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results for the energy of the T=1 analog to the 4"Sc

ground state is shown in Fig. 3. The present result for
the energy of this analog level divers from that of Berg
and Kashy5 by 1.9&1.3 keV, of which about 0.5 keV
may be due to the differential pileup effect mentioned
above. However, the difference of 10.2&3.4 keV from
the result of Armini et ul. ' appears to be too large to be
accounted for by such an effect.

ACKNOWLEDGMENTS

We would like to express our appreciation to Professor
C. R. Gruhn for providing us with the large-volume

Ge(Li) detector. We also wish to thank R. Au for his

data-taking and analysis code, and R. deForest, who

kindly put together certain instruments well ahead of
schedule for this experiment.

PHYSICAL REVIEW VOLUM E 172, NUM BER 4 20 AU GUST 1968

Nuclear-Reaction Studies in the Strontium Isotopes: Neutron Particle-
Hole States in Sr" and the Sr"(d,p)Sr" Reaction*

E. R. CosMAN AND D. C. SLATER

Department of I'hysics and I.aboratory for Nuclear Science, Massachusetts Institute of Technology,
Cambridge, Massachusetts

(Received 12 April 1968)

The levels of Sr ' have been studied with the Sr (d,p)Sr reaction at a bombarding energy of 7.5 MeV
using the MIT-ONR Van de GraaR generator and multiple-gap spectrograph. Seventy-three levels below
8.516-MeV excitation were observed, 32 of which displayed direct-stripping angular distributions. A dis-
torted-wave Born-approximation analysis for the latter transitions was performed, and the values of the
transferred orbital angular momentum /„and spectroscopic strengths (2J+1)Sf„,;/(2JO+1) were extracted.
Sum-rule strengths were subsequently calculated and compared with shell-model limits. Locations of neu-
tron particle-hole state multiplets were determined and compared with a simple model involving single-
particle neutron states, determined from the Sr (d,p) Sr reaction, weakly coupled to a single 1ggg2 hole in
the major 37=50 shell. A comparison of the data is made with the previously known level structure of Srs'.

I. INTRODUCTION

~ 'HIS paper is part of a series of nuclear-reaction
studies in the strontium isotopes. It presents the

results of the Sr"(d,p)Sr" reaction at a bombarding
energy of 7.5 MeV. Previous publications in the series' '
have dealt with the level structure of Sr", and sub-
sequent papers will report on reactions from the other
stable isotopes of strontium.

The lowest-lying level structure of Sr'8 has been
studied recently both experimentally' ' and theo-
retically"" From a simple shell-model point of view,

* This work has been supported in part through funds provided
by the U. S. Atomic Energy Commission under AEC Contract
No. AT (30-1)-2098.' E. R. Cosman, H. A. Enge, and A. Sperduto, Phys. Rev. 165,
1175 (1968).' E. R. Cosman, H. A. Enge, and A. Sperduto, Phys. Letters
22, 195 (1966).' E. R. Cosman, J. M. Joyce, and S. M. Shafroth, Nucl. Phys.
A108, 519 (1968); Bull. Am. Phys. Soc. 12, 697 (1967).

4 C. D. Kavaloski, J. S. Lilley, D. C. Shreve, and N. Stein, Phys.
Rev. 161, 1107 (1967).' J. Alster, D. C. Shreve, and R. J. Peterson, Phys. Rev. 144,
999 (1966).

6 G. A. Peterson and Jonas Alster, Phys. Rev. 166, 1136 (1968).
7 M. M. Stautberg, J. J. Kraushaar, and B. W. Ridley, Phys.

Rev. 157, 977 (1967).' E. W. Hamburger, Nucl, Phys. 39, 139 (1962).
~ N. Lychlama, McMaster University, Hamilton, Ontario

(private communication).' S. Cohen, R. D. Lawson, M. H. Macfarlane, and M. Soga,
Phys. Letters 10, 195 (1964).

