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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 ~Z 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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Hoa =2 ET BT, + 023 T3 T,
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+X 2 (F1)HQ); n3 (Gud T2 + (DI,
dydgh
1)
where E; is the quasiparticle excitation energy, BT
the quasiparticle creation operator, T’ T the phonon
creation operator, and w the phonon excitation en-

ergy. X is an effective coupling constant depending
on w and defined in Ref. 3. Also
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The factor 2j,+1 on the left side of Eq. (5) is in-
cluded to make it symmetric in j; and j,. The
terms containing @ 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),,-5., 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

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

€5, (4)= €5 (A)(Ao/A)*+ ay (Ao/AF/*[1-(A/A)"°]

+AC (N, 2). ©)

If in the shell both j, =1, + 3 states are present,
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Frpriz =T 20 +1
p

’
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)eeffcjio 0 ijo 0 ijf,. [(Zji+1)(2jf+ 1)
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-

2 Y @+ (-1’

ni(]1]2)=m§2 C;ll jmzz i BjmllT Bj‘zmz(_l)12 " * (3)
(j,|7?|j,) uses harmonic-oscillator radial func-
tions, Zw=414"Y% 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

|9,)=Ca 4 81 %) + 2 Cyru 4 [B"TD P | )
J
+27 Cyn H[BT@ )] | ), (4)
i'd

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

1/2 ; i1 . ;
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Fprz =T 20,+1
M
If only one of the levels is present in the shell,
A a2 ==TA,72% 1, MeV,
n
®)

@ i =141+ 1) MeV.

A€;,(N, Z) is the special shift given in some
cases. In Table I we give a list of €}(4,) along with
the regions in which they are used.

Proton levels in the region 20 < Z < 50 and 50 < Z
< 716 are essentially the same as used by KS?® ex-
cept for a special shift for Z=51 isotopes. Proton
€%(4,)’s used in the regions 76 <Z < 82 and Z > 82
are the experimental single-particle levels®* for
20"T1 and ?*Bi, respectively. Neutron €}(4,)’s for
the regions 20< N< 50, 82< N<90, and 78 < N
< 82 are those derived from experiment by Cohen?
from the levels of 52Zn,,, '#iCey, and '3Ce;,. 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 1. Single-particle levels in MeV.

TABLE I (Continued)

Proton level 20<Z <50
Level Yoy Ysra 2032 2012 1892

A0=90
ed4) -3.50 0.50 0.00 1.80  2.80
Aep  =Aey =~0.11(N-40) for 20<Z<38
0 —_ -
Aegelz- 0.055(Z — 40) for 38<Z <50
Proton levels 50<Z <76
Level  1gyy 2dyy  lhyyy  2dy;  3si»
Ay=207
el 0 0.8 2.1 2.6 2.95
Ae? =0, - =
€2y, =0-125(75—N)  for Z =51
Proton levels 76 <Z <82
Level 1892 2dsyy  lhyyy  2dyn 3syp
Ay=207
%y 0 1.81 214 3.13 3.48
Ae)  =0.5; Aej =-0.1
€hyy) 0.5; €dy,y 0 except for
Ir and TI isotopes. For Ir isotopes
0 = . 0 = -
A€h11/z 0.5; Aedm 0.05
For Tl no special shifts.
Proton levels 82<Z
Level  lhyy 2fys iy 2fys 3Psy2 312
Ap=209
Sy 0 0.70 1.62 2.83 3.10 3.64
Neutron levels 20 <N <50
Level s 2032 sz 2012 w2
ed49 -450 0 -0.4 1.0 1.5
0 I —_—
Acg, , ==0.055 (Z = 40)
Neutron levels 50 <N <78
Level 2dss, 1870 3s12 lhue 243
Ay=120
0
€; (49 0 0.8 2.0 2.5 2.8
Ae)  =0.14(48-2) for Z<48
72
=-0.1 for Z =48

