. Phys. Soc. (London) 78, 1064
(1961).

VF. Metzger, Phys. Bev. 101, 286 (1956).
T. E. Fessler, G. M. Julian, and S. Jha, Phys. Bev.

174, 1472 (1968).
P. Holmberg and A. Luukko, Comment. Phys. Math.

34, No. 1, 1 (1968).
~-M. Bodenstein, Z. Physik. Chem. (Leipzig) 13, 56

(1894); 22, 1 (1897); 29, 295 (1899). Also more recently,
A. Kistiakowsky, J. Am. Chem. Soc. ~50 2315 (1928);
J. H. Sullivan, J. Chem. Phys. ~30 1292, 1577 (1959);
36, i925 (i962).
' A. J. Bard, Chemica/ Equilibrium (Harper and Bow

Publisher, Inc. , New York, 1966), pp. 1-15, 179-181.
G. B. Beard, Phys. Rev. 145, 862 (1966).

~3G. L. Pollack, Bev. Mod. Phys. 36, 748 (1964).
4H. Daniel, M. Kuntze, B. Martin, P. Schiniddin, and

H. Schmitt, Nucl. Phys. ~63 145 (1965).
~5C. M. Davison, in Alpha-, Beta-, and Gamma-Ray

Spectroscopy, edited by E. Siegbahn (North-Holland
Publishing Company, Amsterdam, The Netherlands,
1966), Chap. II.

~~D. R. Bes and R. A. Sorenson, in Advances in Nuclea~
Physics, edited by M. Baranger and E. Vogt (Plenum
Press, Inc. , New York, 1969), Vol. II.

~7R. A. Uher and B. A. Sorensen, Nucl. Phys. 86, 1
(1966).

L. S. Eisslinger and B. A. Sorensen, Bev. Mod. Phys.
35, 853 (i963).

PHYSICAL REVIEW C VOLUME 2, NUMBER 5 NOVEMBER 1970

Static Quadrupole Moment of the First 2+ States of the Even Tin Nuclei*

P. H. Stelson, F. K. McGowan, R. L. Robinson, and W. T. Milner
Oak Ridge National Laboratory, Oak Ridge, Tennessee 37830

{Heceived 4 June 1970)

Measurements of the relative thick-target yields of y rays deexciting the 2+ first excited
Sn, following Cpulpmb excitation by z particles and ~ O ipns,

have been interpreted in terms of the relative static quadrupole moments of these states.
The absolute static quadrupole moment of the 2+ state in Sn was determined to be +(0.09
+ 0.10) b. With this value it was then possible to obtain the absolute static quadrupole mo-
ments for the 2+ state in the other even tin nuclei. The resulting values are closer to the
vibrational-model prediction (static quadrupole moment of zero) than to values predicted by
the rotational model. A set of absolute B(E2,0- 2) values was also obtained with assigned
errors between 2 and 3%.

I. INTRODUCTION

The Coulomb-excitation mechanism was used to
investigate the static quadrupole moments of the
first 2+ states of the even tin nuclei. This method
is based on the facts (a) that the Coulomb-excita-
tion cross section depends on both the dynamic
quadrupole moment [B(E2)] and the static quadru-
pole moment [Q(2+)] and (b) that the relative con-
tributions of these two moments varies with the
mass of the incident projectile producing the exci-
tation. For example, if we assume that the first
2+ state of "'Sn has a Q(2+) of 0.4 b (rotational
value), then the differential cross sections at a
backscattering angle are altered by 3% for n par-
ticles and by 12/z for "0projectiles from those
expected for Q( 2+) value of zero (phonon-vibration
value). Expressed differently, the "apparent"

B(E2) values obtained with n particle and "0pro-
jectiles would differ 9% if Q(2+) were 0.4 b. The
basic Coulomb-excitation theory is given by Alder
eg al. '

The total cross section for Coulomb excitation
also depends on Q(2+) but the sensitivity is roughly
only —,

' as large as that for the differential cross
section at a backward angle. On the other hand,
the total y-ray yield, which is proportional to the
total cross section, is a straightforward quantity
to measure and can be determined quite accurately
with Ge(Li) y-ray detectors. Our initial measure-
ments determined the "apparent" B(E2) values for
~ particles and "0projectiles from the total y-ray
yields. These results furnished information about
the relative Q(2+) values of the different even tin
nuclei.