"N. Auerbach and I. Talmi, Nucl. Phys. 64, 458 (1965).

the ground state of Sr ' is described as having a closed
neutron shell at E=50, 61ling up to the 2d5~2 orbit, and
a semiclosed proton shell at Z=38, filling up to the
2P&~& orbit. Since it would require more energy to
promote a neutron in this wave function over the major
shell gap than it would to excite a proton, it is expected
that the lowest-lying states in Sr" will be comprised
largely of proton core-excited configurations. Some
partial corroboration of this expectation has been
recently reported by Kavaloski et at.4 using the
Yss(d, He')Sr" reaction. The neutron core-excited con-
figurations should begin appearing only above 4 or
5 MeV in Sr with the possible exception of small
fragments at lower excitations arising from admixture
in collective states such as the 6rst 2+ at 1.84 MeV and
3 at 2.75 MeV. To date, no information on such
neutron-excited con6gurations is available.

The objective of the present work is to determine the
location of the neutron particle-hole states in Sr" built
on a single g9~2 hole in the E=50 core. This was done by
means of the Sr"(d,p)Sr" reaction, which transfers a
single neutron to the Sr' target having Jo = ~+. The
use of high resolution and an isotopically pure target
has enabled 73 levels to be observed up to 8.516-MeV
excitation in Sr".The level structure and spectroscopic
information extracted have been compared to data on
Sr" reported previously by other investigatory ' using

different reactions,
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II. EXPERIMENTAL METHODS AND RESULTS

The details of the experimental procedure used here
have been described in a previous publication and,
therefore, only a brief summary will be given now. The
7.5-MeV deuteron beam from the MIT-ONR Van
de Graaff accelerator was used to bombard a Sr'7 target
consisting of a 25-pg/cm' layer of enriched Sr'r evapo-
rated onto a 5-pg/cm' Formvar backing. The isotopic
analysis of the strontium in the target was Sr",

005%%u Sr" 1 33%%u Sr" 85.95%; and Sr", 12.72%.
The reaction protons were measured simultaneous y a
24 different angles in the MIT multiple-gap spectro-

grap on o ah'2 K d k NTB 50-p nuclear emulsions. Because
of the Jo"= 2+ spin of the target and resultant statistica
d

'
ld by a factor of 10, a necessarily longdecrease sn yie

4000-pC (d,P) exposure was made to ensure favorable

counting statistics. A separate Sr'~(d, d) elastic scatter-

» H. A. Enge and &. &. Buechner, Rev, Sq'.S i. Instr. 34 j.55
(1963).

ing run was made with 3.0-MeV deuterons to determine

Figure 1 shows a typical Sr'r(d, P)Sr" proton spec-

angular distributions for some of the most prominent
transstsons seen. n m't' In most cases the data were extracted
only for the forward angles; however, where a more

complete shape was helpful for the distorted-wave
Born-approximation (DWBA) analysis, the back-angle

yields were also examined.

A listing of all the levels identified to be from Sr" is

given in Table I and a complete explanation is given in

the table caption. The ground. -state Q value for the
Sr'7 d, Sr" reaction was determined to e 0==8.865
~0.005 MeV.

III. DWBA ANALYSIS

The theoretical (d,p) stripping curves used to compare
with the Qa,t@ were ca3qql@ted using the computer code
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FIG. 2. AngUlar distributions
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JULIE. The proglam cIQploycd surface Rbsorptlon, R

neutron mell of the %oods-Saxon type, zero-range inter-
actions, no spin-orbit force, and no lorn'er cuto6s ln thc
radial intcgrals. The deuteron and proton distorted
%'aves %'crc calculated ln optical m'elis ldentlcal to those
used to analyze the Sr"(d,p)Sr~ reaction in Ref. 1.I4

"R.H. Bassel, K. M. Drisko, and G. R. Satchler, Oak Ridge
National Laboratory Report No. ORNL-3240 (unpublished),
available from Oftice of Techxlical Services, Department of
Commerce, Washington 25, D. C.

