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Neutron inner hole responses #°Sn and'%Sn nuclei have been studied via the,t) reaction atEg
=200 MeV using a polarized beam with both vector and tensor components. One-step pickup observables
corresponding to the overlappin@d,, 1fs, and 1If;, responses were analyzed between 3° and 15° via a
least square fit procedure up Ey=21.5 MeV and 20 MeV in''®Sn and'!°Sn, respectively. The relative
enhancement of transitions with high total angular momerntamd the strongly characteristic angular distri-
butions ofj _=1-1/2 versug . =1+ 1/2 vector and tensor analyzing powers allow the extraction for the first
time of 1f5;, and 1f ;, strength distributions and of newgd,, strength in addition to its previously known main
component. The standard DWBA analysis is complemented by a refined analysis taking into account the form
factor dependence on excitation energy due to the hole coupling with surface vibrations calculated in the
framework of the quasiparticle-phonon coupling mo@@PMFB. Residual nucleus spectra were measured,
mainly in *'5Sn, up toEyx~45 MeV where the underlying background of multistep reactions is dominant and
can be calibrated. The background of multistep pickup cross section is calculated for the first time in the
forward angle region, assuming a dominant role of collective excitations in inelastic steps. Coupled channel
calculations for two-step pickup observables involving low multipole collective excitations are performed for
comparison. Integrated strengths deduced in the present work are compared with previous dataggn the 1
structure and tail, and with the very limited previous information existing on fh&trengths. The dg,, 1f5,
and 1f,,, QPMFF and standard strength distributions are compared with available theoretical predictions. In
particular, we find that the ft,, and 1f;,, strength distributions are not well reproduced by the QPM model.
The QPMFF spreading widths are found much narrower than the standard ones, but nevertheless much wider
than predicted by theoretical calculations.
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[. INTRODUCTION coupling is responsible for major features of neutron hole

Neutron inner hole states have been studied in a numbetrength fragmentation. Microscopic calculations for tin
of medium weight and heavy nuclei via pickup reactiphk nuclei have focussed mainly on thegl, and 2 strength
since the pioneering work of Sakai and Kul®. In particu-  distributions [25,28,29. The quasiparticle-phonon model
lar, inner hole state responses in tin nuclei have been inve$24] (hereafter QPM modghas also been used later to cal-
tigated via different pickup reactions such gsd) [3-8],  culate the %, and 1f, strength distribution§30,31.
(d,t) [9-15 and (He,) [3,16-20. These experiments e performed a new investigation of the overlapping
have given ewd_encg for a strong concentration of tgg,_zl 19, 1fss, and 1f-, inner hole states iA*Sn and'%sn to
strength, especially in the light tin isotopes, around typically,chieve a quantitative determination of their strength distri-
Ex=5.3 M_eV. The 2 strengths have been found partly con- butions up to excitation energieBy=21.5 MeV andEx
centrated in a broad bump around 6 Mg8/11]. The 1go, =20 MeV, respectivel
and 2p giant-resonance-like structures have been shown to ' Y- . .
be fragmented in many grouf,10,12,13,19 Their gamma _Neutron hole states were popglated via thet) reaction
or neutron decay has been studied in selected §ade23.  USing a vector and tensor polarllzed deuteron b.eam at 200
The knowledge of the do, and 2 strengths beyond the MeV incident energy. As shown in our systematic study of
main structures however suffers of severe uncertainties/alence levels in medium weight and heavy nu¢gd], the
Moreover, the information gained up to now on the higherreaction at this high incident energy is strongly selective for
lying 1fg,, and 1f;, hole states in tin isotopg8,14,15,20is  the population of hole states with large angular momeritum
very limited and bears only on integrated strengths. Both vector and tensor analyzing powers allow a clear iden-

The role of the coupling of quasiparticle degrees of freedification of j , =1+ 1/2 versugj - =1—1/2 transitions.
dom to the surface modes has been a subject of special A critical point in the determination of strength distribu-
interest for many year24-27. It has been shown that this tions resulting from DWBA analyses, neglected in previous
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studies of tin nuclei, is the dependence of form factors on théer “POMME” [37] were used to measure the trajectory po-
hole coupling with surface vibrations. An investigation of sitions and angles at the focal plane. The numbers of events
this dependence performed in the framework of the QPMmeasured at each focal plane position for the different polar-
model for several hole states #i%b has shown a significant jzed states were combined according to the formula given
increase of form factor radii with separation enei@3a]. in Ref. [32] to get cross-section excitation energy
This effect proved quite important in our analysis of thespectra o(E,) and analyzing power dependent spectra
29%ph(d, t)2"Pb reactio{34]. It is taken into account in the o(E,)-A,(E,) ando(E,)-A(E,). The POMME detection
present work following the same approach. The strength dissystem and the rather thick exit window of the spectrometer
tributions resulting from this improved analysfeereafter contribute together 80—100 keV to the 200 keV total energy
QPMFF strength distributionsare systematically compared resolution. The horizontal and vertical angular acceptances
with those deduced in a standard analysis assuming no deere set, respectively, at 2° and 4°, partly achieved with
pendence of DWBA observables on excitation energy foisoftware cuttings. Energy loss and time of flight of the de-
transitions of samalj. tected particles were continuously measured in the
It is also well known that determinations of inner hole “POMME” trigger. The data were taken in 3° steps from 3°
response functions are hampered by the contribution of multo 15°, the use of several settings of the spectrometer mag-
tistep pickup reactions to the experimental spectra. We mearetic field allowing the study of'Sn and!'%Sn up toEy
sured the '°Sn excitation energy spectra up tBy =45 MeV and 21 MeV, respectively, at all angles. An addi-
=45 MeV to achieve this multistep background at the high-tional measurement was performed fdPSn at 15° with the
est excitation energies where it dominates the spectra. Wmagnetic setting centered Bi=43 MeV.
present in this paper a calculation of two-step and multistep The spectrometer’s high dispersion and good optical
pickup cross-section spectra. The multi-step calculation codqualities allowed already an excellent selection of high en-
of Koning and Akkermang35] was adapted to take into ergy tritons which have much larger magnetic rigidities than
account the expected dominant role of collective excitationsther particles. Trajectory reconstruction from the focal
in inelastic steps. Two-step pickup cross-section spectra wergane to the target was used to suppress a small number of
independently obtained via coupled channel calculationgritons produced in the target frame by the beam halo. The
with the method described in Rdf34]. Analyzing powers ratio of empty frame to target-in tritons was alwaysl %
are calculated in addition to cross sections with this latteunder these conditions. No subtraction of the widely spread
method. empty frame tritons was performed. The reaction triton spec-
The paper is organized as follows. The experimental protra were corrected for the 1-3 % losses resulting from the
cedure and the raw data are presented in Sec. Il. The daggeometrical cuttings.
reduction, the one-step pickup analysis and the multistep Deuteron contribution at the focal plane was found com-
background calculations are described in Sec. lll. Experipletely negligible at most angles and magnetic field settings.
mental results are presented in Sec. IV and compared witA 15% spurious contribution of deuterons scattered by the
previous data and theoretical predictions of strength distributhick target and rescattered and slowed down in the spec-
tions. Section V summarizes the conclusions. trometer chamber box was observed at 3° with the magnetic
setting set for the measurement of tin excitation energy spec-
tra above~35 MeV. In this latter case, the characteristic
Il. EXPERIMENTAL PROCEDURE AND OVERALL triton peak raised in time of flight and energy loss spectra
FEATURES OF THE DATA over a pedestal produced by the slowed down deuterons.

