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Proton transfer reactions on Sr isotopes

J. L. Horton and C. E. Hollandsworth
U. S. Army Ballistic Research Laboratories, Aberdeen Proving Ground, Maryland 21005

(Received 17 November 1975)

We have investigated the proton transfer reactions ' Sr(d, n) Y, "Sr(d, n) Y, and ' Sr(d, n)' Y at 12 MeV
incident deuteron energy. Spectroscopic factors are extracted from a distorted wave Born approximation
analysis and compared to the spectroscopic factors extracted from the analogous ('He, d) reactions. A
comparison is also made of the (d, n) and (d, He) reactions to determine fractional emptiness and occupation
probability of shell model orbitals. Additionally, ground state proton configurations of Sr and "Sr are
determined and the T& states of Y are studied.

NUCLEAR REACTIONS 88. sr. 888r(d, n), E& —-12 MeV; measured angular distribu-
tions. Deduced spectroscopic factors, ground state configurations. Enriched

targets.

I. INTRODUCTION

The shell model prediction of the closure of the
neutron shell at N=50 has produced extensive in-
vestigation of nuclei near the mass 90 region. Both
"Sr and "Zr have been considered candidates for
a doubly closed shell nucleus. Calculations based
upon an inert core of "Sr have met with reasonable
success. ' ' However, Hughes' predicted a more
configuration-mixed ground state for "Sr of the
form

@=[a(Pg2) '+b(Pg, ) ~+c(f g, ) '+d(f y, ) ~))0),

where ~0) represents a core with all proton or-
bitals filled through Py/2 Experiments with the
proton-transfer reactions ('He, d) ' ' and (d, 'He)5'8~

support the model of Hughes. However, the coef-
ficients extracted from these experiments suffer
a problem in the overall normalization that pro-
duces a sum of the squares of the coefficients up
to 50% greater than unity. To overcome this prob-
lem previous authors' have compared spectroscop-
ic information extracted from ('He, d) data' to com-
plementary information extracted from (d, 'He)
data. ' The results of this comparison were re-
normalized to satisfy sum-rule constraints; how-
ever, the significantly different analyses used in
the two experiments bring the validity of this pro-
cedure into question. In the present paper, when
such comparisons are made, the previous data
have been reanalyzed in a manner consistent with
the present data.

It was felt that an investigation of the 88Sr(d, n)-' Y reaction, for which the absolute normalization
of speetroscopie factors is better understood,
could resolve some of the ambiguities in the ex-
isting data. Additionally, the behavior of the pro-
ton distribution in the presence of neutron holes

was of interest. This effect may be studied by
comparing the 'Sr(d, n), "Sr(d, n), and "Sr(d, n)
reactions.

A proton stripping reaction can also yield in-
formation on the T, states in the residual nucleus.
These T, states result from an antianalog state
sharing its strength with "core polarization"
states which have the same spin and parity. ' The
spreading of these states and the position of their
energy centroid can provide information on the
magnitude of the isospin potential responsible for
the splitting of the analog and antianalog states.

II. EXPERIMENTAL ARRANGEMENT AND RESULTS

TABLE I. A tabulation of target thicknesses and
enr ichments.

Target Thickness (pg/cm )

Percent
Enrichment

86Sr
87Sr
88Sr

2000
2200
2300

97.6
93.29
99.84

The experiment was performed in the low back-
ground neutron room at the U. S. Army Ballistic
Research Laboratories (BRL) FN tandem Van de
Graaff facility. The BRL pulsed source consisted
of a direct-extraction-diode source with a 2-MHz
rf pulser and a 4-MHz klystron buncher. Average
current on target was 750 nA and typical time res-
olution of the system was 1.5 nsec full width at
half maximum.

The low background neutron room was a large
25-m x25-m x18-m room with the beam line at the
5.5-m level and the neutron detectors out of the
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FIG. 3. A typical ssSr(d, n~ssY neutron time-of-flight spectrUm.

reaction plane at the 8-m level. The experiment
was performed in an open geometry. The only
shielding necessary was a shadow bar placed be-
tween the beam stop and the detectors.