14 The deutexon and proton wave functions were calculated from
optical wells of the form

U'(r) =—,+i@'d—, -,,+V, tr,r,),
V

where x= (r—rQ'~')/a, x'= (r—ro'A'~') ju', and r, =rg&'~'. The
Coulomb potential V, is derived from a uniformly charged sphere
of radius r, . The parameters for both particles were extrapolated
from those determined by Percy t F. G. Percy, Phys. Rev. 131,
NS (1963)j and were, for the deuteron, V=96.0 MeV, r0=1.15 F,

Because of the nonzero target spin, Jo = ~~+, the only
restrictions on the values of l„and j, the orbital and
total RngulRr IHomenta of thc transfclred neutron~ are
j=l a-,', j=Jr—Je, and Irf ——(—)'-, where Jr and Irg

are the spin and parity of the residual state in Srs'.
Although more than one k„value could then charac-
terize a transition, the strong stripping states in the
present reaction appeared to have angular-dlstrlbutlon
shapes mhich could hc described vrcll with only one 3„.
The 6tting procedure used here involved matching the
calculated DWBA reaction function o(Eq,g, l„,8) to the.
average shape of the experimental angular distribution
around the posltlon of the 6rst forward-angle Inaxlmum

@=0.8I F, 8'=80 MCV, e'=0.68 F, ro' ——3..34 F, Rnd rq, =1.30 F;
and for the proton, V=-55 MCV, ro ——1.25 F, a=0.65 F, 8'=54
MCV, g'=0.47 F, ro' ——I.25 F, and ro, ——1.25 F. Use of other deu-
tcI'on parameters was tl'lcd ln Rcf.' I and further dlscUssloII on the
6nal choice was given in that paper.
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(see Pigs. 2 and 3). The spectroscopic strength
(2Jf+ 1)5$„,$'/(2J +01) could then be extracted from
the relationship

dg 2J/+1—= 1.48 $/„pr(Eg, Q,1„,0) .
dQ 2Jo+1

Their values are given in Table I.

IV. DISGUSSIOÃ

A. Level Scheme, Sum Rules, and Neutron
Particle-Hole States

As seen from the Sr"(d,p)Sr" spectrum in Pig. 1, the
proton yield as a function of excitation energy in Srss

has a striking feature. Namely, below 4.0 MeV, the
transitions seen are love in intensity and few in number;
whereas, between 4.0 and 7.5 MeV, many strong proton
groups appear with an average spacing of about i00
keV. The upper three graphs in Fig. 4, which show the
spectroscopic strengths from Table I plotted against
excitation energy in Sr", illustrate that these strong
proton peaks correspond primarily to l„=0 and 2
neutron-stripping transfers. Furthermore, it is evident
from Fig. 4 that there are two distinct clusters of /„= 2
levels and one cluster of / =0 levels, each cluster of
states being spread over about i MeV.

These features would indicate that, except for the 0+
ground state and 2+ state at 8,= i.839 MeV, there are
no levels containing con6guration strength of the type
((1,j)~(1gg/2) ~ '}z below 4.0 MeV in Sr". The ground-
state transition is the expected 6lling of the g9~2 shell by
an 3 =4 neutron transfer. %ithin the limits of error
incurred from the experiment and D%8A analysis, its
experimental value of Sg,;=1.20 is consistent with the
expected value of 1.0, assuming a pure (1g9/~) „'ground
state for Sr". From the weak l„=2 stripping pattern
seen for the 2+ state at 1.839 MeV, we conclude that it
necessarily has a small fragment of the type ((2d&/2)„
X (1gg/g)„-'}g+, with 5(,;=0.25. The only other states
seen in this region, Nos. 2, 3, and 4 at E,= 2.738, 3.208,
and 3,583 MeV, respectively, have extremely weak
yields and nonstripping angular distributions. Their
spins have been assigned elsewhere as 3, (2+), (3+,2+),
l =2 and 0, respectively (see Table IV).

The strong transitions above 4.0 MeV undoubtedly
correspond to the configurations {(2d&/2) „(lg9/g) }g,
((2d,./2)~(1g9/2)„—'}J, and ((3si/2). (1gg/~)~ '}J. The
simplest model for the level structure in this case is a
single g9~2 neutron hole weakly coupled to the single-
particle neutron levels of Sr".Assuming no interactions
of the resulting states among themselves or with other
degrees of freedom in Sr", this would produce de-
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TABLE I. Sr" levels up to 8.5 MeV from the Sr ~(fg,p)Sr' reaction. The excitation energies and Q values are arithmetic averages of
energies determined at a minimum of four reaction angles. The uncertainties in these values were estimated as +5 keV standard error
for the lowest states and &10keV for the highest states. The values of (do./dQ), „and H,„are given for a level whenever it is possible,
and 1 and (2J+1)S~~,;/(2Jp+1) are listed for those displaying stripping angular distributions. An ns in the column under / means
that the corresponding angular distribution showed a nonstripping pattern. Uncertainty in an l assignment is indicated by an enclosure
in parentheses.