The experiment was performed with the 200 MeV polar_Excnanon energy spectra obtained by selecting off line deu-

ized deuteron beam available at the laboratoire national Saﬁrons on both side of the triton peak were used to approxi-
. ) : Y n r h ntribution to the triton ra of
urne(LNS). Deuterons, polarized in four different staf&$] ate and subtract out the contribution to the triton spectra o

which are linear combinations of vector and tensor oIariza:[he deuteron appearing under the peak and selected with it
P Estimated error on this procedure-s3%.

gg/ne Sttitriis V‘.ﬁ:g 322?(')?2?3 ;ii%?nt'gllzigﬁ% fo::asmugi::rss— Two scintillator telescopes, one in the reaction plane at
' P P —45°, the other in the vertical plane at 50° were used to

P10 a@ndpo of the deuteron beam were periodically I’ne"’lsuercontinuously monitor the beam current. The integrated

with the low energyd(d,p)t polarimeter[36]. They were  counts of each telescope were averaged over the four polar-
found stable ap;o=—0.3750.008 andp;0=0.64-0.006, jzation states. The two beam monitors were calibrated for
which correspond to 92% and 90.5% of their maximum val-each target by the carbon activation method used at the LNS
ues, resgectlvely. [38]. Systematic errors in the calibration are less than 15%.
The (d,t) reaction was studied on #%n target(97.5%  The cross sections calculated using the two beam monitors
enriched and a '?°Sn target (99.6% enriched of  agreed within less than 10%generally 5% and statistical
39.9 mgem? and 39.6 mgcm? thickness, respectively. errors were generally very small. We adopted conservatively
The experimental setup has been described in [R&f. an uncertainty of 10% on cross sections at each afogléhe
The outgoing particles labeled with the correspondingstatistical errors if larger Calibration of the low energy
deuteron polarized state were analyzed by the high resolutiopolarimeter with dead time corrections may account for 5%
spectrometer SPES1 working in the dispersion matchingystematic error on the measured analyzing powers.
mode. The first three localization chambers of the polarime- Typical excitation energy spectra are presented in Figs. 1
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excitation energy. A much more pronounced slope would be
expected for a pure direct pickup spectrum, as the contribut-
ing | transfers and nucleon numbers decrease from one major
shell to the next deeper one. This points to important contri-
butions of multistep processes, as discussed later on. The
1h,4,, and 1g-, first valence levels, well separated $#Sn,
give direct evidence for the reaction selectivity for the largest
| transfers. Thet'%n spectra are rather similar to th&Sn
ones beyond the valence region, as expected. Tig, 1
» ‘ quasihole peak is, however, less pronounced, in agreement
5 10 15 20 with previous works, and no clear indication for a bump at
e = \115 high(_ar exci.tation energy is fo.und. Contributions qf the nar-
Sﬂ(d,t) Sn row isobaric analog peaks rising over the two tin spectra
E, = 200 MeV were subtracted out.
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0.5¢ IIl. DATA REDUCTION AND DETERMINATION

OF SPECTROSCOPIC STRENGTHS

S The valence level results oh°Sn and*'%n have been

0 55(,\2'3\/) published previously in our survey of thel,f) reaction at
X 200 MeV[32] on nuclei from*2C to 2°%Pb. We summarize
FIG. 1. Excitation energy spectra of the residual nucl®sn  in the following several conclusions of this survey which are

compressed in 200 keV energy bins. The solid, dotted, and dashmportant for the present work.
dotted lines are calculated background spectra referred to as backl The reaction allows a very clear identification jof=|

Az
°%o

and back2, and two-step cross-sections spectra involvind —3 —1/2 versug , =1+ 1/2 states with quantum number=1.
excitations, respectivelisee Sec. Ill B. The dashed line is the deep This identification relies on both vector and tensor analyzing
shells contribution. power angular distributions, as shown in Fig. 3 in the case of

the 1h,,, and 1g;, first valence levels int'%n. The 2,
and 2 for *Sn and*'%Sn, respectively. The main contribu- level angular distributions are also shown for comparison.
tions of the valence levels in the°Sn spectra merge into the The experimental angular distributions are successfully de-
peak below 1 MeV, while many unresolved valence levelsscribed by finite range distorted wave calculatiobsVBA)
with small spectroscopic factors and large collective compousing S and D range functions deduced from the super soft
nents contribute to the intermediate energy region Wpto core interaction and optical parameters given in R&g].
~3.7 MeV [19]. Above this energy, the spectra are domi- Such DWBA calculations predict very similar angular distri-
nated by the well known do,, peak. Moreover, they exhibit bution shapes for hole state of the same type 6r j.)

a bump aroundy=14.5 MeV, which is significantly more belonging to different shells or nuclei. Experimental angular

pronounced than observed in previous experiments. Beyondistributions measured in different nuclei support this con-

the bump, the spectra decrease smoothly towards the highedtision. The reaction is strongly selective for the population
of hole states with highorbital momentum, especially ¢f.

2 N o 02f 0 = 15° type. For example, dgj», 1fs5,, 14, and 2 cross sections
218 ; 0 A t in tin nuclei averaged over the angular range of the present
5 1.6F ; - experiment would be typically in the ratio 1/0.22/0.37/0.14
EH b x‘_i g 01 for equal spectroscopic strengths.
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FIG. 2. Excitation energy spectra of the residual nucl&iSn FIG. 3. Angular distributions of thehy,, (filled circles, 197,

compressed in 200 keV energy bins. Solid and dashed lines as fftriangles, and 25, (open circleg levels at 0.09 MeV, 0.79 MeV,
Fig. 1. Dotted line: Total two-step pickup contribution to the back-and 1.09 MeV, respectively, if'%Sn with corresponding DWBA
ground back1. curves(from Ref.[33)).
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A. Data reduction, DWBA analyses and fitting procedure dicted by Hartree-Fock calculations, as suggested in Ref.
The experimental spectra betweBgp=3.7 MeV andEy [27]. 2p DWBA observables were taken as weighed sums of

=21.5 MeV in 15Sn (20 MeV in %n) were divided into 2Pz @nd g, transitions. o
excitation energy bins. The bin widths were increased from 1YPical one-step pickup angular distributions are shown

