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Experimental B(E2) values are tabulated for transitions in odd-mass spherical nuclei and
compared with predictions of the pairing-plus-quadrupole model including up to two phonons.
Of the well over 100 cases, agreement within a factor of 2 is obtained for =3, indicating the
general validity of the theory and suggesting its use as a guide to yet unmeasured cases.

I. INTRODUCTION

A few years ago the reduced electric quadrupole
transition probabilities between the low-lying
states of odd-mass spherical nuclei were tabulated
by Sorensen' and compared with the pairing-plus-
quadrupole model including wave-function compo-
nents up to one phonon. Since then, a large number
of additional experimental data have been accumu-
lated, and in certain regions new information about
the single-particle parameters has become avail-

able. Therefore, a more complete calculation
which includes wave-function components up to two

phonons is presented.

II. CALCULATION

The approximations used by Kisslinger and Soren-
sen (KS}' to treat the pairing-plus-quadrupole Ham-

iltonian for odd-mass spherical nuclei lead to, e.g. ,
for an odd-neutron case,
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QRd —Z Eer pr tpr + rd

where E,. is the quasiparticle excitation energy, P~

the quasiparticle creation operator, I'~ the phonon
creation operator, and ru the phonon excitation en-
ergy. y is an effective coupling constant depending
on ur and defined in Ref. 3. Also

1 2

(j, l
r

l jo& uses harmonic-oscillator radial func-
tions, kw=41A ' ' MeV, and U, V are the usual
occupation factors of the pairing theory.

The wave functions resulting from the diagonali-
zation procedure are of the form

+g C r [pr
' t(I 1'oI to) &] r

l
@ & (4)

where the C's are the coefficients of the basis
states. Then the reduced transition probability is
given by

B(E2),
=~e C 'C ~Q

2j~+1 ] " 'r'' ' 'f' ' 9'r (2j +1)(2j~+ I)
1/2 'I

~ e„,w5+(-rr ' Q. ..„(o,„," o.. . ,"
~t~ II

Jf Ji+ C&i2 ~ C&n2
Jeven

2fj j 2 B(E2)o+ „» C,. C,. »f i f C
ee eg 5 (2 yl) I ~f f

(5)

The factor 2j&+ 1 on the left side of Eq. (5) is in-
cluded to make it symmetric in j, and jf. The
terms containing Q come from the noncollective
(particle) part of the quadrupole transition opera-
tor. Except for very slow transitions, these are
small as compared to the terms containing
B(E2)„„,which come from the collective (pho-
non) part of the quadrupole operator. Equation (5)
treats the phonons as harmonic and thus does not
include the effect of diagonal (2+-2+) collective
quadrupole matrix elements, even though large
phonon 2+ quadrupole moments have been observed
in some cases.

III ~ PARAMETERS USED

+«o, (N, Z). (6)

If in the shell both jp
l p+ 2 states are present,

+l +1/2
P

[er -uo (Ao) er +rro (Ao)]fan
P P

2l +1

Within each shell single-particle energies are
given a smooth A dependence of the following form

(A) = eo (Ao)(Ao/A)'r + or, (Ao/A)' '. [1 —(A/Ao)' ']

g -1/2
P 2l +1

P

If only one of the levels is present in the shell,
(7)

Q$ 1/2 0 l
p

+ 7Ao (l + 1) Mev
P

(8)

n. er (N, Z) is the special shift given in some
cases. In Table I we give a list of eo(Ao) along with
the regions in which they are used.

Proton levels in the region 20 & Z& 50 and 50& Z
& 76 are essentially the same as used by KS ' ex-
cept for a special shift for Z= 51 isotopes. Proton
eo(Ao)'s used in the regions 76 ~Z& 82 and Z& 82
are the experimental single -pa, rticle levels for
oo7TI and 'ooBi, respectively. Neutron eo(Ao)'s for
the regions 20& N& 50, 82& ¹90,and 78& %
& 82 are those derived from experiment by Cohen'
from the levels of «Zn4„'»Ce», and 5,'Ce». In
these and in other regions, the special shifts were
given from the point of view of getting better B(E2)
values for odd-mass nuclei. Neutron levels for
the regions 50 & N & 78 and 114& N & 126 are the
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TABLE I. Single-particle levels in MeV. TABLE I (Continued)