It was then necessary to determine the absolute
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Q(2+) value for one tin nucleus in order to estab-
lish the absolute scale for the relative measure-
ments. This was done by measuring the differen-
tial cross sections at backward angles for Coulomb
excitation of 120Sn for both + particles and 160 ions
Two types of experiments were performed. One
experiment consisted of the direct measurement
of spectra of particles scattered from thin targets
using surface-barrier silicon detectors. Although
this method is quite direct, it suffers from poor
signal-to-noise problems. To avoid this problem,
another method was also used which involved the
coincidence counting of deexcitation y rays and
backscattered particles.

II. EXPERIMENTAL METHOD AND RESULTS

A. "Apparent" 8(E2)'s from y-Ray Yields

If we assume that Q(2+) is zero, then the B(E2)
for Coulomb excitation of the first 2+ state is
given by the formula

5.554X10 "A,'(CZ, }'z&(exc/pC)
A&1 E2

'7

where

z; (E —C~)fz~(q;, $) Me V mg
S(E) cm' (2)

z&(exc/pC) is the thick-target y-ray yield in exci-
tations per pC of particles (z is the charge state of
ions incident on the target), A,' is the target atom-
ic weight (normal element), A, and A, are the
masses of the projectile and target in amu, Z2 is
the target nuclear charge, E; is the incident pro-
jectile energy in MeV, ~ is the nuclear excita-
tion energy in MeV, C = 1+A, /A„and S(E} in
MeV cm'/mg is the projectile stopping power in
the target material. The integral ~» is evaluated
numerically using the f»(q„() values from the
theory of Coulomb excitation. '

Inspection of relations (1) and (2) reveals that
B(E2}depends on the following experimental quan-
tities: I"(exc/pC), S(E), E„and ~ (through $
dependence on ~). Errors in these quantities
will contribute error to B(E2). However, if we
consider the relative B(E2) values of two isotopes
for the same projectile, then a marked ir crease
in accuracy is achieved. The I'(exc/&C3 which de-
pends on the efficiency of the y-ray detector now
depends on the relative efficiency rather than the
absolute efficiency. The relative B(E2)'s are al-
most independent of S(E) and the dependence on
E; is much reduced. The error in ~ still con-
tributes, but, with the high accuracy of y-ray en-
ergies (hence ~) determined with Gi(Li) detectors,

this source of error is already quite small.
Isotopically enriched metallic targets of

II2 116 118 120 122 I24Sn were prepared by electrode
position on to 5-mil nickel. backings. The same
targets were used for both +-particles and "0
Coulomb excitation. The targets were thick to
both types of projectiles. The incident projectile
energies were 10 MeV for u particles and 45.5
MeV for '60 ions.

The y rays resulting from Coulomb excitation
of the first 2+ state range in energy from 1.131
MeV for ' Sn to 1.296 MeV for '"Sn. These y rays
were detected with a 30-cc Ge(Li) detector placed
at 55' to the incident beam direction. The efficien-
cy of the detector was determined by the use of a
set of calibrated y-ray sources ("'Cs, "Na, "Co,
"Y, etc.) obtained from the International Atomic
Energy Agency Laboratories, Vienna, Austria.
The source strengths are calibrated to about 1%
accuracy. The same detector was used for both
the n particles and "0 runs, which means that
the efficiency of the y-ray detector is really not
necessary to obtain ratios of "apparent" B(E2)'s
for the two projectiles for each tin isotope. How-
ever, we also wanted to obtain an accurate set of
B(E2) values for the tin isotopes and for this pur-
pose the efficiency is important.