=Ae) =0.15(60-2) for Z>50
1172

Ael =-0.2
1/2

Aed) =0.05(60-2) for Z>50
a3/

for Z =50

Neutron levels 78 <N <82
Level 1gvy  2dgy,  lhyyy  3sy 2dgy

Ao=139
dip) -120 o0 0.80 1.33  1.60
Neutron levels 82<N =90
Level  2fyy, 3py2 lhys 2fs2 3Py2 s
Ap=141
€J @y 0 0.83 1.55 1.88 2.25 2.80
Neutron levels 114<N <126
Level lhysy  2fy2 ligze P32 252 3Pz
Ay=207
6_2 (Ag -1.09 0 0.70 1.45 1.77 2.34
Ae!  =+0.2 except for Z =82
13/2
Neutron levels N >126
Level 2gy; liyyy Lj52 3dss2 4sye 3dy;a 2812
A¢=209

63 (49 0 0.776 1.417 1.562 2.029 2.488 2.536

same as those used by KS except for a number of
special shifts. For N> 126, the experimental
single-particle energies* for 2®°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 G 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),, -,. in Eq. (5), the average of the ex-
perimental® B(E2),, ., of the neighboring even-
even nuclei is used, though for one-hole or one-
particle cases B(E2),, .,, of the neighboring single-
closed-shell nucleus is used.!

The calculated theoretical values of the transi-
tion probabilities are listed in Table II and Table
I 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
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TABLE II. 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 B(E2)
values divided by 2j;+1, where j; is the final angular
momentum, in units of e%x10~%,

B (Ez)s.p. B (Ez)th. B (Ez)expt.
Isotope Transition 2j,+1 2;+1 2j;+1

{ZyﬂgNi:n P32 P12 0.068 0.865
fs72 Pis2 0.068 0.755
fsr2 P32 0.010 0.084

§iNigg  psn Du 0.071 0.719
s Pya 0.071 0.543
fsr2 P32 0.010 0.025 0.0122

$Nigs  pyo b1 0074  0.334
fsr2 P12 0.074 0.154
fsr2 Para 0.011 0.006

$Zngs  pye bis2 0.078 0.860 .
fsr2 P12 0.078 0.381 0.17

fsr2 P 0.011 0.019

$0Zngr  pan Pin 0.081 0.005
572 P12 0.081 0.001 0.01°¢

fsr2 P32 0.012 0.084 0.52°¢

UGegy Py b1y 0.087  0.94
fsr2 P 0.087 0.68 0.22P

fsra P32 0.012 0.219

BGey P bin 0.091 2.49
fsr2 P 0.091 2.27
fsr2 P32 0.013 0.407

34Seqs D32 Pire 0.097 4.67 4.25°¢
f5/2 pl/z 0.097 4.65 0.15:!:0.05(:
fsr2 P32 0.014 0.57

$Kry  paym pyp 0108 2.36
fsr2 P12 0.108 2.43
fsra Py 0.015 0.178

8Srs,  dya Sin 0.118 0.44
d5/2 Si/9 0.118 1.15

BZrsy  dyy s 0.122 0.309
d5/2 81/2 0.122 0.462
dssy d3yg 0.017 0.129

BZrss  dys s 0.125 0.975
dsso S1/2 0.125 0.736
dssy dyo 0.018 0.193

BiMos;  dyy sy 0.125 1.12
dssz Si/2 0.125 1.03
dsyy dyy 0.018 0.269

R. A.

SORENSEN

TABLE II (Continued)

