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Dipole-strength functions up to the neutron-separaticergies of theN=50 isotone$8Sr, 8%y
and®°Zr have been investigated in photon-scattering experisesing the bremsstrahlung fa-
cility at the superconducting electron accelerator ELBEthad Forschungszentrum Dresden-
Rossendorf. A measurement using polarised bremsstraliopigging on®8Sr revealed that
the 50 most intense resolved transitions with energiedgréaan 6 MeV in this nuclide except
for one areE1 transitions. Thesg1 transitions comprise about 63% of the total dipole stiengt
all ground-state transitions f¥Sr. The intensity distributions obtained from the meassyset-
tra after a correction for detector response and a sultraofiatomic background in the target
contain a continuum part in addition to the resolved peaktsirhs out that the dipole strength in
the resolved peaks amounts to about 40% of the total dipaegth while the continuum con-
tains about 60%. In order to estimate the distribution ofasic transitions and to correct the
ground-state transitions for their branching ratios wefqgrated simulations of-ray cascades.
The photoabsorption cross sections obtained in this wagexrsmoothly tdy,n) cross sections
and give novel information about the strength on the lowrgyéails of the Giant Dipole Res-
onances below the neutron-separation energies. In ak ikotones extra dipole strength with
respect to a parametrisation of the tail of the Giant Dipadsdhance with a Lorentz curve was
observed in the energy range from about 6 to about 12 MeV.&x¢tia strength may be an indica-
tion of a Pygmy Dipole Resonance in these nuclei. The expariad absorption cross sections are
compared with predictions of a Quasiparticle-Random-EWaproximation in a Woods-Saxon
basis. The calculations also predict extra strength.
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1. Introduction

The detailed understanding of the response of atomic ntacf#iotons has received increasing
attention in recent years. Information on the dipole stiierad the low-energy tail of the Giant
Dipole Resonance (GDR) is important for an estimate of tfecedf high temperatures during the
formation of heavy elements in the cosmos. In particulactien rates in the so-called p-process
are influenced by the behaviour of dipole-strength fundticose to the neutron-separation energy
[1]. This behaviour may be affected by excitations like thggmy Dipole Resonance (see, e.g.,
Refs. [2, 3, 4]).

So far, estimates of the dipole strength obtained from ¢tatioms within a Quasiparticle-
Random-Phase Approximation for spherical nuclei with angineenological implementation of
nuclear deformation have been used for astrophysical Ggtns [5, 6]. A systematic inves-
tigation of the dipole strength with varying nucleon nuntband, thus, varying properties like
deformation is mandatory for the improvement of models #Hratused for modelling processes
for the production of heavy elements in the cosmos. Diptileagth functions up to the neutron-
separation energies have been studied for only few nuclidegperiments with bremsstrahlung
(see, e.g., Ref. [7] and Refs. therein). The new bremssimghfiacility [8] at the superconducting
electron accelerator ELBE of the research centre DresaessdRdorf opens up the possibility to
study the dipole response of the stable nuclei with even itifeekt neutron-separation energies in
photon-scattering experiments.

In order to obtain information on the influence of nuclearpamies on the dipole response
we have studied chains of nuclides with varying neutron otgr numbers, respectively. In the
following, we describe especially the results of our expents on theN=50 isotone$eSr, 8%y
and®°Zr while results on the series of even-mass Mo isotopes fidvo to 1°®Mo are presented
in the contribution by G. Rusev to these proceedings.

