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1. Introduction

Among the collective modes of nuclei the electric dip(l) excitation has the special prop-
erty that most of its strength is concentrated in the ismre@iant Dipole Resonance (GDR).
Macroscopically this strong resonance is described asratioh of the charged (proton) matter
in the nucleus against the neutral matter (neutrons) [1]).2,t3s a long standing question of
nuclear physics to specify how much of tBd strength is still present at energies far below the
GDR maximum. Theoretically it has been shown [4] that it istified to describe the GDR by
a Lorentzian also below the particle emission thresholdsreHt is important that the contribu-
tion of particle emission, i.e. the escape widths, to thalteidth of the GDR is negligible [5].
Various experimental attempts to clarify this questionHeavier nuclei have led to conflicting re-
sults. Neutron capture experiments often have indicateovarshoot of the Lorentzian over the
observedEl strength at the low energy tail of the GDR [6]. On the basitheke data theoret-
ical explanations have been proposed [7] to explain themiffces which include the posit of a
strong energy dependence of the GDR width. Photon-saajtesiperiments on the other hand are
in some cases in reasonable agreement with the Lorentzieapetation [8, 9]. Since even extra
strength was identified [10] the extra identifier “pygmy megoce” was invented [11, 12]. As in
the last years significant progress has been made in the fipltbton-induced nuclear excitations
new experimental attempts to clarify the situation are yustified.

The measurement of the photoabsorption cross segti@t energies close to the neutron sep-
aration energy is faced with the following problems: Beltw heutron threshold;, can be mea-
sured viay rays emitted after photoexcitation. However, the incregslensity of nuclear states
towards the threshold leads to complex deexcitation pettérat include not only the deexcitation
to the ground state but also to many intermediate statescd;l¢me intensities of the ground-state
transitions drop rapidly towards high excitation energidsle many branching transitions to in-
termediate states appear in the low- and medium-energyopé#re y-ray spectrum. Because the
assignment of the several hundred transitions observedpeetrum to certain states is practically
impossible, the determination of the dipole-strengthritlistion at high energies requires an ap-
propriate method to correct for their impact on the data. v&bthe {/,n) thresholdo, has been
measured by detecting neutrons following photoabsordti@h Apparently, the absorption cross
section closely above the threshold for neutron emissiemiall and accurate data are difficult to
obtain for these energies [14]. The theoretical predictibthe distribution of the dipole strength
around the neutron threshold is also a highly challengisk.tA fair description of the qualitative
features of the GDR has been achieved by empirical and neigpiss models. However, the quan-
titative calculation of the width, in particular the spraagpart, is missing such that extrapolations
of the GDR distributions towards lower energies are noabddi. Summarising we feel the lack of
both nuclear data and nuclear theory impact for a betterigired of the photo cross section in the
critical threshold region.

In this paper we present results of photon-scattering @xgeits in the energy region from 4
MeV to the neutron emission thresholds for the sequencableseven-mass molybdenum isotopes
with mass numbers fromA = 92 to 100, performed at the superconducting electron aetete
ELBE of the Forschungszentrum Dresden-Rossendorf. Fdiriidime photon-scattering spectra
are corrected with respect to branching and feeding tiansiby applying statistical methods. In
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this way, we obtain information about the behaviour of thetpabsorption cross section in the re-
gion below the neutron-separation energy and, thus, abelbt-energy tail of the GDR. We com-

pare the experimental findings with predictions of a Quatija-Random-Phase-Approximation

(QRPA) in a deformed basis and show the influence of the nuskegpe on the behaviour of the
photoabsorption cross section.

2. Experimental Considerations

2.1 Photon scattering

In photon scattering, a level in a stable nucleus is popdlatethe resonant absorption of a
real photon. The level can deexcite to the ground state cormesntermediate levels by-ray
transitions. The process of photon scattering is callediddudrkesonance-Fluorescence (NRF)
[15, 16]. The probability to excite a level with spig from the ground-state with spily is given
by the photoabsorption cross section intedgadver the resonandg:

- 2
In :/o 0,(E)dE = % <’;ﬁ—:> N 2.1)
whereEg is the energy of the populated level with angular momenigiendr g is the partial width
of the ground-state transition. Because of the low momerttansfer in photon-scattering mainly
levels with spinlg satisfying the conditionJy — 1| < Jr < Jo+ 1 are excited.