The mean-lives of the first 2+ states of the even
tin nuclei range in value from 0.5 to 1 psec. ' Since
these mean-lives are comparable to the slowing
down times of the recoiling Coulomb-excited nu-
clei, we observe a broadening of the peak caused
by the Doppler shift of the y-ray energies. For
n-particle Coulomb excitation the maximum pos-
sible shift in energy is 5 keV, and for "0 ions the
maximum possible shift increases to about 20 keV.
In Fig. 1 we show the observed y-ray spectra for"0 Coulomb excitation; the shoulders on the right-
hand side of the peak resulting from the Doppler
shift are quite apparent. This Doppler broadening
is an unavoidable complication which must be
handled with care if good accuracy is to be main-
tained. Since the lifetimes are somewhat different
for the different tin isotopes, the amount of Dop-
pler broadening is variable. The "6Sn peak has a
larger shoulder than the "4Sn peak. Because of
the variable shapes of the y-ray peaks we have
not tried to fit an analytic function but have in-
stead summed all the channels contributing counts
to the peak. There is always some tailing of the
y-ray peak on the low-energy side, and the amount
of tail included in the peak must be treated in a
consistent way. For this reason we observed the
y rays at 55' to the incident beam direction so that
the Doppler-shifted y rays would be on the high-
energy side of the peak rather than in the tail re-
gion on the low-energy side.
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FIG. 1. Ge(Li) y-ray spectra which result from the Coulomb excitation of the first 2+ state in the even tin nuclei by
45.5-Mev i60 projectiles. y rays were observed at an angle of 55' to the beam direction. The Doppler shifts (shoulders
on the high side of the peaks) are quite apparent.

For n particles the relative y-ray yields I(y/pC),
were determined to an accuracy of about +0.7%.
The statistical error and the background-subtrac-
tion error contributed about equally to the total
error. Similarly, for the "0 ions, the relative
&(y/pC) were determined to an accuracy of about
+0.6%%up with statistical and background-subtraction
errors of about equal importance.

The "apparent" B(E2) values are given in col-
umns 3 and 4 of Table I. We mean by apparent
B(E2) those values extracted by the use of expres-
sion (I) and (2). Although not necessary, we have
for convenience applied a normalization factor to
the two sets of B(E2) values to bring them into aver-
age agreement. The quantity of interest is given in
column 5; this is the percentage difference of the

"apparent" B(E2) values for each isotope for n
particle and "0 ion excitation. We will relate
these quantities to differences in the Q(2+) values.
We also assign an error to &he percentage differ-
ence in B(&2) values. This error is based on the
errors in the relative y-ray yields. As mentioned
above, there are also other sources of error in
obtaining the relative B(E2) values. An analysis
of these errors indicated that for the worst case
(comparison of "'Sn and '"Sn) these errors are
still quite small compared with the errors from
the relative y-rays yields.

According to the theory of Coulomb excitation,
the influence of Q(2+) on the total cross section is
almost independent of the energy of the incident
projectile; therefore, the use of thick targets in-

TABLE I. Summary of "apparent" B(E2) values obtained from thick-target y-ray yields with o. particles and ' 0 ions
as projectiles. The percentage difference in B (E2) values listed for each nucleus in column 5 is interpreted as a AQ(2+)
value, which is listed in column 6. Taking the absolute le)(2+) value for Sn as +(0.09+0.10) b, we then use the 4Q(2+)
values to obtain the Q(2+) values for the other tin nuclei and these values are given in the last column.

