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The total cross section for the reaction Y(y,p) 'Sr has been measured; the existence of the
coherent T& state is clearly demonstrated. Using our (y,p) and the available (y,n) results, a strength
ratio of the T& to T& component S& /S& equal to 0.13—0.14 is obtained. By determining the cross
sections for various proton decay channels, the escape I' and spreading I' widths for the T& reso-
nance were deduced. The direct decay probability of the T& state has been found to be
I'/I =0.17+0.03.

I. INTRODUCTION

Because of the isovector character of the electric dipole
operator, both T& ——T and T& ——T+ 1 states can be ex-
cited by El photon absorption on a non-self-conjugate nu-
cleus (with ground state isospin T). For many years it has
generally been accepted that nearly the entire electric di-
pole strength in the giant dipole resonance (GDR) region
of such nuclei is shared among coherent states that pos-
sess either a T& or T& isospin quantum number. ' The
theoretical estimates of the strength ratio and energy
separation of both T( and T& dipole states, as given
by4, 5

S&

S&

E& —E& ——60 MeV,T+1

with

o(E)

Maison; this knowledge is essential for the quantitative
determination of the total T& strength from the present
measurement.

Experimentally, total T& strengths in Y have been es-
timated previously by means of (y, y') and (e,e'p) reac-
tions, '" which seem to be in agreement with the predic-
tion of expression (1). However, both results show a
broad T& resonance in contrast with a T& strength dis-
tribution consisting of several distinct peaks with a rather
narrow width, as was deduced from (p, yo) measurements
in the 3=90 mass region. " ' Theoretically, the T&
strength distribution in Y has been calculated within a
shell model framework ' since its ground state has a
very simple configuration consisting of a closed N=50
neutron shell and one proton in the 2@~&2 subshell.

The present work aims at the study of the T& giant di-
pole resonance in Y by means of the Y(y, p) Sr reac-
tion. It is our intention not only to conclusively prove the
existence —and to estimate the strength of the coherent
T& electric dipole state, but we also hope to shed some
light on the decay properties of this state.

II. EXPERIMENTAL PROCEDURE

seem to adequately describe the experimental data. Al-
though the energy location of the coherent T& state is
well determined over a wide mass region mainly by means
of (p, yo) reactions, ' the total T& strength is less well
known experimentally since it requires the knowledge of
both total (y, n) and (y, p) or the total photoabsorption
cross sections. On the other hand, an additional difficulty
arises in nonspherical nuclei, where deformation splitting
of the GDR may obscure the T& assignment of the ob-
served structure. Consequently, the T& strength deter-
mination is most reliable in spherical nuclei.

The simple features of the dipole resonance in the
quasispherical nucleus Y (with T = —", ) may make a dis-
tinct observation of the T& strength possible. Basically,
one coherent state underlies the T( GDR of this nu-
cleus ' such that the line shape of the T& cross section
can be described by a single Lorentzian. This single
Lorentz line behavior is most clearly observed in the (y, n)
experiments of Berman et al. and of Lepretre et al. ,

'

and in the photon scattering experiment of Arenhovel and

A natural Y foil with a thickness of 13.3 mg/cm was
irradiated with a breinsstrahlung photon beam from an
electron linear accelerator. Photoprotons were detected at
seven angles simultaneously, ranging from 37' to 143', by
means of uncooled 3 mm thick Si(Li) detectors. Further
details about the experimental arrangement can be found
in Ref. 16. Photoproton energy spectra were measured at
bremsstrahlung end point energies between 14 and 25
MeV, going up in 1 MeV steps.

Our technique of artificially constructing a pseu-
domonoenergetic photon spectrum by means of an alge-
braic sum of three suitably normalized bremsstrahlung
spectra with consecutive end point energies (as described
in Ref. 17) enables us to determine the integrated-over-
angles (y, p) cross sections for reaction processes leading
to various states (or groups of states) in the residual nu-
cleus Sr. Obviously the energy resolution of the ob-
tained results cannot be better than about 1 MeV. Howev-
er, since the first excited state in s Sr is located at 1.84
MeV the ground state cross section cr(y, po) can be direct-
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number, neutron decay from the T& state to residual
T ——,

' states is forbidden while, on the other hand, the al-
lowed n decay to T + —,

' states will be very much
suppressed by barrier effects as the high Coulomb dis-
placement energy b,EC (=12.4 MeV) locates the lowest
T + —,

' isobaric analog state in Y at an energy of about 8

MeV, which corresponds to a neutron separation energy
of 19.5 MeV in Y. Consequently, this selection rule to-
gether with the strong hindrance of T& proton emission
due to the Coulomb barrier, will make the (y, p) reaction a
favorable tool for the possible detection of the T& reso-
nance in Y. However, a distinct peak observed in the
photoproton cross section can only be thought of as ori-
ginating from the coherent T& state if both the derived
strength and the energy location are consistent with rela-
tions (1) and (2), respectively, and if simultaneously the
isospin selection rule holds, i.e., if the observed resonance
is relatively much more important in the (y, p) than in the
(y, n) channel.