Proton level 20 &Z & 50

Level «fv(2 1f5/2 2p 3/2 2p f/2 @9/2 Level

Neutron levels 78 &N & 82

Ega/2 2d5/2 «h f f/2 3s 1/2 2d3/2

2.80ego (40) -3.50 0.50 0.00 1.80

+Ey =+cf =-0.11(N-40) for 20 &Z & 38
~7/2 f5/2

=-0.055(Z -40)
~9/2

for 38&Z&50

Ap =90
e,P. gp) -1.2o 0.80 1.33 1.60

Neutron levels 82 &N- 90

Ap =139

Level 2fv/2 3p 3/2 «hp/2 2f5/2 3p,/, «if 3/2

Ap = 141

Proton levels 50 & Z & 76

Level 3gv/2 2d5/2 1hf1/2 2d3/2 3s 1/2
Ap=207

&,' Qp) 0 0.83 1.55 1.88 2.25 2.80

Neutron levels 114&N & 126
~,P. Qg O O.8 2.1

=0.125(75-N) for Z =51

2.6 2.95
Level 1h p/2 2f&/2 «~ 13/2 3p 3/2 2f5/2 3p 1/2

Ap =207

~,'. (Ap) o

=0.5; &E„=-o.«except for
11/2 3/2

1.81 2.14 3.13 3.48

Ir and Tl isotopes. For Ir isotopes

Proton levels 76-Z & 82

Level 1g&/2 2d5/2 1h11/2 2d3/2 3s f/2

Ap =207

&~ (A p) -1.09 0 0.70 1.45 1.77 2.34

=+0.2 except for Z = 82
13/2

Neutron levels N & 126

3/2 «~f 1/2 yf 5/2 3d5/2 1/2 3d3/2 @7/2
Ap =209

e~(AO) 0 0.776 1.417 1.562 2.029 2.488 2.536

=0.5; Ae„P =-0.05
11/2 3/2

For Tl no special shifts.

0 070 162 283 310 364

Neutron levels 20 & N & 50

Level 1fv/2 2p3/2 1f5/2 2p 1/2 3g p/2

~,p. (A,) -4.5o o

=-0.055 (Z —40)
~S/2

-0.4 1.0 1.5

Neutron levels 50 & N & 78

Level 2d5/2 3gv/2 3s 1/2 1h11/2 2d3/2

e j~ (Ao) 0 0.8 2.0
=0.14(48 —Z) for Z & 48

~7/2

=-0.1 for Z =48

2.5 2.8

=+6„=0.«5(50 —Z) for Z & 50
11/2

=-O.2 for Z=50
1/2

=0.05(50-Z) for Z & 50
43/ 2

Proton levels 82 &Z

Level 1h p/2 2''2 «if3/2 2f5/2 3p 3/2 3p 1/2

Ap = 209

Ap= 120

same as those used by KS except for a number of
special shifts. For N& 126, the experimental
single-particle energies' for '"Pb are used.

The quadrupole-force strength is chosen to fit
the average of the 2+ energies of the neighboring
even-even nuclei except for single-particle or
single-hole cases, for which the 2+ energy of the
neighboring single-closed-shell nucleus is used.

The pairing-force strength t" is chosen to repro-
duce the average odd-even mass differences. For
odd-neutron cases below the deformed region,
G=G„=G~=23/A is used. For odd protons less
than 49, G= 24/A is used, and it is increased to
25/A for In isotopes. For nuclei below the de-
formed region with odd-proton number greater
than 49, G = 23/A is used. In the lead region, both
for odd-neutron and odd-proton cases G„= 23/A and
G~= 25/A is used.

For B(E2)0, „in Eq. (5), the average of the ex-
perimental' B(E2)„„ofthe neighboring even-
even nuclei is used, though for one-hole or one-
particle cases B(E2),„2,of the neighboring single-
closed-shell nucleus is used. '

The calculated theoretical values of the transi-
tion probabilities are listed in Table D and Table
III for odd-neutron and odd-proton cases, respec-
tively. The experimental values with which these
values may be compared are given whenever avail-
able. Most of these numbers were taken from the
literature, while some of them were calculated



B. S. REEHAL AND R. A. SORENSEN

&@'@s.p.
Isotope Transition 2j f+1

& +'2&th. & +'2~expt.
2Jf + 1 2Jf +1

59 a

28»31

61
28NZ33

P 3/2 P1/2

fs/2 Pi/2
fs/2 P 3/2

P3/2 P1/2

fs/2 Pi/2
f5/2 P 3/2

0.068
0.068
0.010

0.071
0.071
0.010

0.865
0.755
0.084

0.719
0.543
0.025

TABLE H. Reduced E2 transition probabilities for
odd-neutron spherical nuclei. The first and second col-
umns list the isotope, and the levels between which the
transition occurs. Columns three, four, and five list
the single-particle, theoretical, and experimental I3N2)
values divided by 2jf+1, where jf is the final angular
momentum, in units of e x10 5 .