~0.5 MeV in the 1o, Structure region up to 2.5 MeV for N Fig. 4 for several excitation energy bins M°Sn. The

the high excitation energy bins to improve the statistic on€Or bars take into account estimated systematic errors on

analyzing power determination. Many collective levels with h€ subtracted deep shells and background contributions
small valence strength contribute to the spectra befiow (here cross sections backl and analyzing powers backa de-

—3.7 MeV while the multistep pickup background domi- fined in Sec. 11l B. The two or three dominant spectroscopic
natés beyondy~ 20 MeV. strengths residing in each energy bin have been extracted via

a least square fit procedure as in R&#4]. The strong simi-

The determination of hole strength distributions relies onI v of q 1f dicted lar distributi
DWBA analyses of one-step pickup spectra. Multistep/@"'y Of 199, and 1f7, predicted angular distributions pre-

pickup constitutes a physical background which must be sub/ents a confident determination of their relative strength in

tracted out of the experimental data. The methods used thtermediate excitation energy bins where both could con-

calculate the background are presented later on in Sec. |1l BfiPUte. So, either @q), or 1f7; was taken into account in the

: . 2 . .
lts contribution around 20 MeV excitation energy accounts''tS- Slightly bettery” values were achieved withgd, than

for ~45% and~75% in both tin data at 3° and 15°, respec- 1172 below Ex~10 MeV excitation energy and withf,,
tively, as shown in Fig. 1 and Fig. 2. One-step pickup popu_beyondEleZ MeV. The d-IStI’IbutIOH of the gy, strength
lating hole states deeper thaffi;} (hereafter deep shellis extractgd with no contribution of thef3,, strength and of
expected to give widely energy spread and rather small crossf 772 Without 1gg/; led us to locate better tﬂe two strength
sections. This deep shells contribution was calculated witfpVeriap between- 10 MeV and~15 MeV in *Sn(0.3t01
the method described in R4B4]. DWBA calculations were MeV higher in *%Sn). The g, and 1f, strengths in the
performed for each of these full subshells at the HartreeCOrresponding bins were corrected accordingly.

Fock separation energy predicted with the Skyrme IIl force 1he 2p strength was taken into account in the fitting pro-
[39]. Gaussian-type strength distributiof27] with param- ~ cedure up toEyx~15 MeV. The resulting strengths in the
etersI',,=26 MeV and A=550 were adopted. The corre- different energy bins are rather poorly determined, as ex-
sponding spreading widths range from1l MeV for the pected for holg states with such a I<_Jw angular momeritum_
1dg, deep hole to-19 MeV for the s, hole. As shown in the strength integrated over all b_ms exhausting approxi-
Fig. 1, the deep shells cross-sections arofgd- 20 MeV mately the sum rule. The fits including the Ztrength give

account for~25% and~12% of the experimental cross 9enerally improvedy? values compared to those of hole
sections, respectively, at 3° and 15°. states with large angular momentunalone, especially be-

low Ex~7 MeV where the p strength is known to be
nostly concentrate@,11]. The extracted i, is then sig-
Elificantly modified while the other strengths are nearly un-
Changed.

The calculated angular distributions corresponding to the
st fits reproduce well the data, as shown in Fig. 4. Angular
distributions fits with two transitions only or with pure tran-
NStions are shown for comparison. The systematically nega-
five values of the vector analyzing powers deduced from
experiment are easily explained by the dominant cross sec-
tions of 1gg,, or 1f, transitions. Negative values of tensor

> Sioih=g®P—gd— P, analyzing powers at 3° are mainly related tfx4 contribu-

i tions. Fits of comparable quality were achieved using the

?}Qser background options discussed in Sec. Il B and for
n.

No dependence of theoretical observables with excitation
energy was taken into account in the above standard analysis.
The separation energy dependence @4, 1fg,, and If 4,

> S g}hA‘y@i: geXPA%P— g'dAgy— U'bASy, (1)  form factors due to the coupling with surface vibrations was
[ taken into account in a second analyfiereafter QPMFF
analysis following the procedure described in details in Ref.

They appear in Eqs(l) as linear sums of products of [34]. The mean source term entering the inhomogeneous
DWBA calculated observables™, oA}, and oAl for  equations, as calculated in the QPM model, was found of
subshells (1992, 2P1/2.372, 1f52, 1) and of the spectro- first-derivative Woods-Saxon shape and located 0.3 fm inside
scopic strengthss; to extract in the considered bin. DWBA the well radius. The form factors calculated at several exci-
calculations were performed for each full strength with thetation energies with the code of Rdf33] were used in
codebwucks [40] with the parameters used for valence lev- DWBA calculations. The angular distribution shapes of the
els and for separation energies about 2 MeV lower than presbservabless, A,, and A, deduced in this QPMFF ap-

Three experimental observables®™ P, o®*PAJ*P, and
o®*PAJP were obtained at each angle by integrating the dat
over the excitation energy range of the considered bin. Th
deep shells observables, o?AJ, andaAj, and the back-
ground observables®, oAy, ando"Aj, were deduced by |,
integrating the corresponding calculated spectra.

One-step pickup observables were obtained by subtracti
out deep shells and background contributions, as indicated
Egs.(1):

 thath_ _exppexp_ _dad_ _bab
ZiSIU', Ayi= o PAT =0 A~ 0PAy,
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proach were found nearly insensitive to excitation energy,

within several MeV, as previously shown in the casé®%Pb
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FIG. 4. Typical angular distributions of cross
sections and analyzing powers corrected for the
background(see text and Sec. lllBand deep
hole contribution. The mean excitation energy of
each bin is indicated on the figure. Solid lines:
best fit angular distributions. Dotted lines: fits ob-
tained withgg,, and f5;, only between 6 and 12
MeV. Dashed lines: angular distributions of pure
19, (for the four lower excitation energy bins
or 1f4, (for the three higher energy bingansi-
tions. Dashed-dotted lines: angular distributions

of a 1f g, transition.