Nucleus
~(2+)
(MeV)

Apparent" BI2)
& particles 80 ions

(1O-4'cm4e2)
Percent difference

in Bg2) values
e(2+)

(b)

"4Sn
i 22Sn

'"Sn
'"Sn
"~Sn
ii2Sn

1.131
1.140
1.171
1.230
1.293
1.257

1.600
1.931
2.018
2.163
2.132
2.552

1.618
1.890
2.046
2.124
2.157
2.526

+(1.13 +1.06)
-(2.19+1.04)
+{1.40 +9.79)
-(1.82 +0.93
+(1.17+O.91)
-(1.O2 ~1.21)

+{0.12 +0.11)
-(0.23+0.11)
+(0.14+0.08)
-(0.18 +0.09)
+{0.11&.09)
-(0.10 +0.12)

+{0.07+0.17)
-(0.28 +0.17)
+(0.09 +0.10)
-(0.23+0.16)
+{0.07 +0.16)
—(0.15+0.18)
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troduces no essential complication. The change
in cross section is proportional to Q itself (in-
cluding sign) and is also approximately proportion-
al to ~. For the tin nuclei a change of &Q = 0.1 b
implies about 1 jg change in the relative B(E2) val-
ues obtained from thick-target y-ray yields for
+ particles and '60 ions. Column 6 lists the quan-
tities ~Q based on the observed percentage dif-
ferences listed in column 5. The meaning of the
&Q values is the following: For example, in com-
paring the Q(2+) values of "'Sn and '"Sn we have
AQ("~Sn) =+(0.12+0.11) and b.Q(" Sn) =+(0.14+0.08);
and therefore, Q('~~Sn) —Q("OSn) = -(0.02 + 0.14) b

In the following section we will discuss the de-
termination of the absolute Q(2+) for "'Sn. The
observed value is +(0.09+ 0.10) b. Using this val-
ue and the &Q values given in Table I, we deduce
the Q(2+) values for the other tin isotopes, and
these are listed in the last column.

B. Absolute Q(2+) for Sn

The absolute differential cross sections at back-
ward angles for the Coulomb excitation of the 2+
state in '"Sn were measured for +-particles and
"0projectiles. In one set of experiments we di-
rectly measured the elastic and inelastic scatter-
ing from thin targets using surface-barrier silicon
detectors. In order to minimize the energy spread
caused by kinematics, we used an annular detector
to measure the "0 spectra. The detector mea-
sured the scattering between the lab angles of 170
to 177'. The target was enriched (98.4/p) metallic

"Sn evaporated onto a thin carbon-foil backing
to a thickness of about 10 pg/cm'.

Examples of the observed "0 spectra are given
in Fig. 2. The peaks have an energy width of
about 175 keV. A portion of the observed tails on
the low-energy side of the elastic peak is caused
by elastic scattering from the small amounts of
lighter tin isotopes in the target. From the spec-
tra we determine the ratio of counts in the elastic
peak and in the inelastic peak due to excitation of
the 2+ state in "Sn. With the assumption that the
sum of the cross sections is equal to the Ruther-
ford cross section, we can deduce the differential
cross section for Coulomb excitation, and from
this we can extract "apparent" B(E2) values.
These B(E2) values are shown in Fig. 8 for the in-
cident "0 energies of 38.5, 40, 42, and 44 MeV.
The errors shown for the B(E2) values are about
3 to 4% and they result from the statistical error
and uncertainties in the subtraction of the tail of
the large elastic peak on which the 2+ peak rides.
Within the errors, the four values for B(E2) are
in agreement. The average value for the apparent
B(E2) for "0 is (2.070+0.085) x10 "cm'e'.