Isotope

42Mo55

Transition
& N@s.p.
2gf+12Jf+1

S1/2

ds/2 S1/2

ds/2 d3/2

g7/2 dsl2

+7/2 d3/2

d3/2 s 1/2

5/2 S1/2

d5/2 d3/2

7/2 ds/2

g7/2 d3/2

0.129
0.129
0.018
0.006
0.083

0.132
0.132
0.019
0.006
0.085

2.70
2.02
0.404
0.196
1.02

2.68
1.47
0.120
0.030
1.46

TABLE II (Confinued)

& +'2~expt.
2Jf+ 1

0.88 +0.08

63 ~

28»35

320e41
73

P 3/2 P 1/2

fs/2 P 1/2

fs/2 P3/2

P 3/2 P il2
fs/2 Pi/2
fs/2 P3/2

P 3/2 P 1/2

f5/2 Pi/2
f5/2 P 3/2

P3/2 Pi/2
fs/2 P 1/2

f5/2 P 3/2

P 3/2 P1I2
f5/2 P 1/2

fsl2 P 3/2

0.074
0.074
0.011

0.078
0.078
0.011

0.081
0.081
0.012

0.087
0.087
0.012

0.091
0.091
0.013

0.334
0.154
0.006

0.860
0.381
0.019

0.005
0.001
0.084

0.94
0.68
0.219

2.49
2.27
0.407

0.01
0.52

0.22b

101
44Hu57

105
46pds 9

d3/2 Si/2
ds/2 s1/2

ds/2 d3/2

g7/2 ds/2

g7/2 d3/2

d3/2 S1/2

ds/2 si/2
ds/2 d3/2

g7/2 ds/2

g 7/2 d3/2

d3/2 S1/2

ds/2 si/2
ds/2 "3/2
g 7/2 dsl2

g7/2 d3/2

0.136
0.136
0.019
0.006
0.087

0.140
0.140
0.020
0.007
0.090

0.147
0.147
0.021
0.007
0.095

4.98
3.91
0.360
0.075
2.63

6.52
2.9
0.44
0.055
3.90

6.02
0.532
0.120
0.002
3.66

MKr47 P3/2 Pi/2
f5/2 P 1/2

fs/2 P3/2

388r51
89

d3/2 S 1/2

d5/2 S 1/2

ds/2 d3/2

34se43 P 3l2 P 1/2
77

fs/2 Pi/2
fs/2 P 3/2

0.097
0.097
0.014

0.108
0.108
0.015

0.118
0.118
0.017

4.67
4.65
0.57

2.36
2.43
0.178

0.44
1.15
0.59

4.25
0.15 +0.05

3/2 S1/2
S1/2

ds/2 d3/2

g 7/2 ds/2

87/2 d3/2

d3/2 Si/2
ds/2 si/2
ds/2 d3/2

g VI 2 ds/2

0.151
0.151
0.022
0.007
0.097

0.155
0.155
0.022
0.007
0.099

7.32
0.273
0.060
0.192
4.87

5.37
0.041
0.068
0.179
2.03

0.0098'

40~ rsi91

40K r53
93

42MO51
93

d3/2 si/2
d5/2 S 1/2

ds/2 d3/2

d3/2 S 1/2

ds/2 si/2
ds/2 d3/2

S1/2
S1/2

ds/2

0.122
0.122
0.017

0.125
0.125
0.018

0.125
0.125
0.018

0.309
0.462
0.129

0.975
0.736
0.193

1.12
1.03
0.269

iii
48Cde3 d3 2 Si/2

5/2 Si/2
d5I2 d3/2

g 7/2 ds/2

gZ/2 d3/2

d3/2 S 1/2

5/2 S1/2

ds/2 d3/2

d3/2 s 1/2

ds/2 si/2
ds/2 d3/2

0.158
0.158
0.023
0.007
0.102

0.162
0.162
0.023

0.166
0.166
0.024

5.25
0.568
0.027
0.325
0.940

5.49
3.26
0.003

5.42
5.36
0.018

2.75 +0.23
0.038 + 0.008

0.925b

2.75 +0.23
5.07 +0.55
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TABLE II (Continued) TABLE II (Continued)