The target chamber was a stainless steel cylin-
der 10 cm in diameter and 30 cm in height, with
a wall thickness of 1 mm. The beam was tuned
such that less than 1% of it intersected three slits,
two upstream and one downstream from the tar-
get. Beam current was measured in a Faraday
cup with a Pb beam stop 3 m downstream from
the target. The targets were enriched self-sup-
porting foils supplied by Oak Ridge National Labo-
ratory. Their thicknesses, given in Table I, were
determined by weighing.

Neutron detection was accomplished with two
NE-213 liquid scintillators, 2.5 cm in thickness
and 17.8 cm in diameter, Lucite coupled to XP-
1041 photomultiplier tubes. The detectors were
positioned at a 20-m flight path. Neutron energies
were determined with standard time-of-flight cir-
cuitry employing n-y discrimination.

Detector efficiency was determined experirnen-
tally by measuring the neutron yield from the 'H-
(d, n)'He reaction. The target was deuterium gas
contained in a 2.5-cm long stainless steel gas cell.
The neutron yields were then compared to the
cross sections measured by Brolley, Putnam,
and Rosen" to determine detector efficiency.
Cross section data were corrected also for neu-
tron absorption along the neutron flight path and
in the walls of the chamber.

Typical time-of-flight spectra are displayed in
Figs. 1-3. Excitation energies were determined
by a least squares fitting procedure to states of
known energy. The excitation energy of a state

was calculated for each angle and the result at
each angle was checked for consistency with re-
sults from other angles. Values quoted are be-
lieved to be accurate to within +20 keV.

Excitation functions of "Sr(d, no) and 'SSr(d, n, )
were taken from 11.5 MeV to 12.5 MeV in steps
of 100 keV. In this energy range the excitation
functions showed a nearly monotonic increase in
magnitude of approximately 15% with increasing
energy and exhibited no evidence of compound nu-
clear processes.

Angular distributions were taken in 5' intervals
from 5 to 55'. Peak areas were extracted by
hand. For closely spaced doublets the hand cal-
culations were checked with the program AUTOFIT.
In general, agreement between the two methods
was better than 10%. The distorted wave Born
approximation (DWBA) calculations are compared
to the measured cross sections in Figs. 4-5.

The major sources of uncertainty in the absolute
cross sections were background subtraction, tar-
get thickness, and the efficiency of the neutron
detectors. The uncertainty in background subtrac-
tion was less than l~ for most states, although
for some of the weakly populated states this un-
certainty was higher. The uncertainties of the
target thicknesses and the efficiency curve were
10% and 15%, respectively. Consequently, the
overall uncertainty of the absolute cross sections
was 20%.

III. DWBA ANALYSIS AND OPTICAL MODEL PARAMETERS

Several sets of optical model parameters were
considered for the entrance and exit channels in
the DWBA calculations performed with code
DWUCK. The form of the potential was
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FIG. 5. DWBA fits to TSr{d,n) Y angular distribution
data. The l values and excitation energies are indicated.
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global analyses by Wilmore and Hodgson" and by
Becchetti and Greenlees. " These parameters and
the finite-range and nonlocal corrections are given
in Table II.

Calculations with these parameters were com-
pared to the measured angular distributions of
four states in ~Y. The ground state and states
with excitation energies of 0.91, 3.71, and 5.10
MeV were chosen as representative of l =1, 4, 2,
and 0 transfers, respectively. Finite-range non-
local (FRNL) calculations are displayed in Fig. 7.

The best fits to the measured angular distribu-
tions of the four states were predicted by the
C oker- Tamura deuteron parameters combined with
the Becchetti-Greenlees neutron parameters. The
Percy and Percy deuteron parameters combined
with either set of neutron parameters failed to re-
produce the measured angular distribution of the

g9/Q transfer to the 0.91-MeV state and the Gr if-
fith et al. deuteron parameters predicted deeper
minima than measured for the P,y, transfer. The
spectroscopic factors predicted by the different
parameters varied by approximately 30%. Local
zero-range (LZR} calculations were performed,
but no appreciable improvement in the fits was
found.