In the case of non-overlapping resonances, NRF is desctib@doceed via a compound-
nucleus reaction with uncorrelated channklsharacterised by the partial widths. The photon-
scattering cross sectian,s representing the process of excitation of a ld#ghnd deexcitation to

a levelE; is expressed as:

i
oyt (Er) = UV(ER)?7
where all partial widths contribute to the total level widith= 5 I'¢. In integral form, Eq. (2.2) can
be written as:

(2.2)
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wherels is the scattering cross section integral for the leRednd I ¢ is the partial width for
a transition fromR to a level f. The case off = 0 corresponds to elastic scattering, i.e. the
deexcitation transition is the one to the ground state. Treesponding elastic scattering cross
section is labelledr,,. The determination of o from Is for a levelR excited by absorption of a
photon from the ground state requires the identificationlldfansitions deexciting the levét in
order to calculate the branching ratios/I" (cf. Eq. (2.3)). The intensity,(Ey, 6) of a considered
ground-state transition &, = Er measured at an angirelative to the incident photon beam is

expressed as:

AQ
whereW(0) is the angular correlation function of this transitiohQ in the solid angle under
which the detector views the sampte(ER) is the absolute photon flux &g, £(E,) the absolute

full-energy-peak efficiency and,; the number of atoms in the sample.
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In our photon-scattering experiments we used bremsstrghtwoduced by deceleration of
electrons in a thin metallic foil (radiator) which allows amcitation of many levels in a wide
energy range. If the electron energy is high enough abovetaylar level, the NRF experiments
with bremsstrahlung lead to the possibility of the popuolatof a level by a branching transition
from a higher lying level. Such feeding increases the intgmd the ground-state transition of the
considered resonanée The intensity of the ground-state transition becomes arpagition of the
rate of elastic scattering and the intensity of the feediagditions tdR. The cross section integral
Is. + deduced for this case can be expressed in a more generalf$orm a

| :/o E)dE-+ /G-E—dE:
i [ onErEL S [“ou(E)

|
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where summation over> R means that the enerdy of a level which feeds the considered reso-
nanceRis higher than energir of this resonance. Quantiti€, ', andrk are the total width of
the levelE;, its ground-state width and the partial decay width to tivell&, respectively. Taking
into account the elastic and inelastic photon scatterimgjritensity of the ground-state transition
deexciting the resonanéecan be obtained from Eq. (2.4) by substitution pivith the expression
given in Eq. (2.5).

It is evident that the correct determination of the scaitgiintegral from photon-scattering
experiments with bremsstrahlung requires a correctioritferintensity of the feeding transitions
and for the branching ratiby /T .

The radiative strength functions characterise the exoitand deexcitatiory-ray transitions
in the nucleus. The strength function is defined as averatieed transition width, see, e.g., Ref.
[11]. In general, two types of strength function are distisped: (i) the “downward” strength
function ?XL (Ey) related to the deexcitation transitions:

fxi (By) = E;(ZLH) 7<riXLE()Ey)> ; (2.6)

D(E) 2% +1 /mhc\2_ TLT
E) 2 <?‘> r'oF??O7 (2.5)

and (ii) the “upward” strength functiorﬁXL (Ey) related to the excitation of the levels from the
ground state, i.e. depending only on thewidths:

P - r3-(E

fx. (Ey) =E, QLH)M’ (2.7)
wherel *L(E,) is the partial width for a transition to leveki = 0 is the ground state) of typ,
multipolarity L and energyE,. D is the average spacing of the levels near the excited resenan
Er. In the case of photon scattering, radiation with multipigfaL > 1 contributes only weakly
to the absorption of photons, such tHag (E,) =fu; (Ey)+ fgq (Ey) +E7 fuz (Ey) +EF feo
(Ey)+ ... z?l (Ey). According to Eq. (2.1), the “upward” dipole-strength ftioo can be related
to the average photoabsorption cross sectm:

? ( )_ 2h+1 <O'V(ER)>
LAY ™ 20k + 1 (mhc)2ER”

Note that for the excitatiokr = E,.