Ino

B(Ez)s.p. B(Ez)th. B(Ez)expt.
Isotope Transition 2j,+1 2j4+1 2j,+1
%.Mogs dyp Sy 0.129 2.70
d5/2 S172 0.129 2.02
dysy dsyys 0.018 0.404  0.88+0.08¢
& dsa 0.006 0.196
812 d3/2 0.083 1.02
AMoss  dgsy Si2 0.132 2.68
d5/2 Si/2 0.132 1.47
dssy dyyg 0.019 0.120
8/2 d5/2 0.006 0.030
g Ay 0.085 1.46
PRugs  dys Su2 0.136 4.98
d5/2 Si/2 0.136 3.91
dssy Ay 0.019 0.360
&2 8s2 0.006 0.075
g2 d3/2 0.087 2.63
YRuy,  dys Sy 0.140 6.52
d5/2 S1/2 0.140 2.9
dsy dyy 0.020 0.44
gu2 dsra 0.007 0.055
gue Ay 0.090 3.90
1%Pdsy  dyy Si2 0.147 6.02
d5/2 S172 0.147 0.532
dssy dsyg 0.021 0.120
g2 d5/2 0.007 0.002
812 dg/z 0.095 3.66
WPde  dyy Si2 0.151 7.32
d5/2 S1/2 0.151 0.273
dgsy dyg 0.022 0.060
8172 d5/2 0.007 0.192
g2 dg/g 0.097 4.87
lggcdm d3/2 S1/2 0.155 5.37
dsyy Siys 0.155 0.041 0.0098P
dsso dyys 0.022 0.068
82 d5/z 0.007 0.179
g2 d3/2 0.099 2.03
lcdes  dys sy 0.158 5.25 2.75+0.239
dgss Sy 0.158 0.568  0.038+£0.008°
dsyo dyy 0.023 0.027
gue dsys 0.007 0.325 0.925°
g2 Ay 0.102 0.940
Cdg;s  dyy sy 0.162 5.49 2.75+0.239
dsy Sis2 0.162 3.26 5.07 +0.559
P 0.023 0.003
UeCdgr  dyy Si2 0.166 5.42
d5/2 S1/2 0.166 5.36
dsse dye 0.024 0.018
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TABLE 1I (Continued)

TABLE II (Continued)

B (Ez) SePe B(EZ)th. B (Ez)expt. B (EZ)S,P, B (Ez)th, B (Ez)expt,
Isotope Transition 2j,+1 2j,+1 2j+1 Isotope Transition 2j,+1 2j,+1 2j,+1
oongs  dys sin 0.166 1.19 ¥iBag  dys sin 0.210 0.727 0.65!
d5/2 S172 0.166 0.718 139Ba 0.137
dssy dys 0.024 0.000 56Bags  Pya fie 13 0.697
812 d5/2 0.008 0.057
g2 d3/2 0.107 0.042 139
UWsng  dyy sys 0170 0.577 0.1k siCess  dy sy2 0214 0.665
dssy Siss 0.170 1.344 WcCess P fue 0.140 0.551
dssy dyys 0.024 0.009
812 dﬁ/z 0.008 0.045
&2 ds 0.109 0.000 WNdss  pya fin 0.143 0.429  1.18+0.32™
18Ndgs P fine 0.145 3.64 1.42P