Spectroscopic factors were extracted from the
DWBA predictions with the following relation

0.01— —091
I i I i I I

0 2 40 60 0 20 40 60
e (~eo)

FIG. 6. DWBA fits to Sr(d, n) ~Y angular distribution
data. The l values and excitation energies are indicated.

A standard Woods-Saxon geometry with a =0.65,
rp 1 25 and a Thomas-type spin-orbit coupling
with A. =25 was used to obtain the bound-state wave
functions. The well depth was varied to bind the
state at the correct separation energy.

Deuteron parameters considered were from a
study of charge-exchange effects in the Mo-
(d, nP) reaction by Coker and Tamura'4 and pre-
viously employed in an investigation of the (d, n}
reaction at 12 MeV on Mo isotopes"; a global
analysis of Percy and Percy, "which has been used
extensively in stripping calculations; and a survey
of polarized-deuteron scattering from several ele-
ments at 11.8 MeV by Griffith et al." Three dif-
ferent parameter sets from Griffith et a/. were
considered. No appreciable differences in quality
of the fits were observed among the various sets
from Griffith. Neutron parameters were from

(dc '"~
~ 2Jy+1 2s+1 dole"" "

~(dQ 2Z, + 1 2(2j +1) dQ)~

where J, and J& were the initial and final state
spins and s and j were the spin and total angular
momentum of the transferred nucleon. The square
of the Clebsch-Gordan isospin coupling coefficient
was equal to 2T,/(2T, +1) for the states considered
in this analysis. The normalization constant N was
equal to 1.65x104 MeV'fm'.

IV. DISCUSSION

A ssSr(d, n)s

1. Comparison of Sr(d, n) to Sr( He, cf)

A reanalysis of previous proton-transfer reac-
tions on "Sr was performed to achieve consistency
with the present analysis. Three previous
('He, d) ' ~ experiments were analyzed in the LZR
approximation. Harrison and Hiebert' and Vour-
vopoulos et al.' used the standard normalization
factor for ('He, d) of 4.42. Picard and Bassani~
used a, different geometry in obtaining the bound-
state wave functions. Sum-rule limits were used
to normalize the spectroscopic factors. This pro-
cedure produced a normalization factor of 7.5.
However, even if Picard and Bassani had employed
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TABLE II. A summary of optical model parameters investigated in the present analyses.

V rp ap w r„, a W~ ag V„ r„ a
(MeV) (fm) (fm) (MeV) (fm) {fm) (MeV) {fm) (fm) (MeV) {fm) (fm) (fm)

C�oke-
rT�ama

Perey-
Perey

Griffith
et al.

V2 1.15 0.81

1.05 0.85

88.0 1.28 0.72

Deuteron parameter s

14.0

12.9

Neutron parameters

1.41 0.694

1.34 0.68

3
ag

6.0 1.28 0.72 1.3

1.15

13.05 0.84 0.46 1.3

Wilmor e- 4

Hodg son
Becchet ti-

Gr eenlees

rp 0.66

1.17 0.75 1.26 0.58

w~
4 4 0.48

1.26 0.58 6.2 1.01 0.75

Finite range correction= 0.621; nonlocality correction: P~=0.54, P"=0.85

V = 81.0 —0.22E+ lP', W~
——14.4+ 0.24E2 . 2

V =90+2.36,/3, r, =1.19+ i/3 ' a~ =0.398+0.082A /3
Z 3 0 9

V =47.01 —0.267E; rp =1.322 —7.6A &&10; 8' =9.52 —0.53E; r& =1.266 —3.7A xi04

T

V 563 032E 24 . W 022E 156. W5 130 025E 12( )
A ' ' ' ' tf ' '

A

the same bound-state geometry as Harrison a.nd

Hiebert and Vourvopoulos et al. , the sum-rule
limits still would have yielded a normalization
factor of 5.5.