&$2),.p. &$2(h.
Isotope Transition 2j I+1 2j &+1

&@'@expt.
@'y+1 Isotope

a 0-2).., ~ 82),&. ~82).„,.
Transition 2jf+ 1 2j &+1 2j f+1

119
50sn69

52Te69

123

125
s2Te73

127
s2Tevs

129

54Xe73

131
s4xevv

133
56BR77

135
56Ba79

d3/2

dS/2

~5/2

g 7/2

d3/2

ds/2

ds/2

gv/2

d3/2
d 5/2

ds/2

Ev/2
8'7/2

d 3/2

ds/2
d S/2

g 7/2

g 7/2

d S/2

@is/2

d3/2
d S/2

d 5/2

d 3/2

d3/2

dS/2

dS/2

d3/2

d S/2

d3/2

"S/2
dS/2

d3/2

ds/2

Su2
S1/2

"3/2
d5/2

d3/2

Su2

d3/2

dS/2

d3/2

Si/2
S 1/2

d3/2

dS/2

d3/2

S 1/2

S1/2

Su2

"S/2
d3/2

Su2
S 1/2

Su2
Su2
d3/2

S1/2
Gl 3/2

Su2

d 3/2

Si/2
Su2
d3/2

S1/2

d 3/2

d 5/2

d3/2

0.166
0.166
0.024
0.008
0.107

0.170
0.170
0.024
0.008
0.109

0.174
0.174
0.025
0.008
0.112

0.178

0.182

0.186
0.186
0.027
0.009
0.119

0.190
0.190
0.027

0.194
0.194
0.028

0.190
0.190
0.027

0.194
0.194
0.028

0.198
0.198
0.028

0.202
0.202
0.029

0.206
0.206
0.029
0.009
0.132

1.19
0.718
0.000
0.057
0.042

0.577
1.344
0.009
0.045
0.000

0.096
1.90
0.033
0.035
0.043

0.289
6.429
0.206
0.094
1.86

1.66
5.65
0.277

2.13
4.35
0.532

1.32
7.81
0.138

2.22
6.84
0.284

2.72
5.14
0.286

3.77
8.87
0.379

3.62-

7.44
0.645
0.116
4.26

0.1-0'.06
f

4.6 +1.3"

0.85+0.20"

0.8 +0.5'

1.7 +0.6'

1.7j
4.2j

2.25"

137
56Ba81

139
56Ba83

139
58ce81

141
S8ce83

143
60Nd83

145
60Nd85

195
78 t«7

80Hgi13

. 195
80Hgii5

'80Hg«7

199
80Hg«9

201
80Hgi 21

d3/2

P 3/2 fv/2

d,/,

P 3/2 fv/2

P3/2 fv/2

fv/2 fs/2
fs/2 P3/2

fs/2 Pi/2
P3/2 Pi/2
fs/2 P3/2

fs/2 P1/2

P3/2 Pi/2
fs/2 P 3/2

f5/2 P 1/2

P3/2 Pi/2
fs/2 P 3/2

fs/2 P 1/2

P3/2 Pi/2
fs/2 P 3l2

fs/2 Pu2
P3l2 Pi/2
fs/2 P3/2

fs/2 Pi/2
P3/2 Pi/2
fs/2 P3/2

fs/2 Pi/2
P3/2 Pi/2
fs/2 P3/2

fs/2 Pi/2
P 3/2 P1/2
f5/2 P 3/2

P3/2 fv/2

f7/2 f5/2

f5/2 P 3/2

P3/2 fv/2

fv/2 fS/2

f5/2 P3/2

0.210

0.137

0.214

0.140

0.143

0.145
0.011
0.032

0.148
0.011
0.033

0.151
0.011
0.034

0.331
0.331
0.047

0.336
0.336
0.048

0.341
0.341
0.049

0.331
0.331
0.047

0.336
0.336
0.048

0.341
0.341
0.049

0.345
0.345
0.049

0.350
0.350
0.050

0.727

0.697

0.665

0.551

3.64
0.228
1.35

5.07
0.378
2.06

7,41
0.359
1.79

20.0
17.0
0.162

11.4
7.73
0.236

4.80
5.27
1.49

17.6
16.9
0.91

12.2
9.61
0.139

6.70
4.10
0.088

2.75
0.876

0.133
3.14
1.01

1.18 ~0.32~

1.42b

0.23'
0.57 +0.12c

1.36"

3.5 +1.00

4.67+1.33'
0.8+0.3"

4.0 ~1.5"

11.5~

6.25+ 1.26'
5.28+0.75'
1.0+0.2"
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TABLE II (Continued) TABLE II (Continued)