fue s 0.011 0.228
WSngy  dyp sya 0.174 0.096 <0.28 e ;;/2 0.032 135
d5/2 Si/2 0.174 1.90
dssy dyys 0.025 0.033
&2 dsp 0.008 0.035
gup dys 0112 0.043 tismeg  paa fue 0.148  5.07 0.23¢
f'(/z f5/2 0.011 0.378 0.57i0.120
fsi2 Dy 0.033 2.06 1.36°
e  dyy Sy 0.178 4.06 4.6+1.3" 1o
123 h stmgrz palz f7/2 0.151 7.41
52Te71 d3/2 Sq/2 0.182 1.13 0.85 +0.20 f7/2 f5/2 0.011 0.359
BTers  dyy Sin 0.186 0.289 0.8+0.5! fsr2 D3 0.034 1.79
d5/2 S1/72 0.186 6.429
dssy dyys 0.027 0.206
d 0.009 0.094
g d5/2 0.119 1.86 RPtyss  for i 0.331 20.0
guz %32 : : D Pisa 0.331 17.0
e,  dyy Si2 g.isg ;.gg fora P2 0.047 0.162 2.5+1.3"
d .19 .
e 2‘/2 0027 0277 1%Pty,  fos Pz 0.336 114 3.5+1.0°
52 @ ’ ’ D3 P2 0.336 7.73 4.67+1.33°
BTey  dyg sin 0.194 2.1:; fsrz Py 0.048 0.236 0.8+0.3"
dsyy s 0.194 .3
dm d“z 0.028 0.532 WPty fos2 bie 0.341 4.80 3.3+0.4P
52 Ba2 : ) Pys D 0.341 5.27
Fora Do 0.049 1.49
1§ZX673 d3/2 S1/2 0.190 1.32
d5/2 S1/72 0.190 7.81
dssy dyy 0.027 0.138
WXer;  dy, syp 0194 2.22 1.740.6" "itHgns  foz b2 0331 17.6
dysy 12 0194 6.84 byy pyp  0.331 169 N
d5/2 d3/2 0.028 0.284 f5/2 ﬁg/z 0.047 0.91 4.0+1.5
8%er  dys Sy 0.198 9.79 <181 ‘B85 forz Duo 0.336 12.2 11.59
dyy sy 0198 5.14 1.7} by Pyz  0.336  9.61 .
d5/2 d3/2 0.028 0.286 4.2) f5/2 1)3/2 0.048 0.139 4.1+1.0
WHer  for P 0.341 6.70 3.54
0.341 4.10
33Bar  dyp Siys  0.202 3.77 ?3/2 ii/z vos 008
d5/2 S1/2 0.202 8.87 5/2 372 °
dssy dy 0.029 0.379 BHg119  for2 P 0.345 3.44 6.25t1.26‘;
135 k P3/2 P1/2 0.345 2.75 5.28+0.75
Ba dyy s 0.206 3.62 0.39
56T ¥2 212 0.049 0.876 1.0 £0.2"
d5/2 S1/2 0.206 7.44 201 f5/2 P3/2
dsyy dyys 0.029 0.645 BHgi,  fisz Do 0.350 0.133
g dss 0.009 0.116 ) P32 Dis 0.350 3.14
g1 dsa 0.132 4.26 2.25 fsr2 Do 0.050 1.01
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TABLE II (Continued)