(2.8)
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2.2 Simulations of y-ray cascades

In photon-scattering experiments, a fraction of the obegbpwrays results from ground-state
transitions. The ratio of the intensities of the groundesteansitions to that of branching transitions
decreases with increasing excitation energy because dathge number of intermediate levels
available from the deexcitation of the initial one. The deti@ation of the branching transitions
becomes increasingly difficult at high-(4 MeV) energy. Therefore, we apply statistical methods
to estimate the intensities of the branching transitiofetive to the ground-state transitions.

We developed a Monte Carlo code for the simulationyofy cascades analogously to the
strategy of the code DICEBOX [17]. The nucleus is modelle@Imyclear realisation consisting of
() a level scheme including levels with spin= 0, 1, and 2 and (ii) an assignment of partial decay
widths forE1, M1 or E2 transition depopulating every level.

The level density is calculated according to the back-stiiffermi gas model. The level-
density parametex and the back-shift enerdy; are taken from the systematics presented in Ref.
[18]. The densities of levels with positive parity and witbgative parity are assumed to be equal
according to Ref. [19]. The Wigner distribution (see, eRef. [20]) is used for the fluctuation of
the nearest-neighbour spacings of levels with the sameisgirder to include the effect of level
repulsion. Optionally in the program, the level density barcalculated in the constant temperature
approximation.

A priori strength functions foE1, M1 andE2 transitions are used to calculate the average
decay widths of the levels. The strength function forEietransitions is derived form a parametri-
sation of the Giant Dipole Resonance for triaxialy deformedlei presented in the contribution
by E. Grosse to these proceedings. The strength functiol fotransitions is taken from QRPA
calculations in a deformed basis for the stable even-massdfapes [21]. The QRPA calculations
reproduce the scissors mode and the spinMlipresonance in the Mo isotopes but with strength
smaller than the measured one. We normalise the calculdfestrength to the measured one in
the excitation range up to 4 MeV. It was shown from data froro-step cascades following the
thermal neutron capture 2Dy [22, 23] that the scissors mode and #é& spin-flip resonance
are built not only in the ground state but also on excitedestaicluding the levels in the quasi-
continuum in accordance with the Brink hypothesis. Thengiife function forE2 transitions is
taken from a global parametrisation of tB2 Isoscalar Giant Resonance provided by RIPL [24].
The Porter-Thomas distribution [25] is used for the fludthrad of the partial decay widths of the
levels around the average obtained from the strength famcti

The simulation of the-ray cascades starts with the excitation of a level with dpinl accord-
ing to the photoabsorption cross section (cf. Eq. (2.1)) dibexcitation of the level is governed
by the branching ratios for decay to the ground state or toieymediate level calculated from
the partial decay widthBs =T ¢ /I". If the decay is not to the ground state then the populated-int
mediate level is considered as an excited level and a newiticanis performed until the ground
state is reached. The code provides the energy, the spinaaity @f the initial and the final level
as well as the multipole order of the transition. Since onelear realisation does not represent
completely the properties of the nucleus, but is only a sapthke cascade simulations have to run
for many nuclear realisations. The simulations presemeitiis paper were performed for 1000
nuclear realisations.
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Figure 1: Spectra of photons scattered fréd&Mo, **Mo, %Mo, %Mo and1°Mo at 127 relative to the
incident beam. The measurements were performed at ideatiparimental conditions and an electron-
beam energy of 13.2 MeV. Strongest peaks labelled with * i@ the calibration standafdB. The peaks
labelled with + are fromr, y) reaction or/3Ge. The spectrum of the incident photon beam is shown on the
bottom right figure. It is normalised to the flux deduced freamsitions int!B.