2. Experimental Methods

The nuclides?®sr, 89y and °°Zr were studied in photon-scattering experiments at thersup
conducting electron accelerator ELBE of the research edhtesden-Rossendorf. Bremsstrahlung
was produced with electron beams of 9.0, 13.2, and 16.0 Ma¥tiki energy in the case 8%Sr,
9.5 and 13.2 MeV in the case 8tY and 7.6, 9.2 and 12.8 MeV in the case®8Zr. The average
currents were chosen between 308 and 600uA. The electron beams hit radiators consisting of
niobium foils of 2, 4 or 7um thickness. A 10 cm thick aluminium absorber was placedrukhi
the radiator in order to reduce the low-energy part of thensstrahlung spectrum. The collimated
photon beam impinged onto the photon-scattering targétavitux of several 1®MeV-1s1lina
spot of 38 mm diameter. The target had a diameter of about 2thronder to enable an irradiation
with a constant flux density over the target area. The tammisisted of 2731.8 mg &fSrCQ;
enriched to 99.9%, 3300 mg 8fY and 4054.2 mg of°ZrO, enriched to 97.7%, respectively.
The targets were combined with 339.5 mg'éB used for the determination of the photon flux.
Scattered photons were measured with four high-purity garam (HPGe) detectors of 100 %
efficiency relative to a 3 inx 3 in. Nal detector. All HPGe detectors were surrounded bg@sc
suppression shields made of bismuth germanate scirtillatetectors. Two HPGe detectors were
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Figure 1: Parts of a spectrum of photons scattered ff88r combined with'B during the irradiation with
bremsstrahlung produced by electrons of an energg8f= 13.2 MeV. This spectrum is the sum of the
spectra measured with the two detectors placed &t dddtive to the beam. The most dominant transitions
assigned t&8Sr are marked with their energies in keV. The drop of intgrasibund 11.5 MeV is related to
the opening of théy,n) channel.

placed vertically at 90relative to the photon-beam direction at a distance of 28rom the target.
The other two HPGe detectors were positioned in a horizgrigade and can be moved between
90 to the beam at a distance of 28 cm from the target and i®the beam at a distance of 32
cm from the target. The position at9allows us to measure azimuthal asymmetries ofytinay
intensities in an experiment with polarised photons whike position at 127allows us to deduce
angular distributions of thgrays. Absorbers of 3 mm Cu plus 3 or 8 mm Pb were placed in friont o
the detectors at 12#&vhile for the detectors at 9@bsorbers of 3mm Cu plus 8 or 13 mm Pb were
used in the experiments at about 7, 9 or 13 MeV kinetic elactreergy, respectively. A detailed
description of the bremsstrahlung facility is given in H8l.

Spectra of scattered photons were measured for 80 to 10(hk watious experiments. Parts
of a spectrum including photons scattered fr&fi8r, measured with the two detectors placed at
127 relative to the beam at an electron energy of 13.2 MeV, are/shio Fig. 1.

2.1 Detector response and photon flux

For the analysis of the spectra the relative efficiency ofdéectors and the relative photon
flux are needed. Especially for the determination of theldistrength function described in Sec.
3 the experimental spectrum has to be corrected for deteetponse, for the absolute efficiency
and the absolute photon flux, for background radiation, ancfomic processes induced by the
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Figure 2: Absolute efficiency of the two detectors at 22fieasured by usingfNa, °Co, 133Ba, and'3"Cs
calibration sources (filled red circles) and simulated wlia GEANT3 code (solid black line). In addition,
relative efficiencies deduced from°8Co source (open blue circles), from transitionsi8 (open green
triangles) and®0 (open magenta square) adjusted to the calculated cunesaslted in the text are given.
The drop of efficiency below 1 MeV is due to absorbers in frdrthe detectors.

impinging photons in the target material. The detectoraasp has been simulated by using the
program package GEANTS3 [9]. The absolute efficiency of the HHPGe detectors at 1270 the
beam calculated by using GEANTS3 is shown in Fig. 2. The aleaficiency was determined
experimentally up to 1332 keV from measurementg?fa, °°Co, 133Ba, and**’Cs calibration
sources. As shown in Fig. 2 experimental and simulated effces agree well. An uncalibrated
56Co source produced in-house using thge( p,n)°Co reaction was used to check the shape of
the simulated efficiency curve up to 3.5 MeV. The relativecedficy values obtained from tR&Co
source were adjusted to the calculated value at 1238 keVrarmbasistent with the curve at higher
energies (see Fig. 2).