Do

TABLE I (Continued)

BE2),p, BEDm, BEexp:. B(E2) B(E2) B(E?)
Isotope Transition 2jf+1& 2jf+1 2jf+1 Isotope Transition 2jf+ f~P~ _2Jf +t{1, 2jf - fxpt.
WPhiys  fa dyz  0.354  0.027  0.115+0.0059 WPhigs  fon b1 0.37 0.37  0.30+0.10°
Pyz 1 0.354  0.013 bys byz 0.7 0.37 0.40 +0.20°
forz Pya 0.051 0.066 fsr2 D 0.052 0.052
WPbis  fon pup 0359 0.038 WPbiy  syyy dy,  0.37  0.37 0.25"
P32 Pin 0.359 0.164
fsra P32 0.051 0.111
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TABLE TII. 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 B (£2) values divided by 2j,
+1, where j; is the final angular momentum, in units of
e? x107%,

B(E2).,, B(E2),, BE2)exp,
Isotope Tramsition  2j,+1 2js+1 2j;+1
$3Cugy, P30 D1 0.074 2.03 0.58 +0.062
fsr2 Pra 0.074 2.15
f5/2 Pa/z 0.011 0.272 0.58:(:0.06a
fuz D3 0.048 0.768 0.50 £0.062
fuz fsr2 0.003 0.016
$Cuzs Py Dy 0.078 1.83 0.51+0.062
fsr2 P12 0.078 1.92 0.1341+0.015°
fsra bsse 0.011 0.267 0.58 £0.062
fua Pan 0.050 0.925 0.54+0.102
fue Fsre 0.004 0.020
BGazs Py Pue 0.084 1.92 0.40 £0.08°
fsra P2 0.084 1.830
fsr2 P32 0.012 0.127
UGay Py Pue 0.087 2.77 0.6+0.1°
fs12 P12 0.087 2.48
fsr2 Dsrz 0.012 0.174

TABLE TII (Continued)

srs B(.Ez)s-P- B(Ez)th- B(Ez)exgt.