Because of the similar method of analysis be-
tween the present data and that of Vourvopoulos
et al. , as to bound-state geometry and standard
normalization procedure, the Vourvopoulos et al.
data were reanalyzed to include nonlocal. and fi-
nite-range corrections. The spectroscopic factors
were lowered 20 to 25% in magnitude. This led to
better agreement among the present data, Vour-
vopoulos et al. , and Harrison and Hiebert. Al-
though Harrison and Hiebert performed an LZR
calculation, r was set equal to 0 &pp They corn-
mented that with this prescription there was little
difference between LZR and FRNL calculations.
This is borne out by the agreement of the spectro-
scopic factors given in Table III. It is noted that,
except for the first excited state, the present re-
sults are somewhat lower than previous results.

The present results cannot distinguish between
spins of the final state except, of course, for the
l =0 transfer. Tentative spin assignments are
based on expected shell model ordering and pre-
vious experiments. All l =2 transfers have been
assigned a spin and parity of —,".

There is disagreement between the present re-
sults and those of Vourvopoulos et al. on the spin
of the 6.51-MeV state. The earlier results indi-

cated an s~g2-ds~~ doublet in the ratio of 10% s~/~

to 9Q% d,&,. The angular distribution of the 6.51-
MeV state measured in the present experiment is
compared in Fig. 6 with calculated angular dis-
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The states between 1.74 and 3.71 MeV were too
weakly populated in the present experiment to al-
low extraction of reliable angular distributions.
However, tentative spectroscopic factors were as-
signed to the 1.74 and the 2.61-MeV states by
choosing an angle at which their cross sections
could be extracted and comparing to a DwUCK
calculation based on previously assigned spins.
Additionally, some states observed in previous
experiments were seen as unresolved doublets or
not fully resolved from more strongly populated
states.
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2. Compariso of Sr{d,n) go Sr{d, He)

Proton stripping and proton pickup reactions on
the same target yield complementary spectroscop-
ic information; however, previous (d, 'He) experi-
ments have not been analyzed in a manner consis-
tent with the present experiment. The data of
Comfort, Duray, and Braithwaite' were analyzed
with FRNL corrections but with a different bound-
state geometry. Harrison and Hiebert' employed
LZR approximations as discussed above.

The data of Comfort et al. were reanalyzed with
the same bound-state geometry as the present
analysis. The results are given in Table IV in
terms of the quantity v~', the occupational proba-
bility of the appropriate shell model orbital. This
quantity is defined by

'U 0N

0
CdS

O

t O
QO

lQ CD

O
O

O O O

O QO QO

CD CD

CD QO QO Cg
CD C C

CD CD CD t

where the sum is taken over all final states of the
appropriate J value. Also given in Table IV is u J'',
the fractional emptiness of a shell model orbital.
This is defined by

+ +

u~'= Q c sy(J),
f

O

OO
O

O O

O O O
QO

CD CD CD CD

where the sum is again taken over all appropriate
final states.

For a consistent analysis uz' and v~' should sum
to unity. The sums for each orbital are close to
unity except for the g,&,. No g, /, strength was ob-
served by either Harrison and Hiebert or by Com-
fort et al.

There was disagreement between the two exper-
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TABLE IV. uJ, vJ for Sr. A comparison of occupation probability and fractional empti-
ness of Sr shell model proton orbitals.