3. Experimental Results

The present paper reports on photon-scattering experinfienthe stable even-mass molyb-
denum isotope€2Mo, %Mo, *Mo, 8Mo and1°°Mo carried out at the bremsstrahlung facility at
the superconducting electron accelerator ELBE of the orsgszentrum Dresden-Rossendorf.
Bremsstrahlung was produced by electrons hittinguar? (3.4 mg/cm) thick Nb radiator. A nar-
row photon beam is formed by an Al collimator with a length & tn and an opening angle of
5 mrad. An absorber made of a 10 cm long Al cylinder betweerrddetor and the collimator
attenuates the intense low energy part of the bremsstrgisipectrum. The photon beam irradiates
the target shaped as a disk with a diameter of 2 cm. For bagkdroeduction, the target was
placed in an evacuated polyethylene tube and the photon beanabsorbed in a well shielded
photon-beam dump after passing the target. The photon®ezhfrom the target were registered
in four high-purity Ge detectors (HPGe) with an efficiencyl6f % relative to a 3 inx 3 in. Nal
detector. In order to determine the multipole order of thetecedy rays two of the detectors were
located at 127 and the other two at 90with respect to the photon beam at distances of 32 and
28 cm to the target, respectively. The low-energy photoessappressed by lead absorbers with
a thickness of 0.8 and 1.3 cm at the two given angles, respéctcombined with 0.3 cm thick
copper absorbers. The HPGe detectors are equipped with Bicknescape-suppression shields
made of BGO scintillation detectors. The detector resoiuis 5 keV and 8 keV at 5 MeV and 9
MeV, respectively. The bremsstrahlung facility of the ELBEcelerator is described in detail in
Refs. [26, 27].

We performed five measurements on the stable even-mass drolyim isotopes at identical
experimental conditions and the same electron-beam ef&lty: 13.2 MeV. Samples of elemen-
tary °°Mo, %Mo, *®Mo, Mo and 1°°Mo isotopically enriched to 97.31 %, 98.97 %, 95.90 %,
98.55 % and 99.27 % with masses of 2036, 1998, 2003, 2953 mgHtimg, respectively, were
used as targets. Spectra of photons scattered atfdd@v the molybdenum isotopes are presented
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Figure 2: Raw spectrum of photons scattered fréfAVio at 127 in the experiment aEX" = 13.2 MeV
(black) compared with the result of the correction accauntor the detector response (red). A comparison
of the measured ratio of the full-energy peak to the singleape peak (symbols) with results from GEANT3
simulations (solid line) is shown in the insert.

in Fig. 1. Photon flux in thé®®Mo experiment deduced from the transitionsB is compared
with the approximation for the bremsstrahlung spectruremivy Rocheet al. [28, 29] in Fig. 1.
Simulations for the detector response were performed ukigrogram code GEANT3 [30].
A comparison of the raw spectrum &f°Mo and the spectrum after detector-response correc-
tion is presented in Fig. 2. A comparison of the results fer tiatio of the full-energy peak to
the single-escape peak (FE-to-SE ratio) obtained fromithalations and measurements of the
photon-scattering from'B, 160, and?8Si is shown in the insert in Fig. 2. The detector response
simulations are used for estimate of the full-energy pefikiefcy, see Fig. 2 in Ref. [31].

3.1 Determination of non-nuclear background radiation

The high level density and the Porter-Thomas fluctuationthefdecay widths cause many
weak transitions which can not be observed as isolated pdalidition, every level can decay
to many intermediate levels via weak transitions. Therefoot all the intensity is carried by
observed peaks. Many of the transitions are so weak thatdhigerposition is observed as a quasi-
continuum. An estimate for the intensity of resonant scatje“hidden” in the background can
be obtained from a comparison of spectrayofiys scattered from different isotopes. The spectra
measured at 127n the photon-scattering experiments®8io and'°Mo atEX" = 13.2 MeV are
presented in Fig. 3 (a). The spectra are corrected for thealdiackground, and for the detector
response. Additional the spectra are corrected for theefudrgy peak efficiency, photon flux, area
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Figure3: Comparison of the experimental spectra (a) fi§Mo (red) and®Mo (black) measured &5" =
13.2 MeV corrected for the full-energy peak efficiency, the mmoflux, the area density of the target atoms
and the measuring time, with simulations for the non-resbbackground (blue). The intensities of the
peaks fromtB and neutron-capture induced background are subtraaedtite experimental spectra. (b)
Dipole strength if®o deduced from the resolved peaks (open circles), fronraation of the background
taken from thé®Mo spectrum (red triangle at 8.5 MeV) and from the quasi-tnnim (filled circles) after
subtraction of the simulated background.