B. The background of multistep reactions

Collective excitations are expected to play a dominant

[34]. As a consequence, the QPMFF and standard analysegie in inelastic scattering steps involved in two-step or mul-

only differ by the extracted spectroscopic strengths

tistep d,t) reactions at 200 MeV in the forward angle re-

The ratios R(Ex) of QPMFF spectroscopic strengths to gion. Coupled channel calculations of two-step cross-section
standard spectroscopic strengths are shown in Fig. 5. Wepectra and vector and tensor dependent spectra were per-
have considered the range of excitation energies givingormed for the 116sn target following the procedure de-
stable angular distribution shapes as the one of interest fQfcribed in detail in Ref[34] for 2°%Pb. Transitions with mul-
the fragmentation. As shown in Fig. 5, the dependencesof StipolaritiesL <3 were taken into account. The characteristics

on Ey is much stronger for the fLholes than for the dq/»

adopted for the main low-lying collective transitions and for

hole state. the dipole, quadrupole and octupole giant resonances, taken
from Refs.[41,42], are shown in Table I. A limitation of the
4 procedure, which is time consuming, is the large number of
independent calculations needed, which increases with mul-
Va3
E—I’:C’) - TABLE |. Characteristics of low multipolarity collective excita-
D:m ‘ tions used in multistep and coupled channel calculations.
2r ¢ Low lying phonons Giant resonances
9e/2 . 5/2 ..,f7/2 g™ E .
1L X B Resonance Ey B Width
N T (MeV) (MeV) (MeV)
ol—o v 2+ 1.29 0.1 GDR 15.8 0.2 5.0
2 4 6 8 10 12 14 16 18 20 22 3" 2.27 0.11 GOR 13.4  0.12 3.8
Ex(MeV) 4* 2.7 009  LEOR 65 012 27
5~ 3.7 0.06 HEOR 23.0 0.1 7.0

FIG. 5. Ratios g (Ex) of QPMFF to standard spectroscopic

strengths for the dq,,, 1fg,, and If;, inner hole states.

aCoulomb excitation for Coulomb inelastic scattering.
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tipolarity of inelastic transitions. Multistep contributions at 0.15
200 MeV are expected to also involke=4 multipolarities i
and three or even high-order step pickup.
The Feshbach, Kerman, and Koonin model of multistep
reactions[43], (hereafter FKK, has been successfully used
to describe multistep reactions over wide ejectile angular and
energy ranges. The FFK model enables the continuum cross
section to be expressed as an incoherent sum of one-step and
multistep cross sections. The leading-particle statistical as-
sumption allows an expression of the second and higher-step
cross sections in a compact and recursive form, requiring as
input first-order DWBA cross sections only, in order to cal-
culate n-step cross-section spectra from the—(1)-step 0 B
cross-section results. The calculation code developed by 5 10 15 20 25 30 35 40
Koning and Akkerman$35], based on the FKK model, was Ex (MeV)
adapted to the description of the multisteht( reaction at .
interpmediate energy. I'Dl'he procedure angpdoetails have been FIG. 6. Coupled chanr_1e(so||d Eua/%;% and _MSD (daslwed
described in Ref[44]. curveg_ two-stgp cross sections at 3 nforL=2 andL=3
. . " . _collective excitations.
It is assumed that the pickup transition occurs at the first
step of the reaction and inelastic transitions at the seconttation energy rangél.1-3.7 MeVj known to be mainly
and higher-order steps, so that triton cross sections could Bgypulated by two-step pickufd9,45.
entered as independent inputs in the modified code. All inner \yltistep calculations were performed up to six steps in
and deep hole contributions to triton spectra are describegoth nuclei, taking into account inelastic transitions with
using Gaussian-type energy distributions. Valence level conmytipolarities up toL=8. The background cross-section
tributions are weighted by the spectroscopic strengths angpectra referred to as backl are obtained assuming that col-
slightly spread. lective excitations dominate inelastic steps for all multipolar-
The contribution of collective excitations to inelastic stepsity transitions. The description of back?2 takes into account
in such multistep direct calculatiorieereafter MSDis de-  ¢ollective excitations only for multipolarities<3. Higher
scribed in Eq(2). DWBA inelastic cross sections calculated myjtipolarity transitions are assumed to excite many levels,
with a macroscopic form factor taken as the triton derivativeys gescribed via a level density formula. Both calculations
potential are weighted by excitation energy dependenjyere performed in'*%Sn with the strength normalization pa-
strength distributions. rameter determined by comparison with two-step coupled
2 (1 channel results. Fair agreement with the data at high excita-
do(EQ—Eyg, Q1) tion energy are achieved, as shown Fig. 1. No coupled chan-

do/dQdE, (mb/sr MeV)

dQdE nel calculations were performed in the case'd¥Sn. The
MSD calculations were performed with the same collective
dBZ(E 1 DWBA e e
IE AL X) do (B, Q—En1,00-1) _ excitation characteristics as fdt°Sn, a reasonable assump-
T dE dQ L tion for the present purpose. The MSD parameter was ad-

5 justed to reproduce the cross section measured at 15° for the
2) 43 MeV excitation energy bin. It is found 7% smaller than in

. . _ 1153n, a difference quite acceptable.
E.Q) refers to t.he triton energy and solld_angEex IS the. . The present MSD calculations give no information on the
nuc_leus e>20|tat|on energy change. Collective st_rength d'smbackground analyzing powers. These analyzing powers were
k?utlonS(#BL_(EX)/dE correspondw.lg to the low-lying collec- -aicyjated in the region of interest from the data obtained at
tive excitations and to the<3 giant resonances were cal- high excitation energy, which are dominated by background
culated with the energieg, values and widths given in Table contributions. Three excitation energy bins 7 MeV wide and
I. Evidence for higher multipolarity giant resonance is not ascentered at 27 MeV, 35 MeV, and 43 MeV, respectively, were
well established. We have assumed the®0% of each of considered.

these collective strengths would be spread arduf@ and The total background analyzing powers in the high exci-
higher excitation energies were added to approximately extation energy bins are fairly well determined by subtracting
haust the sum rule up tByx=100 MeV. from the data the small calculated contribution of one-step

Two-step MSD spectra calculated at 3°*#Sn for quad-  pickup populating inner and deep hole states. The three an-
rupole and octupole collective excitations are compared imyular distributions shown in Fig.(@) are very similar, within
Figs. 6a) and &b) with the coupled channel results. A fairly error bars. Extrapolating this behavior, the total background
good agreement is achieved for the two multipolarities, withanalyzing powers were assumed to be reasonably described
the same strength renormalization parameter in MSD calcuat all excitation energies by the mean curves shown as backa
lations. An excitation energy dependent correction to two4n Fig. 7(a).
step angular distributions was applied in MSD calculations, In a second approach, two groups of background contri-
as suggested by the too small slope calculated in a low eXsutions were considered separately and added in @gs.
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FIG. 7. Background vector and tensor analyzing powers angular
distributions.(a) Analyzing powers backa, inner hole contributions  F|G. 8. Dependence off,, and 1f;;, QPMFF strength histo-
subtracted. Filled dotsEx=27 MeV. Triangles:Ex=35MeV.  grams on the background opti¢see Sec. Il B. Solid lines: cross
Circles:Ex=43 MeV. Solid lines: analyzing powers angular distri- section backl and analyzing power backa. Dashed lines: with
butions averaged over the three excitation energy BinsResidual  cross section back2 and analyzing powers backdshed lines:
background analyzing powersee tex, inner hole and-=1-3  yjith cross section backl and analyzing powers backb.

two-step contributions subtracted. Filled dots, triangles, circles, and

s_olid line as in(a). Dotted lines: ana_llyz_ing powers a_mgular digtribu- All histograms are strongly asymmetric, with a high exci-
tions averaged over the three ex0|tat_|on energy tim)sAnaIyzm_g tation energy tail. They were fitted with Gaussian-type
powers backb, calculated at 7.5 Méfiled dots), 10.5 MeV (tri- curves, a method adopted in Reff34,46), in order to deter-

angles, and 14.25 MeMopen circle See text. Dashed lines: an- ,ine the quasihole energies and the spreading widths, dis-
gular distributions of analyzing powers averaged over the three ex-

o ; cussed later on.
citation energy bins.