Present

Q uq2

Harrison
Hiebert

tPJ' u J +vJ'
Comfort et al.
VJ uJ +VJ

Reanalyzed
Comfort et al.
VJ uJ +VJ

gS/2

Pi/2
~3/2f5/2

0.69
0.65
0.07
0.06

0.00
0.30
0.73
0.85

0.69
0.95
0.80
0.91

0.00
0.24
0.78
0.88

0.69
0.89
0.85
0.94

0.00
0.28
0.90
1.01

0.69
0.93
0.97
1.07

iments on the spin of the state at 1.58 MeV. Com-
fort et al. tentatively assigned a spin and parity of
& to this state and Harrison and Hiebert assigned

Harrison and Hiebert suggested this state may
be a doublet. Two previous studies of the y decay
following the P decay of "Kr'""disagreed on the
spin of this state. One assigned a value of —,

' "and
the other a value of 7'." A recent study of
"Kr('He, d) "Rb,"however, furnished strong evi-
dence that the 1.58-MeV state had a spin and par-
ity of —,". The question of a possible doublet was
unresolved. However, if the 1.58-MeV state pop-
ulated in the 88Sr(d, 'He) reaction was f', it would
indicate an occupation probability of 0.1 for the

g9/2 orbital. The sum, u, / „+v9/ 2+, would be 0.79
in closer agreement with unity.

B s6Sr(d, n)s

1. Comparison of Sr(d, n) to MSr( He, d)

The most obvious difference between the
"Sr(d, n)"Y reaction and the 88Sr(d, n)"Y reaction
is the much higher density of levels populated in
"Y than in "Y due to the fractionation of the single
particle strength by the two neutron holes. Due to
this high level density it was not possible to extract
spectroscopic factors for levels beyond the first
four states. However, these four states are the
most significant in determining the ground state
configuration of "Sr. Other levels carry only a

small fraction of the total g,/„p«„p, /„and
f,&, strength.

The spectroscopic factors for the first four
states are given in Table V. Given for comparison
are the spectroscopic factors extracted for these
states from "Sr('He, d)87Y. '~ It must be noted that
Maher et al."performed an FRNL calculation with
the standard normalization of 4.42 using the pa-
rarneters of Picard and Bassani. ' As mentioned
above, this is a significantly different approach
than that used by Picard and Bassani and brings
into question the absolute normalization of the val-
ues of Maher et al. This must be borne in mind
in comparing the present results to those of Ref.
23.

Qogygparison of Sr(d, n) to Sr(d, He)

The occupation probability and the fractional
emptiness of orbitals in "Sr are given in Table VI.
The v J' values are taken from Ref. 9. As noted, a
different bound-state geometry was employed in
this analysis; therefore, Table VI lists both the
original values of v J' and those obtained in a re-
analysis of the data with the same bound-state ge-
ometry as the present work.

All sums agree well with the expected value of
unity except the sum for the g, /, orbital which is
somewhat low. Maher et al."observed some high
lying g, &, states in the ('He, d) reaction but these

TABLE V. Absolute spectroscopic factors extracted from the present Sr(d, n) Y analysis
compared to the values extracted from +Sr(3He, d) ~Y previously.

0.00

0.38

0.79

0.98

Present
(2'+() C S

1.14

5.48

0.70

0.43

1-
2
9+
2

5-
2

E„

0.000

0.380

0.793

0.982

Maher et al
(2J&+&)C S

1.15

7.19

1.15

0.54

i-
2

g+
2

Coeffic ient

2a

10a2

2c2

2b
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TABLE yl u&2 ~J2 for 88Sr. A comparison of the 86S

(d, n) 7 and 6Sr(d, He) Rb analyses. For case c Com-
fort et al. divided the l = 1 transfers between the p3/2 and

p«2 orbitals and the l=3 transfers between the f, /, and

f7 /2 orbitals with bias given to the ps /2 and f, /2 orbitals,
respectively.

TABLE VII. A tabulation of relative spectroscopic
factors extracted from the present 'Sr(d, n) Y analysis
to the similar quantities extracted from 'Sr( He, d) 7
analysis. Absolute spectroscopic factors extracted from
the present analysis are also included.

&S/2
P g/2

P 3/2

Present
Qu, .'