The absolute photon flux was determined from intensitiesta@d&nown integrated scattering
cross section of transitions B which was combined with the respective target. For interpo
lation, the photon flux was calculated by using a code [10¢bam the approximation given in
Ref. [11] and including a screening correction accordin@éd. [12]. This flux was corrected for
absorption in the aluminium absorber placed behind theatadand was then adjusted to the ex-
perimental values as is shown in Fig. 3. Several approachtfsetcalculation of the photon flux
are discussed and compared with the flux derived from a memsunt of protons emitted during
the disintegration of deuterons in Ref. [8]. It was shown tha various approaches reproduce the
experiment well. Therefore, we used the calculated flux terd@ne the relative efficiency of the
detectors at the energies of transitions with known integracattering cross sections. This was
done for a measurement with 805 target. From the intensities of transitions!#B and1°0
and the calculated photon flux we deduced values for thawelafficiency which were adjusted
to the calculated value of the photon flux at 4444 keV and aogvshn Fig. 2. The values are in
good agreement with the calculated efficiency curve andepits\sshape up to 9 MeV.
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Figure 3: Absolute photon flux at the target deduced from intensitiesamsitions in''B (open green
triangles) using the calculated efficiency shown in Fig. & ealative photon flux calculated as described in
the text (solid black line).

2.2 Experiment with polarised photons

In order to determine the linear polarisationyofransitions in®Sr we performed a photon-
scattering experiment with polarised photons. Using tveershg magnets the electron beam was
deflected from the normal direction and then deflected back #hat it hits the radiator in the
center under a selected angle. As a consequence, an off@xign of the spatial distribution of
the photons, which is partly polarised, is transmitted dlgfothe fixed collimator. The deflection
angle for the production of polarised bremsstrahlung waseh asf) = myc?/Ee, the ratio of the
rest energy to the full energy of the electron, where a mamirdegree of polarisation is expected
[13]. The steering magnets were designed such that theaiebbeam can be deflected to four
azimuthal angles ap = 0°, 9C°, 180, and 270, thus defining four different planes of polarisation.
A cyclical use of these four directions enabled us to rednedrifluence of fluctuations of the beam
alignment and of uncertainties of e.g. the steerer adjussne

The degree of polarisation was measured via the photoeggiamiion of the deuteron. Predom-
inantE1 absorption above 4 MeV causes the emission of protonsrpreially in the direction of
the electric field vector of the polarised bremsstrahlurige degree of polarisation can be deduced
from azimuthal asymmetries of the intensities of the pretatiich were measured with four sili-
con detectors placed at polar angle®af 90° relative to the photon beam and at azimuthal angles
of ¢ =0°, 9C°, 180, and 270, respectively. A polyethylene film of an areal density of 4/ongf,
in which hydrogen is substituted by deuterium (CD2), wadus® a target. The CD2 film was
positioned parallel to the incident beam such that it waskesl by all four detectors under45
Further details of the setup are given in Ref. [8].

The present experiment was carried out at a kinetic elegnamgy of 16 MeV with a mea-
suring time of 200 h. The degree of polarisatiBphwas deduced from azimuthal asymmetries
P,Z(6) = (Npj —Np1)/(Npj +Np1), whereNy andNp, are the rates of protons resulting from
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Figure 4: Experimental asymmetrigd, — N, )/(Ny + N, ) of y rays in®Sr. The bands marked with
dashed lines indicate the degree of polarisation deduceddzimuthal asymmetries of the rates of protons
emitted from disintegrating deuterons (see text). The paitat marked-®0 belongs to a knowE?2 transition
arising from the oxygen in th&SrCQ; target.