&(E'2)snp. &(E' )th. B(E2)expt.
Isotope Transition 2j +1 23 +1 23f+f f

B (E2) s.p. B(E2)th.Isotope Transition 2 +1 23 +13f+
B(E2)ex pt.
2jf + 1

203
82Pb121

205
82P"123

f5/ 2 P 1/2

P3/2 Pi/2
fs/2 P 3/2

fs/2 Pi/2
P3/2 P1/2

fs/2 P 3/2

0.354
0.354
0.051

0.359
0.359
0.051

0.027 0.115+0.005"
0.013
0.066

0.038
0.164
0.111

207
82 b125

2098»bi 27

fs/2 Pi/2
P3/2 Pi/2
f5/2 P 3/2

S1/2 d 5/2

0.37
0.37
0.052

0.37

0.37
0.37
0.052

0.37

0.30 +0.10'
0.40 +0.20'

0.25'

'B. C. Ritter, P. H. Stelson, F. K. McGowan, and B.L.
Robinson, Phys. Bev. 128, 2320 (1962).

C. M. Lederer, J. M. Hollander, and I. Perlman, Ta-
Me of IsotoPes (John Wiley +Sons, Inc. , New York,
1967), 6th ed.

Nucl. Data 81 (1966); 82 (1968).
F. K. McGowan and P. H. Stelson, Phys. Bev. 109,

901 (1958).
J. McDonald and D. Porter, Nucl. Phys. 109, 529

(1968).
K. Golden and S. Frankel, Phys. Rev. 102, 1053

(1956).
~M. Schmorak, A. C. Li, and A. Schwarzschild, Phys.

Rev. 130, 727 (1963).
Y. Chu et at. , Phys. Bev. 133, B1361 (1964).

'J. S. Geiger, R. L. Graham, I. Bergstrom, and
F. Brown, Nucl. Phys. 68, 352.(1965).

'S. Gorodetzky, ¹ Schulz, E. Bozek, and A. C. Knip-

per, Nucl. Phys. 85, 529 (1966).
kD. G. Alkhazov, K. I. Erokhina, and I. Kh. Lemberg,

Izv. Akad. Nauk SSSR Ser. Fiz. 27, 1363 (1963) ttransl. :
Bull. Acad. Sci. USSR, Phys. Ser. 27, 1339 (1963)].

L. W. Fagg, Phys. Rev. 109, 100 (1958).
D. Eccleshall, M. J. L. Yates, and J.J. Simpson,

Nucl. Phys. 78, 481 (1966).
"A. Backlin, private communication.
L. Grodzins, B. R. Borchers, and G. B. Hagemann,

Nucl. Phys. 88, 474 (1966).
PS. G, Malmskog, Arkiv Fysik 34, 195 (1967).
I. Bergstrom, C. J. Herrlander, P. Thieberger, and

J. Uhler, Arkiv Fysik ~20 93 (1961).
' B.V. N. Rao and S. Jnanananda, Phys. Rev. 165,

1296 (1968).
'O. Nathan, Nucl. Phys. 30, 332 (1962).
'S. Wahlborn and I. Martinson, Arkiv Fysik 31, 355

(1966).

TABLE III. Reduced transition probabilities for odd-
proton nuclei. The first and second columns list the iso-
tope, and the levels between which the transition occurs.
Columns three, four, and five list the single-particle,
theoretical and experimental 8 (E2) values divided by 2jf
+1, wherejf is the final angular momentum, in units of' x10-50.

TABLE III (Continued)

& +'2)s.p.
Isotope Transition 2jf +1 2jf + 1

& (E2) expt.
23f+ 1

(E is p. (E ith. (E )exit.
Isotope Transition 2jf+1 2j f+1 2j f+1

33As40
73

P3/2 Pi/2
fs/2 Pi/2
f5/2 P3/2

0.091
0.091
0.013

3.61
3.81
0.019 .04

28Cu

65
23Cu36

31Ga38
69

P3/2 P1/2
fs/2 P1/2
fs/2 P3/2

f7/2 P3/2

f7/2 fs/2

P3/2 Pi/2
fs/2 P1/2
fs/2 P 3/2

f7/2 P3/2

f7/2 fs/2

P3/2 P1/2

fsl2 Pi/2
f5/2 P3/2

0.074
0.074
0.011
0.048
0.003

0.078
0.078
0.011
0.050
0.004

0.084
0.084
0.012

2.03
2.15
0.272
0.768
0.016

1.83
1.92
0.267
0.925
0.020

1.92
1.830
0.127

0.58 +0.06'