FIG. 1. The data points show the experimentally determined
total Y(y, p) 'Sr cross section, while the full line represents the
sum of the two Lorentzians (shown as dashed lines) that were
fitted to the T& and T& coherent dipole states, respectively (the
parameters are listed in Table I). The dotted-dashed line is the
result of a statistical calculation using a Hauser-Feshbach for-
malism, representing the contribution to the statistical cross sec-
tion of low-energy photoprotons ( Tp Q4 MeV) that are lost in
the background region.

ly deduced, with a better energy resolution (=0.4 MeV)
from the experimental data. ' Due to the fact that in each
measured photoproton spectrum the background' extends
to a proton kinetic energy Tz-4 MeV, only protons could
be observed with a kinetic energy larger than this energy.
Consequently the artificially-generated proton spectrum
contains no protons with an energy lower than 4 MeV.

The integrated-over-angles total (y, p) cross section, de-
picted in Fig. 1, was then determined from the integral
over the proton energy of the artificially-generated pho-
toproton spectra. As is indicated by a Hauser-Feshbach
statistical calculation, the result of which is also shown in
Fig. 1, only a small fraction of photoprotons lost in the
background region contributes to the cross section in the
14—25 MeV energy region. As such, our derived (y, p)
cross section should approximate the total photoproton
cross section very well.

III. DISCUSSION OP RESULTS

The Y giant dipole resonance is located ' at
E& ——16.8 MeV, and as a consequence of relation (2), the
T& resonance should be expected around E& -21 MeV.
The decay scheme of this GDR is shown in Fig. 2 for
both the proton and the neutron channel. The isospin
selection rules are indicated by the squared isospin vector
coupling coefficients. If isospin is a conserved quantum

A. The total (y, p) cross section

From Fig. 1 it is observed that two clearly separated
resonances with comparable strength are presented in the
total (y, p) cross section. The lower component at
E=16.8 MeV coincides with the T& GDR detected in
(y, n) experiments (see Table I), while the other resonance
is located at 21.8 MeV, which is about the energy where
the T& state can be expected. For comparison the (y, n)
cross sections of Lepretre et al. ' and of Berman et al.
are shown in Fig. 3.

A single Lorentz line

(Er)o(E)=crp
(E E) +(Er)— (3)

fits the lower energy part of these (y, n) cross sections very
well, in contrast with the energy region above 19 MeV,
where a neutron excess above this line is clearly present.
Apparently this neutron excess coincides with the second
maximum around 21.8 MeV in the (y, p) channel. It is
striking that, if this excess cross section is attributed to a
T& character, it only represents a minor fraction of the
total neutron cross section as clearly distinct from the sit-
uation in the (y, p) channel. Such behavior, as suggested
by the isospin selection rules, stresses the identification of
the second maximum in the (y, p) cross section as being
the T& state; note that the infiuence of the b T= 1 quad-
rupole resonance on the cross section near 22 MeV can be
neglected because in Y it is located at 28 MeV and
possesses a much larger width, ' i.e., 7—10 MeV.

Although Lorentz lines (3) may not necessarily describe
the correct shape of the cross section components in the
(y, p) channel, for convenience we have fitted a sum of
two Lorentzians to the total (y, p) cross section. In this
fit, the width (I &

——4 MeV) and energy location
(E&

——16.8 MeV) of the lower resonance were fixed by the
(y, n) experimental data. The result is shown in Fig. 1,
while the derived parameters are presented in Table I.



1184 E. Van CAMP et al. 30

T 03/2

T 1/2

2T+1

2T+2

2T+2

hE-12.4 Mev /

a/

la)

10—

T- &/2

88y+n
39 I9

3.63

+3.22

i T'/2

11.5 QeV

88
t'+ p

38 50'
El(T() E1(T~)

7.07 MeV

89Y
39 50

T = T( -- 11/2

FIG. 2. The decay scheme of the T& and T& giant dipole resonances in Y.