The ratio of inelastic to elastic cross sections
for n-particle Coulomb excitation of "Sn is quite
small —typically, one part in 2000; There is a
strong temptation to make measurements at high
n-particle energies since this markedly improves
the ratio of inelastic to elastic events. However,
one then runs the risk of violating the basic as-
sumption of pure Coulomb excitation. We made
measurements at three a-particle energies of 10,

38.5 MeV 42 MeV 44 MeV
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a PARTICLES

10 MeV, 8=120'
10 MeV, 8=133'
10 MeV, 8=150
10 MeV, 8=155'

10 MeV AVERAGE VALUE

10,5 MeV, 8=133'
11 MeV, 8=133'

OVERALL AVERAGE

160 P RO JECT ILES

38.5 MeV, 8=172'
40.0 MeV, 8= 172'
42.0 MeV, 8= 172'
44.0 MeV, 8=172'

OVERALL AVERAGE

I

1.6 1,8 2.0 2.2 2.4 2.6
APPARENT B(E2)e„(units 10 cm" e )

FIG. 3. Graphical summary of "apparent" B(E2) val-
ues obtained from the Coulomb excitation of the first 2+
state in Sn. Results are shown for both a. particles
and '60 projectiles.

10.5, and 11 MeV.
Another source of difficulty is the fact that

small amounts of impurities lighter than "Sn,
such as iron, can give rise to an elastic peak in
the vicinity of the inelastic peak for ' Sn. W' e
therefore made measurements on the +-particle
spectra with a well-collimated detector which
could be moved in angle in order to shift the rela-
tive positions of possible impurity peaks and the
peak from inelastic scattering by "Sn. Two ex-

amples of n-particle spectra are shown in Fig. 4.
A summary of the apparent B(E2) values ob-

tained for Q.-particle Coulomb excitation of "Sn
is shown graphically in Fig. 3. The average val-
ue of B(E2) obtained from 10-MeV runs is in good
agreement with the values obtained at 10.5 and 11
MeV. Combining all the runs we obtain an appar-
ent B(E2) value of (2.010+0.045) x10 49 cm4e'.

Assuming that the apparent B(E2}values result
from a combination of the true B(E2) and the Q(2+),
the theory of Coulomb excitation gives the result

B(E2), „„,=B(E2)[ I + c,Q(2+)],

where the constant c, is calculable for a given ex-
perimental situation. For the present case we
have c,=+0,292 b ' for '60 ions and a weighted
value (c, varies with angle) of c, =+0.065 b ' for
n particles. The two measured apparent B(E2)
values yield the result

Q(2+) =+0.14 + 0. IS b,
B(E2) = (1.99+ 0.05}x 10-4'(e' cm').

The second set of experiments done to measure
the absolute Q(2+) of '~Sn involved y-ray-backscat-
tered-particle coincidences. By detection of the
y ray we enhance the signal-to-noise ratio for de-
tection of the inelas. ic events. The incident beam
passed through the annulus of a surface-barrier
detector and struck a thick metallic target of "Sn.

10

)0

FIG. 4. Examples of +-
particle spectra observed
in a silicon surface-bar-
rier detector when the in-
cident beam struck a thin

Sn target.

+-
C
O
O

i0
2+ STATE

JIA

Jl
4

A

4
Ei2 = 11 MeV

8= 133

4
A

i%a
@Ajar

2+ STATE

0
o ~ o o . o

o 'b ooo ofo~g '4
~oooo alp ooorooo 0

~o~ o o+0

Ea = 10 MeV cs:

e =120'

)0
PULSE HEIGHT



2020 STELSON, McGOWAN, ROBINSON, AND MILNER

Scattered particles, both elastic and inelastic,
between the lab angles of 155 and 171' were de-
tected in the annular detector. The y rays re-
sulting from Coulomb excitation were detected by
a 7.6 &&7.6-cm NaI detector located at 55' to the
incident beam direction and with a distance of
2, 15 cm from the face to the target spot. At this
distance the calculated values for +'(8= 55') are
1.0775 and 1.0805, respectively, for n particles
and for "0 ions.

The use of a thick target avoids the strong at-
tenuations of angular correlations which result
when ionized atoms recoil through vacuum. "4
However, we now have to deduce the effective tar-
get thickness from the lower bias level set on the
pulse from the annular detector. It was therefore
important to accurately determine the energy re-
sponse of the detector for both n particles and "0
ions. This was done by variation of the beam en-

ergy incident on the target and, in the case of "0
ions, by using a series of targets of different
atomic weight.