0.58+0.06
0.50+0.06

0.51 +0.06
0.134 +0.015"
0.58 +0.06~
0,54 +0.10~

0.40 +0.08

33As
75

33As44
77

35Br42
77

35Br44
79

P3/2 Pi/2
fs/2 P 1/2

fs/2 P3/2

P3/2 Pi/2
fs/2 Pi/2
f5/2 P 3/2

P3/2 Pi/2
f5/2 P 1/2

f5/2 P 3/2

P3/2 Pi/2
f5/2 P1/2
f5/2 P3/2

0.094
0.094
0.013

0.097
0.097
0.014

0.097
0.097
0.014

0.101
0.101
0.014

4.82
4.75
0.015

4.46
4.22
0.014

4.25
2.04
1.91

3.05
1.72
0.631

0.81 +0.07
3.80'

0.75 +0.07

0.66 +0.06~

31Ga40
71

P3/2 Pi/2
f5/2 P1/2
fsl2 P3/2

0.087
0.087
0.012

2.77
2.48
0.174

0 6~0 1c 35»4681
P3/2 Pi/2
fs/2 Pi/2
fs]2 P3/2

0.104
0.104
0.015

1.96
0.928

0.092+0.008'



ELECTRIC QUADRUPOLE TRANSITIONS IN ODD -MASS S P HE RICAL. . . 825

TABLE III (Continued) TABLE III (Continued)

Isotope
& $2),.p.

Transition 2j&+1
BN@q. & N2) „~,.
2j~+1 2j~+ 1 Isotope

a(S2), ,
Transition 2j&+ 1

)th. @+2)ex p t+
2jf+1 2jf '1

87Rb46
83

$7Rb48
85

3+950
8

41NbsP
91

103
45Rhss

107
47Ag6o

109
47Ag62

118
49In64

115
49In66

117
49In68

P3/2 Pi/2
f5/2 P 1/2

f5(2 P 3(2

Ps/2 Pf(g
fs(2 Pf(2
f5(2 P 3(2

P3/2 P1/2
f5(2 P1/2

fs/2 P 8/2

P3/2 Pi/2
fs(2 Pi(2
fs(2 Ps(2

P3/2 Pi/2
f5/2 P1(2
fs(2 Ps(2

P3/2 Pf/2
f5(2 P 1/2

f5(2 P312

P3(2 Pf/2
fs(2 Pi(2
fs(2 Ps(2

P3/2 Pi/2
fs(2 Pf(2
fs(2 Ps(2

P3/2 P1(2
fs(2 P il2
fs(2 P3(2

PS/2 Pi/2
fs(2 P 1/2

fs(2 P3(2

0.108
0.108
0.015

0.111
0.111
0.016

0.118
0.118
0.017

0.122
0.122
0.017

0.143
0.143
0.021

0.151
0.151
0.022

0.155
0.155
0.022

0.162
0.162
0.023

0.166
0.166
0.024

0.170
0.170
0.024

2.02
0.727
0.368

1.07
0.296
0.221

0.40
0.171
0.110

0.891
0.530
0.112

10.0
9.74
0.677

9.49
9.25
0.525

10.0
9.77
0.580

4.46
4.17
0.260

4.19
3.91
0.241

4.45
4.17
0.241

5.23+0.38~
6.55+0.47"

5.4 + 0.4"
5.57 + 0.38"

6.23 +0.43"
6.3 + 0.43"

131
sgI78

131
55Cs76

i33
S5CSZS

137
57Laso

139
sZLas2

141
59~r82

143
59pr84

145
6f ~m84

14761~86

149
6fpmsS

189
77»ff2

+7/2 ds/2

g 7/2 ds/2

ds/2 gZ/2

ds/2 ds/2
s 1/2 ds/2
S 1/2 d3/2

87(2 ds/2

d3/a IZ/&

s(2 5/2

S1/2 d5/2
s 1/2 ds/2

g 7/ 2 d5/2

ds/2 g 7/2

gZ/2 ds/2

ds(& ds(2
sf/2 ds(

g7/2 ds/2

d3(2 ds/2

f(2 5/2

g7(~ ds/a

da/2 gz/~

g7/2 ds/2

ds/2 ds/2

5/2 S 1/2

ZZ/2 ds/2

&7/2 ds/2

0.009

0.009
0.127
0.028
0.198
0.198

0.010
0.130
0.029
0.202
0.202

0.010

0.010
0.137

0.010
0.031
0.218

0.011

0.011
0.032
0.226

0.011
0.148

0.011

0.322
0.046
0.322
0.207
0.015

0.167

0.447
2.23
0.786
6.09
7.06

0.173
1.71
0.610
4.76
4.32

0.008

0.001
0.805

0.001
1.290
1.62

0.00

0.080
1.84
3.89

0.092
0.801

0.050

1.93
3.12

12.7
16.1
0.12

0.65+0.65

0.041 ~O.OP3"
3.35+O.16"