the disintegration of deuterons and measured perpendioulparallel to the polarisation plane,
respectively, and(6) = [W(0,9 =0°) —W(0,0=90)] /W(0,¢0=0°)+W (6,9 =90)] is the
analyzing power which is close to unity at an emission anglé e- 90° and the chosen geom-
etry. Spectra measured with those detectors, which beltigetsame orientation relative to the
polarisation plane, were added up. The energies of thenmsatere rescaled to the energies of the
incident photons according ®, = E, + En + Eg, whereE, is the energy of the incident photon,
Ep =~ E, are the kinetic energies of the proton and neutron, resdytandEg = 2225 keV is the
binding energy of the deuteron.

Asymmetry values deduced for transition$#8r as(N,; — Ny )/(Ny; +Ny1), whereN,; and
N, are the rates of transitions observed parallel or perpendicular to thernzzton plane, re-
spectively, are depicted in Fig. 4. The values deduced fotrtnsitions at 6212, 6333, 7088, 7837,
and 8040 keV are consistent with those given in previous Wbtk The degree of polarisation de-
rived as described above is also shown. Except for the tramsit 6201 keV, all transitions above
6 MeV areE1 transitions. The transitions, which have been proveilagansitions, include 63%
of the total dipole strength found for all transitions in tlamge from 6 to 12 MeV.

3. Determination of the dipole-strength function

In order to deduce the correct dipole-strength functioalastic transitions have to be sorted
out and the ground-state transitions have to be correctethéir branching ratiod,. Since a
definite and complete assignment of branching transitionsatticular levels is not possible on
the basis of the present experiment, we will use statistigthods to estimate the contributions of
branching transitions and of the branching ratios of theigdestate transitions.
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Figure 5: Experimental spectrum 8PSr (corrected for room background and detector responsisiaru-
lated spectrum of atomic background (multiplied with effitty and measuring time).

In a first step spectra of the ambient background adjustduetmtensities of the 1460.5 keV
transition (decay of°K) and 2614.9 keV transition (decay #TI) in the in-beam spectrum were
subtracted from the measured spectra. It turned out thaditiens following(n, y) reactions in
the HPGe detectors and in surrounding materials are nblyligimall and thus, did not require
correction. In order to correct the spectra for detectoparse, spectra of monoenergegicays
were calculated in steps of 10 keV by using GEANT3. Startiognfthe high-energy end of the
experimental spectrum, the simulated spectra were stgtraequentially. The resulting spectrum
including the two detectors at 127or the case of8Sr is shown in Fig. 5.

The background produced by atomic processes in the target®btained from a GEANT3
simulation using the absolute photon flux deduced from ttensities of the transitions B (cf.
Fig. 3). The corresponding background spectrum fof#8e target, multiplied with the efficiency
curve shown in Fig. 2 and with the measuring time is also de@iin Fig. 5. As can be seen in
Fig. 5 the continuum in the spectrum of scattered photonle#&lg higher than the background by
atomic scattering. This continuum may be formed by a largaber of non-resolvable transitions
with small intensities which are a consequence of the irsinganuclear level density at high energy
and of Porter-Thomas fluctuations of the decay widths [1&jdnnection with the finite detector
resolution (e.gAE ~ 7 keV atE, ~ 9 MeV).

The relevant intensity of the resonantly scattered phataobtained from a subtraction of the
atomic background from the response-corrected experahepectrum. The remaining intensity
distribution includes the intensity contained in the reedlpeaks as well as the intensity of the “nu
clear” continuum. The scattering cross sectiops derived for energy bins of 0.2 MeV from the
full intensity distribution are shown in Fig. 6. These vase compared with those for resolved
transitions in®®Sr. One sees that the two curves have similar structureedanysthe prominent
peaks. However, the curve including also the continuumgfatie spectrum contains altogether a
strength that is by a factor of about 2.3 greater than thagtineof the resolved peaks only. In order
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Figure 6: Scattering cross sections #Sr, derived agy,, = yals/A, not corrected for branching and
averaged over energy binsff= 0.2 MeV, as derived from the difference of the experimespalctrum and
the atomic background shown in Fig. 5 (“peaks + cont.”, opleme lriangles) and from the resolved peaks
only (“peaks”, open red circles). In addition, the resultsobtracting the values of the peaks from the
spectrum that represent the continuum contribution, avevst{“cont.”, black filled boxes) are shown.