The accurate knowledge of the target thickness
is important to the experiment because the elastic
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scattering cross section increases with decreasing
particle energy, whereas the inelastic scattering
cross section decreases with decreasing particle
energy. Hence, we need to know the target thick-
ness in energy units. It turns out that we do not
need to know the thickness in atoms/cm', since
we assume the Rutherford cross section is valid
and this normalizes out the product of the incident
flux and the atoms/cm'. It follows that although
the absolute value of the stopping power &(E) is
not essential, the shape of &(E) is important.

The observed shape of the particle spectrum in
the annular detector can be compared with the cal-
culated shape based on a given &(E). For n parti-
cles, which have a well-established shape for S(E),
we calculated the expected energy spectrum in the
annular detector and we compared this with the
observed spectrum in the top of Fig. 5. It is seen
that the calculated shape agrees well with what is
observed. On the other hand, the shape of S(E)
for "0 ions is not very well known. In Fig. 6 we
have plotted four possible &(E) shapes for "0 ions
in tin. The values represented by A have been
discussed previously. ' The values represented by
B are taken from Booth and Grant' for ' 0 energies
below 24 MeV and extrapolated to higher energies.
The values represented by C were chosen to give
an &(E) shape between those represented by A and

B. Finally, set D are values recently recommend-
ed by Northcliffe and Schilling. '

In the lower part of Fig. 5 we have compared

)0 12 )4 16 18

E( 0) (MeV)

20 22 24

2.5
o A

~ B

~ C

~ D

FIG. 5. Observed and calculated shapes of parti', le
spectra backscattered from a thick '208n target into an
annular surface-barrier detector. The solid curves are
calculated shapes for different shapes taken for the stop-
ping power S(E). The upper curve is for o, particles and
the lower curves are for ~60 ions.

2.0
5 $0 15 20 25 30 35 40 45

E ( 0) (MeV)

FIG. 6. Four different sets of stopping powers for 0
ions in tin (see text).
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the calculated shapes of the particle energy spec-
tra for different &(E) shapes with what is observed
experimentally. Shapes A and B for S(E) produce
calculated spectra which differ appreciably from
what is observed, whereas S(E) represented by
shapes C and D agree quite well with the observed
spectrum. We have therefore used the &(E) shape
represented by C to calculate the target thickness.

For the 0'.-particle runs, the incident energy
was 10.0 MeV and the target thicknesses were
2.70 and 2.15 MeV, respectively, for elastic
and inelastic scattering. For the ' 0 ion excitation,
the incident energy was 42 MeV and the target
thicknesses were 8.85 and 8.35 MeV, respectively,
for elastic and inelastic scattering. Our subse-
quent analysis of the experimental results indi-
cates that we would have reduced the systematic
errors due to uncertainties in S(E) if we had used
a somewhat thinner target for the "0 ions.

The statistical accuracy of the ratio of probabili-
ties for Coulomb excitation with o. particles and
"0 ions was +2%, which implies an error of +0.11
b for Q(2+} of "'Sn. Because of a possible system-
atic error caused by uncertainty in the shape of
&(E) for "0 ions, we have increased the error on
Q(2+) to +0.16 b. Therefore, the result of this ex-
periment is

Q(2+}=+0.02+ 0.16 b,
B(E2) =(2.07+0.05) x 10 (e em ).

This result is in resonable agreement with +0.14
+ 0.13 b obtained from the first experimental meth-
od. Combining the two results we have a final
value of

Q(2+) =+0.09a0.10 b.