P 37+0 071

3.25 + 0.65

o oo6+'."'
0 006

0.021 + 0.016I'

0.08 + 0.03

O. 1O+ O.O3'

r
0 18+o.os

«p p4

2 1+"'
0.6

121
51S17p 47(2

ds/2

ds/2
S f/2
S1/2

ds/2

g7/2
d5/2

~5/2
d 8/2

0.008
0.114
0.025
0.178
0.178

0.166
1.32
0.365
2.59
2.49

1.O4'

0..19 + 0.05'
1.35 +0.15'

191
ZZIri« s 1/2 d3(2

ds/2 ds(2

5/2 1/2

gZ/2 ds/2

gZ/z ds/2

0.327
0.047
0.32'F

0.210
0.016

3.54
5.42

10. c'

17.0
0.010

+.1 6s3 e3«p 8

15.4+2.5

9.75 +0.25

128
51Sb72

125
53I72

127
58I74

53~76

g 7/2

d3/2
S 1/2
S 1/2

ds/2

~7/2
"s/2
d5/2

ds/2

gZ/2 ds/2

d3/2 g7/2
ds/2 ds/2
S 1/2 d5/2
s 1/2 ds/2

g 7/2 ds/2

d3/2 87/2
ds/2 ds/2
S f/2 ds/2
s 1/2 d3/2

0.009
0.117
0.026
0.182
0.182

0.009
0.119
0.027
0.186
0.186

O.P09
0.122
0.027
0.190
0.190

0.009

0.159
1.40
0.339
2.71
2.10

0.551
3.22
0.816
6.83
7.16

0.421
2.69
0.668
5.70
5.47

0.276

O.OV2+0. 012~
O.VO ~0.10~

0.74 + 0.02"
1.81 + 0.05
1.19 + 0.05"
2.05 +0.13"
0.47 +0.20~

0.68 +0.14
1.40 +0.03"
1.18 + 0.22~

=1.16"
&1.00

1.22 +0.11~

193
77Ir116

198
79Aui 14

195
79A+f 16

197
79A+118

s 1/2 d3/2

ds/2 ds/2

ds/2 si/2
g 7/2 d3/2

gZ/2 ds/2

s f/2 ds/2

ds/2 d3(2
d5/2 s f/2

sf/2 dy2
d 5/2 ds/2

ds/2 S i/2

s 1/2 ds/

d5/2 d 3/2

5/2 S 1/2

g7/2 d5/2

0.331
0.047
0.331
0.213
0.016

0.331
0.047
0.331

0.336
0.048
0.336

0.341
0.049
0.341
0.219
0.016

3.38
6.20
6.78

13.6
0.007

10.4
11.4
14.2

7..00
8.31

10.0

4.36
5.85
6.86
8.41
0.212

3.8 +P.5"
8.5+3.8"

7.63 +0.83
1.67

S

6.6

6 4~0 8s

5.0 +0.8'
5.6+o.45'

5.0 +0.63~'

0.94 +0.09~'
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TABLE III (Continued)

B(E.2)s p B(E2)th. B(E2)pzpg ~Isotope Transition 2j +1 2j +1 2j +1f 2f 2f

TABLE III (Continuedj

B(E2)
~ . B+2) h. ~+2) xpt.Isotope Tra sition 2' +1 2 +1 2j +1Jf

189
y8Au120

201
81TI120

203
81Tl122

S 1/2 d3/2

d5/2 d3/2
d 5/2 S 1/2

47/2 d3/2

SV2 "5/2

S 1/2 d3/2

d5/2 "3/2
d5/Z Si/2

S1/2 d3/2

"5/2 d3/2

5/2 S 1/2

0.345
0.049
0.345
0.222
0.016

0.350
0.050
0.350

0.354
0.051
0.354

2.60
5.20
7.03
8.11
0.179

3.72
0.149
5.02

2.97
0.074
3.40

0+1o7-1.0
&O.33'
&1.7'

3x

6.2+ 1.6'

3.1 +0.35
O.11'