The group of two-step pickup contributions involving multi- A. Comparison with previous experimental results

polarity transitionsL=1-3, as given by coupled channel  None of the previous experiments on tin nuclei had been
calculations, and the contribution of a residual backgroundinalyzed taking into account the form factor modifications
corresponding to all other multistep processes. This latteinduced by the coupling of quasiparticle states with collec-
one was calculated in the high excitation energy bins bytive configurations. The standard analysis results were con-
subtracting from the data the above mentiohed1 -3 two-  sequently chosen for consistency in the following compari-
step contributions together with the one-step pickup oneson with previous data.
[see Fig. ™)]. No significant dependence on excitation Integrated strengths in thegd, main structure and the
energy is observed, suggesting that the average curves til in '°Sn are compared in Table Il with results of Refs.
Fig. 7(b) would reasonably describe the residual background8,15,17,20. Spectroscopic strengths given for these latter
at lower excitation energies. Typical angular distributions ofwork, deduced of the spectroscopic factors given in the ref-
the total background analyzing powers deduced in this se®rences, were interpolated when necessary from results cor-
ond approach are shown as backb in Fig).7They compare responding to slightly different excitation energy bins from
rather well with the first approach results, except for somethose considered in the table. A good or fairly good agree-
what larger values of tensor analyzing powers at the largesnent is achieved for the structure, especially with Refs.
angles. [15,2Q. The 1gg, tail strength in the present experiment is in
good agreement with the values given in R¢&20] and
compatible with the upper limit given in Refl15]. These
IV. RESULTS AND DISCUSSION latter authors notice that the vector analyzing power in the
Experimental histograms of thegd,, 1fs,, and 1f,,  Structure tail is somewhat better described by the combina-

strengths in*'°Sn and*'°Sn were built with the standard and _ _ o
QPMFF spectroscopic strengths extracted in each bin as ex- 'ABLE Il. Experimental integrated gy, strengthS in Sn
plained in Sec. Il A. El>l<5aSmpIes of the dependence 61  €N€'9Y PINsA(Ex).

and 1f,, histograms in“*°Sn on background calculation op- - - 3 3
tions are shown in Fig. 8. Thef,, results(and also the (d.1) (dyn (Hea)  (Hea) — (p.d)
1gg,» ONes change only by few %. Larger effects are ob- A(Ex) 200 MeV 50 MeV 39 MeV 283 MeV 50 MeV
served for the 15, hole due to its smaller cross sections and(MeV)  This work Ref.[15]" Ref.[17] Ref.[20]" Ref.[8]
its concentration in a region Wh'ere bapkground obser'vable§.6_6.5 0.58 0.55 0.46 0.56 0.52
depend most on the chosen_opt(we Fig. J__AII reSl_JIts N 65.105 035 (0.40° 0.350.42° 038
the following refer to the histograms obtained with back-
ground cross section and analyzing power options backl arfhdjusted to energy bin differences.

backa, respectively. bvalue within parentheses: With He=3 contribution.
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TABLE IIl. Experimental integrated dg/, strengthS in °Sn  and 3~ levels. The fragments are subsequently spread over
energy binsA(Ey) in MeV. the many underlying noncollective states in a statistical way.
Average matrix elements and density of 3 and 5 quasiparticle
states involved in this description are taken into account. The
calculations predict much too strong concentration of the
43-65051  43-650.25 4.3-6.6022 3.9-6.50.51 1o strength.
6.5-10.2 0.33 6.5-10.2 0.35 The results of Vdovirf49], calculated in the framework
of the QPM model, supersede those previously published by
the Dubna group25,30,31. The model contains an average
tion of 2p and 1f 5, contributions than by @ and 1gg, ones.  field described by a Woods-Saxon well, complemented by
" As shown in Table Ill, the integratedgd,, strength in the  pairing interactions and separable multipole and spin multi-

%n structure and tail in the present work is in good agreepole forces. The radial shape of the corresponding long range
ment with Ref[8]. The smaller strengths given for the struc- jnteraction is taken as the first derivative of the central well,
ture in Refs.[6,7,17 may be attributed to notably larger jnstead of ther® shape adopted in different older calcula-

background to peak cross-section ra.ti?fs.s _ tions. A standard parameter set, acceptable in a large range of
Integrated s, and 1f, strengths in~*Sn are shown in ;16 s used, instead of parameter sets depending on each

Table IV. The upper limits given in Refl5] are, as ex- ; ;
pected, larger than the present values, and the indicative varI]-UCIeUS' The coupling withlghe 1ph) and |1ghe 2ph)

ues of Ref[20] are in fair agreement with the present data.conﬂguraﬂons involving phonons of multipolarity up to

The 1155n and1%n spectrum shapes observed in differ-:7 including the giant-resonance region is taken into ac-

; o count, as in previous calculations. Uncertainties on excitation
ent experiments deserve an additional comment. The rather

wide bump observed in thed(t) reaction atEy=40 MeV. energies are estimated300 keV in such calculations.

; ; Bortignon and Broglia[29] calculate the fjo,, strength
[9], below and beyond thedl, peak is clearly assigned . - "< ~. ) g i )
mainly to thel = 1 strength. A bump—~1.3 MeV beyond the distribution in 11%Sn, using Hartree-Fock wave functions and

1 eak, observed via thele.a) reaction atE energies predicted with the Skyrme llI force, together with a
_99’2 beax, L “ - d  surface effective interaction of first derivative Woods-Saxon
=110 MeV in several tin isotopgd4.8] and a similar feature

suggested in Ref[20] have been attributed to thegds, potential shape. Calculations are performed in the space of

. : |1gh® 1ph) configurations, taking into account natural par-
strength. A possible secondary bump in theSn spectra ity collective levels and giant resonances. The particle-hole

populated via the f,d) reaction at 90 Me\[6,7] does not  force strength is adjusted to fit the lowest Bvel energy in
exhibit a 1gg,, signature. A shoulder, more pronounced at120gy,

15° than at 3° is also observed in both tin nuclei in the  A|| the above theoretical calculations simulate the cou-
present work. We attribute this shoulder mainly to the backpling to more complex configurations, not taken into account

ground shape, as shown in Figs. 1 and 2. Calculations adxpiicitly, by distributing the strength using a Lorentzian dis-
two-step cross sections in the other reactions would be negripution, with the width as smearing parameter.