Level
No.

0

2
3

5
6
7
8
9

10
11
12

(13).
14
15
16
17
18
19
20
21
22
23
24
25

(26)
27
28
29
30
31
32
33
34
35

Eg
(MeV)

0
1.839
2.738
3.208

(3.590)
4.035
4.294
4.408
4.450
4.464
4.514
4.551
4.636
4.748
4.789
4.876
4.920
5.101
5.133
5.157
5.199
5.418
5.463
5.506
5.665
5.719
5.775
5.830
5.876
6.008
6.043
6.149
6.214
6.237
6.306
6.340

Q
(MeV)

8.865
7.026
6.127
5.657

(5.275)
4.830
4.571
4.455
4.415
4.396
4.351
4.313
4.229
4.121
4.083
3.992
3.946
3.767
3.726
3.703
3.663
3.450
3.402
3.355
3.200
3.146
3.093
3.025
2.983
2.862
2.842
2.722
2.654
2.619
2.556
2.531

(deg)

32
0

~ ~ ~

50
50
51
51

~ ~ ~

51
51

52

~ ~ ~

0
0
0
26
0
0

~ ~ ~

51
37
51
0
25

~ ~ ~

51

(da/dQ)
(mb/sr)

0.049
(0.080

&0.015
&0.015

(&o.oo5)
0.20
0.28
0.67
0.064

&0.030
0.84

&0.050
0.45
0.66

&0,050
(o.68)

&0.010
0.91

&0.030
&0.030
&0.030

(o.35o)
1.892
0.094
0.041
2.803
1.452

&0.040
&0.050

0.045
0.198
0.094
0.121
0.208
0.050
0.100

4
2

ns
ns

(ns)
2
2
2
2

(ns)
2
?
2
2
?
0
ns
2
?

(ns)
(ns)
0
0
0
(1)
0
0

(ns)
(ns)

2
ns
2
0
(1)
?
2

2Jp+1

1.20
0.126

0.279
0.376
0.875
0.083

1.08

0.564
0.805

0.230

1.04

0,105
0.563
0.027
0.029
0.789
0.405

0.042

0.088
0.031
0.127

0.091

generate multiplets of levels with about the same rela-
tive spacings as the corresponding states in Sr". A
degenerate multiplet would be displaced from the Sr"
ground state by 6, the energy required to create the
particle-hole configuration, which includes the higher-
order residual effects arising from the interaction of the
hole and particle with the remaining nucleons. Intro-
ducing interactions among the members of a multiplet
would remove their degeneracy and allowing admixture
with other possible configurations would produce
fractionization of the strength of individual members.
The Sr'"(d,p)Sr" strength function in Fig. 4 appears to
reveal such multiplets of levels, and a suggestive match-
ing of these clusters with parent states in Sr" is indi-
cated by the accompanying plot from the Sr"(d,p)Sr"
reaction, together with the dashed vertical guide lines.

In this simple picture, the lowest group of l„=2
states centered near E,=4.57 MeV and the small
fragment seen in the 2+ vibration at E,=1.839 MeV
would have large components of the type ((2d5~&)
X (gg/2)~ ') s and correspond to the 2d&~2 ground state

of Sr". The number of states in this group is eight
compared to six expected just from counting the differ-
ent possible values of J and points to the type of ad--

mixture described above. This increase in complexity
precludes the possibility of applying a (2J+1) rule to
the observed strengths with the objective of determin-
ing the spins of the individual states in the multiplet.
A further prediction of this simple model would be that
the summed spectroscopic strength P (2J+1)5~„,, /
(2Jo+1), taken over states e in the Sr" multiplet and
the value S~„,„measured in the Sr"(d,p)Sr" reaction'
for the d5~2 ground-state transition, should be equal.
The deduced values are 5.23 and 4.76, respectively, and
therefore support the prediction to within errors ex-
pected from either experiment. Finally, the energy
centroid A=+ E S~„,p/P S~„,p associated with this
cluster was determined to be 4.57 MeV.