3.50 + 0.45

205
81Tli24

20V
81T1128

209
83B1128

211
83B~128

si/2 d3/2

d5/2 d3/2

d5/2 si/2

si/2 d3/2

d5/2 d3/2

5/2 S 1/2

fZ/2 &8/2

f7/2 &8/2

0.359
0.051
0.359

0.364
0.052
0.364

0.008

0.008

2.374
0.029
1.987

2.5 +0.25
~0.15
1.9+0.2

0.364
0.052
0.364

0.008

-0.25'

0.016

0.087 0.066+ O.O07'
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when information about lifetime measurements
could be gathered In the .latter case, the B(E2)
value is related to the partial lifetime by'

2 (fl I )
(C i f 2)2 (1())

e,&&= le (2e) for odd-neutron (proton) nuclei are
used.

IV. DISCUSSION OF THE RESULTS

The results of the present calculation differ ap-

4 E'
(E2) 75 Ii C (9)

The experimental and theoretical values can be
compared with the single-particle estimate and cal-
culated using the formula. '

B(E2}. s. p.
jf

2jf+ 1

preciably from the results of Ref. 1 in a number of
cases. If the single-particle energies are un-
changed, these differences arise mainly from the
extension to two phonons, which usually increase
the B(E2) value by less than a factor of 2. On the
other hand, shifts of single-particle energies near
the Fermi energy cause very large changes for
some of the slower transitions.

The theoretical results are seen to range from a
small fraction of the single-particle rate to more
than 200 times the single-particle rate, though
very large rates occur only for nuclei whose even
neighbors have particularly large B(E2)„„rates.
The small rates are not so common, and they occur
usually only if the factor (V, Uf —U,. Vz} is quite
small. The exact isotope for which this occurs de-
pends sensitively on the original choice of the
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FIG. 1. B(E2) values for p&/» f5y2 odd-neutron transi-
tions. The theoretical points are connected by solid lines,
and the experimental points, open circles, are given
with their error bars when known.

single-particle energies. This is illustrated in
Fig. 1 where the odd-neutron p, &,f,&, transition
rates in single-particle units have been plotted for
various isotopes against the neutron number. It
can be seen that the rates exhibit a sharp minimum
at neutron number 37, as is also experimentally ob-
served. The transition rate rises sharply away
from N=37, and it falls slowly again as the closed
shell N= 50 is approached. This is because the
transitions become less collective near the shell
closures. The phenomenon of a minimum in the
transition probability is again clearly exhibited in
the lead region at neutron number 121. For the

P z/2f 5/2 transition for odd protons, the theoretical
numbers show a minimum near Z-37, though there

are no experimental measurements in the region
with which to compare.

For neutron transitions sl/2 d3/2 ~ I/2 d5/2 7

proton transition g», d„„ for which the data show
clear minima, theoretically calculated values re-
produce the positions of the minima quite well.
For transitions d3/2d /2 d

/ g7/g and p», p3/» for
which no measurements have been made in the re-
gion of retardation, minima are predicted at odd-
particle numbers 65, 67, and 37, respectively.

It can be seen that over-all agreement between
theory and experiment is quite good. Out of the 47
odd-neutron experimental values available, 26
agree with theory to within a factor of 2. In addi-
tion, in the case of transitions which lie at or near
the theoretical minima, as, e.g. , the f„,p„,tran-

'"Sn, better agreement can be achieved by chang-
ing the single-particle energies. In order to avoid
giving too many special shifts, this was not at-
tempted, especially since the over-all trend in
these regions is correctly reproduced by theory.

Similarly, for the odd-proton transitions, out of
77 experimental measurements reported, 57 agree
with theory to within a factor of 2.

In the results presented, there are a few cases
of E2 transitions which disagree with the theoreti-
cal value by an order of magnitude or so. Typical
of these are the f51,p,» transition in '„'Se„and
,",Cu„and the f„,p„, transition in ~»'As42. The
coupling scheme employed does not seem to be
good for these cases. A few other cases where
minor single-particle level adjustments fail to re-
produce experimental values are the dp/2 d3/2 tran-
sltlon ln 54Xe77, the d~/2 s~/2 tl ansltlon ln 56Ba79,

transition in '"Cs.
The theoretical numbers agree well enough with

the existing data that it is hoped that this compila-
tion can be used as a guide to experimenters for
odd-mass E2 transition rates. On the other hand,
precise results are not expected, since the anhar-
monic phonon effects, not included in Eq. (5), may
be significant in many cases.
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