to illustrate the contribution of the continuum, the dieface of the two curves is also shown. In this
curve representing the continuum only, the peak structmresvashed out, thus proving that these
structures are caused by the resolved peaks. The full ityedistribution (resolved peaks and
continuum) and the corresponding scattering cross sectibawn in Fig. 6 contain ground-state
transitions and, in addition, branching transitions tododying excited states (inelastic transitions)
as well as transitions from those states to the ground stasedde transitions). The different types
of transitions cannot be clearly distinguished. Howewartlie determination of the photoabsorp-
tion cross section and the partial widihgthe intensities of the ground-state transitions are needed
Therefore, contributions of inelastic and cascade trmmsithave to be subtracted from the spectra.
We corrected the intensity distributions by simulatingay cascades [16] from the levels in the
whole energy range analogously to the strategy of the M@atde code DICEBOX [17]. In these
simulations, 1000 level schemes (nuclear realisatioms)irsg) from the ground state were created
with level densities derived from the experiment [18]. Welgghe statistical methods also for
the low-energy part of the level scheme instead of usingraxgatally known low-lying levels in
883r pecause this would require the knowledge of the partiedylevidths of all transitions pop-
ulating these fixed levels. Fluctuations of the nearegghimur-spacings were taken into account
according to the Wigner distribution (see, e.g., Ref. [19he partial widths of the transitions to
low-lying levels were assigned using a priori known stréniginctions forE1, M1, andE2 tran-
sitions. Fluctuations of the partial widths were treatedapplying the Porter-Thomas distribution
[15].

In the calculations, the recently published parametershBack-Shifted Fermi-Gas Model
obtained from fits to experimental level densities [18] wased. In the individual nuclear reali-
sations, the values of the parametandE; were varied within their uncertainties. We assumed
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equal level densities for states with positive and negatardies at the same spin. This assumption
has been recently justified by an investigation of level drxssin the energy range from 5 to 10
MeV by using the’°Zr(®Het) reaction [20].

For theE1, M1, andE2 photon strength functions Lorentzian parametrisatidtilq {vere
used. The parameters of the Lorentzian for Biestrength were determined from a fit ¢g, n)
data [22, 23, 24] in the energy range from 13 to 18 MeV. Theinbthparametersp andl™ are
consistent with the Thomas-Reiche-Kuhn sum rule [25] teguin Jool = 60NZ/A MeV mb.
The parameters for thed1 andE2 strengths were taken from global parametrisationsl bfspin-
flip resonances and?2 isoscalar resonances, respectively [26].