Similar remark. s can be made about the other groups
seen in Fig. 4. The l„=0 transitions at about E,=5.6
Mev are expected to have large ((3s&~2) (gg~&) „')s=4, $

components which are associated with the strong 3s~~2
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TAaLz I. (cowtigued).

Level
No.

36
37
38
39
40
41
42

46

48

{52}
53
54

(55)'

57
58
59

62
63
64
65
66
67
68

70
71
72

E~
(MeV)

6.376
6.420-
6.465
6.515
6.564
6.612
6.629
6.687

(6.719)
6.740
6.752
6.826
6.869
6.931
6.958
7.026
7.088
7.109
7,136
7.195
7.251
7.337
7.426
7.561
7.594
7.640
7.674
7.742
7.839
7.889
7.967
8.003
8.103
8.142
8.450
8.493
8.516

2.491
2.447
2.402
2.351
2.303
2.253
2.238
2.181
2.149
2.128
2.113
2.042
1.999
1.937
1.899
1.832
1.772
1.754
1.728
1.673
1.617
1.534
1.430
1.297
1.280
1.219
1.185
1.116
1.026
0.976
0.901
0.876
0.765
0.726
0.414
0.372
0.349

(«g)

4

53
53

(35)
53

(do-/dQ)
(mb/sr)

0.09)
0.215
0.80
(0.205)
0.36

&0.10
&0.060
&0.050

(&0.050)

0.91
0.195

&0.100
0.39
0.58
0.090

&0.020
&0.200
&0.300

0.48

0.135

2
(0)
2

(ns)

ns
ns

2

2

2
2

?
2

2jo+1
(0.076)
(0.175)
0.675

(0.049)
0.311

0.748

0.159

0.311
0.456

1.137

& The three levels, Nos. 13, 26, and SS, are put in parentheses because they may arise from the presence of the Sr» contaminant in the target. Their 0
values (4.121, 3.093, and 1.673, respectively) and l~ assignments are in close agreement to three levels seen in the Sr'+(d, p)Sr89 reaction (Nos. 0, 1, and 8
in Ref. 1, with Q =4.133,3.102, and 1.678 Mev, respectively). Their yields, however, are not in complete agreement with the expected contaminant groups
and, therefore, because an unambiguous discrimination could not be made, the states were included in the table on a tentative basis.

single-particle state at E =1.031 MeV in Sr". The
higher l„=2 group, located around E,=6.7 MeV in
Sr', is probably associated w'ith three strong d states
in Sr", level Nos. 3, 4, and 8 of Ref. 1 at E =1.931,
2.000, and 2.455 MeV. Level No. 3 in Sr" is thought to
have spin ~+, and Nos. 4 and 8, ~+. Therefore, it is

likely that the states of this second t„=2 group consist
of both types ((2d5~2) „(&g9~&)„')z and ( (2d3/g) ~

X (~g9i2)~ )g. ThC11 SllB1 Stl'Cllgth lS 3.49, lI1 CjoS|.'
agreement to the value of 3.76 vrhich is the analogous
sum for the three Sr" states. Since a separation of the
two types just mentioned cannot be made unambigu-

TABIK II. A summary of information on neutron particle-hole states extracted from the present experiment. For comparison, the
locations of the corresponding single-particle states in Sr~ are also given. A detailed explanation is given in the text.

Particle-hole
conflg.

( (2~5/2)e(ig9/2)n )j
f (»~/2)~(ig9/a)~ 'f J

( (2d'I/2) «(ig9/2) n ') s

f (igv/2)n( g9/;)~ '}J

Sr ~(d)p)Sr' Present work
(2J+1)

S&,;
{2JO+1) (MeV)

4.57
5.58

(6.72)'

(7.4}f

Level
No.