Isotope Transition 2]f+1 2j f+1 2]-f i
BAsw  bwya Py 0.091 3.61

fsr2 P2 0.091 3.81

forz Dy 0.013 0.019 .044
BAsy Py P 0.094 4.82 0.81+£0.07¢

fsr2 Pisa 0.094 4.75 3.80°

fsr2 Pare 0.013 0.015 0.75+0.07°
BAsyu Py b 0.097 4.46

fsre P12 0.097 4.22

fsra Pare 0.014 0.014
UBry, by b 0.097 4.95

fsi2 Pz 0.097 2.04

fsr2 P32 0.014 1.91
$#Bry  by2 Py 0.101 3.05

fsr2 P2 0.101 1.72

for2 Do 0.014 0.631 0.66 +0.06f
g%Br%‘ P32 P 0.104 1.96

fsrz P 0.104 0.928

fsrz P32 0.015 0.219  0.092+0.008°
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TABLE Il (Continued)

TABLE III (Continued)

B(E2)s,,, B(E2h. B(E2)exp:. B(E2)s,,, B(E2), B(E2)expt.
Isotope Transition — 2j,+1 2, +1 2jp+1 Isotope Transition ~ 2j;+1 2 +1 2js+1
BRbye P32 Dis 0.108 2.02 b1 &y dsa 0.009 0.187 0.65+0.65™
0.108 .
Torz P 0 0.727 Blesye g dsp 0.009 0.447  0.041+0.003"
for Pyz 0015 0.368 ® dsj 2 0.127  2.23 3.3540.16"
3/2 512 . . . .
BRbys D352 Duse 0.111 1.07 dyy dsss 0.028 0.786
f5/2 puz 0.111 0.296 S1/2 d5/2 0.198 6.09
forz P 0.016 0.221 0.0778 S1y dys 0.198 7.06
8
$Ys0 P2 bye 0118 0.40 BCsy gy sy 0.010 0.173  0.3740.07!
fsr2 Pyp 0118 0171 dyy &y, 0.130 1.71 3.25+0.65"
fsi2 Py 0.017 0.110 dyy dyy 0.029 0.610
iiNbs, Py Disa 0.122 0.891 Stz D52 0.202 4.76
Forn Dura 0.122 0.530 sy dys 0.202 4.32
firz b3z 0.017 0.112 Wlag &2 ds)o 0.010 0.008
1®Rhys P32 D 0.143 10.0 5.23 i0.38: BTag, gy dss 0.010 0.001  0.00610-009°
fsra Pisa 0.143 9.74 6.55+0.47 dyy &uys 0.137 0.805
0.021 0.677
- Torz Paa . Wpry, gy ds 0.010 0.001  0.0210.016P
VAgey D3 Dus 0.151 9.49 5.4+0.4 dyy dyy 0.031 1.290
fsr2 Pir2 0.151 9.25 5.57 +0.38" syy ds/y 0.218 1.62
Torz Py 0.022 0.525 Wpry, gyy d 0.011 0.00  0.0549
19Age Py bise 0.155 10.0 6.23 +0.43" 122 woosun T ' ' .
fsrz P 0.155 9.77 6.3+0.43" 6iPMas &y sy 0.011 0.080  0.08+0.03
e s 0.022 0.580 dyy dyy 0.032 1.84
s Sy dys 0.226 3.89
BMgs b3 P 0.162 4.46 1
Forn Diss 0.162 417 Pmyg gy, dsn 0.011 0.092  0.10%0.03°
Forn Dan 0.025 0.260 dyy &u2 0.148 0.801
149 !
‘,Iigln(;s pa/z P1/2 0.166 4.19 GIPmBB 82 d5/2 0.011 0.050 0'18i8:gz
fsr2 b2 0.166 391 Bry, sy dyy 0322 1.93 2.1%)-3°
fsrz P 0.024 0.241 dssy dyy 0.046 3.12 )
Ulngg  Dssa Pisa 0.170 4.45 dssa S1/2 0.322  12.7
fora P12 0.170 4.17 &z dy; 0.207  16.1
fsr2 Dssa 0.024 0.241 &2 dy 0.015 0.12
2Shyy  gys dys 0.008 0.166 . ey sy dys 0.327 3.54 3.341.8°
dysy & 0.114 1.32 1.048 ds/y dsys 0.047 5.42 15.4 +2.5
dgyy dgsa 0.025 0.365 0.19 +0.05 dssy S 0.327  10.7
S1/2 S5 0.178 2.59 1.35 +0.15 g1 sy 0.210  17.0 9.75 +0.25"
S1/72 d3/2 0.178 2.49 &£172 d5/2 0.016 0.010
1BSbey, gy dssa 0.009 0.159 0.072+0.012) BIrie  Si2 da 0.331 3.38 3.8+0.5"
dssy &1 0.117 1.40 0.70 +0.10’ dssy dys 0.047 6.20 8.5+3.8"
dyys dsyy 0.026 0.339 P 0.331 6.78
S1/72 d5/2 0.182 2.71 812 dg/z 0.213 13.6 7.63 +0.83"
si dy 0.182 2.10 g dyra 0.016 0.007 1.67Vs
128, gua s 0.009 0.551 0.74+0.02% 1BAug,  s12 dy 0.331  10.4 6.6%4:2
dsss &1 0.119 3.22 1.81+0.05% dsss dsy 0.047  11.4
dyy dss 0.027 0.816 1.19 i0.05i dssy S1/2 0.331  14.2
Sy d 0.186 6.83 2.05+0.13
81/2 dm 0186 716 0.47 +0.20 %A syo dys 0.336 7.00 6.4+0.8°
172 3/2 . ’ . . d5/2 d3/2 0-048 8.31
1287, & dss 0.009 0.421 0.68&0.14; dssa Sisa 0.336  10.0
dy2 gy2 0122 2.69 1.40+0.03 WAuyy  siyp dys 0341 4.36 5.0 £0.8°
dssy dsys 0.027 0.668 1.18 +0.22 v
s d 0.190 5.70 ~1 16k d5/2 d3/2 0.049 5.85 5.6 i045
/2 512 : : : dgy s 0.341 6.86
S1a dys 0.190 5.47 <1.00 52 2172 ) w
g dyy 0.219 8.41 5.0 +0.63
129y, gz ds/ 0.009 0.276 1.22 +0.11™ g2 sy 0.016 0.212  0.94+0.09V
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TABLE III (Continued)