density of the target atoms and the measuring time. Thesdities of the peaks from'B are
subtracted from the experimental spectra. The two spertralaracterised by a sudden decrease
of observed intensity beyond the neutron-separation greagsed by the dominant emission of
neutrons. Therefore, abo the spectrum contains nearly only non-resonant backgroisd
counts in the spectrum which do not result from deexcitatiohnuclear levels. Note that the
non-resonant background depends on the amount of the taggetial. Therefore the experiments
on *8Mo and1®Mo were carried out for almost identical targets with a d#fece in mass of only
about 1 %. According to the different neutron-separatioargies in®®Mo (S, = 8.64 MeV) and
100Mo (S, = 8.29 MeV) one finds a range between 8.3 and 8.6 MeV in the speatfifiMo for
which the non-resonant background can be taken from thérspeof°®Mo. The residuum above
the spectrum of°®Mo represents the intensity of the resongmays in°®Mo. The intensity in the
considered energy range is compared with the intensityaistiirom the identified peaks in Fig. 3
(b). The ratio of the strength deduced from the experimesgtattrum after subtraction of the non-
resonant background to the strength of the resolved pedks-at8.5 MeV is about three which
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Figure 4. Top: Simulated spectrum gfrays deexciting levels iA°®Mo in the bin from 8.2 to 8.3 MeV.
Bottom: Intensity of the quasi-continuum #°o (filled circles) and the remaining intensity distributio
of ground-state transitions after removing the branchinerisities (red open circles).

shows that only 30 % of the strength is located in resolvet#gea

Itis important to extend the estimate of the non-resonackdraund in the measured spectrum
to lower energies in order to determine the total strengtth@nucleus. For that purpose we
performed GEANT3 simulations of the non-nuclear processéise target leading to background
in the measured spectra.

The simulated non-resonant background is compared witBghetra 0f®Mo and1°Mo in
Fig. 3 (a). The distribution of the intensity frofMo and'°°Mo is obtained by subtraction of the
simulated non-resonant background from the experimepéaitea. This distribution forms a quasi-
continuum and contains the intensity of the identified peaddsthe continuous intensity as a result
of overlapping weak deexcitations. The apparent stremgiiie quasi-continuum is compared with
the strength from the identified peaks in Fig. 3 (b). The campa shows that in the range from 4
MeV to S, only 20 % to 50 % of the strength is located in the peaks.

3.2 Dipole strength deduced from a quasi-continuous spectrum

The quasi-continuum resulting from the subtraction of the-resonant background from the
experimental spectrum contains the ground-state transit{elastic scattering) and in addition,
transitions to lower-lying excited states (branching ¢ions) as well as transitions from such
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Figure 5: Distribution of the mean branching rati@ deduced from the cascade simulations ¥§Mo
over 1000 nuclear realisations. Hatched area showsdheatiation from the mean value due to fluctuations
of the level spacings and widths.

states to the ground state (cascade transitions) whictot@endistinguished in our experiments.
The first step of the analysis of the quasi-continuum is amest of branching and cascade tran-
sitions. Cascade simulations were performed by the Momtde(orocedure as described above.
Spectra ofy-ray cascades were binned into intervals with a widtiAef 100 keV. Examples of
spectra deexciting levels frof, = 8.2 to 8.3 MeV in1°Mo from three nuclear realisations are
given in the top part of Fig. 4. Starting from the high-eneamd of an experimental spectrum,
which contains ground-state transitions only, the sineddntensities of the ground-state transi-
tions were normalised to the experimental ones in the cersitbin and the intensity distribution
of the branching transitions is subtracted from the expemntal spectrum. Applying this proce-
dure step-by-step for each energy bin moving towards theelogrgy end of the spectrum one
obtains an intensity distribution that contains grouratestransitions only. The correction for the
branching and cascade transitions is performed for everleaurealisation and a mean spectrum
of the ground-state transitions is calculated. This megensity distribution, which is related to
the elastic-scattering cross sectigy, is compared with the uncorrected quasi-continuum in the
lower part of Fig. 4.