As such, the strength

o-E m ~oj:
E '-2 E.

of the T& and T& resonances in the proton channel can
be determined in a straightforward way. However, in or-
der to deduce the total T& strength it is essential to know
what fraction of the (y, n) cross section is due to the decay
of the T& state. For this purpose it is assumed that the
single Lorentz line correctly describes the shape of the
T& resonance, even in the energy region around 21 MeV.
This assumption is plausible since, as was pointed out be-
fore, basically one T& dipole state is underlying the
CiDR '

Unfortunately there is no agreement as far as the mag-
nitude of the excess neutron cross section is concerned be-

tween the results of Liverrnore and of Saclay. ' Howev-
er, the existence of this excess is beyond doubt and in an
attempt to derive a meaningful result, a Lorentz line with
the same T& parameters (energy and width) as deduced
from our (y, p) experiment was fitted to this neutron ex-
cess. The result is also depicted in Fig. 3 by the dashed
lines, while the peak cross section values o.o are given in
Table I.

Due to the fact that the separation energy for the
(y, np) reaction equals about 18.2 MeV, no substantial
neutron-proton emission will occur below 22.5 MeV and,
consequently, by summing the (y, p) and the (y, n) results
nearly no double counting of the same decay process will
be present. Using the estimated cross sections (Table I)
for proton and neutron decay from the T& state, one ar-
rives at a strength ratio S& jS&

——0.14+0.02 or 0.13+0.02
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TABLE I. Lorentz-line parameters for the T& and T& giant dipole resonances in Y.

(y, n):

(y, n):

(y, y'):

(y, p):

(y, p):

Experiment

Herman et al.
(Ref. 9)
Lepretre et al.
(Ref. 10)
Arenhovel
and Maison
(Ref. 8)
Shoda et al.
(Ref. 11)
This experiment

Resonance
energy

Eg (MeV)

16.79+0.04

16.7 +0.05

16.4

(16.7)
16.8 +0.3

T&

Peak
cross

section
o.p (mb)

185 +5

225 + 10

210

17.3
19.8+1.5
20.8+ 1.5

Width
I (MeV)

3.95+0.06

4.1 +0. 1

3.95

4.0 +0.3

Resonance
energy

Eg (MeV)

21.5+0.2

(21.6)
21.8+0.3

T&

Peak
cross

section
~, (mb)

18 +2'

23 +2'

17.3
16.3+1.5
18.3+ 1.5"

Width
I (MeV)

4+0.3

4+0.5

'Estimated in the present analysis by fitting a Lorentz line to the excess neutron cross section.
Estimated (y, p) cross section taking into account the low-energy photoprotons lost in the background.

depending on whether the results of Herman et al. or of
Lepretre et al. ,

' respectively, have been used. This value
has to be compared to S& /S &

——0.10 as determined by re-
lation (1), These various strength ratios are summarized

250

200

150

in Table II. At this point it may be concluded that the
second maximum in the total photoproton cross section
actually represents the T& collective dipole state and that
both the (y, p) and (y, n) T& strengths can be deduced
with reasonable accuracy.

Our total (y, p) cross section is comparable in magni-
tude with the results obtained in an (e,e'p) experiment per-
formed at 90' by Shoda et al. " This 90' differential cross
section was converted to a total (y, p) cross section (shown
in Fig. 4) using the angular distribution for the same reac-
tion in Zr. Although reasonably good agreement with
the present data is observed, at the high-energy side the
(e,e'p) cross section seems to reach a constant value; con-
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FIG. 3. The data points represent the experimentally deter-
mined Y(y,xn) cross section as determined by Lepretre et al.
(Ref. 10) and by Berman et al. (Ref. 9). The full hne shows a
fit of one Lorentzian to the main peak ( T& ) in the cross section,
while the dashed line is the result of a fit of a second Lorentz
line (T& ) to the excess neutron cross section, using the same
T& parameters (energy and width) as deduced from Fig. 1 (see
also Table I).
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FIG. 4. Comparison of our total Y(y, p) cross section data
(closed circles) with the results obtained in an (e,e'p) experiment
by Shoda et al. (Ref. 11) (open circles).
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TABLE II. The strength ratio S&/S& for the T& to T& GDRin Y.