0.55 0.09 0.64
0.57 0.36 0.93
0.11 0.65 0.76
0.12 0.78 0.90

0.11 0.66
0.41 0.98
0.75 0.86
0.90 1.02

Reanalyzed
Comfort et al. Comfort et al.

case c case c
VJ Ll~ +g) V~ g + U, 0.00

0,23
1.48

Relative values
Comfort and Schiffer

Q 2$ JYI

Present
CS J"

Absolute values
Present

E„C2S J"

1.00 4 0.00 0.82 4 0.00 0.58 4
0.85 5 0.234 0.83 5 0.23 0.49 5
1.00 9+ 1.478 1.00 9 1.48 0.58 9+

states were only weakly populated. Their contri-
bution would not greatly affect the present results.
There is qualitative agreement between the present
analysis and previous analyses"~ that the P, &, and

g, &, orbitals "Sr contain more proton particles
than in ' Sr. These particles seem to have been
removed from the f,&, orbital.

Sr(d pg) y

An even higher level density exists in "Y than in
"Ydue to the nonzero spin of the target. Spectro-
scopic factors could be extracted for only the lev-
els at 0.00, 0.23, and 1.48 MeV. Relative spectro-
scopic factors for these levels are compared to the
relative values extracted from 8'Sr(sHe, d)SSY24 in
Table VII. Spin values are taken from Ref. 24.
Comfort and Schiffer" normalized their spectro-
scopic factors to the 1.478-MeV state because their
target thickness was unknown. The results com-
pare well. Absolute spectroscopic factors are
presented in the last column of Table VII.

D. Ground state cpnfpguratipn pf Sr and Sr

The ground state configuration of Sr predicted
by Hughes is represented pictorially in Fig. 8. A

similar configuration with two additional neutron
holes would be expected for 'Sr. Hughes calcu-
lated the coefficients for Sr to be a =0.694, b
= 0.208, c' = 0.083, and d' = 0.015. These coeffi-
cients may be experimentally determined from the
spectroscopic strengths extracted from proton-
transf er reactions.

The proton stripping reactions indicate the ground
state configuration of "Y is (2p, &,)

' and the 0.91-
MeV state is (fg, &,) (2P, &,) '. The spectroscopic
strength of the ground state then is essentially 2a'
and that of the 0.91-MeV state is 10a'. The agree-
ment of a' extracted from these two states provides

0 9/2

~ 1/2
~3/2 X X

9 S 5/2f
- a 7/2—

88',

0 0
XX

0 0

XX+c— +d —""

FIG. 8. Pictorial representation of ground state con-
figuration of Sr.

a convenient check on the consistency of the analy-
sis.

The configurations of the 1.51- and 1.74-MeV
states are believed to be (2P, &2)

' and (1f,&,) ', re-
spectively. This implies that the spectroscopic
strength of the 1.51-MeV state is equal to 2 b' and
that of the 1.74-MeV state is equal to 2c'. No
(1f,&,)

' strength was observed, but this is not
surprising in view of the small magnitude of d'.
This configuration could well be represented by
one of the many weakly populated states between
1.74 and 3.71 MeV. These states carry such a
sma'1 fraction of the spectroscopic strength as to
have little effect on the values extracted for the
other coefficients. The "Sr(d, 'He)"Rb experi-
ments yield the same information in a similar
manner. '

The values of the coefficient extracted from the
various experiments are given in Table VIII. The
values of c' extracted from the ~BSr(d, 'He) experi-
ment of Ref. 5 are dependent upon the 1.58-MeV
state being 2 .

The present results indicate surprising agree-
ment between the two values of a' extracted from
the ground and first excited states. Also, the sum
of a, b', c is close to unity, indicating the ac-
curacy of the overall normalization. The sums of
the squares of the coefficients extracted from the
('He, d) experiments are significantly larger than
unity. The (d, 'He) results are in general a.gree-
ment with the stripping results.
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TABLE VIII. A summary of coefficients of the Sr ground state proton configuration ex-
tracted from various proton transfer reactions. The first line for each reference contains
the value for a extracted from the p&g2 ground state transfer in Y. The second line contains
the value for a extracted from the g&f2 transfer to the 0.91-MeV state in ~Y.