The above interpretation attributes the whole
observed deviation in B(E2) values to the influence
of the Q(2+). However, we know that other inter-
ference processes in Coulomb excitation can influ-
ence the B(E2) ratio. In particular, interference
due to the virtual excitation of higher 2'+ states
can be important. The magnitude of such an inter-
ference depends on the term [B(E2, 0-2')B(E2, 2'
-2)] '. We do not know these B(E2) values for
the even tin nuclei. To assess the importance of
such an interference we will assume representa-
tive values found for other vibrational-type nuclei. '
We take the single-particle value for B(E2, 0-2'),
viz. 1.8x10 "em'e' and we take B(E2, 2'-2}
=B(E2, 2-0). With these values we have used the
Winther-deBoer computer program' to calculate
the amount of interference in the B(E2) values
caused by the virtual excitation of a higher 2'+
state. The result is that such an interference
could alter the Q(2+) value by +0.1 b, which i

05

0

-0.5
2so I i6S~

if BS~ i20SII 1&PSII 124S

FIG. 7. The observed Q(2+) values for the different
even tin nuclei. The dashed lines indicate the rotational
limits (prolate and oblate). The familiar parameter p2
is approximately 0.12 for the even tin nuclei.

Nucleus
a N2, 0-2)

(10 48 cm4 ~2)

i12s

'"sn
'"sn
i 20Sn

122sn

124sn

2.56 +0.06
2.16+0.05
2.16 +0.05
2.03 +0.04
1.96 +0.04
1.61 +0.04

about equal to the present experimental accuracy.
Since we do not know the actual numbers for the
B(E2,0-2') and B(E2, 2'-2) transitions in the tin
nuclei, we cannot easily assign a meaningful un-
certainty to the measured Q(2+) due to such an
interference. It should be borne in mind that the
measured Q(2+) could eventually be altered by
possibly +0.10 b when these B(E2) values become
available.

Taking the absolute value for Q(2+) of "0Sn as
+0.09+ 0.10 b we can use the 4Q values in Table I
to calculate the Q( 2+) values for the other even tin
isotopes. These values are given in the last col-
umn of Table I.

It is instructive to compare the observed Q(2+)
values with those predicted for a rotational 2+
state. In this ease the Q(2+) is related to the
B(E2, 0-2) by the relation

8 7T
1/2

eQ(2+)=- -[B(E2,0-2)]
7 5

In Fig. 7 we show the measured Q(2+) values and
the rotational values (oblate and prolate values
for each nucleus indicated by dashed lines}. We
see that four of the nuclei have Q(2+) values which
are consistent with zero (expected vibrational val-
ue). '"Sn and "'Sn have values which are approxi-
mately midway between vibrational and prolate

TABLE II. Summary of absolute 8 (E2) values
for the even tin nuclei.
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rotational values. The errors shown are standard
deviations.

The present experimental results produce a
rather accurate set of B(E2) values for the first
2+ states of the even tin nuclei. The results are
based on the absolute B(E2) for "'Sn obtained in
the two experiments described above and on the
relative B(E2) values for the different tin isotopes
given in Sec. A. These values are given in Table
II. We had previously published" a similar set of
B(E2) values which we thought had a relative accu-
racy of +2% and an absolute accuracy of +5%%ua. The
relative values of the numbers given in Table II
agree well with the previous values but the abso-
lute values do not. The average difference be-
tween the two sets of values is I2'%%uo. We have un-

covered a systematic 8'%%uo error in the y-ray ef-
ficiencies of the detector used in making the pre-
vious measurements. The absolute values of the
B(E2)'s given in Table II are to be perferred to
those previously given.

Curtis et al."have studied the quadrupole exci-
tations of the even tin isotopes by inelastic elec-
tron scattering. The B(E2) values they obtain are
model dependent. The Tassie model and the "best-
fit" model give B(E2)'s which differ by about 25/0.
Our old set of B(E2) values agreed quite well with
the Tassie-model values from electron scattering.
The smaller B(E2) values of Table II move in the
direction of the "best-fit" values from electron
scattering but are still somewhat closer to the
Tassie-model B(E2)'s.

*Research sponsored by the U. S. Atomic Energy Com-
mission under contract with the Union Carbide Corpora-
tion.
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