This work Ref.[17] Refs.[6,7] Ref.[8]
A(Ex) S A(Ex) S A(Ex) S A(Ex) §

essary for a further comparison. The 1gg, strength function has been calculated with simi-
lar semimicroscopic approaches in Rgf7] and later on in
B. Experimental and theoretical strength distributions Ref. [48], within the optical phonon modelOPM). The

The coupling of single particle degrees of freedom withcoupling o_f a hole state with a b_ackgrou_nd of noncollective
the surface modes has long been recognized to play a de(g_]any-partlcle-many-_hole_ statgs is despnbed in tr_\ese models
sive role in strength fragmentation. Most theoretical ap-Vi@ @ phenomenological imaginary optical potential.
proaches have treated this coupling via microscopic calcula-
tions.

The calculations of Koeling and lachella8] describe the Experimental and theoretical responses are compared in
fragmentation of the g, strength in tin isotopes in term of Figs. 9 and 10, respectively, for**Sn and*°Sn. Integral
a doorway-state-like picture. The hole strength is first frag-characteristics are shown in Table V. The two experimental
mented due to the strong coupling to the first collective 2 responses are rather similar except for the stronger peaking

at 5.35 MeV in!1%Sn. This latter characteristic is attributed

TABLE IV. Experimental integrated fk, (top) and If,, (bot-  in Ref. [28] to an especially small density of 92evels in
tom) strengthsS in *°Sn. the 1155n peak excitation energy region.

: QPM calculations predict fairly well thedk,, quasihole

This work Ref.[15] Ref.[20] energy in*'Sn and*°sn, as shown in Table V. Theoretical
A(Ex) S A(Ex) S A(Ex) S histograms derived using the same bin widths as in the ex-
74-106 0.39 74-106 063 86-11.6 058 Periment from two phonon QPM distributior(§49]2ph in
10.6—19.0 053 106-194 143 116-185 035 rableV) compare rather well with the data at the peak maxi-
11.6-18.5 079 10.6-19.4 060 11.6-185 1.17 Mum, as shownin Figs. 9 and 10. It should be remarked that
the identification of a small amount ofgd,, strength pre-
AWithout | =4 contribution. dicted at very low excitation energy was not attempted in the
bWithout 1f5, contribution. present experiment.

1. The 1gy, strength
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FIG. 9. Experimental and theoreticadid, neutron hole strength
distributions in*%Sn. (a) Solid line: histogram of the experimental
strength deduced with the QPMFF analysis. Dashed line: with the 0.2}
standard analysis. Dotted line: QPM histogram shifted to the experi-
mental peak position. Thin solid line: Gaussian-type distribution A . . s 1
with 85% of the experimental strengttib) Solid lines: QPM 2 4 6 8 10 12E 1"“/1 N
strength distributior{49] calculated with up td1gh®2ph) con- X ( € )

figurations. Dashed line: QPM strength distribution calculated for
|1gh®1ph) components only, multiplied by 0.75 for convenience.
Dotted line: OPM theoretical strength distribution of Ref8].

FIG. 10. Experimental and theoreticalgg, neutron hole
strength distributions ift'°Sn. (a) Solid and dashed histograms as
in Fig. 9, respectively(b) Solid line: Calculations of Ref[29].

, in 1199 Dashed and dash-dotted lines: QPM calculatip4@] with [1gh
The calculations of Re{29] in n are not expected to ®1ph) components only and smearing parameter 0.5 MeV and 1

reproduce the do;, peak position. They underestimate sig- \ev, respectively. The dashed curve was reduced to 0.75 of calcu-
nificantly the maximum strength per MeV. The strength dis-|ated values for convenience. Dotted line: OPM calculation of Ref.
tribution of Ref.[29] is compared in Fig. 1®) with a QPM  [48]. (¢) Solid lines: QPM calculations withlgh®2ph) compo-
strength distribution calculated within tHégh®1ph) ap-  nents and corresponding histogram shifted to reproduce the experi-
proximation with the smearing parameter-1 MeV used in  mental peak position.
Ref.[29] (instead of 0.5 MeV in Ref{49]). The remaining
difference between the two distributions suggests that thepreading widths are much too small compared even with
coupling interaction is somewhat stronger in R&9] than  QPMFF widths. Increasing the smearing parame@b
in Ref.[49], and possibly too strong. MeV in the calculations of Ref[49]) would reduce the

Both the calculations of Ref§29,49 predict a secondary maximum strength per MeV in better agreement with the
peak ~1.8 MeV beyond the main structure, which is not data, without spreading enough the strength towards higher
observed in the experiments. They do not reproduce eithegxcitation energies. The QPMFF spreading width is quite
the significant high excitation energy tail. These latter fea-well reproduced by the semiempirical formula used for deep
tures are better reproduced by the OPM model of RES], hole state spreading, calculated at the experimental quasihole
as shown in Figs. 9 and 10, but the OPM model overestienergy.
mates somewhat the damping in the structure region.

3. The 1, strength

Experimental strength distributions are shown in Figs. 13
The experimental distributions are very similar #*YSn  and 14 and integral characteristics are presented in Table VII.
and %n (see Figs. 11 and 12The strength distributions The smooth overlap of dg;, and 1f;, strengths from 10
deduced via the QPMFF and the standard analyses are strikdeV to 15 MeV in 11%Sn was shifted upwards i*°Sn by
ingly different. As shown in Table VI, the QPMFF analysis ~0.5 MeV (a value consistent with Hartree-Fock predic-
shifts the centroids and quasihole energies downwards artibns). Uncertainties in these overlaps may induce significant
leads to much smaller spreading widths. errors on the low excitation energy side of thi,2 strength
QPM calculations performed witllgh® 1ph) configu-  distributions. Additional checks have shown that a shift
rations only, lead to strongly structured strength distributionglownwards of the overlaps significantly exceeding 0.6 MeV
in contradiction with the data. The more complete calculawould not be acceptable.
tions including|1gh®2ph) configurations improve signifi- The experimental f;,, strength distributions are found
cantly the predictions. Nevertheless, the theoretical strengtsomewhat different inf*°Sn and*'°Sn, as shown in Figs. 13
distributions are only slightly asymmetric and the theoreticaland 14, in spite of rather large errors due to the subtraction of

2. The 1§, strength
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TABLE V. Integral characteristics of thegl,, strength distribu-

tions in 1'5n (top) and **°Sn (bottom). EX™" and EX®* are the E "5Sn 1fs/, THIS WORK a)
excitation energy limitsEJ", ES, andI'| are the quasihole exci- N.0-3p S
tation energy, the centroid energy and the spreading width. Experi- = ! o
mental values without and with parentheses are derived, respec- 8’02' 2
tively, from the QPMFF and standard analyses. _f'é ol
0 [
EQin  Emax Egra ES S r)2 0 - “"I' —
(MeV) (MeV) (MeV) (MeV) (MeV) © THEORY  b)
This wor® 3.75 150 5.15[5.35 6.65 1.01 2.2 [5.4] o3t v
(7.2 (1.09 [6.1] o2k =X 3/4
Theony
Ref.[49]2ph 3.1 14.3 [4.65 5.75 0.89 [4.8] 0.1F
Thiswork 375 150 53455 675 1.09 2452 | [ o
(7.29 (1.1) [6.0] O 6810772 14 16 18 20753
Theory! Ex (MeV)