The distribution of the branching rati®, for 1Mo is simultaneously deduced from the
simulations of the-ray cascades is shown in Fig. 5. The branching r&ipare calculated as ratio
of the summed intensity 5 |3<5 of the ground-state transitions of the levels iA & 100 keV bin,
to the summed intensitgAIf}” of all transitions deexciting these levels. According tsE{.1)
and (2.2) we obtain the relation:

By = Saly° _ SiinaloBo
Al Siinal
It can be seen that the valuesRyg for 1°Mo are some 60 % at low excitation energy where the

levels do not have many possibilities to deexcite to everetdwing levels. Towards high energy,
however, the values d, drop to about 20 %, which shows that high-lying levels detexdgia many

(3.1)

10
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Figure 6: Comparison of the absorption cross section determined &onphoton-scattering experiments
(red circles) and from measurements of then] reaction [32] (blue circles). They(p) cross sections for
92Mo (green circles) are calculated with the code “Talys” [34]

different branches to lower-lying states. Dividing theeimities of the ground-state transitions,
which are proportional to the elastic scattering cross@esty,, by the corresponding branching
ratiosBp (see Fig. 5), we obtain the absorption cross sectigns oy,/Bo.

The photoabsorption cross sectiansdetermined in this way are presented in Fig. 6. They are
compared with ¥, n) cross sections [32]. The(n) data were scaled with a factor of 0.86 according
to the findings in Ref. [33]. In order to show the effect of tkeanstruction of the dipole-strength
distributions we compare the results tgrwith the still uncorrected quasi-continuum. The deduced
o, are compared with results frofAMo(n, y)°*Mo experiments [6] applying Eq. (2.8).

4. Discussion

The method of analysis of the photon-scattering experimalidwed us determination of the
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Figure 7: Plot of the cumulative integrated photoabsorption crossiae for the stable even-mass Mo

isotopes obtained from the photon-scattering experimemmisthe {,n) measurements [32]. The same plot
compared with predictions from the QRPA (right panel). Thlkeuglated strength is smeared with Lorentzian
function with a width of 0.5 MeV.

photoabsorption cross section below the neutron separatiergy. The dipole-strength distribu-
tions in the stable even-mass Mo isotopes were obtainedioamghkihe results from the/y’) and
(y,n) [32] experiments (cf. Fig. 6). In order to examine thedwbur of the dipole-strength distri-
butions we apply QRPA calculations in a deformed basis [38 QRPA calculations for the™1
excitations use the following Hamiltonian:

t=0,1 t=0,1
HQRPA_ h _} . Kt Qt Qt _1‘ Kt Qt Qt (4 1)
E1 — 'MF 2 2+1 u<lp<1l-p— 5 Z+3 3u~3u3—p- -
p=-1 H==3,

The termhyr in Eq. (4.1) includes the Nilsson mean field plus monopoleipgiusing the equi-
librium deformation, see Ref.[21]. The following terms dénthe isoscalaft = 0) and isovector
(t = 1) part of the dipole-dipole interactiom (= 1) and octupole-octupole interactiod & 3)
defining the multipole operators 16y, , = [ Y3 ]+ (=)' [r*Ya,]". TheEL1 transition operator is
given by:

E1l=elryy,]™ (4.2)

The excitation energies and tliel transition strengths of’" = 1~ states were calculated using
the QRPA with doubly stretched coordinates [36]. It is intpot to take the deformation degree
of freedom in the QRPA calculations into account becausentltdear shape changes from the
spherical isotop&Mosg to a triaxial shape in the isotop&&Viosg and'°°Mosg [37]. The isoscalar
constants<}\:“1 were chosen to be large enough to eliminate the spuriousecehtnass motion ac-
cording to the suppression method [38]. For calculatingghstrength the only strength parameter
which is not determined by the selfconsistency conditiothésrelative strength of the isovector
interaction term. This parameter has been adapted to thigoposf the maximum of the GDR. In
order to examine the behaviour of the dipole-strengthidigions we calculated the cumulative in-
tegrated cross sectidh= 5 ;* 0y(E) AE with the QRPA. In Fig. 7 the cumulative integrated cross
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Figure 8: Comparison of the calculated cumulative integrated crestans for’’Mo, *8Mo and°®Mo for
the case of a) deformed Nilsson wave functions and b) spdditsson wave functions. The calculated
strength is smeared with Lorentzian function with a widtlodf MeV.