Spectra ofy-ray cascades were generated for groups of levels in 100 k&/ifb each of the
1000 nuclear realisations. For illustration, a mean irtgmstribution of 1000 nuclear realisations
including transitions depopulating levels in a 100 keV hiaumd 11 MeV is shown for the case
of 88Sr in Fig. 7 together with the distributions resulting fro ihdividual nuclear realisations,
which reflect the influence of fluctuations of level energied kevel widths. Since in the nuclear
realisations the levels were created randomly starting fite ground state instead of starting with
the known first excited state at 1.8 MeV, the distribution lué branching transitions continues
to the energy bin of the ground-state transitions. Thesetspeesemble qualitatively the ones
measured in an experiment #Zr using tagged photons [27]. Starting from the high-enengy of
the experimental spectrum, which contains ground-statesitions only, the simulated intensities
of the ground-state transitions were normalised to the raxemtal ones in the considered bin
and the intensity distribution of the branching transiiomas subtracted from the experimental
spectrum. Applying this procedure step-by-step for eadrgnbin moving towards the low-
energy end of the spectrum one obtains the intensity digioibb of the ground-state transitions.
Simultaneously, the branching ratik@ of the ground-state transitions are deduced for each energy
bin A. In an individual nuclear realisation, the branching rd#jds calculated as the ratio of the
sum of the intensities of the ground-state transitions fadhtevelsi to the total intensity of all
transitions depopulating all levelsn A to any low-lying levels including the ground state. From
dividing the summed intensities in a bin of the experimeimtdnsity distribution of the ground-
state transitions by the corresponding branching ratio pteio the absorption cross section for a
bin asay = o;,/bg. Finally, the absorption cross sections of each bin werainéd by averaging
over the values of the 1000 nuclear realisations. For therntaiaty of the absorption cross section
a 1o deviation from the mean has been taken. The mean distnbofithe calculated branching
ratiosbﬁ of 1000 nuclear realisations for the case®®®r is shown in Fig. 7 together with the
individual values of 10 nuclear realisations. The mean ¢imang ratio decreases from about 80%
for low-lying states, where only few possibilities for teaons to lower-lying states exist, to about
65% at the neutron-separation energy. Towards low energjyrhertainty obﬁ increases due to
level-spacing fluctuations and the decreasing level den3ite large fluctuations below about 6
MeV make these values useless.

4. Results

The photoabsorption cross sections deduced from the pregperiments fof8Sr are shown
in Fig. 8. Data of a previous experiment with monoenergekiotpns in the energy range from
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Figure 7: Left panel: Simulated intensity distribution of transit®depopulating levels in a 100 keV bin
around 11 MeV irfSr. The black line represents the mean distribution of 100flear realisations. The
red squares depict the intensities obtained in 10 indilidualear realisations. Right panel: Branching
ratios of ground-state transitions as obtained from theikitions ofy-ray cascades fé&®Sr. The black line
represents the mean distribution of 1000 nuclear readisati The red squares represent the values of 10
individual nuclear realisations.

8.6 to 12 MeV [28] are also shown. The present photon-saadtetata are compared with the
data of(y,n) experiments [22, 23]. The cross sections of thg) reaction are very small in the
considered energy range and were therefore neglected.

The photoabsorption cross sections obtained from the mrégey/) experiments after the
described correction are consistent with the cross sectbtained from the experiment with mo-
noenergetic photons. The comparison of the present daka(wih) data shows a smooth con-
nection between the data of the two different experimentms€quently, the prese(y,y') data
provide new information about the continuation of the dgstrength function below the threshold
of the (y, n) reaction.

The total photoabsorption cross sections have been dedhyceoimbining the preserty, y)
data, the(y, p) data and the€y,n) data. These total absorption cross sections’$8sr, 8% and
907y are shown in Figs. 9, 10 and 11, respectively. Note thattia obtained from the present
photon-scattering experiments &ty and °°Zr are preliminary. These data were combined with
the respectivey,n) data for®%Y [22] and for®°Zr [24]. The cross sections of thg, p) reactions
have been taken from Ref. [29] for the two nuclides. The drpamtal total cross sections are
compared with Lorentz curvegf = 16.8 MeV,I" = 4.0 MeV) fulfilling the Thomas-Reiche-Kuhn
sum rule. As can be seen in Figs. 9, 10 and 11 the experimentd sections include extra strength
with respect to the approximation of the GDR by a Lorentz eurnvthe energy range from about
6 to about 11 MeV. According to the measurement with poldrigeotons described in Sec. 2.2
we can assumgl character for this extra strength which amounts to aboubf%e Thomas-
Reiche-Kuhn sum rule and may be related to a Pygmy Dipole iem®. In order to compare
the experimental findings with theoretical predictions veedhperformed calculations within the
framework of the quasiparticle-random-phase approxionaf@RPA).