Source S& /S&

Theory (Ref. 4)
(y, y') (Ref. 8)
(y, p) (Ref. 11)
This experiment+ (y, n) (Ref. 10)

+ (y, n) (Ref. 9)

0.10
0.10
0.12b

0.12+0.02 0.13+0.02'
0.13+0.02 0.14+0.02'

'. Using our data from Table I, taking into account the low-energy photoprotons lost in the background.
Using the (y, n) data from Ref. 10.

sequently, the width of the T & resonance could not be de-
duced from these data. The reason for this unexpected
behavior should perhaps be sought in the yield curve un-
folding technique used in the (e,e'p) analysis.

The energy location of the T& resonance as calculated
by Vergados and Kuo and by Hughes and Fallieros, ' us-
ing a shell model approach, agrees fairly well with the
present data. The latter calculation shows that (for each
J) the one coherent T& state, obtained in a scheinatic
model, is fraginented over many states —even nondoorway
ones~ue to the residual interaction. As such, the broad
T& resonance observed in our (y, p) experiment can be in-
terpreted as being caused by a coherent T& doorway state
that is spread over more complicated states which may be
detected as intermediate structure in (p, yo) cross sections
performed with better energy resolution.

mentally' and theoretically. By means of the
9Y(d, He)ssSr pickup reaction' only five proton-hole

states (referring to the Y ground state) have been identi-
fied, all located below 4 MeV; these are also depicted in
Fig. 2. The other four known excited states in Sr below
4 MeV have a more complicated structure, while above 4
MeV the level density and the complexity of the states in-

I I I I I I I I I I I I I

)5—
Y(

saw v

B. Cross sections for the identified proton-hole channels

The residual nucleus Sr has a simple structure and its
excited states have extensively been studied both experi-
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FIG. 5. The points with error bars show our experimentally
determined total 9Y(y, po) cross section, while the dashed lines
represent the fitted T& and T& Lorentzians using the parame-
ters (Eq, P listed in Table I. The dotted-dashed line is the re-
sult of a statistical (y, po) calculation using a Hauser-Feshbach
formalism. The full line shows the sum of those three com-
ponents.

I ~'~ ~ t ~.1 I I I I I I

)3 15 ]7 ]9 21 23 25
EXClTATlON ENERGY ) MeV)

FIG. 6. The data points represent our experimentally deter-
mined Y(y, pi) and (y, p34M, ~) cross sections for the pho-
toproton decay to the first excited state and to the group of ex-
cited states around 3.4 MeV in the residual nucleus 'Sr. The
dashed lines show the fitted T& and T& 'components using the
parameters (E~,I ) from Table I. The dotted-dashed line is the
result of a statistical (y, pi) and (y, p3 4 M Q) calculation using a
Hauser-Feshbach formalism. The full line depicts the sum of
both Lorentzians.
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X
E —E —~E+—'(ri+ r')

2

(D IH, Ia)

when only one doorway state
I
D ) is considered. The dis-

torted state IX,' ') in channel i leads to the plane wave

I
b ) describing the final state of the residual nucleus and

1

creases. Direct decay of the coherent lp-lh doorway
states leads to the simple hole states in Sr, while the
nondirect decay leads to the more complicated residual
states.

As the proton-hole states in Sr are well separated in
energy, it was possible to identify decay to these states in
the photoproton spectra that correspond to a pseu-
domonoenergetic photon flux three proton-hole chan-
nels were separated, i.e., the ground and the first excited
state channel and the one leading to the group of three
states around 3.4 MeV. The corresponding cross sec-
tions' ' are shown in Figs. S and 6. These cross sections
reach their maximum at an energy where the T& reso-
nance is located. Their direct decay nature is stressed by a
Hauser-Feshbach calculation which shows a negligible
statistical decay contribution to these hole states (see Figs.
5 and 6).

In first order of the electromagnetic interaction Hr and
in the doorway state approximation, the transition ampli-
tude for photonuclear reactions is given by '

& b
I
T

I

a &
= &&' '

I Hy I
a &+ & &' '

I
V

I
D &

the relative motion of the outgoing proton. The quantity
V signifies the residual interaction, which couples the
doorway state

I
D ) with the continuum.

This residual state, contained in
I XI '), can be either a

simple proton-hole state or a complicated state. In the
latter ease the first matrix element in (4) which describes
the direct knockout photonuclear reaction vanishes due to
the doorway hypothesis, which states that no complicated
states can be directly excited by means of the one-body
operator Hz. The transition amplitude then describes a
complicated nondirect decay process. However, the reso-
nance term dominates even for the proton-hole channels
so that, in first approximation, the direct knockout term
can be neglected.