sections normalised to the values given by the Thomas-Bé{cihn sum rul&rgx = 60NZ/A mb
MeV are displayed for the studied isotopes and comparedthdtiexperimental data. One sees that
< increases fronf2Mo to 1Mo by about a factor of two at 8 MeV, close to the neutron thoéh

of 199Mo.

The QRPA calculations reproduce in particular the relaitiaeease of the with increasing
N/Z. An increase of the dipole strength with the neutron numbés usually attributed to the so
called Pygmy Dipole Resonance (PDR), a concentration ofr&edipole E1) strength in the en-
ergy range between 6 and 10 MeV, which is considered as aofqliase oscillation of a neutron
skin against an inert core. The properties of the PDR arefiwr expected to depend strongly on
the ratio of neutron number to proton numidéfZ. The distributions in Fig. 7 have a smooth en-
ergy dependence and do not indicate a strong PDR structheeeflargement d with increasing
N/Z seems to be related to the influence of the increasing defarmar his has been proven by
performing QRPA calculations with a spherical shape®fdo, ®®Mo and1°®Mo, shown in Fig.

8, that predic resg. 8. In fact, the effect of the deformation as the reas@m@nlargement of
the photoabsorption cross section is plausible. It is wathin that the width of GDR gets consid-
erably broadened by deformation [39] which leads to a lifstoéngth in the tail because the total
value of the photoabsorption cross section is limited byethergy-weighted sum rule.

5. Summary

The response of the stable even-mass molybdenum isotopisole radiation was investi-
gated at the bremsstrahlung facility at the supercondgdtimear electron accelerator ELBE of
the Forschungszentrum Dresden-Rossendorf. The pho#ditesicg experiments were carried out
at an electron-beam energy higher than the neutron-separiergy of the Mo isotopes which
allowed us to study the dipole strength close to the threstuolthe §/, n) reaction.
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Because of the Porter-Thomas fluctuations of the level widtbst of the levels do not appear
as prominent peaks in the experimental spectra. Due to ¢jieléwvel density above 5 MeV and the
finite resolution of the detectors weakly populated levetglpce a quasi-continuum of overlapping
peaks. Itis shown from a comparison of the spectréfifo and1°Mo that close to the neutron-
separation energy 8fMo the strength in the quasi-continuum is two times highantthe strength
in the peaks. GEANTS3 simulations were applied to deterntigenbn-resonant background in the
measured spectra and thus to extract the quasi-continudma.cdntinuum contains the ground-
state transitions as well as the branching transitions ¢oldiv-lying levels and the subsequent
deexcitations of these levels.

A Monte Carlo code for simulations gfray cascade was developed which allows us (i) to
deconvolute the intensity distribution of the ground-staansitions from the quasi-continuum and
thus to determine the cross section for elastic scattenddig to calculate the branching ratios for
deexcitations to the ground state and to obtain the phoboptien cross section. Since the obtained
photoabsorption cross sections for the molybdenum isstopdch the measured cross sections for
the (y,n) reaction the method allows us to determine the tail of trenGbipole Resonance below
the neutron-separation energy. In order to test the resiiitse simulations experimentally, in
particular the calculated branching ratios, we plan an mxmt with a monoenergetic photon
beam at the HIS facility of the Duke University.

The obtained dipole-strength distributions for the staven-mass Mo isotopes show that the
strength increases with the neutron number. The experaheggults are discussed in the frame
of QRPA calculations in a deformed basis which describenbeeasing strength as a result of the
increasing deformation.

This work was supported by the Deutsche Forschungsgenhaiftamder contract DO-466/1-2.
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