10
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Figure 8: Photoabsorption cross sections deduced from the preseturpbkcattering data f&fSr accord-
ing to oy = ayy/bg after correction for branching transitions (filled blackotés) in comparison with data
obtained from an experiment with monoenergetic photoner{dgue circles) [28] and with photoabsorpton
cross sections obtained frofp,n) experiments taken from Ref. [22] (open green triangles) Refl [23]

(open red squares).
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Figure 9: Total photoabsorption cross section $88r obtained by combining the presépty’) data and the
(y,n) data of Refs. [22, 23] (red circles). For thg n) data mean values of the data given in Refs. [22, 23]
have been used as those data disagree in the range betwaaehlla eV (cf. Fig. 8). The black line shows
a Lorentz distribution with parameters given in the texteThue line is the result of QRPA calculations,
where the discrete values were folded with a Lorentzian oftthW = 3.2 MeV.
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Figure 10: Total photoabsorption cross section fiy obtained by combining the presefy, y') data,
the (y,n) data of Ref. [22] and théy, p) data of Ref. [29] (red circles). The black line shows a Lozent

distribution with parameters given in the text. The bluelia the result of QRPA calculations, where the
discrete values were folded with a Lorentzian of a width 3.2 MeV.

100 ¢

g, (mb)

5 6 7 8 9 10 11 12 13 14 15 16 17 18
E, (MeV)

Figure 11: Total photoabsorption cross section f8Zr obtained by combining the presefyy) data,
the (y,n) data of Ref. [24] and théy, p) data of Ref. [29] (red circles). The black line shows a Lozent

distribution with parameters given in the text. The bluelia the result of QRPA calculations, where the
discrete values were folded with a Lorentzian of a width 3.2 MeV.
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5. QRPA calculations

The QRPA calculations used a Woods-Saxon basis, a sepaipble-plus-octupole interac-
tion and the nuclear selfconsistency approach [30]. Theiplescontamination of the calculated
E1 strength with spurious motion of the centre-of-mass ismetely removed by means of the
suppression method described in Ref. [31]. The relatiangth of the isovector part of the dipole-
plus-octupole interaction was adjusted such that it reyzed the position of the maximum of the
GDR. The model is described in detail in Ref. [32]. Similar ERcalculations were also per-
formed in our recent study of the magnetic-dipalé1) strength in Mo isotopes [33].

The photoabsorption cross sections calculateddsr, 8%y and °°Zr are compared with the
experimental data in Figs. 9, 10 and 11, respectively. Asbeaseen the calculations also predict
extra strength in addition to the approximation of the GDRallyorentz curve but underestimate
the experimental extra strength.

6. Summary

We have studied of dipole-strength functions of Mie 50 isotone$8Sr, 8% and °°Zr up to
the neutron-separation energies at the photon-scatti&aigy of the electron accelerator ELBE.
A measurement of linear polarisations of theays in88Sr by using polarised bremsstrahlung re-
veals that almost all transitions with energies greater thileV areE 1 transitions which comprise
about 63% of the total dipole strength of all ground-stad@gitions. A comparison of a measured
spectrum with the calculated atomic background shows thaitad0% of the total dipole strength
is located in resolved peaks and about 60% in a continuumopaine spectrum. In order to es-
timate intensities of branching transitions we performiedugations of statistical-ray cascades.
The absorption cross sections obtained after subtractimtemsities of branching transitions from
the experimental intensity distributions and correctibthe intensities of the ground-state transi-
tions for their branching ratios connect smoothly wign] data. We observed extra strength with
respect to a Lorentz parametrisation of the GDR in the enemgge from 6 to 11 MeV. QRPA cal-
culations predict also extra strength in this energy rangaibderestimate the experimental extra
strength.

This work was supported by the Deutsche Forschungsgenheifiamder contract DO466/1-2.
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