0
1
3
4
8

10

g S9

(Mev)

0.0
1.031.
1.931
2.000
2.455
2.671

Cong.

kg/2
3$y/2
2~5/
2d3/2
2d3/2
ig7/2

P (2J+1)S) 5—8 "
a (MeV)

4.57
4.55

4.76
1.81

(4 53)'

(4.73)'

Sr's(d, p)Srs9 Cosman et zl a

& Reference 1.
b States included in the sum are Nos. 1, 5, 6, 7, 8, 10, 12, 13, and 17.
c States included in the sum are Nos. 15, 21, 22, 23, 25, 26, 32, and 39.
d States inc1uded in the sum are Nos. 29, 31, 35, 36, 37, 3S, 40, 46, 47, 49, 50, and SS.
& The states in this group may not all be of the type f(2d3/~)n(1ge/s)n tf (see text) and, therefore, this value is only an approximation.
& This is only an estimate since not all the I& =4 strength was seen (see text).
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Xn =
1 and ~n =4 I

lO &

TmLE III.Sum of spectroscopic strengths from the Sr"(d,P)Sr"
reaction. It is assumed here that l =0, 1, 2, and 3 transitions
transfer a neutron into the 3si/2, 2p, 2d, and 1f„/2 orbits. From the
data, the separation of the two l =4 transitions into the groups
1g9/p and 1g7/2 appears obvious.

~ ~

++ O

NiN

0,6- I

I
I Xp

cf)
l

I ' I

I

1.2-
i

i d5/~g9/2
l I

I I

l

,
' 7' 6

l

II l

I II i
I II

+i +

0 6 "/2 l 5/P '/20.6-
(

Xn =0

I

I I 1

5 4

I

l
I

5/&

t
I ' I ' I

3 2 I 0
x in Sree(Mey)

I ' I & I ' I &
'

I I I

-I
d5/2 gg/&

Jn =2

Experiment
Shell model

{2J+1)
a (2Jp+1)

3$1/2 2P 2d
2.2 &0.16 8.72
2.0 0 10.0

1f~/'2 1g7/g 1g9/g
0 1.14 1.20
0 8.0 1.0

in Table II. The last column of the table lists the values
of 6—E,"w'hich, for the extreme weak-coupling case,
should be a constant.

Table III gives the summed spectroscopic strengths
for all classes of /„ transitions seen in the present work.
Their physical interpretation is given through the
following relationship":

(22+1)
S4;"

(2J0+1)
1

C
(n~

+
eu X

I

lO

'5/t

I

3 g X
I

7

ously, the corresponding values of 6 cannot be com-
puted. How'ever, as a simplification, we will assume
that the ((2dg/2)~(1gg/2)„') contributions are small
compared to those for the ((2d3/~)~(1g9/2)„') con-
figuration. This is supported by the fact that the d5/2

state No. 3 in Sr" represents only 14% of the summed
strength of the triplet Nos. 3, 4, and 8. On this basis,
we get a value of 5(2d3/2) =6.72 MeV associated with
the centroid Ea/2=2. j.9 MeV of the two 2d3/~ states,
Nos. 4 and 8 in Sr".

The only l„=4 transition aside from that of the
ground state is seen to occur at E,=7.426 MeV in
Sr". This is assumed to be a member of the ((1g7/2)„
X (1g9/2) ')g multiplet. The rest were either too weak
to be seen or lie outside the energy range of the experi-
ment. Taking only this state, we estimate the value of
6(1g7/2) = /. 4 MeV.

A summary of these particle-hole state results for the
Srs'(d, P)Srs' reaction, together with associated in-
formation from the Sr"(d,p)Sr" reaction ' is displayed

0 I

2 I 0
Ex in Sr (Mey)

Fro. 4. The upper three graphs in this figure display the spectro-
scopic strengths as a function of excitation energy in Sr88 for the
indicated l~ values determined from the DWBA analysis of the
Sr '(d, p)Sr reaction. The bottom graph shows a similar plot
determined in Ref. 1 from the Sr '(d, P)Sr" reaction. The clusters
of states in Sr' seen with l~= 0 and 2 are interpreted as multiplets
of neutron particle-hole states having the configuration designated
by their adjacent labels. These states might be constructed by
coupling a (1g9/2) neutron hole to the states of Sr", and a suggested
correspondence of the Sre' and Sr ' level structure is indicated by
the dashed vertical guidelines.