Un-nor mal ized
a2 b2 c2 Total

Renormalized
(~2+ b2 + c2 1)

Q b2 c2

(d, n)

Harrison and Hiebert
(3He, d)
Vourvopoulos et al.
(3He, d)
Picard and Bassini
(3He, d)
Harrison and Hiebert
(d, 3He)

Comfort et al.
(d, 3He)

Theory

0.14 0.18

0.39

0.22

0.11

0.65
0.65
0.80 0.25 0.20

0.92 0.19

0.90 0.270.88

0210.85

0.240.88

0.97
0.97
1.25
1.14
1.50
1.32
1.39
1.37
1.05
1.17

0.67
0.67
0.64
0.61
0.61
0.56
0.65
0.64
0.70
0.73

0 ~ 694

0.14

0.20
0.22
0.13
0.14
0.16
0.16
0.20
0.18

0.19

0.16
0.18
0.26
0.30
0.19
0.20
0.10
0.09

0.208 0.083

If the coefficients are renormalized so that the
sum of their squares is unity, the agreement
among the experiments and between the experiments
and theory is very good. The major difference is
that the experiments indicate more nearly equal
values for 5' and c' than does the theory.

Coefficients for the "Sr ground state proton con-
figuration are given in Table IX. They were ex-
tracted in the same manner as those of "Sr. No
state was observed in "Sr(d, 'He) which may be
definitely interpreted as arising from the (f,i,)
(p, &,)

' proton configuration. The most striking
effect of the neutron holes on the ground state con-
figuration of "Sr is the number of proton particles
from the f, i, orbital mixed into the p, &, and g, l,
orbitals manifested by the smaller values of a2 and

the much larger value of c' for Sr compared to
88Sr

E. T( states

All states observed in "Y above 3.71-Mev exci-
tation energy were populated by either l = 2 or ) = 0
transfers. These were the T& states resulting
from the admixing of the antianalog states with the
"core polarization" states. " Because of the in-
ability of the present experiment to distinguish be-
tween ~" and —,"states any thorough analysis of
these states was impossible. Under the assump-
tion that all l =2 transfers were d»„ the centroids
of the d, i, and s, i, orbitals are given in Table X.
These values are compared to those extracted
from Refs. 6 and 7. The energies of the corre-
sponding analog states and the energy differences
are also given. Although not all the spectroscopic
strength for each orbital was observed, the cen-

TABLE IX. A summary of coefficients of the ground state of Sr extracted from various
proton transfer reactions. The two values of a2 were extracted in a manner analogous to that
explained in Table VIII.

Un-normalized
Q b2 c2 Total

Renor maliz ed
a+b +c =1

Q b2 c 2

Present
(d n)
Maher et al.
(3He, d)
Comfort et aL

(d, 3I-Je)

0.57
0.55
0.58
0.72
0.51
0.58

0.22

0.27

0.26

0.35

0.58

1.14
1 ~ 12
1.45
1.57

0.50
0.49
0.41
0.46

0.19
0.20
0.18
0.17

0.31
0.31
0.41
0.37
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TABLE X. A comparison of the centroids of proton shell model orbitals determined in this
analysis and previous (3He, d} analyses. The excitation energies of the corresponding isobaric
analog states (IAS) and the energy difference between the centroids extracted in the present
analysis and the IAS are also included.

Present
(d, n)

Centroids (MeV)
Vourvopoulos et al.

(3He, d)
Picard- Bassani

('He, d) (MeV)
S& -Z&(d, n)

(MeV)

dg2
S&y2

4.65
5.40

4.91
5.76

4.49 12.07
13.07

7.42
7.67

troids should not change much as the remaining
strength is spread over many weakly populated
states.

The high level density of the T& states in "Y and
"Y made it impossible to extract the spectroscopic
factors of these states in the present experiment.
It is clear that the two neutron holes in "Y cause
considerable fractionation. of these states. The
high level density in "Y is due to the one neutron
hole and the odd-odd nature of the residual nucleus.
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