In general, the escape (I ') and the spreading (I ")
widths, as well as the energy shift b,E with respect to the
unperturbed doorway, are energy dependent. For medium
and heavy nuclei this energy dependence generates the
strength function (constant width I" and resonance energy
Ez ) of the dipole state:

S (E)——1 1

r2
2E 4

This phenomenologically obtained strength distribution
leads to the familiar Lorentz line shape (3) which de-
scribes the GDR.

Keeping this in mind, the differential cross section for
channel i can be written as

d~ «)=
~

—2 I
&&' 'I VID& I' '

' 1/2I
4

I
(D IHr Ia)

I p (E),
E —Eg

2E 4

(5)

wherein p;(E) and P represent the final state density and the incoming photon flux, respectively. The summation symbol
takes into account the averaging over the polarizations in the initial state and the summation over the final state polari-
zations. /

Introducing the Lorentz-shaped total absorption cross section o(E), the angle-integrated cross section in channel i be-
comes:

ot(E)=2m g I
(Sl;JT

I
V ID) I

p;(E) — (T t;;T3;t3; I
T T3)

SI r (6)

wherein the last factor (in between angular brackets) signifies the isospin vector coupling coefficient. The final state vec-
tor is now written in the channel spin (S) representation and is coupled to the angular momentum J and the isospin T of
the dipole state.

For direct decay to a proton-hole state, the expression

r,'=2 g I
(sl;JT

I
vID) I'p;(E)(T;t;;T;t;IT T &'

S1

represents the escape width of the dipole state
I
D) for

channel i.
In the case when two doorway states (the T& and the

T& coherent dipole states) dominate the cross section, the

conservation of isospin prevents the coupling between
these two primary doorways such that no interference be-
tween these two takes place in the integrated-over-angles
cross section, which is then given by summing (6) over the
two isospins.

Although the shape of the cross section (6) for the
proton-hole channels is not exactly described by a
Lorentzian, the fact that the total (y, p) cross section can
be successfully fitted by such lines inclines us to approxi-
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TABLE III. The deduced peak values of the T& and T& resonances, identified in the Y(y, po),
(y, p&), and (y, p3 4 M v) decay channels. P (E) denotes the mean transmission coefficient, while RI sig-
nifies the ratio of the coupling matrix elements.

Channel i

r, po

g~p1
psp3. 4 Mev

Separation
energy

Q

(MeV)

7.07
8.91

10.5

Peak
cross

section
~OI( &)

3.7+0.3
4.3+0.2

12.2+0.4

Peak
cross

section
~OI( & )

(mb)

0.5+0.1

1.4+0. 15
4.4+0.3

S&

S& I

0.10%0.03
0.25 +0.04
0.28+0.04

P(E )

P(E )

1.1
1.45
2.0

7.5+3
12.8+4
10 +3

mate all individual cross sections (Figs. 5 and 6) by the
same Lorentz line shapes (3). The escape widths (7) are
then forced to be energy independent and they can be
determined using (6) from the following expression:

C7p

wherein oo; and oo 'represent the peak values of the cross
section in channel i and in the total dipole photoabsorp-
tion cross section, respectively. The various oo; values for
the three measured direct decay channels were obtained
explicitly by fitting a sum of two Lorentzians to the cross
sections, but keeping the values for the energies and
widths equal to those deduced in the fit to the total (y, p)
cross section. The parameters are presented in Table III
while the fitted curves are shown in Figs. 5 and 6. It is
immediately observed that the T& resonance also con-
tains a direct decay component in the photoproton chan-
nel.

Except for the (y, po) reaction, the derived strength ra-
tios (S&/S&); for the three direct channels (Table III)
differ significantly from S&/S& as given in Table II.
Their relation can be obtained from (6)

1 P«)) si(S /S );= 2T+1 P(E,),. gV,.'(T, )
S1

' 1/2'E.—g,
' r, s,

X E( —Q; I ) S(

wherein the mean (averaged over the orbital angular
momentum I} transmission factors P(E) are lifted out of
the coupling matrix elements. The quantity Q; represents
the separation energy for channel i. From this expression,
the ratio

R;= g V~~(T) )/ g V~~(T()
S1 S1

of the coupling matrix elements connecting the T& or
T& dipole state with the proton continuum can be derived
for the various channels (Table III). The results reflect a
stronger coupling of the T& state with the proton contin-
uum than is the case for the T& state.