s B(Ez)S-P- B(Ez)th. B(Ez)expt.
Isotope Transition g+ 1 %, +1 %, +1
19805 s1p dyy  0.345  2.60 5.011:7°
ds/y dyy 0.049 5.20 >0.33%
d5/2 S1/2 0.345 7.03 >1.7X
g2 dys 0.222 8.11 >1.3%
gu2 ds 0.016 0.179
WMTly  sya dy 0.350 3.72 6.2+£1.6°
dssy dsjy 0.050 0.149
d5/2 S1/72 0.350 5.02
WTlay S dys 0.354 2.97 3.1+0.35Y
dsso dyys 0.051 0.074 0.114
d5/2 S1/2 0.354 3.40 3.50 :hO.45V

2R. L. Robinson, F. K. McGowan, and P. H. Stelson,
Phys. Rev. 134, B567 (1964).

bp, H. Stelson Nucl. Phys. A111, 331 (1968).

°Nucl. Data B1 (1966); B2 (1968)

dc. M. Lederer J. M. Hollander and I. Perlman, Ta-
ble of Isotopes (John Wiley & Sons, Inc., New York,
1967), 6th ed.

€R. L. Robinson, F. K. McGowan, P. H. Stelson, and
W T. Milner, Nucl. Phys. A104, 401 (1967).

frR. L. Robinson, F. K. McGowan, P. H. Stelson, and

W. T. Milner, Nuc. Phys. A96, 6 (1967).

8D. G. Alkhazov, A. P. Grinberg, G. M. Gusenskii,
K. I. Erokhina and I. Kh. Lemberg, Zh. Eksperim. i
Teor. Fiz. 37, 1530 (1959) ltransl.: Soviet Phys.—JETP
10, 1086 (1960)].

hF. K. McGowan and P. H. Stelson, Phys. Rev. 109,
901 (1958).

ip R. Metzger and H. Langhof, Phys. Rev. 132, 1753
(1963).

iM. C. Joshi and B. Herskind, in Proceedings of Intev-
national Conference on Nucleavr Physics, Gatlinburg,
Tennessee, 12~17 September 1966, edited by R. L. Beck-

er and A. Zucker (Academic Press Inc., New York, 1967).

kg, Kownacki, J. Ludziejewski, and M. Moszynski,

Ino

TABLE I (Continued)

... B(E2),  B(E24p, BE2eyp,
Isotope Transition P+ 1 2+ 1 %+ 1
WTliss  Sisp days 0.359 2.374 2.5+0.25"
dssy dyyy 0.051 0.029 <0.15Y
dssy S1y9 0.359 1.987 1.9+0.2"
WTlps  s1/9 dyyy 0.364 0.364 20.25°
dsjy dsyy 0.052 0.052
d5/2 S1/2 0.364 0.364
MWBifgg  fua ko 0.008 0.008 <0.016!
MBig  fio koo 0.008 0.087 0.066 +0.007"

Nucl. Phys. A107, 476 (1968).

1N Ima_tushl, F. Fukuzawa, M. Sakisaka, and Y. Ve~
mura, Nucl. Phys. Al01, 654 (1967).

™C. E. Bemis and K. Fransson, Phys. Letters 19, 567
(1965).

"J. Fechner ef al., Nucl. Phys. A130, 545 (1969).

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

PB. V. N. Rao and S. Jnanananda, Phys. Rev. 165, 1296
(1968).

9W. Gelletly, J. S. Geiger, and R. L. Graham, Phys.
Rev, 168, 1336 (1968).

T A, Bicklin and S. G. Malmskog, Arkiv Fysik 34, 531

(1967).

SA. Backlin and S. G. Malmskog, Arkiv Fysik 34, 59
(1967).

'S, Wahlborn and I. Martinson, Arkiv Fysik 31, 355
(1966).

UR. Avida, J. Burde, and A. Molchadzki, Nucl. Phys.
A115, 405 (1968).

YTF. K. McGowan and P. H. Stelson, Phys. Rev. 109,
901 (1958).

¥D. H. Restor et al., Nucl. Phys. 22, 104 (1961).

XA. Backlin, B. Fogelberg, and S. G. Malskog, Nucl.
Phys. A103, 337 (1967).

when information about lifetime measurements
could be gathered. In the latter case, the B(E2)
value is related to the partial lifetime by!

1 4 E°
T (EZ) 75" #eCS
The experimental and theoretical values can be
compared with the single-particle estimate and cal-
culated using the formula!'
B(E2),

2j,+1

——B(E2). (9)

J—’]

o L o ey 1oy

e.¢;=1e (2¢) for odd-neutron (proton) nuclei are
used.
IV. DISCUSSION OF THE RESULTS

The results of the present calculation differ ap-

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 (U; U, - V; V) 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 py/,, f5/, 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
P1,2f5,2 transition for odd protons, the theoretical
numbers show a minimum near Z~37, though there
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are no experimental measurements in the region
with which to compare.

For neutron transitions s,,,d;/,, $,,,ds,,, and
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 d; ,d;,,, ds284/2, and py,,p,,,, 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-
sition in %Zn, d,,,s,,, in ®Cd, and the d;,,s,,, in
7Sn, 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 f;,,p,,, transition in 7iSe,, and
3oCuyq and the f,, p,,, transition in J3As,,. 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 d;,,d;,, tran-
sition in '3}Xe,,, the d;,s,, transition in '3Ba,,,
the py5 [y, transition in '§ISm,;, and the g,,d;,,
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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