Ref.[49]2ph 3.1 143 [4.8] 6.2 0.88 [5.0]

Ref. [29] 40 127 [6.6] 76 08 [43] FIG. 11. Experimental and theoreticalfgl, neutron hole

strength distributions if'°sn. (a) Solid and dashed histograms as
*Experimental quasihole energies and spreading widths corresporid Fig. 9. Solid and dashed curves: Gaussian-type fits to the QPMFF
to Gaussian-type fits. The values within square brackets are th@d standard strength distributions, respectivély. Solid and

main peak energies and the Gaussian widths derived from the vaifl@Shed curves as in Fig.(9. Dotted curve: Fit of the|1gh

anceso. ®2ph) QPM strength distribution with a Lorentzian shape.
PAssuming a smooth overlap with thé 4, strength fromEx=10 to _ ) _ ) ) _

15 MeV (10.5-15.5 in'!%Sn). The spreading widths predicted in Rg49] with a smearing
“The 115Sn experimental quasihole energies and spreading widthgarameter of 1 MeV are the same in both isotopes and only
take into account the Gaussian-type distribution shown in Fig. 990—60 % of those deduced from the experiment. _
corresponding to 85% of the experimental strength and the 5.35 One may note that the widths obtained with the semi-

MeV peak rising on it. empirical formula of Ref[27] and the parameters used for
%Theoretical energy limits take into account the shift between thedeep hole states are typically20% larger than the QPMFF
theoretical and experimental distributions. spreading widths shown in Table VII.

large background contributions. The smaller integrated
strength in*'%n than in!'°Sn shown in Table VI is partly
accounted for by a slightly smaller excitation energy range, Important qualitative features of experimental strength
the integrated strengths being fairly consistent with thedistributions in***Sn and in***Sn are still not well explained
spreading widths in both isotopes. It is tempting to relate théy the existing theoretical calculations. Technical limitations
difference between the twof3,, histograms to the observa- involved in QPM calculationgsuch as violations of the Pauli
tion of a clear bump in''Sn spectra at the most forward Principle or the neglect of phonon-phonon interactjpuiss-
angles, which is missing if'n (see Figs. 1 and)2One

C. Discussion

may remark that the background exhibits a smooth maxi- > 04—
mum aroundEy=15.2 MeV in 11%Sn, very near the fl, 2 Sn - 1fs/, THIS WORK o)
cross section maximum. One would not exclude in this bump }0'3' RIS
small residual contributions of one- and two-step interfer- Dot L9
ence terms, which are generally expected to cancel over 1 5 ¢
MeV energy bins. The dominant contribution of two-step S oAk
pickup involving the valence levels and the giant quadrupole Dot e R S
resonance to the above feature at 3° may be expected at 0 . :
somewhat lower excitation energy %n, while the ¥, a THEORY  b)
cross section maximum is observed at slightly higher excita- 0.3 X34
tion energy. QPMFF quasihole and centroid energies are ok
shifted downwards compared with the standard analysis val- ’
ues. The extracted spreading widths are strongly reduced by 0.1k
taking into account the form factor energy dependence.

QPM distributions calculated with onlylgh® 1ph) Ol 6 T 12 e bt
components are rather similar to those including alismph Ex (MeV)

®2ph) componentgsee Figs. 1®) and 14b)]. The pre-
dicted quasihole positions are much lower than those de- FIG. 12. Experimental and theoreticalfsl, neutron hole
duced from the experiment even via the QPMFF analysisstrength distributions if'°Sn. Histograms and curves as in Fig. 11.
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TABLE VI. Integral characteristics of thef},, strength distri-

g >
butions in *°Sn (top) and **°Sn (bottom). EX'™, EX?*, EI", ES g "7 5 172 THIS WORK a)
andI'| and experimental values defined as in Table V. O3p °
= : ©
-— ~
EQin Ean Eg(ha E():( S r|2 gO 2t I =
(MeV) (MeV) (MeV) (MeV) (MeV) Soit v
&0 = S
This work 6.1 19.0 8.0 10.0 0.89 3[6.6] 0 z o
(9.3 (1195 (099 (.2 THEORY  b)
Theory 0.3 ¥
Ref.[49]2ph 69 198 88 93 091 2[2.4 1
This work 5.8 20.0 8.25 10.4 0.89 3[7.2] 0.2F
(9.9 (122 (097 (5.5
Theory 0-1¢
Ref.[49]2ph 6.8 21.0 92 97 0.89 2[2.4] o L S
4 6 8 10 12 14 16 18 20 22

3 xperimental quasihole energies and spreading widths correspond Ex (Me\/)

to the Gaussian-type fits. Theoretical values correspond to Lorent- _ _

zian type fits. The values within] are the Gaussian widths derived ~ FIG. 14. Experimental and theoreticalfz, neutron hole
from the variances. strength distributions if'*Sn. (a) Histograms and curves as in Fig.
bTheoretical energy limits take into account the shift between the-3 (b) Solid, dashed, and dotted curves as in Fig. 13.

theoretical and experimental distributions. . . L
P ports this conclusion, which is also suggested by the smooth

cussed in Ref[1], are expected to be of limited importance. 11 Strength high excitation energy tail.

More severe truncations of the configuration space generall% The increase of level densities with excitation energy may
needed in calculations involvinglqh®2ph) components, e responsible fo_r larger spread!ng effects at high excitation
while changing strength distribution shapes, would have®"€rgy than_predlcted by theoretlpal cal_culatlons using a con-
little effects on the distribution moments. A larger coupling Stant Smearing parameter. DEBO] in particular has success-
strength would increase thef Bpreading widths. More spe- [ully described Hs, proton hole strength distributions in
cifically, the coupling strengths needed for high excitationnuclél aroundA=40 by using a smearing parameter propor-
energy phonons would be larger than those involved in th&ionnal to the level density. Level densities increase much
19, calculations, which fairly well reproduce the maximum MOré rapu;ily with excitation energy in tln'nuclel. .Ou.r at—.
strength per MeV. Neglected effects, such as the couplin mpts to improve over the present theoretical predl_ctlons in
with higher-order configurations or higher-order terms in theln nuclei following this procedure were not consistently
interaction, are not correctly simulated by a smearing paramsUccessful. This points to the need of an improved theoretical
eter independent of excitation energy. The fact that the sedescription of the hole coupling with many quasiparticle
ondary peaks predicted beyond the maiydstructure both ~ States.