=number of (/„,j) neutron holes in target,

where the sum is taken over all 6nal states for a given
and j. The expected values from the simple shell

model are also tabulated for direct comparison.
It is clear from Table III that the 3s~/~ and ig9/~

strengths seem completely accounted for from our data.
However, it is also evident that some of the 2d and
1gv/2 transitions have probably been missed and lie
outside the energy range studied in this experiment.
Two states, Nos. 24 and 33 at 8 =5.665 and 6.237
MeV, respectively, had angular distributions that corn-
pared most closely to l„=1 DWBA curves (see Fig. 3).
The upper limit entered in the 2p column is the sum of
the two spectroscopic factors derived from these
comparisons. If the assignments are correct, they would
point to the presence of 2p holes in the Sr" target and,
therefore, to a term in the ground-state wave function
which is more complicated than just (1&9/2)

As a final remark, we note that, in addition to the
stripping transitions, over 40% of the levels seen below
6.0 MeV had very weak yields and angular distributions
which were dissimilar to the patterns predicted by the
DWBA code for single-neutron transfers. These so-
called nonstripping states undoubtedly involve different
core-excited structure than the ones we have considered
above and thus must be populated through weaker and
higher-order reaction mechanisms.

B. Comparison with Other Data on Sr"

The information on the level structure of Sr" pres-
ently available in the literature is summarized in Table
IV. The listing is made in terms of the reaction mode

"M. H. Macfarlane and J. B. French, Rev. Mod. Phys. 32, 567
{1960).
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TAME IV. A summary comparison of the present Sr'~(d, p) Sr" results with those from other sources. A discussion is given in the text.

Level
No.

(3.590)
4.035

(ns)
2

Srs~ (d,p) Sr88~

E l„
0
1.839 2
2.738 ns
3.208 ns

(d,He')b
Jw

0 (0+)
1.84 (2+)

3.21 (2+)
3.48 (1+)
3.64 (3+)

0 0+
1.84 (2+)
2.74 (3 )
3.21 (2+)

4.0 (2)

(e,e')~
Jm

0 0
1.84 2+
2.74 3

(p p')'
Jm.

0 0
1.84 2+
2.74 3
3.24 2+

3.57 (2+)
4.05 (2+,4+)

(d,d')'
Ja

0 0+
1.835 2+
2.74 3
3.20 2+
3.52
3.61
4.02

a Present work.
& Reference 4.
e Reference 5.
d Reference 6.
e Reference 7.
& Reference S.

studied. A partial listing of levels from the present
experiment is also included for direct comparison.
Several examples of energy ambiguities are evident
among the data. Many cases where levels have been
recorded elsewhere, but not seen here, may be explained
by the extremely selective character of the present
(d,p) reaction. Any transition, other than direct single-
particle transitions, is strongly reduced in yield by the
reaction mechanism and by the statistical factor of i0
arising from the Jo= ~ target and, therefore, it may not
have been discernible as a proton group.

In a previous work, Kavaloski et ut. ' used the
Y89(d,He')Sr" reaction to measure proton excited com-
ponents in the lowest levels of Sr". One of their con-
clusions was that the configurations ((pi~2)~(p3/2)y jo+
and {(p&~2) „(f&~&)i, ') u+ account for 80% of the first 2i+

state at 1.839 MeV and 60% of the second 22+ state at
3.21 MeV. Since in the Sr"(d,p)Sr" reaction Si,;

(2i+)=0.25 measures directly the amplitude squared
of the term ((2d~~2) (ig9~2) ~ ') in the 2i+ wave function,
we conclude that this term takes up a large fraction of
the remaining strength unaccounted for in the (d,He')
experiment. Furthermore, unlike the 2~+ case, the 2~+

state at 3.21 MeV is barely excited here, and we suggest
that no particle-hole states involving a (g9~2) hole are
included in the composition of its wave function.
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