Since isospin is conserved in a direct decay process, the

C. The statistical (y, p) cross section

The cross section, shown in Fig. 7, for the reactions
populating the densely spaced states above 4.5 MeV in

Sr was also derived in our Y(y, p) experiment. ' Due
to the complicated structure of these residual states, the
decay mechanism for these processes has to be nondirect,
and since preequilibrium decay is expected to be small in
this energy region, a statistical mechanism is most like-

TABLE IV. The respective decay widths of the T& and T&
giant dipole resonances in Y.

r,'
GDR (MeV) (MeV)

I.t I l

(Mev) (MeV)
r

(MeV)

0.35
0.70

0.80 (Ref. 23)
Negligible

1.15
0.70

2.85
3.30

4.0
4.0

only allowed direct neutron decay of the T& state leads to
the T+ —,

'
analog states in Y that are located above 19.5

MeV excitation energy. As such, direct T& neutron de-
cay will be negligible. On the other hand, the nonstatisti-
cal T & neutron decay width has recently been published
and, as nearly no preequilibrium decay in the GDR of Y
is to be expected, this width represents the neutron es-
cape width I „'. Now, since the total (Table I) and the
direct decay (Table III) cross sections have been deter-
mined for both the T& and the T& resonances, the
respective decay widths can be calculated using expression
(8). The resulting values are listed in Table IV; their mag-
nitudes were corrected for a small fraction of undetected
protons lost ip the background region.

Although one might have expected that I'(T & } should
be appreciably smaller than I'(T& ), due to the fact that
the T& 2p-2h state density is smaller, it turns out that the
spreading widths have about the same magnitude. How-
ever, the main result of this section is that the T& state
predominantly decays by spreading, i.e.,

r'(T ) =0.83+0.03I' T)
while the direct decay only represents a minor fraction

r'(T, ) =0.17+0.03 .
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(y,n) cross section should be found in these channels. As
a consequence, nearly the entire T& neutron decay must
be caused by an isospin mixing mechanism and the fol-
lowing picture for the decay of the T& resonance
emerges. In the course of time, most of the coherent lp-
1h T) strength is dampened into more and more compli-
cated degrees of freedom dominated by isospin conserva-
tion. When the compound state level of complexity is
reached, isospin symmetry breaking forces cause the de-

cay of T& compound states into T& compound states.
These latter states essentially generate the statistical neu-
tron contribution to the T& channel, while the remaining
part of the T& compound states almost exclusively de-
cays in the photoproton channel in a statistical way.

0
15 16 17
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FIG. 7. The data points show the experimental
Y(y, p&45M, v) cross section for photoproton decay to states

above 4.5 MeV in the residual nucleus Sr. The full line
represents the result of a Hauser-Feshbach calculation of the
statistical (y, p) part to this cross section, taking into account
that only photoprotons with Tp) 4 MeV are detected. In the
calculation it is assumed that both peaks in the total (y, p) cross
section have a T& character.

ly. As distinct from the direct decay cross sections (Figs.
5 and 6), it is evident that this statistical cross section
reaches its maximum at the energy of the T& resonance,
while on the other hand nearly no cross section is ob-
served in the T( region. In order to demonstrate once
more the T& nature of the second maximum in the total
(y, p) cross section, the statistical (y, p) contribution to the
cross section was calculated using a Hauser-Feshbach for-
malism, in the assumption that the two observed reso-
nances have a T& character. The result, plotted in Fig. 7,
is clearly inconsistent with the experimental data.

In Sec. III B it was concluded that the neutron decay of
the T& state has a statistical origin. Due to the high
separation energy (=19.5 MeV) for the isospin-allowed
neutron channels, only a very small fraction of the T&

IV. CONCLUSION

In the measured total Y(y, p) sSr reaction cross sec-
tion, two distinct maxima are observed which have been
identified as originating from the T& and T& coherent
dipole states. Using existing (y, n) results, the absolute
T& strehgth could be derived and was found to be in
good agreement with the estimate of Fallieros and
Goulard.

Since the cross sections for various specific reaction
channels were also determined, we were able to separate
the direct decay from the statistical decay of the T& state
in the proton channel. Again using (y, n) data, both the
escape I' and the spreading I' widths could be deduced.
These results demonstrate the small direct decay probabil-
ity I'/I =0.17+0.03 for the T& dipole state. As a final
conclusion we observe that the T& strength detected in
the photoneutron channel is almost entirely due to isospin
mixing generated at the underlying compound state level
of the T& resonance.
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