in Refs.[49] and[29] are not observed experimentally sup- TABLE VII. Integral characteristics of thef},, strength distri-

butions in*°Sn (top) and 1'%n (bottom). EX'", ER®* EY", ES and

> s Sn 14572 THIS WORK @) I'] and experimental values defined as in Table V.
EO.S- [ -
< ®w ERIn ERX g ES S rp?
Do} Ly (MeV) (MeV) (MeV) (MeV) (MeV)
£ ok Thiswor  10.0 215 138 152 093 5[8.3
v 152 (164 (1) (7.0
0 I THEIORYI b) Theor}?
Ref.[49]2ph 85 200 120 126 0.85 3B.4]
0.3 This word 100 200 140 149 083 6[5.5
ool (15.89 (16.0 (0.76 (8.0 [5.2]
Theory
0.1} Ref.[492ph 8.7 187 122 128 082 349
0l é"wlé‘ TR e s #Experimental quasihole energies and spreading widths correspond

E, (M e\/) to the Gaussian-type fits. Theoretical values correspond to Lorent-
zian type fits. The values within] are the Gaussian widths derived
FIG. 13. Experimental and theoreticalf;l, neutron hole from the variances.
strength distributions if5Sn. (a) Histograms and curves as in Fig. "Assuming a smooth overlap with theg, strength.
11. (b) Solid and dotted curves as in Fig. 11. Dashed curves: QPMTheoretical energy limits take into account the shift between the
calculationg49] with |1gh® 1ph) components. theoretical and experimental distributions.
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TABLE VIII. Relative positions in MeV of excitation energy distributions extracted with this refined analysis are strik-
centroids in**Sn. ingly shifted downward in comparison with the distributions
extracted with the standard analysis, and their spreading

H.F. SKIlll QPM EXPERIMENT widths are~25% smaller.

Ref.[39]  Ref.[49] QPMFF  Standard The present results complement our knowledge of the
1710y 9.1 6.85 8.55 9.2 1gg, strength in1°Sn and®Sn beyond the main structure.
1f 515 4.4 3.3 5.2 4.9 1fs,, and 1If 5, strength distributions are obtained for the first

time in the excitation energy region where indications of
them were previously found. Thefd,, strength distributions
Significant discrepancies between experiment and QPMye found very similar in both isotopes, except for a slight
predictions bear on the relativ_e location of thggh, 1fs), upward energy shift it19Sn. This is not the case of the 4,
and 1f, centroids, as shown in Table VIl fot*Sn. The strength distributions, a difference possibly linked to small

QPM 1f7;,—19g, 9ap and the i7,— 115, spin-orbit split-  oneributions of one step and two-step interference terms to
ting are significantly smaller than found experimentally. Both.[he E,=14.5 MeV bump observed if'5Sn spectra

are scaled down by a facter0.75 compared with Hartree- C -
L . . ; The 1go,, 1f5,,, and If;, strength distributions exhibit a
Fock predictions obtained with the Skyrme Ill force, which more or less pronounced peak or bump and a smoothly de-

reproduce somewhat better the data. creasing high excitation energy tail. Quasihole energies and
QPMFF strength distributions depend critically on thespreading widths have been deduced from Gaussian-type fits

form factor modifications induced by the hole coupling with £ th h hi hod qf hol
surface vibrations. The surface localization of the interactior?! (€ strength histograms, a method used for neutron hole

is most important in this respect. In the limiting and unreal-States In ?%'Pb [34] and previously for proton deep hole
istic assumption of no correlation of particle-hole statesStates46]. S

strength distributions would not differ much from the stan- The experimental strength distributions are compared
dard ones, as indicated by calculations performed in the cad#ith the available theoretical predictions of Rpf9] for the

of 27Pp[51]. three states and of Ref§29,4g available only for g
states. The microscopic QPM calculations of Vdoyi$]
V. SUMMARY AND CONCLUSIONS including |1gh® 2ph) components describe well the strong

peaking of the experimentalg},, strengths.

We have studied the h|gh|y excited neutron hole states in The microscopic Ca'cu'ation of Bortignon and Brog"a
155n and *%n via the @,t) reaction atEq=200 MeV. [29] predicts a somewhat smaller peaking of thggd
Experimental spectra were measured uffe-45 MeV and  strength in''%Sn than observed. The semimicroscopic calcu-
Ex~21 MeV in 1°%sn and!'%n, respectively, from 3° to lations of Matveevet al. [48] which take into account the
15°. The measurement of three observabldsferential  coupling with noncollective states via an imaginary optical
cross section, vector, and tensor analyzing powbes al- potential, reproduce somewhat better the smooth distribution
lowed the determination of thegd,,, 1fs,, and 1f;, inner  on the 1go, peak high energy side than those of Refs.
hole strength distributions up ®y=21.5 MeV in*Snand  [29,49. The QPM calculations do not reproduce the relative
20 MeV in 11%n. positions of the fj9/,, 1fs,,, and If;, centroids, experimen-

Special efforts have been made to calculate the backal data comparing better with Hartree-Fock predictions.
ground of multistep pickup, to calibrate it at high excitation They underestimate by nearly a factor of two thie,dand
energy and to correct for it. The multistep cross section speahe 1f,, spreading widths in both isotopes and they do not
tra have been calculated for the first time for two-step andexplain the striking asymmetric shape of inner hole strength
higher-order step pick-up, using the multistep code of Refdistributions. Similar conclusions were previously drawn for
[35], modified to take into account successive collective exthe 1g;, and 1gg, neutron inner holes irf°’Pb [34]. The
citations. Cross sections and analyzing powers of two-steppreading widths, but not the strength distribution asymmet-
pickup involving low multipolarity collective excitations ric shapes, were much better described in these latter cases
have been obtained fot'®>Sn via coupled channel calcula- by Mahaux and Sartor calculatiofig7] in a modified mean
tions. Good agreement of MSD cross sections with coupledield.
channel results is achieved for two-step pickup involving Summarizing the above comparisons, we emphasize that
either quadrupole or octupole collective excitation, with athe present theoretical calculations do not reproduce impor-
same parameter renormalizing collective strength$Sn  tant features of neutron inner hole responses in tin nuclei.
spectra measured at 15° arouBg=43 MeV allowed the Improved descriptions of the hole coupling with collective
background calibration. states, especially with high energy phonons, are needed to-

The hole coupling with surface vibrations, expected to begether with renewed approaches of the coupling to the many-
responsible of the main features of the studied hole fragmerhole-many-particle background levels. The form factor de-
tation, was taken into account for the first time in the de-pendence on the hole coupling to core excitations is most
scription of hole form factors in tin nuclei used in DWBA important in the determination of strength distributions via
analyses. Form factors were calculated in the framework opick-up reactions. An improved description of this depen-
the QPM model, following the procedure developed fordence taking into account the core excitation transition den-
neutron holes irf®Pb. The ¥, and 1f;, QPMFF strength  sities would be most interesting in this respect.
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